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Abstract: Treatment of industrial effluents with low pollutant concentration is possible only in the presence of 
hydroxyl radicals with high activity. Fenton's reaction enables the formation of hydroxyl radicals in wastewater 
with high turbidity. Hydrogen peroxide reacts with pollutants through the two mechanisms of hydroxyl radical 
and molecular oxygen. According to the relative contribution of each mechanism, the amount of hydrogen 
peroxide consumed is determined. In the experimental reaction with allyl alcohol, the optimal amount of 
hydrogen peroxide used was more than the stoichiometric Ratio. The stepwise increase of hydrogen peroxide 
and iron salt prevents the recombination of hydroxyl radicals, and therefore the reaction efficiency increases. 
The highest reaction efficiency was obtained in the ratio of 1 to 10 iron salt to hydrogen peroxide. The equation 
of reaction speed and degree of reaction was extracted, and the degree of reaction was equal to 1.08 compared 
to Chemical Oxygen Demand (COD) method. 
Keywords: Advanced oxidation; Fenton process; Hydroxyl radical; Chemical oxygen demand (COD) 
 

Introduction 
Despite being less toxic than aromatic alcohols and other 
hydrocarbon groups, aliphatic alcohols easily enter 
surface and underground waters and pollute them due to 
their high miscibility with water. Also, cyclic aliphatic 
alcohols are more stable than linear types, so they will 
remain in nature for a longer time. Glaze WH. et al [1]. 
Wastewaters containing small amounts of alcohol are 
often discharged into the environment without any 
purification process. Waters contaminated with these 
compounds cause biological problems for aquatic animals 
and humans. Also, these compounds have low vapor 
pressure, evaporate quickly and are transferred from 
industrial environments to urban environments along 
with air flow. These compounds enter the food chain 
through the penetration of underground water and cause 
various side effects such as mutation in different genes 
and carcinogenesis et al.. Yaghoubzadeh, Z [2]. 
Purification of water contaminated with alcohols using 
chemical oxidation methods is impossible, even with high 
costs. 
Due to the low percentage of the pollutant in the mixture, 
the oxidation and decomposition reaction of the pollutant 
can only be done in the presence of strong and highly 
active oxidants. Advanced oxidation processes are 
processes based on the production and use of hydroxyl 
and oxygen radicals, which are very strong oxidants with 
very high activity. The division of these processes is based 
on the method and mechanism of radical production. 
Hydroxyl radical production is done as a result of reaction 
with mineral salts or in the presence of ultraviolet light, 

which are known as Fenton and Photofenton reactions. 
Simon Parsons uses photofenton process in clear 
solutions without suspended solid particles. [3]. If there 
are suspended solid particles in the system or if the 
pollutants absorb ultraviolet rays, the scattering of 
radiation is greatly increased and the efficiency of radical 
formation is greatly reduced. In such a situation, using the 
reaction of mineral salts with hydrogen peroxide in an 
acidic environment will be a suitable and economical 
solution. 
The key reagents of Fenton's method include hydrogen 
peroxide and iron salts. Fenton's process is usually more 
effective at pH=2-4, which is determined by conducting 
experiments in the optimal acidity range. At higher pH, 
iron salt is precipitated as iron hydroxide and loses its 
catalytic properties. The reaction of iron (II) with 
hydrogen peroxide is carried out spontaneously in the 
absence of light. As a result of this reaction, iron (II) is 
oxidized to iron (III) and hydroxyl radical is formed.] 
Alfassi, Z.B. et al. 4(equation 1). 

                      (1) 
In addition to reaction (1), other reactions are also carried 
out in the Fenton process, which are described as 
reactions (2) to (6): 

  
(2) Fe3+ + H2O2   →   Fe2+ + HO2

• + H+ 
 

(3) Fe2+ + HO•   →   OH− + Fe3+ 
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(4) H2O2 +  HO•  →   HO2
• + H2O 

(5) Fe2+ + HO2
• + H+   →   Fe3+ + H2O2 

 

(6) Fe3+ + HO2
•   →   Fe2+ + O2 + H+ 

The above reactions show that iron is a catalyst. The rate 
of reduction reaction of iron (III) is much slower than the 
rate of oxidation reaction of iron (II), as a result, iron ions 
in the solution are mainly in the form of ion (III). By using 
the Fenton process, organic pollutants are converted into 
water and carbon dioxide, as well as mineral ions, and the 
mineralization process is completed. At the same time, 
there are a large number of chemical compounds that 
prevent the Fenton process or resist further oxidation 
until reaching water and carbon dioxide. Performing the 
Fenton process in the presence of these compounds 
causes their incomplete oxidation, reduces their toxicity 
and makes them more susceptible to biodegradation et 
al. Beltran, F.J. [5]. 

Experimental  

Materials and equipment 
In this research, allyl alcohol with a purity of 99%, ferrous 
sulfate with a purity of 99.5%, hydrogen peroxide with a 
purity of 32.3%, concentrated sulfuric acid, sodium 
hydroxide, prepared from Merck, Germany, 
spectrophotometer model DR2500, made by HACH, 
Germany COD vial made by HACH Germany, magnetic 
stirrer, filter paper, digital scale and laboratory containers 
were used. 

Results and Discussion 
According to the test method, we repeated the test for 
ratios of iron sulfate from 0.202 to 0.926 grams and 
hydrogen peroxide from 35% stoichiometry to 160% 
stoichiometry according to Table 1. COD results in 
mg/liter are given in Table 1 and figure1. 
 

Table 1: COD changes by adding different Concentration of 
hydrogen peroxide and iron sulfate 

row 

iron 

sulfate 

(g) 

hydrogen peroxide 

consumed (g) 

/Stoichiometric percent 

COD(mg/lit) 

1 0.202 2.02 (35%) 7290 

2 0.260 2.60 (45%) 6980 

4 0.289 0.289 (50%) 7060 

5 0.318 3.18 (55%) 7200 

6 0.463 4.63 (80%) 7300 

7 0.579 5.79 (100%) 6590 

row 

iron 

sulfate 

(g) 

hydrogen peroxide 

consumed (g) 

/Stoichiometric percent 

COD(mg/lit) 

8 0.695 6.95 (120%) 6090 

    

9 0.752 7.52 (130%) 6065 

10 0.781 7.81 (135%) 6045 

11 0.811 8.11 (140%) 6020 

12 0.839 8.39 (145%) 6080 

13 0.867 8.68 (150%) 6160 

14 0.926 9.26 (160) 6360 

 
Based on the obtained results, the optimum 
consumption of hydrogen peroxide is equal to 140% of 
the stoichiometric value and equal to 8.11 grams 
 
 

 
Fig.1: COD changes based on different 
Concentration of hydrogen peroxide 

 
In order to investigate the kinetics and obtain the 
equation of the reaction rate, considering the constant 
time (60 minutes), samples of different concentrations of 
allyl alcohol solution with volume percentages of 20, 40, 
60, and 80 were subjected to the Fenton reaction. The 
results are given in Table 2 and figure 2. 
 
Table 2: COD changes of different concentrations of the sample 

by adding hydrogen peroxide and iron sulfate 

row 

Allyl alcohol 

volume 

percentage 

concentration 

(v/v%) 

hydrogen 

peroxide 

consumed (gr) 

Ferrous 

sulfate 

consumed 

(gr) 

COD 

(mg/liter) 

1 100% 

8.11(140% 

Stoichiometric 

percent) 

0.811 6020 

2 80% 6.49 0.649 4920 

3 60% 4.86 0.486 3860 

4 40% 3.24 0.324 2440 

5 20% 1.62 0.162 1280 
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Fig.2: The concentration of COD changes with the change of 
hydrogen peroxide concentrations (Edited)Restore original 

 
Now, according to the above data and the calculation of 

COD of different concentrations of the sample, as well as 

equation (7) (assuming complete mixing reactors), we 

completed Table 3 and obtained the reaction rate 

equation (r) and the rate constant value (K). 

where CODP0 is the initial COD, CODf is the final COD and 

tf is the required reaction time and rp is the reaction 

speed for alyl alchole. 

Table3: Calculations related to the reaction rate based on COD 

R
0

w
 

Allyl alcohol 

volume 

percentage 

concentratio

n (v/v%) 

𝐂𝐎𝐃𝐏𝟎
(
𝐦𝐠

𝐥𝐢𝐭
 𝐂𝐎𝐃𝐏𝐟

(
𝐦𝐠

𝐥𝐢𝐭
 

Time 

(min

) −
𝐫 𝐏

(
𝐦

𝐠

𝐦
𝐢𝐧

) 

1 100% 8800 6020 60 46.33 

2 80% 7040 4920 60 35.33 

3 60% 5280 3860 60 23.66 

4 40% 3520 2440 60 18 

5 20% 3693 2070 60 27.07 

 
To calculate the constant value of K and obtain the 

kinetics of the reaction using the above data and relations 

(8) and (9) (assuming complete mixing reactors), Table 4 

is obtained. 

(8) −rP = K CODn 

(9) ln(−rP) = ln K + n ln COD 

Table 4: Calculations of the logarithm of the reaction rate and 

COD 

 
Here,using Table 4 and equation (9) where ln(−rC) →
Y     ln K → α    n → β  ln COD → X  are considered, 
Through linear regression (according to chart 3) and 
putting the relevant numbers in equation (8), the 
kinetics of the reaction is obtained as equation (10). 

(10 ) −rP = 0.00352 COD1.08 

 
Fig.3: linear regression of reaction rate based on COD 

The obtained rate equation is in mg/min, as a result, we 

convert it to mol/lit unit and get the rate equation based 

on mol/min, then Table 5 using equation (11) (assuming 

complete mixing reactors) we complete. 

 

where CP0 is the initial COD  concentration, CPf is the final 

COD concentration, T is the required reaction time and rA 

is the reaction speed 

Table5: Calculations related to the reaction rate based on 

concentration 

y = 1.083x - 5.6486
R² = 0.9834

2

2.5

3

3.5

4

7 7.5 8 8.5 9

ln
 (

-r
) 

ln (COD)

(7) −rP =
CODP0

− CODPf

tf

 

row −𝐫𝐏(
𝐦𝐠

𝐦𝐢𝐧
) 𝐂𝐎𝐃𝐏𝐟

(
𝐦𝐠

𝐥𝐢𝐭
) 𝐥𝐧(−𝐫𝐏) 𝐥𝐧 𝐂𝐎𝐃𝐏𝐟

(
𝐦𝐠

𝐥𝐢𝐭
) 

1 46.33 6020 3.83 8.70 

2 35.33 4920 3.56 8.50 

3 23.66 3860 3.16 8.26 

4 18 2440 2.89 7.8 

5 8 1280 2.08 7.15 

(11)   
−rP =

CP0
− CPf

tf

 

ro
w

 

Allyl alcohol 

volume 

percentage 

concentration 

(v/v%) 

𝐂
𝐏

𝟎
(𝐦

𝐨
𝐥

𝐥𝐢
𝐭

)  

𝐂
𝐏

𝐟
(𝐦

𝐨
𝐥

𝐥𝐢
𝐭

)  

Time 

(min) 

−
𝐫 𝐏

(𝐦
𝐨

𝐥

𝐦
𝐢𝐧

) 

1 100% 0.15 0.10 60 0.00083 

2 80% 0.121 0.084 60 0.0006 

3 60% 0.015 0.066 60 0.00041 

4 40% 0.016 0.042 60 0.00031 

5 20% 0.03 0.022 60 0.00013 
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To calculate the constant value of K and obtain the 

kinetics of the reaction based on the concentration, using 

the above data and relations (12) and (13) (assuming 

complete mixing reactors), Table 6 is obtained. 

(12 ) −rP = K Cn 

(13 ) ln(−rP) = ln K + n ln C 

Table 6: Calculations of the logarithm of the reaction rate and 

concentration 

 
As a result, based on the previous calculations, the kinetic 
equation was obtained based on mol/min and in the form 
of equation (13) (assuming complete mixing reactors and 
based on the concentration of hydrogen peroxide and 
iron sulfate optimized) equation (14). 

(14 ) −rP = 0.0108 C1.15 

where rp is the reaction rate and C  is the  COD amount  . 

In this step, the linear regression of the reaction rate is 

obtained based on the   COD of Wastewater solution 

contaminated with allyl alcohol. (figure 4). 

 
Fig.4: Linear regression of reaction rate based on concentration 

Conclusion 
Using Fenton's method, the amount of chemically 
required oxygen in wastewater containing allyl alcohol 
was reduced by 2780 units, which shows a 32% reduction. 
The half-life of hydroxyl radicals is low, and if they do not 
react with the pollutant immediately after their 
formation, there is a possibility of their recombination or 
inactivation as a result of hitting the reactor wall. 
Therefore, the stepwise increase of hydrogen peroxide 
and iron salt was used to increase the rate of production 
and consumption of controlled hydroxyl radicals and the 
reaction efficiency. Also, due to the exothermic nature of 

the Fenton reaction, the multi-stage increase of hydrogen 
peroxide and iron salt prevents the decomposition of 
hydrogen peroxide as a result of increasing temperature. 
The optimal ratio of iron salt to hydrogen peroxide in this 
experiment was 1 to 10. The kinetics of the reaction was 
obtained by using the rate hypothesis in complete mixing 
reactors, and the degree of reaction equal to 1.15 (based 
on concentration) was obtained. If the reaction of 
hydrogen peroxide with allyl alcohol proceeds only 
through the chemical oxidation reaction, the amount of 
hydrogen peroxide consumed will be equal to the 
stoichiometric amount. In the Fenton reaction with allyl 
alcohol, the amount of hydrogen peroxide consumed was 
140% of the stoichiometric value, which shows that the 
reaction with the pollutant is from both chemical and 
radical reaction paths. As a result, changes in the 
concentration of the pollutant relative to the reaction 
time in the complete mixing reactor indicate the rate of 
destruction of that Allyl alcohol, and thus the removal of 
the organic matter was only related to the concentration 
of the pollutant. 
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y = 1.1531x + 4.529
R² = 0.9803

7

7.5

8

8.5

9

2 2.5 3 3.5 4

-l
n

 (
-r

)

-ln (C)

row −𝐫𝐏(
𝐦𝐨𝐥

𝐦𝐢𝐧
) 𝐂𝐏𝐟

(
𝐦𝐨𝐥

𝐥𝐢𝐭
) −𝐥𝐧(−𝐫𝐏) − 𝐥𝐧(𝐂𝐏𝐟

) 

1 0.00083 0.1 7.09 2.3 

2 0.0006 0.084 7.42 2.47 

3 0.00041 0.066 7.8 2.72 

4 0.00031 0.042 8.08 3.17 

5 0.00013 0.022 8.94 3.81 
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Abstract: This work demonstrated the stir bar sorptive extraction (SBSE) of benzoic acid and sorbic acid followed 
by HPLC-UV. After optimization, the linearity and limits of detection were in the range of 0.01-7 mg/L and 0.005-
0.006 mg/L, respectively. Acceptable recoveries (>92.3%) with RSDs of less than 5.3% were achieved. 
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Introduction 
Benzoic acid (BA) and sorbic acid (SA), is acknowledged as 
the toxicity and the lowest in the world's most widely 
used food preservatives [1], which primarily by inhibiting 
the growth of microorganisms which have the effect of 
antiseptic, also is widely used in the pharmaceutical and 
dye. Emission levels of benzoic acid and sorbic acid 
wastewater will produce serious pollution to the 
environment, at the same time produce certain harm to 
the health of human beings, not only more biological 
produce certain effect of environments [2,3] . BA prevents 
bacterial growth, and SA is an antifungal preservative 
added for protection against molds and yeasts [4]. BA and 
SA have different antibacterial effects that are dependent 
on pH level. SA is used for food products with pH < 6.5, 
and SA is mostly used for foodstuffs with pH < 4.5 [5]. 
These preservatives are permitted for certain foods under 
legislation that establishes acceptable concentrations. 
However, levels of preservative higher than the permitted 
safety regulations may be dangerous for human health. 
Studies have reported that sorbic acid has low toxicity and 
is rapidly metabolized by pathways similar to other fatty 
acids. The aim of this study was to develop a simple 
screening and monitoring method for the determination 
of SA and BA in saot driks and cosmetic samples based on 
SBSE and HPLC-UV. Response surface methodology (RSM) 
based on Box-Behnken design (BBD) and analysis of 
variance (ANOVA) was used for studying the influential 
factors. 

Experimental Section  
SA and BA with a purity of >98%, all HPLC grade solvents 
(water, methanol, ethanol, and acetonitrile), sodium 
chloride (NaCl), hydrochloric acid (HCl), sodium hydroxide 
(NaOH), and trifluoroacetic acid (TFA) were supplied by 
Merck (Darmstadt, Germany). A 100 mg/L stock solution 
of SA and BA was prepared in double distilled water and 
stored at 4 °C. Further dilutions were made with the same 

solvent to get the required working solution. Soft drinks 
(soda and orange juice) and moisturizing cream were 
purchased from a local grocery and supermarket. 

The analysis of SA and BA was performed by an HPLC 
system of Shimadzu with an SCL 10Avp system controller, 
SPD 10Avp UV detector, LC 10Avp pump, injector valve 
with a 20 μL loop. The separation was achieved on a 
Eurospher 100-5 C8 KNAUER column (4.6 i.d. ×150 mm; 5 
μm bead size) maintained at an ambient temperature of 
25 °C. The compounds were eluted isocratically using a 
mobile phase consisting of methanol: amonium acetate 
(0.05 M) (20:80 v/v) at a flow rate of 0.5 mL/min. To 
monitor the effluent, the wavelength of the UV detector 
was set at 220 nm. A sample solution (10 mL, 5 mg/L) 
containing target analyte was put into a glass bottle. A stir 
bar (0.5 cm) coated with polyethylene terephthalate was 
put in, followed by stirring at 450 rpm for 45 min. The stir 
bar was put out and immersed in 100 μL of acetonitrile 
(desorption solvent) in an Eppendorf tube, followed by 
vortexing for 15 min. A 25 µL-Hamilton microsyringe was 
filled with the analyte-enriched eluent solvent and 
injected into the HPLC-UV system to simultaneous 
analysis of SA and BA. 

Results and Discussion 
Variables that generally need to be optimized in the SBSE 
method are the pH and ionic strength of sample solution, 
type and volume of eluent solvent, and extraction and 
desorption times. The eluent solvent and salting out 
effect was selected based on a one-factor at-a-time 
optimization strategy. After that, the multivariate RSM 
was applied to save time and minimize the number of 
experimental tests. The optimal value of other remainig 
factors was obtained by analysis of BBD data and 
desirability function (DF). 
The desorption ability of ethanol, methanol, acetonitrile, 
and methanol: amonium acetate (0.05 M) (20:80 v/v; 
mobile phase) was investigated. The desorption ability of 
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methanol was higher than other testing eluent solvents. 
Therefore acetonitrile was selected for subsequent 
experiments. To investigate the effect of salt, NaCl in the 
concentration range of 0 to 10% w/v was added to the 
water sample containing the target species. The results 
show that increasing the salt concentration has negative 
effect on the extraction efficiency. 
To achieve the optimal conditions for each of the 
variables (extraction time, desoption time and pH, BBD 
was used. For 3 factors, 15 randomized experiments with 
3 center points were designed by BBD. The agreement 
between predicted and experimental values was obtained 
by the desirability function (Fig. 1). Profiling the 
desirability of responses involves specifying the 
desirability function for the dependent variable (average 
peak area), by assigning the predicted values of a specific 
scale from 0.0 (undesirable) to 1.0 (very desirable). Given 
an overall consideration, the final optimum values for 
each factor were chosen as the extraction time: 45 min; 
desorption time: 15 min; and sample solution pH: 4.75.  
To evaluate the established method, linear range, LOD, 
precision, and accuracy were calculated. Satisfactory 
linearity for SA and BA was explored in the range of 0.01-
7 mg/L with R2≥0.99. The LODs using the definitions 
S/N=3 were 0.005 and 0.006 mg/L for SA and BA, 
respectively. The utility of the proposed SBSE method was 
checked by subjecting the procedure to the extraction of 
SA and BA from treated soft drinks (soda and orange 
juice), and moisturizing cream. The relative recoveries are 
in the range of 92.3-102.1%, with RSDs less than 5.3% 
(Table 1). 

Conclusions 
In brief, a simple method has prepared high-effective, , 
and low-cost coat for suface modification of commertial 
stir bar. The modified stir bar had acceptable extraction 
efficiency for target SA and BA with good repeatability 
and reproducibility. Also, the prepared stir bar are 
promising materials for the pretreatment and extraction 
of target analytes in different real samples.. 

Table 1: Results from the recovery of SA and BA. 

Sample 
Spiking 

level 
(mg/L) 

SA  BA 

Recovery% 
(RSD %) 

 
Recovery% 

(RSD %) 

Soda 0.5 95.6 (4.5)  96.3 (3.9) 
2 97.8 (3.1)  98.9 (3.1) 
    

Orange juice 0.5 96.9(4.8)  97.1 (4.5) 
2 98.3 (3.9)  99.7 (3.6) 
    

Moisturizing 
cream 

0.5 92.3 (5.1)  93.2 (5.3) 
2 95.8 (4.2)  102.1 (4.0) 
    

 

 
Fig.1: DF plots. 
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Abstract: A ruthenium(III) unsymmetrical salen complex, Ru(salenac)Cl where salenac = 
salicylideneiminoethyliminopentane-2-one, was synthesized and characterized by FT-IR, UV-Vis, 1H NMR, and 
elemental analysis. The synthesized Ru(salenac)Cl complex was successfully employed as a new and efficient 
homogeneous catalyst for selective oxidation of sulfides to sulfoxides with tert-butyl hydroperoxide (TBHP) as 
oxidant.  
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Introduction 
Oxidation of sulfides to sulfoxides as an example of the 
selective oxidation reaction is a main organic 
transformation [1]. Sulfoxides are an important class of 
compounds in organic chemistry and play a vital role in 
the synthesis of various chemically and biologically crucial 
molecules such as drugs, flavours, and germicides [2]. The 
ease of synthesis, and chemical and thermal stability have 
made the transition metal Schiff base complexes as a 
promising candidate for oxidation catalysts [3]. 
Ruthenium complexes exhibit a wide range of 
applications in various research areas such as 
photomolecular devices, probes for biological 
macromolecules, oxidation catalysts and organic 
synthesis [4]. 

Experimental Section  
Unsymmetrical salen ligand was synthesized in good yield 
according to the published procedure [5], and then 
metallated with RuCl3.3H2O by refluxing ethanolic 
solution of Schiff base ligand and RuCl3.3H2O salt in 1:1 
molar ratio to obtain Ru(salenac)Cl complex. 
Subsequently, 1 mmol sulfide, 6 mg (1.6 mol%) 
Ru(salenac)Cl complex, and 2 mmol tert-BuOOH (TBHP) as 
oxidant were mixed in 2 mL CH3CN as solvent. The mixture 
was stirred at room temperature, and the reaction 
progress was monitored by TLC (n-hexane: ethyl acetate; 
various ratios) or GC. 

Results and Discussion 
The synthesized Ru(salenac)Cl complex was characterized 
by FT-IR, UV-Vis, 1H NMR, and CHN analysis. Then, the 
oxidation of dibenzyl sulfide was studied as a model 
reaction to investigate the effect of solvent, oxidant, and  

 

 

Scheme 1: Selective oxidation of sulfides to sulfoxides with 
tert-BuOOH catalyzed by Ru(salenac)Cl complex 

complex concentration on catalytic activity of 
Ru(salenac)Cl complex. With the optimal reaction 
conditions in hand (sulfide: 1 mmol, Ru(salenac)Cl 
complex: 1.6 mol%, tert-BuOOH: 2 mmol, CH3CN: 2 mL), 
the oxidation of various types of sulfides has been carried 
out under the optimal reaction conditions (Scheme 1). 

Table 1: Oxidation of sulfides to sulfoxides with tert-BuOOH 
catalyzed by Ru(salenac)Cl complex  

Entry Sulfide Product  Time 
(h) 

Yield 
(%) 

1 Dibenzyl sulfide Dibenzyl sulfoxide 4 90 

2 Benzyl methyl 
sulfide 

Benzyl methyl 
sulfoxide 

4 80 

3 Benzyl phenyl 
sulfide 

Benzyl phenyl 
sulfoxide 

4 75 

4 Methyl phenyl 
sulfide 

Methyl phenyl 
sulfoxide 

4 75 

5 Furfuryl methyl 
sulfide 

Furfuryl methyl 
sulfoxide 

4 70 

6 Diethyl sulfide Diethyl sulfoxide 5 65 
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Based on the results (Table 1), in this catalytic system, 
different sulfides were selectively oxidized to the 
corresponding sulfoxides in good to excellent yields at 
room temperature. Furthermore, the sulfoxidation of the 
linear-chain sulfides such as diethyl sulfide was achieved 
in good yield (Table 1, entry 6). 

Conclusions 
Ru(salenac)Cl complex was synthesized and characterized 
by FT-IR, UV-Vis, 1H NMR, and CHN techniques. This 
complex was used as a homogeneous catalyst for 
selective oxidation of various sulfides to the 
corresponding sulfoxides with tert-BuOOH as oxidant at 
room temperature. Good to excellent yields of products 
and mild reaction conditions can be mentioned as the 
advantages of this method for oxidation of sulfides.  
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Abstract: An iron(III) unsymmetrical salen complex, Fe(salenac)Cl where salenac = 
salicylideneiminoethyliminopentane-2-one, was synthesized and characterized by FT-IR, UV-Vis, and elemental 
analysis. The synthesized Fe(salenac)Cl complex was successfully used as a new and efficient homogeneous 
catalyst for selective oxidation of benzylic alcohols with 30% H2O2 as oxidant in CH3CN at 50 °C.  
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Introduction 
Selective oxidation of alcohols to the corresponding 
carbonyl compounds plays a crucial role on both 
experimental and practical scales [1]. The products of the 
oxidation of alcohols such as aldehydes and ketones are 
implemented in the variety of applications such as 
pharmaceuticals, agricultural chemicals, and fine 
chemicals [2]. Schiff base ligands, including N, O donor 
sites, have many advantages such as easy synthesis, 
tunable steric and electronic coordination environments 
on metal ions with different oxidation states [3]. The 
ability of iron to form stable complexes with Schiff base 
ligands led to the development of iron Schiff base 
complexes which are efficient catalysts in both 
homogeneous and heterogeneous reactions [4]. 
  
Experimental Section  
Unsymmetrical salen ligand was synthesized in good yield 
according to the published procedure [5], and then 
metallated with FeCl3.6H2O by refluxing ethanolic solution 
of Schiff base ligand and FeCl3.6H2O salt in 1:1 molar ratio 
to obtain Fe(salenac)Cl complex. Subsequently, 1 mmol 
alcohol, 8 mg (2.4 mol%) Fe(salenac)Cl complex, and 1 
mmol 30% H2O2 as oxidant were mixed in 2 mL CH3CN as 
solvent. The mixture was stirred at 50 °C, and the reaction 
progress was monitored by TLC (n-hexane: ethyl acetate; 
various ratios). 

Results and Discussion 
The synthesized Ru(salenac)Cl complex was characterized 
by FT-IR, UV-Vis, and CHN analysis. Then, the oxidation of 
benzyl alcohol was studied as a model reaction to 
investigate the effect of solvent, temperature, oxidant, 
and catalyst amount on the catalytic activity of 
Fe(salenac)Cl complex. 

 

Scheme 1: Selective oxidation of benzylic alcohols with 30% 
H2O2 catalyzed by Fe(salenac)Cl complex 

With the optimal reaction conditions in hand (alcohol: 1 
mmol, Fe(salenac)Cl complex: 2.4 mol%, 30% H2O2: 1 
mmol, CH3CN: 2 mL), the oxidation of several benzylic 
alcohols has been carried out under optimized reaction 
conditions (Scheme 1). 

Table 1: Oxidation of benzylic alcohols with 30% H2O2 catalyzed 

by Fe(salenac)Cl complex 

 

Entry Alcohol  Product  Time 
(h) 

Yield 
(%) 

1 Benzyl alcohol Benzaldehyde  2 90 

2 4-Methylbenzyl 
alcohol 

4-Methylbenzaldehyde 2 95 

3 4-Methoxybenzyl 
alcohol 

4-Methoxylbenzaldehyde 2 95 

4 4-Chlorobenzyl 
alcohol 

4-Chlorobenzaldehyde 2 90 

5 4-Nitrobenzyl 
alcohol 

4-Nitrobenzaldehyde 2 65 
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According to the results (Table 1), in this catalytic system, 
various benzylic alcohols were selectively oxidized to the 
corresponding benzaldehydes with good to excellent 
yields without overoxidation to carboxylic acids. 
Moreover, the alcohols containing electron-donating 
groups in para-position exhibited higher activity 
than the with-drawing counterparts.  

Conclusions 
Fe(salenac)Cl complex was synthesized and characterized 
by FT-IR, UV-Vis, and CHN analysis techniques. This 
complex was used as a homogeneous catalyst for 
selective oxidation of different benzylic alcohols to the 
corresponding benzaldehydes with 30% H2O2 as a green 
oxidant in CH3CN as solvent at 50 °C. Good to excellent 
yields of the products and the use of hydrogen peroxide 
as a green oxidant can be mentioned as the advantages of 
this method for oxidation of benzylic alcohols.  
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Abstract: This study explores the impact of P atom doping on AlN nanosheets' structural, electrical, and optical 
properties. Results show enhanced stability in AlN@P nanosheets with a lower direct band gap of 2.73 eV 
compared to AlN. Doped P atoms induce n-type doping and a red shift in optical absorption. 
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Introduction 
Advancements in the electronic information industry, 
driven by 5th generation wireless systems and quantum-
information technology, have increased demand for high-
quality semiconductor materials [1-3]. Two-dimensional 
(2D) graphenes and other semi-conductive materials 
show promise in photoelectron applications, with 
potential benefits from Coulomb interaction [4-6]. 
Hexagonal AlN (h-AlN) materials, which exhibit varying 
band gaps depending on the number of layers, are 
suitable for electronic components [7]. This study 
explores the effects of P atom doping (AlN@P) on the 
structural, electrical, and optical properties of AlN 
nanoshetts. 

Computational  
The present investigation of the electronic and magnetic 
properties of AlN doped with P was carried out using the 
ultrasoft pseudopotential method  and the plane-wave 
Quantum-Espresso package. The calculations were 
performed implementing the generalized gradient 
approximation (GGA) based on Perdew, Burke, and 
Ernzerhof (PBE) fuctional. The cut-off radius was set at 80 
Ry for energy and 300 Ry for charge density. The Brillouin 
zone integrations were performed utilizing a 6×6×1-
centered k-point grid and Methfessel-Paxton smearing 
with a width of 0.005 Ry.  

Results and Discussion 
➢ Structural properties 

A pure and P-doped 4×4×1 supercell of AlN nanosheet 
(containing 32 atoms) is depicted in Fig. 1 after full 
geometrical optimization. As shown in Fig. 1, the lattice of 
the nanosheet is hexagonal with a lattice parameter of 
12.5 Å, and the Al-N bond legth is calculated to be 1.83 Å. 
In aim to avoid the interactions between layers, a 20 Å 
vaccum has been introduced. After doping with the P 
atom, the lattice parameters are enhanced to 12.68 Å. 
The Al-P bond length is calculated to be 2.15 Å.  The N-Al-
N angles have changed near the dopent atom from 120° 
to 126.5°. To confirm the stability of AlN, we have 

computed the cohesive energy (Ecoh) with respect to the 
isolated atoms, defined as  

( )coh layer i i iE E n E n= −   

where layerE  , iE , and in are the total energy of layer, 

each single atom, and the numbers of each atom.   
The cohesive energy of AlN and AlN@P nanosheets were 
calculted to be -6.91 and -6.73 eV, respectively, which 
confirms the stability of both nanosheets.  

 

 

Fig.1: Relaxed structures of AlN and AlN@P nanosheets. 
Red, blue and green spheres refer to Al, N, and P atoms, 

respectively. 

 
➢ Electronic properties 

The K-resolved band structures and projected density of 
states (PDOS) of AlN and AlN@P nanosheets are shown in 
Fig. 2. Obviously, both AlN nanosheet is a semiconductors 
with indirect band gap of 2.9 eV, since the valence band 
maximum (VBM) is located at the X point whereas the 
conduction band minimum (CBM) lies at the Γ point. On 
the other hand, AlN@P nanosheet has a direct band gap 
of 2.73 eV, which is lower than that of the AlN at the same 
computing level. According to the PDOS diagrams, for the 
AlN nanosheet, the P orbital of the Al has the maxiumum 
contribution in the valence layer and the P orbital of the 
N atom has the most dominant contribution in the 
conduction layer. The doped P atoms has affected on the 
valence band near the fermi level and cause to the shift 
the fermi level to the positive energies (near the 
conduction band), which depicts the n-type doping. 

Al

N P
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Fig.2: K-resolved band structure (left pannel) along with the 
total density of states (TDOS) and orbital contribution of each 

atom (right pannel), for AlN and AlN@P nanosheets. 

➢ Optical properties 

Optical absorption is a crucial parameter for 
understanding the feasibility of materials in 
optoelectronic applications which calculate as:  

α(ω) = √2ω [√𝜀1
2(𝜔) + 𝜀2

2(𝜔) − 𝜀1(𝜔)]

1
2⁄

 

where 𝛼(ω) 𝜀1(ω), and 𝜀2(ω) are the absorption 
coefficient, real and imaginary parts of dielectric constant 
of a photon ω energy, respectively. Upon the incidence of 
photons on a material, electrons transfer from valence 
band to conducion band. Due to the changes in the 
valence and conduction bands resulting from impurity 
addition, the optical response may change. From Fig. 3, 
the threshold energy for the AlN (P@AlN) nanosheet is 
calculated to be approximately 2.9 (2.5) eV, which, from 
the PDOS diagram of Fig. 2, involves electron transfer from 
the p orbital to the s orbital of the N atom (s orbital of the 
P atom to the N atom). As shown in the figure, the 
absorption diagram of the P@AlN nanosheet exhibits a 
red shift due to the n-type doping of the P atom. The main 
absorption peaks for both AlN and P@AlN nanosheets 
occur at 6.0 and 9.3 eV (ultraviolet region), with lower 
absorption observed in the blue and violet regions of the 
visible spectrum. As depicted in Fig. 3, the static dielectric 
ε1(0) for the imaginary part of AlN and P@AlN is almost 
the same. 
 

 

 

Conclusions 
The findings obtained through the QE code indicate the 
stability, electrical, and optical properties of AlN and 
P@AlN. Results depicte the stability of AlN and AlN@P 
nanosheets with a minimal change in lattice parameters, 
bond length, and bond angle after dopeing of P atoms. 
The band gap of AlN decreased in P@AlN, attributed to 
the n-type dopent which as evidenced by the absorption 
diagram. The absorption of P@AlN decreased compared 
to the pure AlN, but the diagram exhibits a red shift, with 
one of the peaks shifting towards the blue and purple 
regions. 
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Fig.3: a) the real part of the dielectric function, and b) 
the absorption of the AlN and P@AlN nanosheets as a 

function of photon energy. 

a) b) 
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Abstract: In this study, Iron based metal organic framework of MIL-100(Fe) was synthesized via HF free 
hydrothermal method, and used to remove methylene blue from water via the adsorption mechanism. 

Keywords: methylene blue; adsorbent; water treatment  

 

Introduction 
Over the last few decades, due to population growth and 
rapid industrialization, common contamination includes 
organic pollutants, heavy metals, inorganic compounds, 
and many other complex compounds have been 
detected in water sources, which seriously affected 
human health  [1]. Textile, pharmaceutical, food 
processing, printing, plastic, and paper industry are the 
conventional users of dyes and pigments  [2]. The 
untreated dye wastewater undergoes chemical and 
biological changes, consumes dissolved oxygen, destroys 
aquatic life, and poses a threat to human health as many 
of these contaminants are highly toxic. Therefore 
removing dyes from the wastewater is essential  [3,4]. 
Over the past few decades, a lot of techniques have 
been developed to control dye-containing wastewater 
such as ultra-filtration, biological treatment, coagulation, 
and adsorption. Among the proposed techniques, 
adsorption was regarded as one of the most potential 
methods thanks to the advantages of easy operation, 
high efficiency and low cost [5]. 

Metal organic frameworks (MOFs) are a unique hybrid 
porous crystalline solid comprised of organic ligands and 
metal clusters (or metal cations) [6].  MOFs have been 
well-known as a beneficial material due to their unique 
properties, including diverse combinations of both 
organic and inorganic compounds, stable crystal 
structure, high porous and large surface areas [7]. 

 

Experimental Section  
MIL-100(Fe) was prepared via hydrothermal method. 
The procedure was adopted from Xiaoling Ma et al. 
(2021) [8] where 2 mmol trimesic acid (H3BTC) and 3 
mmol Fe(NO3)3.9H2O were dissolved in 15 mL deionized 
water and it was stirred for 30 min by using magnetic 
stirring. The obtained mixture was moved to PTFE lined 

autoclave which was heated at 160 ̊C for 15 h. After 
cooling to room temperature, the crude MOF was 

purified with ethanol and methanol. In the end, it was 
dried overnight at 100 ̊C to achieve pure MIL-100(Fe). 

To evaluate the adsorption performance of framework, 
10 mg.L-1 solution of methylene blue (MB) was used. 12.5 
mg of as synthesized adsorbent was added to the beaker 
containing 50 mL methylene blue solution (10 mg.L-1) 
and it was stirred by using magnetic stirrer. The 
adsorption process was performed for 60 minutes. 
During the process, samples were taken at set intervals 
using a 5 mL syringe, centrifuged at 3000 rpm to remove 
adsorbents, and concentration of MB was measured by 
UV-Vis spectroscopy at 668 nm. The removal rate of MB 
was determined using equation mentioned below. 

Removal% =
C˳ - Ct

C˳
 ×100 

where C˳ and Ct represent the initial and residual 
concentrations of MB at time t, respectively. 

Results and Discussion 
Fig. 1. shows the FTIR spectra of MIL-100(Fe). The wide 
peak from 2700 cm-1 to 3700 cm-1 is attributed to the –
OH of the bound and free water. The peak at 1624 cm-1 
is assigned to C=O of carboxylate groups. The bands at 
1576 cm-1 and 1376 cm-1 are ascribed to C–O vibrations 
of carboxyl groups. The peaks located at 709 cm-1 and 
758 cm-1 correspond to the C–H bending vibrations of 
benzene rings. All these proves that MIL-100(Fe) was 
successfully synthesized with discussed method.  

The removal curve of Methylene Blue by MIL-100(Fe) 
adsorbent is shown in Figure 2., after 60 min 76.79% of 
MB was removed by the as synthesized MOF. 
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Fig.1: FTIR spectrum of the 
synthesized MIL-100(Fe). 

Fig.2: Removal curve of MB 
after 60 minutes. 

 

Conclusions 
MIL-100(Fe), was synthesized by hydrothermal method 
and its adsorption capability was evaluated by 
methylene blue solution, which performed as a suitable 
adsorbent for removing MB. 
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Abstract: In this study, an Ag (I) complex (C) containing phosphoric triamide ligand (L) with a formula of [Ag 
((C5H4NC(O)NHP(O)(NC6H12)2)2NO3]2 was synthesized and its in-vitro anticancer activity investigated against two 
cancer cell lines (MDA-MB-231, MCF-7) and one normal cell line (MCF10A) using MTT Assay. This complex 
showed better and more selective anticancer activity in comparison to Cisplatin. 

Keywords: Anticancer; Ag (I) complex; phosphoric triamide; MTT Assay 

Introduction 
Organic compounds known as phosphoric triamides are 
highly important and widely used in various fields such as 
anticancer prodrugs, cholinesterase and 
butyrylcholinesterase inhibitors [1], [2]. The presence of 
pyridine rings and precursors like Nicotinamide (Vitamin 
B3) in these organomethalic compounds may contribute 
to the considerable biological and pharmacological 
effects of these compounds. Emerging research indicates 
that Nicotinamide may have a role in both cancer 
prevention and therapy [3]. Transition metals have gained 
significant attention in the realm of biology, specifically in 
the field of organometallic chemistry. Silver complexes 
have many applications as antibacterial, antifungal, anti-
cancer, antiviral, and antioxidants [4], [5]. The integration 
of Phosphoric triamide ligands into metal complexes has 
greatly expanded the range of structural diversity, leading 
to significant advancements in the fields of biology and 
pharmacology [2]. Here, an Ag(I) complex of N–nicotinyl-
N’,Nʺ-bis (Hexamethylene imine) ligand (Fig.1)  was 
synthesize  [6] and its anticancer activities against two 
cancer cell lines (MDA-MB-231, MCF-7) and one normal 
cell line (MCF10A) were studied and compered with a 
generally used anticancer drug,Cisplatin, using MTT-Assay 
method. 

Experimental Section  
The complexe was synthesized according to our 
previously reported procedure [6] a solution of Ligand [7] 
(1 mmol, 0.364 gr) in methanol (5 ml) was added to a 
solution of AgNO3 (0.5 mmol, 0.084 gr) in methanol (5 ml). 
The resulting solution was stirred for a week at room 
temperature. Light brown single crystals of Ag (I) complex 
were obtained by slow evaporation of the solvent. The 
cytotoxic activity of the Ag(I) complex and its Ligand was 
determined using the MTT assay [8] in two human cancer 

cell lines (MDA-MB-231 and MCF-7), and one normal cell 
line (MCF10A). IC50 was calculated as the concentration of 
complex needed for 50% inhibition of cell viability in 48h. 
Cisplatin was used as a positive control. 
 
Results and Discussion 
The cells were treated with different concentrations of 
Ag(I) complex and Ligand (0–400 µg/ml) for 48 h. Figs. 2 
and 3 show the plots of cell viability of the a breast cancer 
cell lines MDA-MB-231 and MCF10A non-cancerous 
breast cells versus the concentration of Ag(I) complex and 
its Ligand. The results showed that the percentage of 
cytotoxicity seen in the MTT assay for both compounds 
tested increased obviously in a dose-dependent manner 
with the increase of the concentration. 

 

Fig.1: The atom labeling scheme of the binuclear Ag(I) complex 

After 48 h incubation at the highest tested concentration 
(400 µg/ml), Ag(I) complex inhibited MCF-7 and MDA-MB-
231 cells by 97.5% and 98.64% respectively, also, its 
Ligand, inhibited MCF-7 and MDA-MB-231 cells by 68.4% 
and 70.4% at 400 µg/ml, this was significantly different 
from their effect on MCF10A normal cells. Ag(I) complex 
and its individual ligand had surprisingly low killing effect 
on MCF10A normal cells. MCF10A cells maintain viability 
above 60% for Ag(I) complex and above 75% for its Ligand 
even at high concentration (400 µg/ml) of these 
compounds. 
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Fig 2. The plots of cell viability vs. the concentration of Ag 
Complex and its Ligand against MDA-MB-231 cells. 

 

 

Fig 3. The plots of cell viability vs. the concentration of Ag 
Complex and its Ligand against MCF10A cells. 

To further evaluate the anticancer activity of the Ag(I) 
complex, IC50 values of the Ag(I)complex, Ligand and 
Cisplatin as the positive control against all three cell lines 
were calculated, and the results are shown in Table 1.  

Table 1. IC50 values µM (µg/ml) of Ag Complex, Ligand and the 
reference complex Cisplatin against MDA-MB-231, MCF-7, and 

MCF10A cell lines 

The calculated IC50 values are obviously at a higher level 
for MCF10A than those of the two cancer cell lines, 
indicating that this complex, have strong anticancer 
activities while lower toxicity to the normal cells. The 
comparison of the inhibition activity for Ag(I) Complex 
with Cisplatin also demonstrates that this complex, as 
promising anticancer alternative drug, could be have 

fewer side effects than generally used anticancer drugs 
such as Cisplatin by exactly controlling the intake dose. 
After determining the IC50 values, the Selectivity Index (SI) 
was calculated and presented in Table 2, indicating the 
cytotoxic effects of the complexes on MDA-MB-231 and 
MCF-7 cells. For Ag(I) complex the SI value of >20.88 was 
recorded for the MDA-MB-231 cell line, while the SI value 
of >16 was recorded for the MCF-7 cell line type at 48 
hours. Interestingly, these values were more than 50 and 
43.5 times higher than the positive control, Cisplatin, and 
also more than 30.7 and 17.4 times higher than a 
registered breast cancer drug, Doxorubicin respectively 
for MDA-MB-231 and MCF-7 cells [9]. This result is far 
superior to the approved and commonly used drugs in the 
field of breast cancer treatment like Cisplatin and 
Doxorubicin.  
 

Table 2. Selective index of Ag complex, comparing to some 
anticancer drugs on MCF10A, MCF-7, and MDA-MB-231 cells. 

Compound 
Selective index 

(SI) 
MCF10A/MCF-7 

Selective index (SI) 
MCF10A/MDA-

MB-231 
Ref. 

Ligand >1.56 >1.66 
Present 
Study 

Ag Complex >16 >20.88 
Present 
Study 

Cisplatin 0.32 0.48 
Present 
Study 

Doxorubicin 0.92 0.68 [9] 

Conclusions 
The study shows that this complex have a strong effect on 
cancer cell lines while having a low effect on normal cell 
lines and IC50 values reveald strong in-vitro 
antiproliferative activity with Ag(I) complex showing 
greater cytotoxicity than Cisplatin with surprisingly lower 
effect on normal cells.  
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Abstract: Pyridinecarbacylamidophosphates (PCAPh) are a group of bioactive compounds that have been shown 
to have potential as anticancer prodrugs. In this study, a new Co(II) complex of a PCAPh ligand was synthesized. 
The chemical formula of this complex is CoCl2(L3)2(C3), where (L3) is 3-NC5H4CONHPO(NC6H12)2. To characterize 
this complex, various methods including FT-IR, UV-Vis, Atomic Absorption, 31PNMR, Mass, CHN, and Molar 
conductivity were used. 
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Introduction 
Research has revealed that Cobalt complexes hold 
promise as a viable approach for treating cancer. This is 
because Co(II) has a strong attraction to DNA and DNA-
binding proteins [1], [2]. 
Pyridinecarbacylamidophosphates (PCAPh) are a class of 
organophosphorus compounds that have been utilized in 
a multitude of fields, including the development of 
anticancer prodrugs [3]. The integration of PCAPh ligands 
into metal complexes has greatly expanded the range of 
structural diversity, leading to significant advancements 
in the fields of biology and pharmacology [4]. Here, a new 
Co(II) complex of N–nicotinyl-N’,Nʺ-bis (Hexamethylene 
imine) ligand was successfully synthesized and 
characterized using FT-IR, UV-Vis, Atomic Absorption, 
Mass spectroscopy,  31PNMR, CHN and Molar conductivity 
methods (Fig1). Following of this work, we are going to 
investigate the anticancer activity of this complex. 

Experimental Section  

The ligand, N–nicotinyl-N, Nʺ-bis (Hexamethylene imine) 
(L) was synthesized according to the previously reported 
procedure [5]. The complexe was synthesized by adding a 
solution of 1 mmol Cobalt(II)chloride in methanol to a 
solution of 2 mmol of (L3) in hot methanol and stirring for 
2 weeks. The resulting precipitate was  filtered and 
washed by methanol. 

Results and Discussion 
Results of the FT-IR spectrum of (C3) displayed a 
meaningful increase in the vibrational frequency of the 
pyridine rings in comparison to its ligand spectra. 
Furthermore, the slight positive shift of the C=O vibration 
in the spectra of our complex, relative to the free ligand, 
could be due to the result of alterations in the degree of 
carbonyl group conjugation with the pyridine rings and 

presents that the oxygen’s carbonyl of the ligands are not 
coordinate [6]. The C=O vibration band was observed at 
1682 cm-1 for (C3), while this band was observed at 1672 
cm-1 for (L3). It’s worth mentioning that, when the 
pyridine rings' nitrogen is bound to a metal, the frequency 
of the specific vibrational modes will increase because of 
coupling with M (metal)–N (pyridine) bond vibrations and 
alteration of the force field [6].  
 

 

Fig.1: Our suggested structure for (C3) 

The Pyridine ring vibration band indicated a frequency 
increase versus the one for the corresponding ligand. 
These evaluations described that the pyridine ring's 
Nitrogen is a potent donor atom for the coordination of 
the ligand to Co(II). The P=O vibration band showed a 
frequency decrease versus the one for the corresponding 
ligand, which confirmed coordinating from P=O sites. The 
frequencies of Co-N and Co-O bands are in good 
agreement with results reported in other articles [7]. 

Mass spectrum of the metal complexes (C3) (Fig.2) 
confirms the structure of the complex. We think, at first, 
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the Cobalt-ligand bond cleavage produces CoCl2 and the 
corresponding ligand. The mass spectra shows an intense 
pick at m/z = 59 amu refers to stable 59Co and its chloride 
derivative (CoCl2) at 130 amu. 

 

Fig 2: Tracking of the formation of (C3) using Mass 
Spectroscopy 

A summary of UV-Vis and atomic absorption spectroscopy 
results is given in Table 1. 

Table 1; AAS And UV-Vis data of compounds L3 and C3 

The two absorption bands were observed at 223 and 266 
nm in the spectrum of C3, are assigend to n→ π* and π → 
π* transition reported bands of pyridine derivatives [8]. 
The changes in the positions of these bands in the 
complex could be caused by the ligand binding to the 
metal ion [9].There is also an absorption band in the 
visible area of 522 nm, in C3 spectrum, which is not 
observed in the spectrum of the ligand. 

The CHN  and AAS results  confirmed the formation of the 
complex and our suggested structure for  it. 31P NMR 
spectra of C3  , L3 revealed a singlet peak. Their significant 
difference of δ (31P) confirm the formation of new 
molecule [5]. 

The molar conductivity value of C3 was 14.48 Scm2/mol, 
indicates that our complex is non-electrolyte and that the 
chlorine ion is coordinated to the Cobalt centre[10]. 

Conclusions 
The study shows that in this complex, two ligands of the 
same type coordinate to Cobalt. One ligand comes from 
the N site of the Pyridine ring, while the other comes from 
the O of P=O site of the ligand. Chlorine ions are attached 
to the Cobalt metal and are part of the coordination 
sphere.  
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successfully synthesized, in which L1= 3-NC5H4CONHPO(NC5H10)2. UV-Vis, 31PNMR, FT-IR, Atomic Absorption, 
Mass, CHN, and Molar conductivity methods were utilized to characterize C1. 
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Introduction 
One of the several types of 
Pyridinecarbacylamidophosphates (PCAPh) are 
Phosphoric triamides, which have various applications in 
different fields, such as being used as anticancer 
prodrugs, inhibitors of cholinesterase and 
butyrylcholinesterase, pesticides. [1,2]. By applying 
PCAPh ligands in the structure of metal complexes, a 
significant increase in structural diversity has been 
achieved, which has had a profound impact on the realms 
of biology and pharmacology [3].  Piperidine is an 
essential pharmacophore and a highly valuable 
heterocyclic system in drug discovery. It presents a 
plethora of opportunities to explore and study its 
potential as an anticancer agent, by targeting a variety of 
crucial receptors [4]. Transition metal complexes have 
received significant attention in the field of biology, 
especially in pharmaceutical chemistry [6]. Our research 
involved synthesizing a novel Co(II) complex of PCAPh 
ligand N–nicotinyl-N’, Nʺ-bis (piperidinyl) phosphoric 
triamide. We have thoroughly characterized the complex 
using various methods such as UV-Vis, FT-IR, Atomic 
Absorption (AAS), and 31PNMR spectroscopies, in addition 
to Mass spectrometry, CHN, and Molar conductivity 
techniques (Fig.1). Our next step is to investigate the 
anticancer activity of this complex. 

Experimental Section  
The synthesis of the ligand N-nicotinyl-N',N"-
bis(piperidinyl) phosphoric triamide (L1) was successfully 
achieved through our previously reported procedure [7]. 
To synthesize the complex (C1), we added a solution of 1 
mmol of Cobalt(II) chloride in methanol to a solution of 2 
mmol of the ligand in hot methanol. The mixture was 
stirred for 18 days, resulting in a precipitate that was 
filtered and washed with methanol. 

 

Fig.1: Our proposed structure for this Co(II) complex 

Results and Discussion 
The FT-IR spectrum of C1 displayed a meaningful increase 
in the vibrational frequency of the pyridine rings in 
comparison to its ligand spectra. Furthermore, the slight 
positive shift of the C=O vibration in the spectra of our 
complex, relative to the free ligand, could be due to the 
result of alterations in the degree of carbonyl group 
conjugation with the pyridine rings and presents that the 
oxygen’s carbonyl of the ligands are not coordinate [8]. 
The C=O vibration band was observed at 1688 cm-1 for C1, 
while this band was observed at 1682 cm-1 for L1. It’s 
worth mentioning that, when the pyridine rings' nitrogen 
is bound to a metal, the frequency of the specific 
vibrational modes will increase because of coupling with 
M (metal)–N (pyridine) bond vibrations and alteration of 
the force field [5]. The Pyridine ring vibration band was 
observed at 1630 cm-1 for C1, while this band was observed 
at 1589 cm-1 for L1, indicating a frequency increase versus 
the one for the corresponding ligand. These evaluations 
described that the pyridine ring's nitrogen is a potent 
donor atom for the coordination of the ligand to Co(II). 
The P=O vibration band was observed at 1192 cm-1 for C1, 
showing a frequency decrease versus the one for the 
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corresponding ligand, which confirmed coordinating from 
P=O sites. Co-N and Co-O stretching bond found at 442 
cm-1 and 476 cm-1for C1, respectively, which are in good 
agreement with results reported in other articles [9]. 

Mass spectrum of the metal complexes C1 (Fig.2) confirms 
the structure of the complex. We think, at first, the 
Cobalt-ligand bond cleavage produces CoCl2 and the 
corresponding ligand. The mass spectra shows an intense 
pick at m/z = 59 amu refers to stable 59Co and its chloride 
derivative (CoCl2) at 130 amu. 

 
Fig 2: Tracking of the formation of C1 using Mass Spectroscopy 

 
A summary of UV-Vis and atomic absorption spectroscopy 
results is given in Table 1. 

Table 1: AAS And UV-Vis data of compounds L3 and C3 

The two absorption bands were observed at 221 and 265 
nm in the spectrum of C1, are assigend to n→ π* and π → 
π* transition reported bands of pyridine derivatives [8]. 
The changes in the positions of these bands in the 
complex could be caused by the ligand binding to the 
metal ion [10].There is also an absorption band in the 
visible area of 524 nm, in C3 spectrum, which is not 
observed in the spectrum of the ligand. 

The CHN  and AAS results  confirmed the formation of the 
complex and our suggested structure for  it. 31P NMR 
spectra of C1 and L1 revealed a singlet peak. Their 

significant difference of δ (31P) confirm the formation of 
new molecule [5]. The molar conductivity value of C1 was 
13.34 Scm2/mol, indicates that our complex is non-
electrolyte and that the chlorine ion is coordinated to the 
Cobalt centre[11]. 

Conclusions 
The study shows that in this complex, two ligands of the 
same type coordinate to Cobalt. One ligand comes from 
the N site of the Pyridine ring, while the other comes from 
the O of P=O site of the ligand. Chlorine ions are attached 
to the Cobalt metal and are part of the coordination 
sphere.  

References 
[1] X. Wu and L. Hu, “Design and synthesis of peptide 

conjugates of phosphoramide …,” Bioorg. Med. Chem., vol. 
24, no. 12, pp. 2697–2706, 2016. 

[2] S. Rezaei Jamalabadi and N. Oroujzadeh, “Utilizing 
Response Surface Method for Optimization of …,” Iran. J. 
Chem. Chem. Eng., 2023, doi: 
10.30492/ijcce.2023.560003.5512. 

[3] N. Dorosti, F. Afshar, F. Ghaziani, K. Gholivand, and S. 
Zarabi, “Two Hg (II) complexes of 4-
pyridinecarbacylamidophosphates…,” Inorganica Chim. 
Acta, vol. 489, pp. 140–149, 2019. 

[4] P. Goel, O. Alam, M. J. Naim, F. Nawaz, M. Iqbal, and M. I. 
Alam, “Recent advancement of piperidine moiety in 
treatment of cancer-A review,” Eur. J. Med. Chem., vol. 
157, pp. 480–502, 2018. 

[5] I. P. Nikas, S. A. Paschou, and H. S. Ryu, “The role of 
nicotinamide in cancer chemoprevention and therapy,” 
Biomolecules, vol. 10, no. 3, p. 477, 2020. 

[6] C. R. Munteanu and K. Suntharalingam, “Advances in 
cobalt complexes as anticancer agents,” Dalt. Trans., vol. 
44, no. 31, pp. 13796–13808, 2015. 

[7] N. Oroujzadeh and K. Gholivand, “New organophosphorus 
compounds containing nicotinamide…,” J. Iran. Chem. 
Soc., vol. 13, no. 5, pp. 847–857, 2016. 

[8] S. Bayarı, A. Ataç, and Ş. Yurdakul, “Coordination 
behaviour of nicotinamide: an infrared spectroscopic,” J. 
Mol. Struct., vol. 655, no. 1, pp. 163–170, 2003. 

[9] J. M. Ramos, M. Cruz, A. C. Costa Jr, O. Versiane, and C. A. 
T. Soto, “Fourier transform infrared spectrum:…,” 
ScienceAsia, vol. 37, no. 3, pp. 247–255, 2011. 

[10] Y. Li et al., “Ni (ii) and Co (ii) complexes of an asymmetrical 
aroylhydrazone…y,” RSC Adv., vol. 7, no. 66, pp. 41527–
41539, 2017. 

[11] W. Zhang, W. He, X. Guo, Y. Chen, L. Wu, and D. Guo, 
“Synthesis and luminescence properties of…,” J. Alloys 
Compd., vol. 620, pp. 383–389, 2015. 

 

AAS 
%Co 

λ 
(nm) 

λ 
(nm) 

maxλ 
(nm) 

Compound 

- - 262 218 L1
 

7.41 524 265 221 C1 

384 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

Synthesis of a Novel Co(II) Complex of N–Nicotinyl-N, Nʺ-bis (4-methyl piperidinyl) 
phosphoric triamide, as a Potential Prodrug Compound 

 

Nasrin Oroujzadeh ⃰, Shahin Rezaei Jamalabadi 

Corresponding Author E-mail: n_oroujzadeh@irost.ir 

Department of Chemical Technologies, Iranian Research Organization for Science and Technology (IROST), P.O.Box 33535-
111, Tehran, Iran. 

Abstract: A new Co(II) complex of a Phosphoric triamide ligand with the formula of  CoCl2(L2)2(C2) was 
successfully synthesized, in which L2= 3-NC5H4CONHPO(NC5H9CH3)2. UV-Vis, 31PNMR, FT-IR, Atomic Absorption, 
Mass, CHN, and Molar conductivity methods were utilized to characterize C2. This Phosphoramide ligand 
contains a vital precursor the Vitamin B3 (Nicotinamide) which has great potential in medical approaches. 

Keywords: Cobalt (II) Complex; Phosphoramide; Nicotinamide; Synthesis  

 

Introduction 
Phosphoric triamides are a type of 
Carbacylamidophosphates (CAPh) that have a wide range 
of uses in different fields. They are used as anticancer 
prodrugs, inhibitors of cholinesterase and 
butyrylcholinesterase, pesticides, insecticides, etc. [1,2]. 
The application of CAPh ligands in metal complexes has 
led to a significant increase in structural diversity. This 
expansion of possibilities has profoundly impacted the 
realms of biology and pharmacology [3]. 
The organometallic compounds containing pyridine rings 
and precursors such as Nicotinamide, which is also known 
as Vitamin B3, are believed to have significant biological 
and pharmacological effects. Recent studies suggest that 
Nicotinamide may play a role in preventing and treating 
cancer [4,5]. Transition metals have gained considerable 
attention in biology, particularly in organometallic 
chemistry. This area shows promise for developing novel 
medications with unique mechanisms of action [6]. In this 
research, we synthesized a novel Co(II) complex of 
Carbacylamidophosphate (CAPh) ligand N–nicotinyl-N’, 
Nʺ-bis (4-methyl piperidinyl) phosphoric triamide and for 
characterizations of the synthesized complex  UV-Vis, FT-
IR, Atomic Absorption(AAS), and 31PNMR spectroscopies 
besides Mass spectrometry, CHN, and Molar conductivity 
methods were utilized (Fig.1). ). Following this work, we 
are going to investigate the anticancer activity of this 
complex. 

Experimental Section  

The ligand, N–nicotinyl-N, Nʺ-bis (4-methyl piperidinyl) 
phosphoric triamide was synthesized according to our 
previously reported procedures [7]. The complex was 
synthesized by adding a solution of 1 mmol 
Cobalt(II)chloride in methanol to a solution of 2 mmol of 
the ligand in hot methanol and stirring for 18 days. The 

resulting precipitate was  filtered and washed by 
methanol.  

 
Fig.1: Our suggested structure for the Co(II) complex (C2) 

Results and Discussion 
The FT-IR spectra of our synthesized complex and its 
ligand are compared in Figure 2. The FT-IR spectrum of the 
complex displays an increased vibrational frequency of 
the pyridine rings and a positive shift of the C=O vibration, 
indicating that the oxygen's carbonyl of the ligands is not 
coordinated [8]. The pyridine ring's nitrogen is a potent 
donor atom for the coordination of the ligand to Co(II) [9]. 
Moreover, When a phosphoramide coordinates with a 
metal ion through its P=O site oxygen, it causes a positive 
shift in C=O frequency and a negative shift in P=O 
frequency [10]. The complex has three different types of 
P-N bonds, resulting in the observation of the P-N 
frequency bound in three distinct areas due to 
coordination with cobalt and two different parts of the 
ligand.  
UV-Vis spectra were collected from the complex and its 
ligand. Two absorption bands were observed at 224 and 
266 nm, consistent with reported bands of pyridine 
derivatives. The intense band at ~264 nm could be 
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assigned to π → π* and the other to n→ π* transitions. 
These absorption bands confirm the existence of the 
corresponding ligand in the complex structure. 

 
Fig.2: The FT-IR spectrum of Co(II) complex and its Ligand 
 
An absorption band of 520 nm was observed for our 
Cobalt complex (C2) which this area doesn't have any 
absorption band at ligands' UV-Vis spectra, so it could be 
due to the interaction of the ligand and Cobalt MLCT.  
 

Table1:  UV data of compounds 

 

31P NMR spectra of Co (II) Complex and its ligand revealed 
a singlet peak. Their significant difference of δ(31P) 
confirms the formation of a new molecule[11]. 

The CHN, Mass and AAS results confirmed the formation 
of the complex and our suggested structure for it. 

Conductivity examinations were conducted to determine 
whether the chlorine atoms in the cobalt complex are ion-
paired or coordinated with the cobalt ion. The molar 
conductivity indicated that our complex is non-electrolyte 
[12]. The non-electrolytic nature of the complex solution 
indicates that the chlorine ion is coordinated to the Cobalt 
metal and has entered the coordination sphere. 

Conclusions 
The study shows that in this complex, two ligands of the 
same type coordinate to Cobalt. One ligand comes from 
the N site of the Pyridine ring, while the other comes from 
the O of P=O site of the ligand. Chlorine ions are attached 

to the Cobalt metal and are part of the coordination 
sphere.  
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Abstract: In this study, Sulfathiazole was preconcentrated, extracted by solid phase extraction (SPE), and 
determined by using UV-Vis spectrophotometry. Coffee residues were used as green bio-adsorbent. The main 
factors affected the SPE investigated and optimized, such as the adsorbed amount, and sample pH value. Under 
the optimal experimental conditions, the detection limit and the limit of quantification were studied. 
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Introduction 
Low-cost and effective industrial wastes may have ample 
applications in water decontamination procedures, the 
most popular of which is biosorption, a metabolically 
passive process. Coffee residues are by-products 
produced in considerable quantities worldwide[1, 2]. 
Recent available researches show an expanding 
applicability of coffee by-products in wastewater 
treatment. The food industry, agriculture and 
aquaculture, medicine, and cosmetics are indicatively 
some of the industries that discharge significant 
quantities of toxic substances through their wastewater 
[3]. 

Solid phase extraction (SPE) is an analytical procedure 
developed to separate a target analyte from a complex 
sample matrix prior to quantitative or qualitative 
determination. The purpose of such treatment is twofold: 
elimination of matrix constituents that could interfere 
with the detection process or even damage analytical 
equipment as well as enriching the analyte in the sample 
so that it is readily available for detection [4]. In this study, 
SCG was used as a green environmental friendly 
adsorbent for Sulfathiazol drug extraction. 

Experimental Section  
Ammonium hydroxide (NH4OH), sodium hydroxide 
(NaOH), Nitric Acid (HNO3), and Hydrochloric Acid (HCl) 
were of analytical grade and all obtained from Merck 
(Darmstadt, Germany). Sulfathiazole was prepared by 
Temad Company, Iran. It was applied as analyte in SPE 
method. A 1000 mg.L-1 Sulfathiazole stock solution 
prepared by dissolving accurate amounts of it in water. 
The daily working solutions were ready by appropriate 
dilutions of the stock solution immediately prior to use in 
the experiments. 
The amount of Drug’s uptake at equilibrium Q (mg/g) is 
calculated using the mass balance equation: 

𝑄𝑒 =
(𝐶0−𝐶𝑒)

𝑚
𝑣                                                                 (1) 

The initial and equilibrium drug’s concentration are 
shown as C0 and Ce, respectively; V is the volume and m 

(g) is the mass of adsorbate.                    

Results and Discussion 
The extraction procedure employed for Sulfathiazol 
standard solutions. Firstly, 10.0 mg of SCG put into 10.0 
mL of 10.0 mgL-1 Sulfathiazol drugs. The feed pH value 
adjusted to 7.0. The solution has been stirred for 10 min 
and then, adsorbent have been isolated from the 
suspension through filtering. The sorbent has been eluted 
with HNO3 2.0mol.L-1 as eluting solvent under conditions 
of 6 min ultrasonication at room temperature and then 
centrifuged to separated the eluted drug.  Finally, the 
eluent was transferred into a test tube for later analysis 
by UV-vis Spectrophotometry. 
 
FT-IR analysis 
Fig. 1 shows the FT-IR spectra of SCG. FT-IR spectra of 
spent coffee showed a broad peak at 3408.42 cm −1 due to 
N-H stretching vibration, aromatic C-H stretch appeared 
at 3111.18 cm −1 and 2953.02 cm −1 , the peak at 1661.29 
cm −1 is due to −C=N ring stretching and the peaks 
appeared at 1725 cm−1 was attributed to carboxylic 
functionalized group on the surface of coffee (C=O). Due 
to confirm the reaction between the adsorbent and 
analyte, after the extraction process which the 
appropriate amount of the adsorbent was put into the vial 
containing the sulfathiazole solution, the reaction was 
completed and then it was withdrawn and prepared for 
FT-IR spectra, they were compared as shown in Fig.2 (a 
and b). 
The infrared spectrum of Sulfathiazol showed a broad 
band at 3450.00 and 3401.00 cm-1. This band was 
assigned N-H stretch of the primary amine due to 
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asymmetric and symmetric stretching vibrations of the 
two N-H bonds. 
 

 
Fig.1: FT-IR spectra of spent Coffee ground 

 

 
Fig.2a: FT-IR spectra of Sulfathiazole drug 

 

 
Fig.2b: FT-IR spectra of Sulfathiazole drug and SCG 

 
In the IR spectrum of the complex (SCG@Sulfa), this 
vibration frequency remained unchanged. This suggested 
that NH was not involved in complexation. Vibration 
frequencies at 1323.00 cm-1  and 1140.00 cm-1 were 
assigned to be  (O=S=O) in Sulfathiazol. In the complex, 
these frequencies appeared at 1268.37, 1128.39 cm-1. 
The shift to a lower wave number in the IR spectrum of 
the complex when compared to the ligand suggested that 
complexation occurred through O=S=O to the Caffeine 
because the increase in electron density increased the 
O=S=O bond length and consequently slowed down. 
Several different factors affected extraction efficiencies 
which were optimized during the process. Various pH 
range of 2-11 were applied that the adsorption of the drug 
has been increased with increasing pH of the solution and 

the greatest extraction efficiencies at pH 7 was obtained 
but lower extraction was observed in the basic pH 
medium. Therefore, pH 7 was selected as the optimum pH 
value.   
According to the results, by increasing amounts of the 
SCG, due to increase in the surface area and accessible 
sites to the adsorption of the analytes, the signal intensity 
increased gradually. The best recovery was obtained 
when 10 mg of the sorbent was applied for solutions (for 
every 10 milliliters of the sample). Therefore, in the later 
experiments, 10 mg of the sorbent was used for the 
following experiments.  

Conclusions 
SCG was successfully prepared and applied in solid-phase 
extraction and preconcentration of sulfathiazol drug by 
UV-vis spectroscopy. The proposed method has the 
vantage of being a practical, simple, inexpensive, delicate 
and speedy method for drug determination in some 
different complex samples. The developed method has a 
good detection limit and a large dynamic linear range, 
making it desirable for the trace analysis of mercury ions. 

References 
[1] Kan, L.L., Zen, Y., Fang, Z. (2022). Removal of pollutants 
from wastewater using coffee waste as adsorbent: A 
review. Journal of Water Process Engineering49,103178. 
https://doi.org/10.1016/j.jwpe.2022.103178. 

[2] Boushara,R.S., Norzita, N., Mohamud, M. Y. (2022) 
Removal of aspirin from aqueous solution using 
phosphoric acid modified coffee waste adsorbent 
Materials Today: Proceedings, 65,  2960-2969. 

[3] Anastopoulos,I., Karamesouti, M.,Mitropoulos, A.C.,  
Kyzas,G.Z.(2016). A review for coffee adsorbents, Journal 
of Molecular Liquids.  doi:10.1016/j.molliq.2016.12.096. 

[4] Scigalski, P., Kosobucki, P.(2020) Recent Materials 
eveloped for Dispersive Solid Phase Extraction Molecules 
25, 4869; doi:10.3390/molecules25214869. 

 

0.4

0.5

0.6

0.7

0.8

0.9

1

400 1400 2400 3400

%
T

Wavenumber

0.6

0.7

0.8

0.9

1

400 1400 2400 3400

%
T

wavenumber

388 

https://www.sciencedirect.com/science/article/pii/S2214785322013359
https://www.sciencedirect.com/science/article/pii/S2214785322013359
https://www.sciencedirect.com/science/journal/22147853


            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

ZnO-SO3H nano photocatalyst synthesis and its application for PCB 138 degradation 

Yadollah Shariati a, Sorur Safa b, Majid Mirzaei c, Zahra Zand a, Foad Kazemi ⃰ a, d   

Corresponding Author E-mail: kazemi_f@iasbs.ac.ir 

a Department of Chemistry, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran. 

b Department of Environmental Health Engineering, International Campus of Shahid Sadoughi University of Medical 
Sciences, Yazd, Iran. 

c Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran. 

d Center for Climate and Global Warming (CCGW), Institute for Advanced Studies in Basic Sciences (IASBS), Gava Zang, 
Zanjan, Iran. 

 
Abstract: A study was conducted on the photodegradation of PCB 138 using newly synthesized ZnO-SO3H nano 
semiconductors in the presence of visible light. also, the structures of nano photocatalysts were characterized 
by field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), and X-ray 
diffraction (XRD). 
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Introduction 
PCBs are known to be among the most persistent organic 
pollutants and can cause environmental pollution. 
Exposure to PCBs can have adverse effects on human 
health, including increased levels of some liver enzymes, 
respiratory problems, and chloracne [1]. The 
photocatalytic activity of ZnO is significantly limited by its 
intrinsic drawbacks. ZnO is only active under UV 
irradiation due to its wide band gap and second, the high 
recombination rate of photo-generated electrons and 
holes reduces the photocatalytic efficiency [2]. 
Minimizing the band gap energy and inhibiting the 
recombination of photo produced in electron-hole pairs 
are the results of intense efforts that have been made to 
improve the optical properties of ZnO[3]. 

 Experimental Section  

The photocatalytic experiments were carried out in a 100 
mL Pyrex glass vial. The reaction volume was 40 mL with 
desired concentrations of ZnO-SO3H nanoparticles and 
PCB 138. The suspension was magnetically stirred during 
the illumination. The vessels were placed 15 cm above the 
batch-mode photoreactor equipped with one violet LED 
(light emitting diode) 50 W, 400 nm, and an intensity of 
light of about 100 mW/cm. 

Results and Discussion 
TEM image of ZnO shows agglomerations of nano-sized 
particles (diameter: 200–300 nm). As shown in Figure S4 
b-d, ZnO-SO3H shows mixture of nanolayer, nanorode and 
particle. Parentally, results show ClSO3H has changed the 
structure of commercial ZnO. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1: TEM images of (a) commercial ZnO, (b-d) ZnO-SO3H nano 

photocatalysts 

 

 
Fig .2: TGA curve for (a) commercial ZnO and (b) ZnO-SO3H 

nano photocatalyst 
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Table 1. Effect of initial PCB 138 concentration on the 
photocatalytic degradation of PCB 138 

Photodegradation 
efficiency (%) 

Final 
concentration 

of PCB 138 
(ppm) 

Initial 
concentration 

of PCB 138 
(ppm) 

Entry 

78.55 0.429 2 1 

54.15 0.917 4 2 

38.2 1.236 6 3 

 

Fig .3: Effect of catalyst dose on the photocatalytic degradation 
of PCB 138 

Conclusions 
As a result, we observed that ZnO-SO3H, which was 
synthesized and identified for the first time, showed an 
excellent performance in the photodegradation reaction 
of PCB 138 in aqueous solutions. Also, the results showed 
that the morphology of the ZnO surface has completely 
changed to layered and rod shapes. 
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Abstract:  The aim of this research was to predict the retention time of naphthalene derivatives and phenols in 
gas chromatography and liquid chromatography analyses. To achieve this, the quantitative relationship between 
structure and activity was investigated using mathematical relationships and quantum calculations. The Kovats 
number, which is obtained as a result of the inhibition time of the compound in the separations, was accurately 
predicted by drawing the three-dimensional structure of homologous compounds of naphthalene and phenols 
and performing quantum calculations using appropriate basic method and series.  

Various parameters such as dipole moment, quadrupole moment, partial charges, energy of orbitals (HOMO-
LUMO), nuclear affinity, electron Friendship, spectra (UV-Vis, IR, NMR, VCD) were extracted from the output of 
the calculation file and studied. The most suitable descriptors were obtained from stepwise regression method 
with SPSS software. Multiple linear regression (MLR) method was used to select the best descriptors.  

The obtained model and line equation were evaluated using statistical methods. The coefficient of 
determination (R2), standard error of prediction (SEP) and the ability of the model to predict (Q2) were calculated 
for four models obtained from MLR. According to the results of the evaluation, the best model for predicting the 
retention time showed isomeric and homologus compounds. 

Keywords: quantitative structure-activity relationship, naphthalene derivatives, phenol derivatives, 
chromatographic retention time, Kovats number, multiple linear regression (MLR). 

Introduction 
The provides an overview of the significance of retention 
time in liquid and gas chromatography, highlighting its 
correlation with various variables such as boiling point 
and polarizability. The project aims to predict retention 
times using mathematical relationships and quantum 
calculations, particularly focusing on the retention times 
of homologous compounds like n-alkanes. The method 
introduced by E. Kovats in 1958 for isothermal 
chromatography is discussed, emphasizing the 
exponential increase in retention times under certain 
conditions [1]. 

The computational models of chemistry 
The computational models of chemistry discussed in the 
context of chromatography research include electronic 
structure models, topological models, and 
thermodynamic models.  
Quantum chemistry, utilizing quantum methods, provides 
a theoretical framework for understanding the molecular 
basis of chromatography and optimizing chromatographic 
methods. 

Quantitative Structure-Retention Relationship (QSRR) is a 
mathematical model that links the molecular structure of 
a substance to its retention time in gas chromatography. 
By analyzing reference compounds with known structures 
and retention times, QSRR models can be developed using 
statistical methods like multiple linear regression or 
neural networks. 

Select data series 
In this research, you performed a series of quantum 
calculations for 20 compounds of naphthalene and phenol 
derivatives according using the Gaussian software [2]. 

Extraction of Kovats number 
 In this research, the number of coats was chosen as the 
variable and the descriptors as dependent. To extract the 
Kovats number, it was first checked by the studies of the 
type of column and gas chromatography for the 
compounds, and then based on this point and the 
selected column the Kovats number was extracted from 
the NIST site [3]. 
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Calculation and reduction of the number of descriptors 
To calculate the descriptors, the structures of the 
compounds were drawn using Gauss View software. 
Then, the molecular structures drawn by Gaussian 
software were optimized. In this research, we have 
seventy-two variables that were used to obtain the best 
variable by the Correlation method. Therefore, some of 
the variables were eliminated by this method and the 
variables that had a high correlation with the independent 
variable (Kovats) were classified. 

SPSS results and calculations 
  With the stepwise method, out of 23 descriptors for 
phenols and 47 descriptors for naphthalenes, 13 
descriptors were selected as the most suitable for each of 
the compounds, of which 6 descriptors for the excited 
state and 7 descriptors for the ground state were 
modeled by the MLR method. The list of descriptors 
selected by the stepwise multiple linear regression along 
with a brief description of them is given. 

Results and Discussion 
  After selecting the most suitable descriptors by the 
stepwise method, a proper relationship between the 
selected descriptors was established. The linear equation 
made for predicting the retention time of naphthalene 
and phenol derivatives is as follows. The following 
relationships were obtained as linear models between the 
descriptors and the Kovats coefficient for naphthalene 
and phenol derivatives using the MLR method: 
I= 11469.996 + (-0.11 * IR∑total) + (-198.448 * MULL.C∑+) 
I= 635.357 + (161.173 * MBO∑+) 

Evaluation of the results 
The validity and importance of the prediction equations 
and the models made are determined when quantum 
calculations are performed for a compound of interest, 
which predicts the Kovats number for the compound 
well and satisfactorily and acceptably. Here, for this 
purpose, the evaluation of the models presented in 
predicting the Kovats number is mentioned. 
  In order to further investigate the predictive power of 
the models, the single-step and group elimination 
techniques were used. 

Table1: Calculations made on important factors on MLR 

Combination Naphthalene Phenol 

MAECALC 6 4.79 

RMSECALC 7.66 5.31 

MSS 2574.98 35555 

TSS 3162.9 35434 

RSS 587.93 282.4 

R2 0.814 1 

R2
adj 0.81 1 

S 13.99 9.7 

Combination Naphthalene Phenol 

F 2.18 62.9 

PRESSCV 640 5144.9 

SDEP 5.31 15.67 

RMSEPRED 8 22.68 

Q2 0.797 0.85 

Conclusions 
In this model, QSRR was performed for 20 compounds of 
phenol and naphthalene in two basic and excited states 
with basic series methods (Population, Frequency, NMR, 
Energy). The results obtained from the prediction of 18 
quantum descriptors (Table 5) were examined, and 7 
descriptors had high correlations, which were used using 
the MLR model, as a result of which 3 descriptors were 
used in the equation of the obtained lines. The final 
results are as follows. 1) According to the results obtained 
from the model evaluation indices, the linear equation 
obtained for naphthalene and phenol compounds in the 
ground state is better and more accurate than the excited 
state. 2) According to the models obtained in MLR, 
descriptors (Mulliken charge, IR, NBO) are the most 
suitable and best descriptors. 3) In this research, a 
practical, simple, low-cost, accessible, and chemical-free 
method was obtained for determining the retention time 
of isomeric and homologous compounds. 
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Abstract: Ion selective electrodes, being among the most favorable and fastest growing devices for 
chemical analysis, are used widely in the analysis of metal ions. The main problem in the design of ISEs is 
finding a proper selectophore. In this work, we designed a new selectrophore for Sm(III) ion using the 
QSPR study. 
Keywords: QSPR; ion selective electrode; design of selectophore  

 

Introduction 
The increased use of ion sensors in different fields leads 
to many intensive studies to introduce sensing materials 
in the construction of ion-selective electrodes [1-3]. Since 
the selectivity of ion-selective sensors, directly depends 
on the stability constants of ion-ionophore complexes, we 
predicted the stability constants of samarium ions with 
different ionophores by the QSPR model, previously [4]. It 
has also been proven that the stability constant should 
not be too large or too small [5]. The useful range of the 
complex formation constants in an ISE is usually about 104 
–107.  
In this work, we introduced a new selectophore for 
samarium ion based on the predictive GA-MLR model. 
Then the potential response of the sensor was evaluated, 
experimentally. 

Experimental Section  
The following equation was presented between the 
stability constant values of complexes and their molecular 
descriptors for the prediction of log K [4]:  
 
 Log k = 1.962 + (0.345) RDF140u + (5.180) HATS4p + 
(63.706) R4m+ + (-111.104) R4p+            (1) 
 
The new selectophore for Sm3+, N-[(phenyl carbamoyl) 
amino]-6-{[(phenyl carbamoyl) amino] amino}pyridine-3-
carboxamide (NPPA),  based on the predictive GA-MLR 
model was designed (Fig.1). The chemical structure of the 
NPPA was drawn with Hyperchem software [6]. The 
geometry was pre-optimized through the MM+ molecular 
mechanics method (PolakeRibiere algorithm), and the 
final geometry of the minimum energy conformation was 
obtained by a more precise optimization with the semi-
empirical Austin Model-1 (AM1) method [7]. This 
optimized structure fed into the Dragon program and the 
descriptors were calculated [8]. Then the stability 
constant of the complex was determined, experimentally, 
by conductometric method in acetonitrile solvent and 
KINFIT program. 
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Fig.1:  Structure of NPPA 

 
Potential responses of samarium selective electrode 
based on NPPA as selectophore was evaluated by varying 
the amount of ionophore, plasticizer, and ionic additive. 
The electrode prepared with 5% ionophore, 67% dibutyl 
phthalate, 3% NaTPB as an additive, and 25% PVC has 
shown a Nernstian slope of 19.5 mV per decade to 
activities of Sm 3+ ions. 

Results and Discussion 
According to equation (1), the stability constant of the 
samarium-selectophore complex was calculated. Also, the 
stability constant of the complex was determined by the 
conductometric method in acetonitrile solvent and the 
KINFIT program. The obtained results of Log Kcal. and Log 
Kexp., 4.79 and 4.49 by theoretically and experimentally 
methods, respectively, were satisfactory. 

 
Fig.2: The potential response of cation-selective electrode 

based on NPPA 
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Based on the theoretical results thus obtained, we 
decided to examine the suitability of NPPA as a potential 
ionophore for samarium ions. In preliminary experiments, 
NPPA was used as a potential neutral ion carrier to 
prepare PVC membrane electrodes for a wide variety of 
ions and the potential responses of the resulting 
electrodes are shown in Figure 2. As can be seen, Sm3+ 
with the sensitive response seems to be suitably 
determined with the membrane electrode based on the 
NPPA. 

Conclusions 
The main component of any potentiometric ion-selective 
sensor is undoubtedly its ion selective membrane or 
selectophore. The response of these ISEs could be 
predicted from the complex stability constants of ion–
ionophore complexes using the QSPR model. In this 
study, we designed a new Sm3+ selectophore based on 
GA-MLR model. The complex stability constant and the 
response of the electrode were determined, 
experimentally. The obtained results showed that the 
designed selectophore has good agreement with the 
reported values.  
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Abstract: Lead-acid battery (LAB) is the most commonly used power source in several applications. In this 
work, the effect of bismuth(III) oxide and manganese(IV) oxide additives on the performance of positive 
active material(PAM) was investigated. The results shown that the discharge capacity of PAM increases 
in the presence of manganese(IV) oxide. 
Keywords: Lead-acid battery, positive active material, additive, capacity  

Introduction 
Lead acid batteries (LAB) are the most popular secondary 
rechargeable batteries in the world with well-proven 
records of reliability. They are also of the best electrical 
energy storage in a wide range of applications. [1-2]. The 
improvement of the negative electrode cycle life leads to 
the highlighted problem which caused by the low 
coefficient of utilization and softening and shedding of the 
positive electrode active material (PAM) [3]. Therefore, 
how to improve the performance of the positive electrode 
is very important for LAB, which is directly related to the 
improvement of the whole battery performance. To solve 
the positive electrode problems, numerous researchers 
have been doing a lot of research to improve the 
performance of the battery-positive electrode [4-7]. It is 
found that the overall performance of the battery can be 
greatly improved with the use of suitable PAM additives. 
In this work, the effect of bismuth(III) oxide and 
manganese(IV) oxide additives on the performance of 
positive active material(PAM) was investigated. 

Experimental Section  
The paste for the positive electrode material was 
prepared by mixing 41 g of lead oxide powder, 0.4 g of 4BS 
(4PbO·PbSO4·H2O), 2.5 g of sulfuric acid %98, water, and 
0.08 g of polyester fibres with and without the addition of 
2 g of metal oxide (Bi2O3 or MnO2). The mixtures were 
homogenized for 15 min and were cured at 65°C at a 
relative humidity about 98% for 24 h. Then, the plates 
were dried at 50°C for 12 h. 
The electrolyte used in all measurements was a sulfuric 
acid solution of specific gravity 1.28. The electrochemical 
formation of the positive active material (PAM) was 
accomplished by charging the cell and then 
electrochemical battery testing was performed. 

Results and Discussion 
Figure 1 shows the results of the charge and discharge 
capacity of the PAM without and with additives.  
 

 
Fig. 1. Capacity of positive electrodes 

The average capacity of the positive electrode material 
with and without the addition of MnO2 and Bi2O3 was 
presented in Fig. 1. According to Fig.1, the addition of 
MnO2 enhanced the specific discharge initial capacity 
(about %25) by increasing the amount of β-PbO2 in the 
PAM.  The results also showed that the discharge capacity 
of PAM decreased in the presence of Bi2O3. 

Conclusions 
The objective of this work is to study the effect of the 
presence of metal oxides as the additive on the 
performance of the PAM in lead acid batteries. The 
results have shown that the addition of Bi2O3, and MnO2 

in the paste influence the composition and the 
electrochemical activity of the PAM. The results have 
shown that the despite of Bi2O3, MnO2 as an additive has 
a beneficial effect on the discharge capacity.  
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Abstract: In this work, an in situ synthesis of hydrogen organic frameworks@cotton was reported that was 
utilized as a pipette tip micro-solid phase extraction (PTMSPE) for the pretreatment and determination of 
meloxicam in Urine and plasma samples. The synthesized was characterized by various theoretical, spectral, and 
microscopic studies such as Fourier-transform infrared spectroscopy (FT-IR), Nuclear Magnetic Resonance 
(NMR), X-ray diffraction (XRD) and scanning electron microscopy (SEM). Furthermore, the extraction conditions 
were also optimized, and the extraction mechanisms were analyzed. Ultimately PT-SPE with the HOF@cotton 
sorbent was coupled with UV-Vis spectroscopy to create a sensitive and simple method for the quantitative 
analysis of meloxicam in Urine and plasma samples. The results of this work demonstrate that the proposed 
strategy is an effective option for the analysis of meloxicam in biological samples. 

Keywords: Hydrogen bonded organic framework; pipette tip micro-solid phase extraction; meloxicam 

 

Introduction 
meloxicam is a non-steroidal anti-inflammatory drugs 
(NSAIDs) and analgesic agents belonging to a class of 
compounds called oxicams. Meloxicam is metabolized 
extensively in the liver and its metabolites are excreted 
both in urine and in feces. In the last few years, the 
determination of NSAIDs in biological samples (e.g., urine, 
whole blood and plasma) has gained increasing 
popularity, which can be attributed to the long-term side 
effects of those compounds that are associated with 
gastrointestinal and cardiovascular complications.Due to 
the high complexity of biological fluids combined with the 
relatively low concentration of the target analytes in 
these samples, a sample preparation step is generally 
required before their analytical determination. Solid-
phase extraction (SPE) and liquid–liquid extraction (LLE) 
are the major conventional sample preparation 
techniques that are nowadays considered well-
established in bioanalysis [1].Currently, the common 
pretreatment methods mainly include liquid-liquid 
extraction, solid-phase extraction (SPE), etc. SPE has 
prevailed owing to its advantages of less consumption of 
solvent, better purification effect, and easy 
manipulations.  
[2]. 
Due to the complexity of the sample matrices and low 
concentration of targeted analytes, an effective pre-
concentration and separation step is often required prior 
to instrumental analysis. Recent trends in sample 
preparation include miniaturization of classical extraction 
techniques, getting generally simpler, faster, and greener 
techniques, a miniaturized SPE method, such as pipette 

tip solid-phase extraction (PTSPE) by packed adsorbent, 
has been developed [3]. Compared to SPE, pipette-tip 
solid-phase extraction (PT-SPE) as a novel solid phase 
extraction strategy has the characterized of simple 
extraction apparatus, small amount of the adsorbent and 
solvent, short extraction time, and high extraction 
efficiency. Due to its multiple advantages, it was 
increasingly used for the pretreatment of complex 
biological matrix samples [2]. In PTSPE, the choice of 
adsorbent materials is a decisive factor to determine the 
extraction efficiency and performance. Conventional 
adsorbents, such as C18, silica, and NH2 are unable to 
meet the current needs of sample preparation because of 
a single adsorption mechanism, poor selectivity, and low 
adsorption capacity [3]. 
It uses pipette tip as solid-phase extraction column to 
improve efficiency by reducing the consumption of 
organic solvent, the amount of adsorbents and extraction 
time, thus making the whole sample pretreatment 
process faster and greener. Therefore, it is important to 
design the composites in PT-SPE that can effectively 
reduce the back pressure, as well as enrich the target 
accurately and sensitively. The adsorbents commonly 
used for PT-SPE are carbon materials, organic polymers, 
metal organic frameworks (MOFs), covalent organic 
frameworks (COFs) and molecularly imprinted polymers 
(MIPs). However, these nanomaterials filled in the pipette 
tip cannot avoid the problem of high back pressure. In 
order to alleviate the back pressure problem, HOF 
combined with cotton were prepared. 
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Results and Discussion  
Characterizations of HOF and HOF@cotton 
 

 
Fig 1. The FE-SEM image of HOF@cotton 

 

 
Fig 2. PXRD of HOF 

 

 
Fig 3. FT-IR of HOF 

 
Optimization of the PT-SPE conditions 

To obtain optimal extraction efficiency of meloxicam, 
various factors which can affect the extraction efficiency 
were investigated, including the amount of adsorbent, 
pH, desorption solution, volume of the elution solvent, 
loading rate, desorption rate. 

pH 7 

Loading rate 50 μL min-1 

Desorption rate/Ethanol 100μL min-1 

Volume of the elution solvent 1 mL 

Extraction efficiency 82.11% 

 Disposable 

Conclusions 
For the first time in this research, the ability of a 
Hydrogen bonded organic framework for pipette tip 
micro-solid phase extraction was investigated. 
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Abstract: In this work, we report the synthesis and identification of CrFe2O4@SiO2-SO3H  as a novel and green 

nanomagnetic solid acid catalyst, which is containing the sulfuric acid catalytic sites on the surface of CrFe2O4  
magnetic nanoparticles as the catalytic support. The as-synthesized CrFe2O4@SiO2-SO3H MNPs were 

characterized with accuracy by different physicochemical methods; including, X-ray powder diffraction (XRD), 

energy dispersive spectroscopy (EDS), Scanning electron microscopy (SEM), Fourier transform infrared (FT-IR), 

X-ray elemental mapping, Thermogravimetric analysis (TGA), and Vibrating Sample Magnetometer (VSM) 

analyses. The prepared CrFe2O4@SiO2-SO3H  exhibits efficient and potential performance for the esterification 

of oleic acid under gentle reaction conditions. The heterogeneous nature of the catalyst was confirmed via the 

hot filtration experiment. Furthermore, the activity of the recycled nanocatalyst was examined for at least five 

cycles with a negligible loss of its activity (97-92%). Also, the amount of sulfamic acid function in the 

CrFe2O4@SiO2-SO3H was calculated from back titration. 

Keywords: CrFe2O4, SO3H; Magnetic nanoparticles; Zinc ferrite. 

Introduction 
In recent years, the improvement in nanotechnology led 
to an increasing insist for multifunctional materials 
owing to simplicity in operation, remarkable 
recyclability, the high surface area of catalysts, and eco-
friendly nature. In this regard, solid catalysts and 
magnetic composite nanoparticles are interesting for 
industrial and biomedical applications and, especially, in 
catalysis studies as a magnetically separable catalysts. 
Among the various magnetic nanoparticles, Fe3O4 has 
been widely considered as a catalyst[9–14]. In general, 
the spinel ferrite nanoparticles (AB2O4, A = Co, Ni, Al, Zr, 
Mn, Mg, etc.) alloy (Fe–Pt, Fe–Co, Fe–Ru, etc.) and 
multifunctional nanoparticles have higher performance 
than the monometallic catalysts. Different experimental 
methods for the synthesis of spinel ferrites have been 
reported in the researches, such as sol–gel, 
electrodeposition, reaction sintering, mechanochemical, 
single-step solution combustion, co-precipitation, 
thermal decomposition, hydrothermal, electrochemical, 
and solvent deficient. Although in the most of these 
methods, spinel CrFe2O4 nanoparticles are achieved in 
the desired or required sizes and microstructures, they 
are difficult to apply on larger scales due to their 
expensive and complicated procedures, high reaction 
temperatures, long reaction times, toxic reagents and 
by-products, and their potential harm to the 
environment. Among these procedures, co-precipitation 
method is an easy, versatile, and low-cost method for 
the preparation of CrFe2O4 nanoparticles. Co-
precipitation is a rapid, easy, and economical process 
that offers a series of advantages such as controlled 

crystallite size, high limpidness, no agglomeration of the 
particles, and stable particle surface along with 
homogeneity[1-3]. 

Experimental Section  
2. Experimental 
2.1. General 
All required materials for the synthesis of catalyst, 

tetrahydrobenzo[b]pyran, and DHQZ derivatives and 

solvents were purchased from Aldrich or Merck and used 

without further purification. The 1H NMR spectra were 

acquired on a Bruker Advance II NMR spectrometer 

operating at 250.1300000 )MHz( using CDCl3 as a solvent 

and tetramethylsilane as the internal standard . The 

Melting point was determined on DTC 967A digital 

melting point apparatus by the open capillary method 

and Fourier transform infrared spectroscopy (FT-IR) 

spectra were recorded by the KBR pellet method on an 

Agilent-USA-Cary 680 spectrophotometer.  

2.2 Synthesis of CrFe2O4 

Initially, for the synthesis of CrFe2O4 magnetic 
nanoparticles, 1.47g of iron (II) chloride tetrahydrate 
(FeCl2.4H2O), and 1.50  g of  )Cr (NO3)2  (  were mixed and 
vigorously stirred in 100   mL of  DI water. In the next 
step, 5g NaOH in 25 mL deionized water was solved and 
added to the reaction mixture dropwise. Subsequently, 
the mixture was stirred for one hour under a nitrogen 
gas (N2) atmosphere. The final product was separated by 
a magnet, and washed three times, with hot ethanol and 
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deionized water. Finally, polycrystalline spinel magnetite 
nanoparticles (CrFe2O4) were dried at 50 ̊C 
 
.2.3. Preparation of nano-CrFe2O4@SiO2 core shells 
The CrFe2O4@SiO2 nanospheres were prepared by a 
modified Stöber method. In the second step, 1.0 g of the 
obtained CrFe2O4 was dispersed in a mixture of EtOH (25 
mL), 2.5 mL of ammonia solution, 10 mL of H2O, followed 
by the addition of 2.5 g of PEG-400, and 1.5 mL of 
tetraethyl orthosilicate (TEOS). After that, the reaction 
mixture was stirred at 25 ᴏC for 24 h. Eventually, the 
product was separated by a magnet and washed with 
EtOH and DI water five times, and dried at 50 °C for 15 h. 
2.4. Preparation of CrFe2O4@SiO2-SO3H 
A suction flask was equipped with a constant pressure 
dropping funnel and a gas outlet was evacuated through 
an adsorbing solution of an alkali trap. CrFe2O4@SiO2 
core shells (1 gr) were added to the flask and dispersed 
ultrasonically for 15 min in dry n-hexane (25 ml). 
Chlorosulfonic acid (0.40 ml) was added dropwise to a 
cooled ice-bath dispersion of CrFe2O4@SiO2 for 15 min. 
Due to the exothermic reaction of sulfonic acid, gentle 
addition of this material at cool temperatures is 
required. After the completion of the addition, the 
mixture was shaken for 120 min, while the residual 
hydrochloric acid )HCl( was eliminated by suction. The 
product was then separated from the reaction mixture 
by a magnet and washed three times with dried n-
hexane. Finally, CrFe2O4@SiO2-SO3H was dried under 
vacuum at 50 °C (scheme 1).  
 

 
Scheme 1 Synthesis of CrFe2O4@SiO2-SO3H. 

Results and Discussion 
Thermogravimetric analysis (TGA) is brought in Figure 3 
for CrFe2O4@SiO2-SO3H acid nanoparticles. Figure 3 
shows the three steps of weight loss (overall weight 
reduction is about 48%). As shown in Figure 3, the 10 % 

weight loss was observed under 200 °C due to the 
omission of the sample humidity and organic solvents. 
The second step of the weight decrease was about 30% 
at a temperature range of 200-650 °C which is related to 
sulfonic acid destruction on the surface of CrFe2O4 
nanoparticles. At the temperature range of 650-1000 °C, 
the weight loss of 8 % is due to the loss of surface 
hydroxyl groups. The weight drop after 650 °C is likely 
due to the phase transition from CrFe2O4 to FeO. The 
phase diagram of the Fe-O system indicates that FeO is 
the most stable species at temperatures above 650 °C. 

 
Fig. 1 TGA curve of CrFe2O4@SiO2-SO3H magnetic nanocatalyst 

Conclusions 

In this study, we have reported an efficient and novel 

method for the synthesis of CrFe2O4@SiO2-SO3H 

nanoparticles by the  versatile method. Physicochemical 

features of the as-engineered material (CrFe2O4@SiO2-

SO3H) were evaluated via several analytical methods. 

Also, in this research project, a novel catalytic route for 

the production of biodiesel fuel from oleic acid has been 

designated using CrFe2O4@SiO2-SO3H as the catalyst. The 

wondrous features of this protocol are high novelty, 

short reaction times, no use of harmful solvents, simple 

synthetic procedure, high yields of reactions, facile 

filtration, and reusability. Furthermore, the synthesized 

nanocatalyst could be separated easily using an external 

magnet and reused five times without considerable loss 

of its activity. 
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Abstract: One of the most researched issues is the elimination of uremic toxins from the human body. These 
toxins can build up and lead to catastrophic issues including renal failure. To get rid of them, absorbents like 
activated carbon, zeolites, and other minerals are frequently utilized.   

Keywords: Renal failure; Mesoporous silica nanoparticles; Uremic toxins  

 

Introduction 
Numerous analysts have recently become interested in 
the practical elimination of uremic toxins [1]. Urea, 
creatinine, and other toxins have frequently been 
eliminated from aqueous solutions or simulated serum 
samples using adsorption techniques. Mesoporous silica 
can be chemically altered by using various functional 
groups to satisfy specific needs, unlike the surface of 
zeolite. Mesoporous silica materials, in particular, can 
have their pore diameters adjusted. Mesoporous silicas 
have subsequently been used as catalysts or adsorbents 
[2,3]. 

Experimental Section  
 Mesoporous silica nanoparticles functionalized with (3-
aminopropyl) triethoxysilane (APTES) linker (MSN-NH2) 
and mesoporous silica nanoparticles grafted with 
molecularly imprinted polymers (MSN-MIP) were 
examined in this study to determine how well they 
absorbed urea, creatinine, and uric acid in a simulated 
intestinal serum (Fig. 1). 
 
Results and Discussion 
MSN-MIP's large surface area (879.12 (m2/g)) and volume 
of pores (0.8475 (cm3/g)) made removal results that were 
satisfactory in the simulated serum. Additionally, MSN-
MIP demonstrated a high urea adsorption capacity (qm= 
1836.45 mg/g). Creatinine (qm= 1529.5 mg/g) and uric 
acid (qm= 1210.6 mg/g) were absorbed via MSN-NH2, 
which demonstrated a noticeable potential for absorption 
(Table 1). The results of cell viability test for the first 72 
hours, showed that the use of these absorbents in 
hemodialysis systems is acceptable. 
We further use the trypan blue dye exclusion method to 
qualitatively evaluate the viability of the NIH/3T3 cell line 
when using MSN-MIP and MSN-NH2 of treated media 

after 24 h, 48 h, and 72 h of cell culture in order to assess 
the biocompatibility of various adsorbents for 
applications to uremic toxin clearance. Regarding the 
results for cell viability and the representative contrast 
images, adsorbents will induce 3T3 cells with viability 
below 90% after 48 h of incubation, the images also show 
similar cell spreading morphology and good attachment 
corresponding to the control cell culture medium 
(without addition of any adsorbents). Therefore, it is 
thought that 4 hours of hemodialysis with the adsorbents 
chosen here (at a dose below 16.7 mg/mL) won't 
necessarily result in a loss of cell viability (Fig. 2). 

 

Fig.1: Schematic representation of MSN, MSN-NH2 and MSN-
MIP synthesis 
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(a) 

 
(b) 

Fig.2: NIH/3T3 cells were cultured in cell culture medium 
(control) or different treatment media for 24, 48, and 72 hours. 

(a) a test for cell viability using trypan blue exclusion, and (b) 
Phase contrast images of NIH/3T3 cells grown in the control 

medium or treatment media (MSN-MIP and MSN-NH2 at 16.7 
mg/mL) 

Table 1. specific surface area (SBET), pore diameter, mean pore 
diameter (BJH)  

Conclusions 
Here, simulated intestinal serum was used to test the 
effectiveness of the absorbents, continuing previous 
research that concentrated on the synthesis of 

mesoporous silica nanoparticles grafted with molecularly 
imprinted polymer and only performed absorption tests 
in aqueous medium.  The results showed that the 
absorbents in use were effective at removing uremic 
toxins from the simulated serum. The high porosity of the 
adsorbents, which can extensively absorb various toxins, 
may be the cause of this high absorption capability. These 
adsorbents can be utilized in the hemodialysis system 
since the results of the cell viability test also shown that 
the percentage of cell viability was extremely high up to 
72 hours. 
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Material 

SBET 

 

(m2/g) 

Pore volume 

 

(cm3/g) 

Mean pore diameter 

 

(nm) 

MSN 412.87 0.5741 3.53 

MSN-NH2 380.62 0.4766 6.06 

MSN-MIP 879.12 0.8475 1.21 
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Abstract: In this work, a triazine COF was prepared utilizing melamine on a designated polymer substrate in order 
to enhance the efficiency of heavy metal removal. after synthesizing the COF, we place it on a polynitrogen 
polymer. The decoration of Ply@COFs  is characterized by its simplicity, speed, and cost efficiency. 
Keywords: Covalent organic framework; Polymer-immobilization; Oil absorption; Metal ion absorption 

 

Introduction 
With the development of various modern industrial 
technology, different kinds of heavy metals can enter the 
human body through environmental contact, food chain 
transmission and the use of everyday objects. Some highly 
toxic metals (eg. Cd, Pb and Hg etc.) are harmful to human 
health even at relatively low concentration [1]. Various 
adsorbents such as mesoporous silica [2], graphene oxide 
[3], metal–organic frameworks [4] and porous organic 
polymers (POPs) [5] have been employed for the 
separation of trace elements. It is worth noting that POPs 
are an intriguing attractive type of polymer sorbents with 
different structures including hyper-crosslinked polymers 
(HCPs) , covalent organic frameworks (COFs) , conjugated 
microporous polymers (CMPs) , covalent triazine 
polymers (CTPs)  and porous aromatic frameworks (PAFs) 
, etc [6]. Adsorption techniques have been widely used in 
the removal of water pollutants by taking advantage of 
high adsorption capacity of adsorbents to capture specific 
pollutant [7]. Generally, adsorbents are required to 
exhibits large surface area, specific selectivity, high 
adsorption capacity, cheap, regeneration and reusability 
[8]. Various factors such as pH, pollutant properties, 
contact time, temperature and adsorbent dosage affects 
the adsorption behavior [9]. Nowadays, the synthesis of 
COFs on different substrates and their composites with 
other compounds has been the focus of scientific studies. 
The growth and synthesis of covalent organic frameworks 
on polymer substrates improves some properties of both 
compounds and causes better performance of the 
compound in the desired applications [10]. 

Experimental Section  
In this work, COFs have been prepared on the surface of 
polymers. For example, an approach to grow 3D COF on 
polymer has been developed. In this method, the surface 
of polymer is functionalized and the surfac of monomers 
and linkages are added leyer by leyer to  grow up the COF 
on the surface.  

Results and Discussion 
The prepared Ply@COFs were characterized by FT-IR, 
TG,XRD,BET,TEM. The adsorption behavior of Ply@COFs 
toward multiple metal ions (Cu2+, Cr3+, Pb2+, Cd2+, Co2+, 
Ni2+ and Zn2+) was investigated in our preliminary 
experiments and it was found that Ply@COFs exhibit 
higher adsorption percentage Cu2+, Cr3+ and Pb2+ than that 
of other metal ions (Cd2+, Co2+, Ni2+ and Zn2+). The possible 
reason might be related to the high complexing constant 
of the organic component (triazine and imino groups) on 
Ply@COFs toward Cu2+, Cr3+ and Pb2+. Thus, Cu2+, Cr3+ and 
Pb2+ were chosen as the target ions in the following 
experiments. Then the adsorption properties of 
Poly@COFs toward Cu2+, Cr3+ and Pb2+ was further 
investigated in the pH range of 2 ~ 8. the adsorption 
percentage of Cu2+, Cr3+ and Pb2+ on Poly@COFs is 
relatively low under acidic condition (pH 2 ~ 3), which may 
be attributed to the electrostatic repulsion between the 
positively charged metal ions and the protonated 
nitrogen atoms on the surface of Poly@COFs under acidic 
conditions. related to the high complexing constant of the 
organic component (triazine and imino groups) on 
Ply@COFs toward Cu2+, Cr3+ and Pb2+. Thus, Cu2+, Cr3+ and 
Pb2+ were chosen as the target ions in the following 
experiments. Then the adsorption properties of 
Ply@COFs toward Cu2+, Cr3+ and Pb2+ was further 
investigated in the pH range of 2 ~ 8. the adsorption 
percentage of Cu2+, Cr3+ and Pb2+ on Ply@COFs is relatively 
low under acidic condition (pH 2 ~ 3), which may be 
attributed to the electrostatic repulsion between the 
positively charged metal ions and the protonated 
nitrogen atoms on the surface of Ply@COFs under acidic 
conditions. With the increase of pH values, the adsorption 
percentage of Ply@COFs toward Cu2+, Cr3+ and Pb2+ was 
gradually increased and the adsorption equilibrium was 
achieved in the range of pH 5 ~ 8. It can be explained that 
the protonated nitrogen atoms on Ply@COFs were 
gradually deprotonated in low acidity medium, thus the 
lone pair electrons on nitrogen atoms could complex with 
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target metal ions. As metal ions are tend to hydrolyze 
under alkaline conditions, the following adsorption 
experiments were conducted at pH 6. 

 

 

Fig.1: Effect of pH on the adsorption of Cu2+, Cr3+ and Pb2+ 
on Poly@COFs. Conditions: materials, 10 mg; sample, 50 mL; 
concentration, 10 μg L-1; adsorption time, 20 min. 

 

Conclusions 
A novel type of  covalent Organic Framework was 
prepared and grow up polymer surface .  The acquired 
Poly@COFs exhibit good affinity toward Cu2+, Cr3+ and 
Pb2+ with fast adsorption kinetic (7 min) and high 
adsorption capacities (38.3, 33.9 and 49.7 mg g 1 for 
Cu2+, Cr3+ and Pb2+, respectively). With the employment of 
Poly@COFs as adsorbent, a method of MSPE combined 
with GFAAS detection was established for the 
determination of trace Cu2+, Cr3+ and Pb2+ in 
environmental and biological samples. Under optimized 
conditions, the MSPE-GFAAS method based on Polys 
showed efficient extraction and sensitive detection for 
Cu2+, Cr3+ and Pb2+, which was successfully applied for the 
accurate analysis of trace Cu2+, Cr3+ and Pb2+ in real 
samples including tap water, lake water, river water, 
human urine and human hair. 
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Abstract: Curcumin, as a naturally occurring polyphenol, has been extensively used as anticancer and antioxidant 

agent due to its ability to protect cells from oxidative damage. β-cyclodextrin(β-CD) was oxidized by sodium 
periodate to yield a mixture of dialdehyde oligosaccharides. Curcumin loading was carried out in beta-
cyclodextrin dialdehyde with antioxidant properties  and All observations using FT-IR, NMR, UV-Vis and FE-SEM 
confirmed successful preparation of the CUR@DA-β-CD. 

Keywords: β-Cyclodextrin; sodium periodate; curcumin; host-guest. 

 

Introduction 
Curcumin and gallic acid are the most commonly used 
natural polyphenolic antioxidants and have attracted a 
surge of interest as promising anticancer drugs [1]. β−CD 
finds unparallel applications in health, energy and 
environment [2,3]. Nonetheless, the wide spread 
application of β−CD is hindered, at times, owing to its low 
aqueous solubility. The periodate oxidized derivative of 
β−CD, commonly referred to as dialdehyde β−CD 
(DA−β−CD), have demonstrated improved aqueous 
solubility in comparison to pristine β−CD and also 
bestowed with antibacterial responsivities [4]. 

Experimental Section  
Synthesis of DA−β−CD 
For the synthesis of beta-cyclodextrin dialdehyde, the 
oxidant sodium peridate is used. The oxidation of beta-
cyclodextrin by sodium peridate (NaIO4) leads to 
obtaining cyclodextrin dialdehyde. Briefly, to DA-β-CD 
synthesize, 1 g (1.76 mmol) of beta-cyclodextrin was 
dissolved in 20 cc of distilled water. Then, 0.57 g (2.66 
mmol) of sodium peridate was added to the mixture. The 
reaction was kept under constant stirring at 60 °C for 6 
hours in the dark. Then, 5 cc of ethylene glycol was added 
to the solution, and after 1 hour, the obtained mixture 
was dialyzed in distilled water for 6 hours. Finally, the 
received product was dried at 110 °C [5]. 
Preparation of curcumin‑loaded DA-β-CD 
Briefly, DA-β-CD (0.1 g) was dissolved in 10 ml of distilled 
water and 3 mL of curcumin solution (30% wt. in acetone) 
was added to the obtained solution. Stirring was allowed 
without a cap to evaporate the acetone. The solution 
wasmhgrfmuhstirred in dark at room temperature 
overnight followed by centrifugation at 4000 rpm for 10 
min. 

 
Fig.1: synthesis of beta-cyclodextrin dialdehyde 

Results and Discussion 
Investigation of the DA-β-CD Structure sing the FT-IR 
Spectroscopy Method 
In the IR spectrum of dialdehyde beta-cyclodextrin in 
Figure 1b, in addition to the characteristic peaks related 
to beta-cyclodextrin, a new peak has appeared in the  
region of 1740 cm-1, characteristic of the aldehyde group. 
The FT-IR spectrum of DA-β-CD@CUR given in Figure 1c.in 
the FT-IR spectrum in addition to dialdehyde beta-
cyclodextrin peaks, curcumin indicator peaks can also be 
seen in this spectrum, the peak at 3400 cm-1 attributed 
to the OH, 1620 cm-1 related to the aromatic ring and 
peak of 1508 cm-1, 1276 cm-1 it is related to O=C and Enol 
respectively. 

Fig.2: FT-IR spectra of a) β-CD, b) DA-β-CD, c) DA-β-CD@CUR 

c 
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Fig.3: Morphology of the DA-β-CD and β-CD 

 
XRD analyses 
The powdered XRD profile of β−CD included signals at 
10.5°, 12.5°, 15.5°, 19.5°, 23.0° and 25.8° implying its 
crystalline nature. However, it could be witnessed that 
several peaks have either disappeared or reduced in their 
intensities in the diffraction profiles of DA−β−CD. Such an 
observation demonstrated that the crystallinity of the 
dialdehyde β−CD obtained is significantly reduced. 
 

 
 

Fig. 4: XRD of the DA-β-CD and β-CD 

 
Fig. 5 : Antioxidant activity against pure curcumi 

 DA-β-CD and DA-β-CD@CUR  

Conclusions 
Dialdehyde β-cyclodextrins with different oxidation 
degree were successfully prepared by periodate 

oxidation. The dispersibility of dialdehyde β-cyclodextrins 
in aqueous solution was improved. In summary, the DA-
β-CD has aldehyde groups introduced, and remains 
inclusion ability and improved solubility, which is an ideal 

material to drug loaded. 
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Abstract: CO2 capture is of great importance for cutting greenhouse gas emissions. A series of MOF-74 was 
synthesized through reaction between DHTA and metal ions of Mn, Zn, Ni or Mg. Ionic liquid moieties were 
furnished on structure of MOf-74, engendering a series of ionic liquid-decorated MOF composites, namely, Mof-
74-ILs-anion. The optimal pore size, the MOF-74 affinity sites to CO2, and various anions of ionic liquid moieties 
have a synergistic effect on the CO2 adsorption. MOF-74-ILs-Cl ([Zn-Bmim Cl) exhibited a high uptake of CO2 of 
85.20 cm3/g (273 K and 1 atm). All composites were characterized through PXRD, FT-IR, SEM, and TGA.  

Keywords: CO2 capture, Ionic Liquid (IL), Metal-Organic Framework (MOF), IL@MOF porous composites. 

Introduction 
Global warming caused by the emission of greenhouse 
gases from different sources such as thermoelectric power 
plants and industrial plants is one of the biggest threats to 
our environment. CO2, the principal greenhouse gas, is 
responsible for global warming and climate change. 

Among the novel materials developed for CO2 separation, 
Ionic Liquids (ILs) have shown great potential for this 
application. They are conventionally defined as salts with 
low melting point (below 373 K) comprising organic, 
asymmetric cations and organic or inorganic anions. ILs 
generally present interesting physical and chemical 
properties including negligible vapor pressure, 
nonflammability, high electrochemical and thermal 
stabilities and high CO2 solubility.  

The high level of tunability of both the cation and/or the 
anion structure has a direct impact on these properties, 
making ILs appealing to many fields of research, e.g. 
chemical reactions and/or catalysis [1] solid-liquid 
extraction [2] and gas separation/absorption [3] among 
others.  

MOFs are crystalline materials consisting of a metal atom 
or small metallic clusters allied to organic functional 
groups, which serve as linkers. As such, these materials 
have a huge potential as adsorbents for CO2 
capture/separation from gaseous mixtures. Due to their 
exquisite properties, MOFs have also been used in other 
distinct research fields related to advanced materials 
science, namely catalysis [4] cooling purposes [5] drug  

delivery [6] among others. Therefore, in the past decade, 
IL-MOF combining strategies, where the IL is impregnated 
into the MOF structure, have been considered for several 
applications. [7] These materials are generically designated 
as IL@MOF and have been used in several fields of study, 
including adsorption-based gas separations. [8,9]  

 

Fig1. Schematic represantation of the synthesis of MOF-74-ILs 

Experimental Section  
Synthesis. The synthesis method for preparing nanoscaled 
Zn, Ni, Co, Mn, and Mg-MOF-74 materials is a modification 
of the only one reporting the synthesis of MOF-74 materials 
(the Zn-based one) at room temperature.16 A clear yellow 
solution of 0.200 g (1.0 mmol) of 2,5-dihydroxyterphthalic 
acid (dhtp) in 5.0 g of N,N-dimethylformamide (DMF) was 
added dropwise over another clear solution of 2.6 mmol of 
the corresponding divalent metal acetate tetrahydrate 
(except for Zn acetate that was dihydrate), immediately 
leading to a precipitate, which after a few minutes 
contained MOF-74 as the only crystalline phase. The 
optimized reaction time was 15 h, after which the solid was 
recovered by centrifugation and washed first with 20 mL of 
DMF and then two more times with 20 mL of methanol. The 
solid was kept immersed in methanol for 1 days; that 
solvent was changed for the same amount of fresh one 
three times. 
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Results and Discussion 
X-ray Diffraction.  
The powder X-ray diffraction patterns shown in Fig.2 are 
used to confirm the phase structure of the MOF-74 samples 
prepared in this work. The XRD pattern of 4 perfectly 
matches with the calculated pattern from the established 
crystal structure data, indicating the as-synthesized sample 
4 has the exactly correct structure with good crystallinity. 
The XRD patterns of Ni-MOF-74 (1 and 2) do show the two 

main peaks (6.7⸰ and 11.7⸰, 2), with the remaining small 
peaks not so sharp and clear. So, we still could say MOF-74 
samples were successfully produced in this work by both 
hydrothermal method and room temperature method. 

 
Fig.2: XRD patterns of synthesized MOF-74 

SEM for surface Topology  
Fig. 3 displays the scanning electron microscopy (SEM) 
images of the MOF-74 sample prepared in this work. The 
crystals of Zn-MOF-74 are quite similar in shape, which 
indicates high crystallinity of the obtained MOF structure. 

Conclusions 
In summary, we show the de novo synthetic approach to 
achieve an MOF-based material with a tunable pore size, 
structure, and functional ionic liquid moiety. The fine-
tuned pore size and structure combine the functional ionic 
liquids to influence the adsorption for CO2 of these MOF 
based composites. The narrow pore of MOF-74-ILs 
incorporated with equal molar NaCl, i.e., Zn-MOF-74-ILs-Cl, 
exhibited the highest adsorption for CO2. The markedly 
enhanced adsorption for CO2 by synergistic use of the 
tuning effects of pore size, structure, and ionic liquid on an 
MOF-based composite were observed and elucidated. The 
covalent bonding of an ionic liquid on an MOF provides a 
new approach for new sorbent materials for CO2.   

 
 

Fig.3: SEM image of Zn-MOF-74-IL-Cl 
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Abstract: To expand the field of nanomaterial and engineering of enzyme in eco-friendly processes, gold 
mesoflower (Au-MF) nanostructure was applied for preparation of immobilized lipase (Au-MF/SAM) through 
biofunctionalization of surface by Ugi multicomponent reaction. The synthesized Au-MF/SAM/lipase as unique 
biocatalysts was confirmed by different techniques. In the following, the biodiesel production from palmitic acid 
was studied in the presence of Au-MF/SAM /lipase as an efficient biocatalyst. 

Keywords: gold mesoflower, enzyme engineering, lipase, biodiesel production, postfunctionalization

Introduction 
In the history of biotechnology, enzymes are famous and 
well-known biomacromolecules as performing diverse 
biological processes. They are widespread used as 
convenient and important biocatalysts in various techno-
chemical processes such as foods, biofuels, drugs, or 
green chemistry [1-3]. Lipase family is one of the great 
significant enzymes and most widespread commercial 
biocatalysts, in a vast array of reactions such as hydrolysis, 
transesterification, acylation, amidation, and 
oxidation−reduction as well as esterification reactions 
[4,5]. The esterification is a key and central reaction in the 
biodiesel production which could be catalyzed by lipase as 
biocatalyst or different basic and acidic commercial 
catalysts. Enzymatic esterification has certain advantages 
over the chemical catalysis, due to their environmentally 
friendly nature and excellent chemo- and 
stereoselectivity. 

Covalent binding is an efficient approach to strongly bind 
enzymes onto the surface of solid supports. This increases 
the stability of lipase and reduces its leakage. 

During the course of our research on the application of 
nanostructures48 and also our interest in enzyme 
engineering, herein we disclose a convenient technique 
for lipase immobilization on modified gold mesoflowers 
(Au-MF) via Ugi four-component reaction in water under 
mild conditions to prepare a unique 3D nanobiocatalyst 
for biodiesel production. 

Experimental Section  
 Synthesis of Gold Mesoflowers (Au-MF).  
The gold  mesoflowers were synthesized by modification 
of previously reported seed-mediated growth method [6]. 
First, citric acid (CA) solution (25 mg) was heated to 80 °C. 
Next, HAuCl4 aqueous solution (25 mM) was quickly 
added to CA solution. The color of solution changed and a 
black precipitate was formed. Then, distilled aniline was 
added immediately followed by HAuCl4 (25 mM). The 

media temperature was kept at 80 °C for 5 min. Then it 
was cooled to room temperature and maintained for 5 h 
and centrifuged and the black residue was discarded. The 
light pink solution, which contains of oligoanilinecoated 
Au nanoparticles, was collected and used for further 
reaction. Afterward, in a round bottomed flask, a solution 
of CTAB (100 mM) containing freshly prepared ascorbic 
acid solution (100 mM) at 80 °C was prepared. Next, 2 mL 
of prepared oligoanilinecoated Au nanoparticles was 
added. Then, diluted AgNO3 (10 mM) and Au3+ solution 
(25 mM), as growth solution, were added sequentially to 
the above solution by mild mixing. The resultant solution 
was kept undisturbed at 80 °C for 1 h and was slowly 
reduced to room temperature. The prepared gold 
mesoflowers was isolated by centrifuge. The residue was 
washed with water/methanol (1:1) solution. The desired 
slight yellowish (Au-MF) were dried at 50 °C. 
Immobilization of CRL on the Au-MF/SAM via Ugi- 4CR. 
The formaldehyde (10 μL) was added to a Au-MF/SAM  
(40 mg) dispersed in phosphate-buffered saline (PBS; pH 
7.4). After 5 min, a solution of lipase (5 mg mL−1) and t-
butyl isocyanide (25 μL) were added to this mixture and 
incubated at room temperature for 2 h with occasional 
shaking. The desired immobilized enzyme was isolated by 
centrifuge . The immobilized lipase was washed with 
buffer pH 7.5 to remove the nonspecific adsorbed lipase. 

 
Fig.1: Schematic Illustration of Nanobiocatalyst 

Preparation for Biodiesel Production 
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Results and Discussion 
The XRD as an efficient and strongly analytical technique 
was primarily used for crystalline phase identification and 
information on unit cell dimensions of the obtained 
product. The XRD patterns of the Au-MF showed the 
characteristic diffraction peaks at (111), (200), (220), 
(311), and (222) for face-centered-cubic (fcc) phase of 
gold. Moreover, the XRD patterns indicated that the 
obtained Au-MF is polycrystalline and dominated by (111) 
crystal facets (Fig 2). 

 
Fig.2: X-ray powder diffraction (XRD) patterns of Au 

mesoflower (Au-MF) 

The particle shape and morphology of the samples were 
studied using field emission scanning electron microscopy 
(FE-SEM). As shown in Fig 3 the hierarchical MF structure 
consists of solid core and many spiky branches in all 
directions. Besides, it was clearly found that length and 
number of branches on each MF varies which make the 
MF threedimensional. 
 

 
 

Fig.3: SEM image of Au-MF 

 
The production of ethyl/propyl esters rather than methyl 
esters also have attracted considerable interest, because 
of their more heat content and higher cetane number. 
Therefore, encouraged by the obtained result, the 
catalytic activity of prepared Au-MF/SAM 2/lipase was 
evaluated in the esterification of palmitic acid (PA) with 
ethanol and isopropyl. Fig 4 shows the results of 
esterification process in the presence of Au-MF/SAM 
2/lipase. 

 
 

Fig. 4: Esterification of PA with alcohols (methanol, ethanol, 
and 2-propanol) in the presence of Au-MF/SAM 2/lipase (50 

mg) at 45 °C for 5 h. 

Conclusions 

In conclusion, we pioneered and developed a conclusive 
and environmentally benign strategy for immobilization 
of lipase on Au-MF via surface multifunctionalization and 
Ugi-4CR under extremely mild conditions. The prepared 
biocatalysts were fully characterized by using 
complementary spectroscopic and microscopic 
techniques. Significantly, the activity of this robust 
biocatalyst in the challenging biodiesel production led to 
excellent enzymatic performances. These results open a 
new approach for biodiesel production in green and 
renewable reaction systems.  
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Abstract: MXene is a two-dimensional nanomaterial that belongs to the family of transition metal carbides or 
nitrides. Indeed, these layered nanomaterials have recently gained significant attention due to their attractive 
properties. MXenes have inherent high-level features, including high activity, water friendliness, rich adjustable 
surface groups, chemical stability, and biological compatibility. This study demonstrated that surface 
modification of MXenes with tannic acid (TA) can create an efficient adsorbent for the simultaneous removal of 
two commonly used dyes, methylene blue (MB) and crystal violet (CV). The adsorption efficiency after 60 
minutes is 69% for methylene blue and 75% for crystal violet. For this, the MXene was synthesized by Al-selective 
etching of Ti3AlC2 MAX phase using HF. Furthermore, the MXene exhibited relatively good recyclability, enabling 
its repeated use. The results of this work may give an insight into the practical application of MXene for the 
remediation of polluted water.  
Keywords: MXene, crystal violet, methylene blue, Adsorption 

 

Introduction 
Water is the most essential element for human life. 
With continuous economic and industrial 
development, the environment has been severely 
damaged and serious water pollution exists. Water 
pollution, in addition to causing undesirable effects on 
the environment, also leads to air pollution and poses 
a threat to human health. Water is one of the most 
important raw materials used in industries such as 
pharmaceuticals, textiles, and food. Wastewater-
containing dyes are not easily biodegradable and can 
have undesirable consequences, especially reactive 
dyes used in the textile industry, which can pass 
through conventional treatment systems without 
significant changes. Therefore, the removal of these 
substances is challenging, and conventional water and 
wastewater treatment systems cannot always reduce 
the color concentration to an acceptable level due to 
their stability and complexity. 1 
Organic dyes can be considered as a type of industrial 
raw materials that have a wide range of applications in 
printing, dyeing, paper, leather, plastics, and other 
industries. There are several common treatment 
methods for organic substances in water, such as 
coagulation/flocculation, electrolysis, biological 
treatment, membrane filtration, photocatalytic 
degradation, catalytic oxidation, and adsorption.2  

Among them, adsorption processes constitute an 
alternative method as they offer higher removal rates,  
ease of operation, good reusability, and relatively low 
cost for the removal of synthetic dyes in aqueous 

solutions.3 The application of unique properties of 2D 
nanomaterials, such as carbon-based nanomaterials 
including graphene, graphene oxide, and carbon 
nanotubes, has increased for the removal of organic 
pollutants in water. MXene, as an emerging 2D 
nanomaterial from the family of transition metal 
carbide nitrides or carbonitrides, has gained rapid 
attention in the field of adsorbents, particularly 
Maxine-based adsorbents, due to its unique properties 
and various applications. Adsorption by Maxine-based 
adsorbents is not only greatly influenced by the 
physicochemical properties of these adsorbents but 
also strongly affected by water quality parameters, 
such as pH, temperature, background ions, and natural 
organic matter. In comparison to the formation of 
large and bulky conventional adsorbents, 
nanomaterial-based adsorbents often possess thin 
structures, large specific surface areas, and abundant 
active sites. Therefore, a comprehensive 
understanding of the behavior of Maxine-based 
nanomaterial adsorbents is necessary to explain the 
mechanism of organic pollutant removal in water. In 
this regard, a comprehensive understanding of the 
behavior of MXene-based nanomaterial adsorbents is 
essential to explain how organic pollutants are 
removed in water.4,5 

Experimental Section  
Ti3C2Tx was prepared by the etching of the Al layer from 
the as-purchased MAX (Ti3AlC2) phase precursor. The 
Ti3C2 solution was prepared by immersing slowly 2 g of 
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MAX power in a 40 mL aqueous solution of 40 wt % HF 
acid and continuously stirring it at room temperature for 
24 h. The resultant solution of Ti3C2 was centrifuged at 
3500 rpm and washed out several times with DI water to 
remove AlF3 and excess HF acid until the neutral pH of the 
supernatant was reached. 
Synthesis of MXene-TA 
MXene-TA was synthesized by self-polymerization of TA 
on the surface of MXene. In brief, 100 mg of TA and 100 
mg of Ti3C2 MXene were added to 100 mL of D.I. water 
under stirring for 24 h. The product was collected by 
centrifugation (3000 rpm, 5 min) and purified by washing 
with D.I. water three times to remove unreacted TA. 
Adsorption experiments 
MXene-TA  composite was prepared for the simultaneous 
removal of both Methylene Blue and Crystal Violet dyes. 
The performance of this composite was investigated 
under different conditions such as  concentrations of 
Methylene Blue and Crystal Violet dyes, the amount of 
composite used, and PH. 

Results and Discussion 
To examine the performance of the MA-T composite, we 
used MXene without any tannic acid modifier once for the 
removal of Methylene Blue and Crystal Violet dyes. 
In this case, after 60 minutes, a removal efficiency of 35% 
was observed for Methylene Blue and 11% for Crystal 
Violet. Once again, the removal efficiency of MXene with 
Tannic acid was measured after 60 minutes. The results 
showed a removal percentage of 69% for Methylene Blue 
and 75% for Crystal Violet. Figure 1 shows the Efficiency 
of the MXene modification effect by tannic acid in 60 
minutes. 
By using screening methods and experimental design, the 
optimal performance of the composite in the 
simultaneous removal of two specific dyes was 
determined. The optimal conditions were considered as 
pH 8, dye concentrations of 10 mg/g, and 40 mg of the 
adsorbent. The results were recorded using UV-VIS 
spectroscopy, indicating an adsorption efficiency of 75% 
for Methylene Blue and 69% for Crystal Violet after 60 
minutes. We also took FESEM images of MXene-tannic 
acid nanocomposite and the layered structure of MXene 
indicated that it was properly synthesized. 
 

 

 
  
Fig.1: Effect of MXene surface modification by tannic acid to 

remove methylene blue(MB) and crystal violet(CV). 

Conclusions 
In this work, we used TA to modify the surface of MXene 
and it showed a nanocrystal with good absorption to 
remove two dyes, methylene blue and crystal violet. Also  

In this study, Langmuir, Langmuir extended, Freundlich, 
and Dubinin-Radushkevich isotherms were investigated. 
It was determined that the Langmuir isotherm was 
followed. Additionally, pseudo-first-order and pseudo-
second-order kinetics were investigated for these two 
dyes. Crystal Violet followed pseudo-second-order 
kinetics, while Methylene Blue followed pseudo-first-
order kinetics. It must be said  The adsorption capacity for 
Crystal Violet is 10, while for Methylene Blue it is 11. 
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Abstract:  In recent years, there has been a growing interest in developing novel drug delivery systems to 
improve the efficacy and safety of pharmaceuticals. Citrate nanowhiskers have emerged as promising candidates 
for drug carriers due to their biocompatibility and tunable properties. In this study, we explore the potential of 
cellulose nanowhiskers citrate (CNW) grafted with Poly glycerol as drug delivery carriers. The functionalization 
of CNW with glycidol allows for enhanced drug loading capacity and controlled release kinetics. The succesfull 
preparation of the graft copolymer was confirmed by FT-IR spectroscopy. SEM and XRD results confirmed that 
crystalline structure as well as morphology of CCNW has not been changed during graft polymerization. 

Keywords: Cellulose Nanowhisker Citrate; Poly glycerol, Curcumin,  

Introduction 
In recent years, the field of drug delivery has witnessed 
significant advancements aimed at improving the efficacy 
and safety of pharmaceutical treatments. The 
development of novel drug carriers with enhanced 
properties has been a key focus of research in this area. 
Among the various materials explored for drug delivery 
applications, Cellulose citrate nanowhiskers (CCNW) have 
emerged as promising candidates due to their unique 
characteristics such as biocompatibility, biodegradability, 
and tunable properties[1]. CCNWs, derived from citric 
acid, are nanostructured materials that exhibit high 
aspect ratios and large surface areas, making them 
suitable for drug delivery applications. These 
nanowhiskers can be easily synthesized through a simple 
and cost-effective process, providing a versatile platform 
for functionalization and modification to tailor their 
properties for specific applications[2,3].  
Experimental Section  

Preparation of Nano Whisker Citrate (CCNW)  
First, 5 grams of cotton is cut into small pieces and 4 
grams of NaOH dissolved in 240 mm of distilled water was 
added to it and left in room temperature for 12 hours. 
Then the resulting cellulose fibres were neutralized to 
pH=7 by successive centrifiugation and dried. Then, 50.1 
grams of citric acid was dissolved in 12.5 ml of distilled 
water and subjected to ultrasonic waves for 5 minutes, 
after the acid was dissolved, it was added to cellulose 
fibres and then 10 ml of 0.4 M HCl along with 5 drops of 
concentrated acid were added, respectively. The reaction 
mixture stirred at room temprature overnight and then 
refluxed for 7 hours. After that, 40 ml of distilled water 
was added to the reaction mixture and continuously 
centrifuged and washed with distilled water. At the end, 
it sonicate for 5 minutes and the obtained suspension 
dried at 25°C[4]. 

Preparation of Cellulose Nanowhisker Citrate-graft-PG 
(CCNW-g-PG)  
Brifly, 3 mL of glycidol was added to 0.2 grams of CCNW 
and it placed in the microwave oven until the substance 
becomes viscous and keep the obtained suspension. It 
was dialyzed against water and dried at 25°C. 
Curcumin loaded- CCNW-g-PG 
30 mg of CCNW-g-PG was first dispersed in 1 mL of DI 
water. Then, a solution of acetone containing CUR (10 mg) 
were added to the obtained solution and stirred at 500 
rpm in a container without a lid to remove acetone from 
the solution by evaporation. The solution was then stirred 
in the dark at room temperature overnight and then 
centrifuged at 2000 rpm for 10 min. Finally, the 
supernatant was dry at 25°C [4,5]. 
 
Results and discussion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: FT-IR spectra of a) CCNW, b) CCNW-g-PG, c) CUR, D) 
CCNW-g-PG @CUR 
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The successful preparation of cellulose Nanowhisker 
Citrate-graft-PG investigated using FT-IR spectroscopy. 
FT-IR spectra of CCNW, cellulose Nanowhisker Citrate-
graft-PG, curcumin and cellulose Nanowhisker Citrate-
graft-PG after loading curcumin are shown in Fig. 1. As it 
can seen, in the FT-IR spectrum of cellulose Nanowhisker 
Citrate-graft-PG the intensity of C-H aliphatic stretching 
vibration has been increased that confirmed successful 
grafting of PG. Moreover, the aromatic bands related to 
curcumin appeared in cellulose Nanowhisker Citrate-
graft-PG loaded curcumin. 
Besides, as shown in Fig. 2, cellulose Nanowhisker Citrate-
graft-PG has no significant peaks in UV-vis spectrum. 
However, after loading with curcumin, it showed a peak 
at 423 nm related to *π-π transitions of aromatic rings of 
curcumin which it can proved the successful loading of 
curcumin. 

         Fig.2: UV–Vis Spectra of: a) CCNW and CCNW-g-PG @CUR 
                   

Fig.3: XRD of the CCNW and CCNW-g-PG@CUR 
 
The XRD pattern of CCNW before and after grafting represented 
in Fig. 3. The observations confirmed that crystalline structure 
of CCNW has not been changed during graft polymerisation. 
Then it can be concluded that polymerisation occurred at the 
surface of nanocrystals. 
 
 
 
 

Fig.4: FE-SEM images of CCNW and cellulose Nanowhisker 
Citrate-graft-PG 

 

SEM images of CCNW and cellulose Nanowhisker Citrate-
graft-PG are shown in Fig. 4. Morphological observations 
showed nano structure of CCNW has been not changed 
during graft polymerisation and it is in agreement with 
XRD observations.  
 

Conclusions 
In summary, in this paper, a novel antioxidant and anticancer 
supramolecular drug delivery system based on citrate 

nanowhiskers grafted with PG was synthesized. All 

observations  using FT-IR, UV–Vis and FE-SEM confirmed 

successful preparation  of the cellulose Nanowhisker Citrate-
graft-PG@CUR. 
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Abstract: This investigation seeks to explore the impact of counterions on the crystal structure and properties 
of heterobimetallic PtII–AuI complexes represented by the formula [Pt(p-MeC6H4)(dfppy)(μ-dppm)Au(NHC)]X, 
where NHC = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene; dfppy = 2-(2,4-difluorophenyl)pyridinate; dppm 
= 1,1-bis(diphenylphosphino)methane; and X- = OTf- 1, ClO4

- 2. To this aim, the experimental investigation is 
complemented by ab initio calculations, particularly density functional theory (DFT). 

Keywords: Platinum, Gold, Heterobimetallic system, Counterion, Theoretical calculations. 

 

Introduction  
Recent attention has been drawn to heterobimetallic 
systems, particularly those involving platinum (Pt) and 
gold (Au), owing to their distinctive properties and broad 
applicability in catalysis, materials science, and 
nanotechnology [1]. These systems, comprising two 
different metal species, offer advantages such as 
enhanced reactivity and stability compared to 
monometallic counterparts. The choice of counterion 
significantly impacts their properties, including stability, 
solubility, and reactivity, as well as spectroscopic 
properties. Charged species crucially facilitate self-
assembly through favorable interactions like π–π, cation–
π, electrostatic, and hydrogen bonding. Counterions 
influence coordination complex structures by interacting 
with the central metal ion and ligands, potentially 
inducing structural distortions or changes in coordination 
geometry [2]. This contribution focuses on how different 
counterions affect crystal structure alterations in these 
complexes. 

Experimental Section  
Complexes [Pt(p-MeC6H4)(dfppy)(μ-dppm)Au(NHC)]X, 
where NHC = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidene; dfppy = 2-(2,4-difluorophenyl)pyridinate; dppm = 
1,1-bis(diphenylphosphino)methane; and X- = OTf- 1, ClO4

- 
2, were synthesized through the reaction between [Pt(p-
MeC6H4)(dfppy)(κ1-dppm)] and [AuCl(NHC)] in the 
presence of either [Ag(OTf)] or [Ag(ClO4)] (Scheme 1), and 
confirmed by X-ray spectroscopy [3]. X-ray structure 
determinations were conducted using a STOE IPDS-2/2T 
diffractometer with Mo Kα radiation [4]. Density 
functional calculations were performed using 
Gaussian0370 with the B3LYP level of theory. The 
LANL2DZ basis set described Pt and Au, while the 6-31G(d) 
basis set was used for other atoms. Complex geometries 
were optimized without imposing symmetry constraints 
[5]. 

 
Scheme 1. Synthetic route for the preparation of complexes 1 and 2. 

Results and Discussion 
Suitable single crystals for X-ray crystallography of 
complexes 1 and 2 were successfully obtained. Due to the 
spatial constraints imposed by the chelated ligand, the 
geometry around the Pt center exhibited distorted square 
planar arrangements, consistent with those observed for 
cyclometalated analogs. However, the alignment of 
CNHC, Au, and P deviates from perfect linearity, resulting 
in a noticeable deviation from linear mode around Au. 
This is reflected in the angles of C(1)− Au(1)−P(1) (1) and 
C(1)−Au(1)−P(1) (2), which measure 168.33(14)° and 
171.17(14)°, respectively. 
 

 
Fig. 1. Crystal packing of complexes 1 and 2. 

To delve deeper into the structures, the crystal packings 
of complexes 1 and 2 are illustrated in Fig. 1. Here, it is 
evident that hydrogen bonding and significant CH···π 

2 
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interactions intertwine neighboring molecules, 
establishing a stable molecular framework. The difference 
in crystal packing structures, attributed to hydrogen 
bonds between the counter anion and the complex, is 
distinctly visible. 

Conclusions 
In conclusion, this study elucidates the structural 
characteristics and molecular interactions of 
heterobimetallic complexes containing platinum and 
gold. Through X-ray crystallography, we have observed 
distorted square planar arrangements around the Pt 
center, indicative of the influence of chelated ligands. 
Additionally, deviations from linear coordination 
geometry around Au were noted, highlighting the 
complexity of these systems. Crystal packing analysis 
revealed the presence of hydrogen bonding and C‒H···π 
interactions, contributing to the formation of stable 
molecular frameworks. Furthermore, the surface analysis 
provided quantitative insights into noncovalent 
interactions, underscoring the role of counter anions in 
modulating crystal packing arrangements. Overall, this 
work enhances our understanding of the structural 
properties and intermolecular forces governing 
heterobimetallic complexes, offering valuable insights for 
the design and development of novel materials with 
tailored properties and functionalities. 
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Abstract: In this work, m-C3N4 and CNO were synthesized separately and then, added into the sample solution 
as a sorbent for the dispersive solid-phase extraction of two immunosuppressive drugs (tacrolimus and 
everolimus) from plasma samples and utilized before their determination by high-performance liquid 
chromatography-tandem mass spectrometry.  
Keywords: Immunosuppressive drugs; m-C3N4/CNO; High performance liquid chromatography-tandem mass 
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Introduction 
Tacrolimus and everolimus considered as a group of 
immunosuppressive drugs that are frequently being 
applied to transplant recipients [1, 2]. They act differently 
in the human body, which prevents T-cell cycle 
advancement by blocking interleukin-2 production. While 
everolimus acts differently in the human body, to clarify, 
not only does it play a role in calcineurin inhibition, but 
also causes lymphocyte proliferation downstream 
through cytokine generation suppression [3, 4]. According 
to the increasing trend of transplant patients, the 
abovementioned conditions of analysis should be 
supplied for routine TDM [5]. Although immunological 
techniques are preferred by a group of scientists, 
overestimating the concentrations and cross-reactions 
with some metabolites of these drugs restricts their 
application seriously. Lately, high performance liquid 
chromatography-tandem mass spectrometry (HPLC-
MS/MS) has been proposed as an appropriate choice [6]. 
Dispersive solid phase extraction (DSPE) by owning 
valuable upsides such as short processing time, 
adaptability, plainness, and ease of use, is regarded as an 
appropriate replacement for the above-mentioned 
procedures. The basis of this technique is adding an 
adsorbent directly into the analytes solution with the aid 
of a dispersion phenomenon, in which contact is provided  

between the adsorbent and the analytes. When the 
dispersion is complete, in the second stage, the sorbent 
along with the adsorbed analytes on the sorbent surface 
are isolated by a mechanical protocol like centrifugation 
or filtration [7, 8].In this study, after the synthesis of the 

m-C3N4/CNO composite, the morphologies and structures 
of CNO, m-C3N4, and the m-C3N4/CNO composition were 
characterized by scanning electron microscope (SEM), 
Fourier-transform infrared (FTIR) spectra, and X-ray 
diffraction (XRD) patterns. Subsequently, the m-
C3N4/CNO hybrid was evaluated as a sorbent for DSPE to 
extract immunosuppressive drugs from plasma, including 
everolimus and tacrolimus. After ascertaining basic 
extraction and desorption conditions (eluate type and 
volume, sorbent mass, sorbent composition, pH, salt, type 
of stirring, adsorption time, and desorption time) HPLC-
MS/MS was used to determine tacrolimus and everolimus 
concentrations in plasma samples.   

Experimental Section  
The studied drugs with a purity higher than 98% were 
bought from Sigma-Aldrich (St. Louis, MO, USA). A stock 
solution of tacrolimus, everolimus and cyclosporine (as an 
internal standard) was prepared in acetonitrile (at a 
concentration of 100 mg L-1of each drug) and the working 
solutions were prepared by diluting the stock solution 
with deionized water, properly. Other chemical 
compounds were obtained including acetone, ethanol, 
acetonitrile, methanol, melamine from merck company 
(Darmstadt, Germany). Determination of the analytes was 
conducted by applying a 2795 Waters HPLC separation 
system (Waters Milford, MA) equipped with a C18 column 
(15 × 4.0 mm; particle size of 5 μm, Agilent, USA). The 
analytes were detected by a triple quadrupole tandem 
mass spectrometer (Waters, USA) operating in a positive 
multiple reaction monitoring (MRM) mode. A mixture of 

416 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

acetonitrile and 0.1% formic acid in solution (90:10, v/v) 
was delivered at a flow rate of 0.5 mL min-1 into the 
column as the mobile phase in an isocratic elution mode.  

Results and Discussion 
The morphology and structure of particles of the 
composite and its components were investigated by SEM, 
XRD, and FTIR analyses. To assign the optimum extraction 
efficiency toward tacrolimus and everolimus, DSPE 
conditions encompassing sorbent composition, sorbent 
mass, ionic strength of the solution, eluent type and 
volume, pH, adsorption and desorption times, and stirring 
type were optimized. 
  

 
  

Fig.1: Optimum extraction conditions (conditions: eluent 
type, acetonitrile; eluent volume, 200 μL; sorbent mass, 5 
mg; pH, 4; adsorption time, 4 min; and desorption time, 4 

min). 

Table1: Quantitative features of the developed method 

Analytes 

LOD 
ng 

mL-1 

LOQ 
ng 

mL-1 

LR 

 ng mL-1 
r2 

RSD % 
(n= 4) 

Tacrolimus 0.4 1.0 1.0-500 0.9940 5.6 

Everolimus 0.2 0.5 0.5-500 0.9927 5.2 

Conclusions 
A new strategy to fabricate porous adsorbent was 
developed by taking advantage of both m-C3N4 and CNO. 
The resultant m-C3N4/CNO composite exhibited an 
exceptionally superior adsorption efficiency toward 
tacrolimus and everolimus. It was found that the 
composite could quantitatively preconcentrate low 
concentrations of tacrolimus and everolimus. This 
research revealed a novel perspective to design and 
develop a composite of multilayer fluorene with m-C3N4 
for effective isolation and purification ability toward the 
immunosuppressive drugs from various resources of 
plasma samples.  
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Abstract: Ternary coatings of IrO2-Ta2O5-SiO2 with polyvinyl  alcohol (PVA) were synthesized on Ti substrate. 
The electrocatalytic activity of these electrodes was evaluated by cyclic voltammetry (CV). The morphology of 
the coating was investigated by scanning electron microscopy. Stability test results were obtained using a 
standard procedure of 153 hours. 
Keywords: Stability test; DSA; OER 
 

Introduction 
Nanocatalysts play a crucial role in achieving the goals of 
green chemistry, which prioritises safe, healthy and 
efficient chemical reactions [1]. DSA are commonly used 
as electrodes in the industry, serving as electrocatalysts. 
DSA anodes are an excellent choice due to their low cost, 
easy to prepare and wide range of electrochemical 
applications [2, 3]. The Ti substrate coated with IrO2-
Ta2O5-SiO2 metal oxides is the most effective 
electrocatalyst for the Oxygen Evolution Reaction (OER) 
due to its high activity and long lifetime. PVA is used as a 
solvent in these anodes to improve OER properties and 
durability of metal oxide layers on the Ti substrate. The 
advantages of PVA include low toxicity and environmental 
compatibility [4]. 

Experimental Section  
Ternary coatings of Ir:Ta:Si with a molar ratio of 50:30:20, 
containing 0.4% wt PVA additive, were confidently 
synthesized on a Ti substrate in two stages. The first stage 
involved synthesizing the coatings in sol-gel form, 
followed by thermal decomposition in a furnace at 450°C 
for 2 hours. 

Results and Discussion 
The SEM image of these electrodes containing PVA is 
shown at various magnifications. The coating shows 
crack-like structures resembling flower petals. Based on 
the image, the size of the cracks and pits in the Ir-Ta-Si 
coating with excellent PVA additive is smaller. Therefore, 
it is expected that the electrolyte will penetrate for a 
longer time and have a longer life. 
 
 
 

 
 

 
 
Fig.1: Scanning Electron Micrographs of the Ti/Ir-Ta-Si anodes 

obtained by PVA of  a) 2.5 kx, b) 30 kx. 

 
The stability test of  Ti/Ir-Ta-Si with PVA was carried out in 
accordance with the NACE standard by applying a current 
density of 1.5 A/cm² in a 1 M H2SO4 solution in the 
presence of platinum as an auxiliary electrode. the results 
are shown in Figure 2. 
 

 
Fig.2: Stability curve of Ti/Ir-Ta-Si/PVA in H2SO4 electrolyte 

solution under applied current density of 1 A/cm. 
 

After 10 hours of operation, a partial potential drop 
was observed. This was due to the penetration of H2SO4 
electrolyte into the active sites of the IrO2 
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electrochemical species in the inner layers. The change 
in potential of 1 V/SCE is indicative of the release of 
oxygen gas from the active sites of the coatingIn the 
stability region, the Ti substrate also undergoes partial 
oxidation, which can reduce the rate of water oxidation 
and the active sites on the surface of the coating.   As 
the active species continue to dissolve and form a 
titanium oxide layer, the potential rises to 11.43 V/SCE. 
This rapid increase is due to destruction of the mixed 
metal oxide coated electrode after 153 hours. 
The electrochemical behavior of the Ti/Ir-Ta-Si 
electrode containing PVA was investigated by cyclic 
voltammetry at different time points during stability 
testing in 1 M H2SO4 solution. A three-electrode system 
was used at ambient temperature and different scan 
rates. voltammograms obtained in the potential range 
1.4 to 0.6 V/SCE at a scan rate of 20 mV/s for different 
times in the stability test (at 10 h, 50 h, 100 h, and the 
destruction time at 153 h) are shown in Figure 3. 
At the beginning of the test, the slope of the oxygen gas 
release process was lower. After 10 hours due to the 
penetration of the H2SO4 electrolyte into the interior 
of the coating, the electrochemically active sites on the 
surface were activated. At 50 h and 100 h, the slope of 
the OER gradually decreased. As the time approached 
153 h, the slope of the OER and the area under the 
curve decreased significantly. This indicated the 
electrode no longer showed oxidation and reduction 
transfers related to Ir. 
 

 
Fig.3: Cyclic voltammograms of Ti/IrO2-Ta2O5-SiO2 anodes 
obtained by PVA calcination, recorded at 20 mV/s in 1 M 

H2SO4. 

Conclusions 
Better anode surface coverage with minimal cracking was 
achieved by using PVA as a precursor solvent. Cyclic 
voltammetry results show the best results with the 
highest area under the curve for coatings containing PVA 
organic additive.  The NACE stability test for these 
electrodes with PVA additive is 153 hours.  Based on the 
results obtained, these electrodes show the best 
electrocatalytic performance and the best stability. 
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Abstract: Porous materials such as metal-organic framework (MOFs) have been a topic of interest in material 
chemistry. In this work, highly porous MOF of copper (Cu-BDC) was used as a catalyst for the Ullmann-type C-N 
bond formation between N-containing heterocycles and aryl halides to give the desired products in good to 
excellent yields. 
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Introduction 
The lower cost of copper-based catalytic systems makes 
them particularly attractive for use in large-scale 
industrial applications. Copper-catalyzed C-N bond 
formation is widely used for the synthesis of 
pharmaceuticals, natural products and biologically active 
molecule [1] . Owing to its less expensive and less toxic 
nature, the copper catalysts offer certain advantages for 
the C-N cross-coupling reactions over its Pd-counterpart. 
Heterogenous catalysts such Cu3(BTC)2 [2], 2D Cu-MOF 
[3],  and MOF-199 [4] have been used successfully for C-N 
bond-forming. The advantages of mentioned catalysts 
including;  Ease of separation from reactions mixture,  
easy recovery and reusability. Due to the inherent 
physical properties, MOFs are suitable candidates for 
potential applications. In present work, one of the copper 
MOFs (Cu-BDC, BDC=Benzene dicarboxylic acid as linker) 
was used as efficient and reusable catalyst for coupling of 
N-containing heterocycles with (Hetero)aryl halides. The 
corresponding products were isolated and caracterized. 

Experimental Section  
Cu-BDC was synthesized by the protocol reported earlier 
[5]. Typicaly, equimolar quantities of copper nitrate 
trihydrate and terephthalic acid were dissolved in DMF 
and the mixture was stirred for 30 minutes at room 
temperature. After washing with DMF, The product was 

calcinated at 220 C for 5h (Fig. 1). 

Results and Discussion 

The Cu()-based MOF (Cu-BDC) was prepared by 
solvothrmal method. The catalyst was characterized by 
Fourier transform infrared (FT-IR) and nitrogen 
adsorption-desorption isotherm Brunauer-Emmett-Teller 
(BET) are shown in Fig.2(a-b) respectively. 

 

Fig.1: Preparation of Cu-BDC using hydrothermal method 

 
 

 

Fig. 2:b  Nitrogen adsorption-desorption isotherm 

The FT-IR spectra and BET analysis are in good agreement 
with the data reported in the literature [4].  

The prepared MOF was incorporated in the N-
(hetero)arylation of aryl halides. Imidazole and 
bromobenzene were chosen as the model substrates to 
optimize the reaction conditions (Table1). 

 

 

 

Fig. 2: a FT-IR spectroscopy of Cu-BDC 
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Table 1: Optimization of the reaction conditions.a 

 

 

By applying the optimized reaction conditions, we next 
investigated the coupling reactions between  
Nitrogene-containing heterocycles and (hetero)aryl 
halides (Table 2). 

Table 2: Reaction products of N-containing heterocycles 
with (hetero) aryl halides a

 

3a-3k 

 

 As shown in table 2 it can be seen that the corresponding 
derivatives obtained from N-arylation are formed with 
high yields. FT-IR and 1HNMR spectra of 3a are shown in 
Fig.3. 

 
Fig. 3: a) FT-IR spectrum of 3a 

 

Fig.3: b) 1HNMR spectrum of 3a 

Conclusions 
CuBDC as the Cu-based metal-organic framework was 
synthesized and used as a catalyst in Ullmann-type 
reactions between Nitrogene-containing heterocycles 
and (hetero)aryl halides. The mentioned catalyst 
demonstrated high efficiency and good thermal and 
chemical stability in this investigation. 
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Abstract: In this research, a metal organic framework was synthesized from copper metal and ligand prepared 
from the curcumin as natural compound. Also, Fe3O4 nanoparticle was loaded onto MOF structure and led to its 
magnetic properties. The prepared MOF was characterized by FT-IR, TGA and BET analyses. The Fe3O4@MOF 
nanocomposites have been used as heterogeneous nanocatalyst in some organic reaction, so that it can be easily 
separated from the reaction medium by a magnet.  

Keywords: metal organic framework; catalyst; curcumin; Multicomponent reactions. 

 

Introduction 
MOFs considered as an important class of solid-state 
materials constructed from metal ions and organic linkers 
that have been widely utilized in gas storage [1], gas 
sensing [2], chromatographic separation [3], 
heterogeneous catalysis [4], and biomedical applications 
[5]. In general, MOFs consist of a linking cation (e.g., 
transition metal, alkaline earth metal, and lanthanide) 
and multidendate organic bridges like carboxylate and 
phosphonate groups with defined and tunable pore size 
and volumes [5-6]. A rigorous planar biomolecule with 
stable chemical structure is preferential to be involved in 
MOFs as a linkage building block. One of the recently 
proposed biomolecules as a linker in Bio-MOFs structure 
is curcumin (CUR) [7-8]. This natural hydrophobic 
polyphenolic diketone has been introduced as a 
connecting linker in the structure of MOFs [8]. The 
existence of CUR in diverse tautomeric forms including a 
1,3-diketo form along with two enol forms made it as an 
appropriate moiety in Bio-MOF architecture. Moreover, 
several therapeutic properties of CUR such as, anti-
inflammatory and anticancer activities have been 
successfully investigated, during recent years [7-9].  
The multi-component reactions (MCRs), that can provide 
easy accesses to multi-functionalized heterocyclic 
structures of chemical and pharmaceutical interest, have 
the great advantage of eliminating the isolation of 
unstable intermediates, and reducing the number of 
discrete chemical steps, reducing the cost of the starting 
materials and waste products [5-9]. Initially, herein, we 
present the preparation and characterization of Bio-
Nanocatalyst based on functionalized Fe3O4@MOF. Then 
we focus our attention on a simple, green, and efficient 
method for the MCRs of biological active furan derivatives 
from a wide variety of benzoyl chloride, phenyl acetylene 
and 2-naphthol in high yields and short reaction time. 

Experimental Section  
Preparation of Fe3O4-MOF nanocomposites were 
prepared using simple chemical precipitation-reduction. 
Typically, 50 mL of FeCl3.6H2O (0.3 M) was added to 0.5 
mL HCl (0.2 M) under ultrasonic for 10 min. Then 20 mL 
Na2SO3 (0.3 M) was added into 40 mL of solution, and the 
color of solution from yellow changed to red. After the 
yellow color of the solution obtained, the resulting 
solution to 400 ml of water containing 60 ml of sodium 
ammonium (25%) was poured and stirred to 30 min under 
ultrasonic. After this time, the obtained magnetic 
dispersion was subjected to magnetic separation with a 
magnet, washed with water three times, and dried under 
vacuum at 50 ºC. Following, to prepare the coating 
magnetite nanocomposites with (3-
Aminopropyl)triethoxysilane (APTES), 0.2 g MNPs were 
dispersed in toluene (volume 5 mL) solution by sonication 
for 10-min. Then APTES (0.1 mL, 99 %,) was added to the 
mixture. After heated at 110 ºC for 24 h, the suspended 
MNPs were separated magnetically. The settled product 
was washed with toluene and then was isolated with 
magnetic decantation. For synthesis of curcumin-Ligand 
(Cur-Ligand): curcumin (1 mmol, 0.368 g) and a solution 
of NaOH (10%, 5 mL) were mixed and stirred at 70-80 oC 
for four hours. A solution of adipoyl chloride (2 mmol, 
0.189 g) in 10 mL of warm water was prepared and added 
to the solution of curcumin in NaOH, and stirred at 70-80 
oC for about four hours. The resulting solution was cooled 
and allowed to stand at ambient temperature for several 
minutes. The solution was adjusted to pH 4-5, with 
dropwise addition of HCl (aq) (1M). The product was 
extracted by CHCl3 (3×50 mL), dried over anhydrous CaCl2 
and evaporated by vacuum-rotary, yielding a yellow-
orange crystalline solid of Cur-ligand. The Fe3O4-MOF 
nanocomposite was prepared by the conventional co-
precipitation method 0.1 g Fe3O4-APTES was dispersed 
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into 4 mL absolute ethanol following by adding 0.36 mmol 
Cu(OAc)2. H2O and the mixture were ultrasounded for 15 
min. Then 0.65 mmol Cur-Ligand in 8 mL of solvent of 
N,N’-dimethylacetamide was added to above mixture. 
After stirring at room temperature for 4 h, solution was 
heated in closed vessel at 100 °C for 1 day to obtain brown 
crystals. The product was recovered by applying magnetic 
field and washed with DMF (3 × 10 mL) and then dried 
overnight at 50 °C in vacuum. 
General procedure for the synthesis of furan derivatives 
using Fe3O4@MOF NCs as a catalyst. 
An equimolar mixture of benzoyl chloride (1 mmol), 2-
naphthol (1mmol), phenyl acetylene (1 mmol) and 20 mg 
Fe3O4@MOF NCs in H2O:EtOH (2:2 mL) was stirred at 
room temperature for 30 min. The progress of the 
reaction was monitored by TLC. After completion of 
reaction, the reaction mixture was filtered. Then, the 
product was dissolved in mixture of water/ethanol and 
the catalyst easily separated from the product by 
attaching an external magnet onto the reaction vessel, 
followed by decantation of the product solution. This 
solution was concentrated to generate the pure crude 
product. The solid product was crystallized from hot 
ethanol to afford the furan as a pure product. The 
obtained products were confirmed and completely 
characterized by physical and spectral data. 
Results and Discussion 
The Fe3O4@MOF NCs as Nano-Bio catalyst was applied for 
synthesis of furan derivatives (Scheme 1). 
 

 
 

Scheme 1: Synthesis of furan derivatives. 

The successful formation of Cur-ligand and 
Fe3O4NPs@MOF was confirmed by FT-IR spectroscopic 
method. As seen from the FT-IR spectrum of Cur-Ligand, 
the observed peaks at 1276, 1419, 1454, 1520, 2921 and 
3423 cm-1 are probably related to the stretching band 
vibrations of -OCH3 group, C=C of phenyl group, 
conjugated C=C with carbonyl group, C=O groups, and –
OH group, respectively (Figure 1a). The overal pattern of 
the FT-IR spectrum of Fe3O4@MOF is almost similar to the 
spectrum of Cur-ligand. The observed peak at 575 cm-1 in 
the spectrum of Fe3O4@MOF can be assigned to the 
coordination of Fe-O-Fe group at the Fe3O4 NPs structure 

(Figure 1b). 

Fig 1. Ft-IR pattern of ligand curcumin and Fe3O4@MOF. 

Conclusions 
In conclusion, we successfully prepared Fe3O4@MOF and 
used it in one-pot multi-component condensation of 
benzoyl chloride with Phenylacetylene and 2-naphthol 
compounds to prepare furan derivatives in excellent 
yields (up to 96%). Product separation and catalyst 
recycling are easily accomplished with the assistance of 
the external magnet.  
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Abstract: Singlet oxygen is a type of free radical that plays an important role in chemical and biological 
processes. Singlet oxygen is the electron-excited type of molecular oxygen that is usually produced using 
photosensitizers and light but it also is generated in the biological systems by chemical process. Singlet oxygen 
is one of reactive oxygen spices (ROS), which is toxic and dangerous for biological systems. Anthracene as a 
chemical probe that is usually used to trap the singlet oxygen and then detection and quantification of singlet 
oxygen can be measured based on absorbance. This study aims to investigate the synergic or non-synergic 
effect of cigarette smoke on the production or scavenging of singlet oxygen. For this purpose, anthracene as 
indicator of singlet oxygen was used. In this study, oxidation of anthracene declared that rate of singlet oxygen 
quenching in the presence of mix of hydroalcoholic extract of Crataegus and smoke bubbling, cigarette smoke 
bubbling, and hydroalcoholic extract of Crataegus were decreased 72.43%, 65.82%, and 62.64% respectively 
which reveals cigarette smoke has an efficient role on singlet oxygen scavenging similar to Crataegus as a 
source of flavonoid compounds. 

 Keywords: Singlet Oxygen; Cigarette smoke; Oxidative stress; photosensitizer, Reactive oxygen species 

Introduction 
The complex mixture of cancerous chemical compounds 
in tobacco smoke includes carbon monoxide, hydrogen 
cyanide, benzene, formaldehyde, nicotine, phenol, 
polycyclic aromatic hydrocarbons (PAHs) and tobacco-
specific nitrosamines (TSNAs) [1]. However, cigarette 
smoke also contains flavonoid (as a singlet oxygen 
scavenger) and polyphenol compounds [2]. 
Chlorogenic acid tannin, scopolamine, hyoscyamine 
coumarin and rutin, flavone and rhamnose flavonoids 
are compounds that make up more than 80% of the total 
content of polyphenols in tobacco [3].  
The photosensitization reactions are one of the ways to 
produce singlet oxygen. In biological systems, the 
produced singlet oxygen exhibits electrophilic properties 
and molecules such as lipids are targeted due to their 
nucleophilicity [4].  
Anthracene reversibly traps singlet oxygen. the 
production of singlet oxygen by methylene blue (MB) is 
evident by the chemical trapping of 1O2 with anthracene, 
and this oxidation occurs in the presence of visible light, 
that is the oxidation reaction does not proceed in dark 
conditions [5]. 
In this study using anthracene as singlet oxygen chemical 
probe the synergic or non-synergic effect of cigarette 
smoke on the generation or scavenging of singlet oxygen 
will be investigated. 

Experimental Section  
In a typical experiment, anthracene ( 4 × 10−4M) and 
Mb (1 × 10−4M)  were dissolved in a 15 ml of acetonitrile 
and the sample was irradiated with solar simulator (276 

power LED lamps, 1 W, 2.3 V (57100 LUX) at room 
temperature for 30 minutes. In addition to bubbling the 
air oxygen by the pump, the trapped smoke of the 
Wisenton Blue cigarette in a 50 ml syringe was also 
applied for bubbling in the target samples for 30 minutes 
at a distance of 1 second from each other. 
Determination of products was recorded on a Shimadzu 
2100 spectrophotometer. 

Results and Discussion 
Flavonoid compounds widely present in plants have 
been reported to act as singlet oxygen scavenger [1]. The 
UV–Vis spectra of anthracene as the function of time 
irradiation by using of MB as a photosensitizer are 
displayed in Figure 4a. A reduction of the emission 
intensity absorption band of anthracene (λmax = 375 
nm) was observed with the increase in irradiation. 
During the photooxygenation of anthracene, the 
addition of mix of cigarette smoke/crataegus 
hydroalcoholic (extract contains 2mg/ml flavonoid 
compounds as antioxidant), cigarette smoke and 
crataegus hydroalcoholic (extract contains 2mg/ml 
flavonoid compounds as antioxidant) inhibited the 
oxidation of anthracene in the order of 72.43%, 65.82%, 
and 62.64% respectively, which reveals cigarette smoke 
has an efficient role on singlet oxygen scavenging similar 
to Crataegus as a source of flavonoid compounds (table 
1). 
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Fig.1: UV–visible spectra of anthracene photooxygenation with 
different kind of singlet oxygen scavengers (λmax=375 nm) 

after 30 min using solar simulator light (288 power LED lamps, 
1 W, 2.3 V (59660 LUX)) under 1 atm of bubbling of air in the 

acetonitrile. 

Table1: Effect of cigarette smoke on inhibition of singlet 
oxygen generation at different condition. 

Entry Reaction condition 
Inhibition Of 

singlet Oxygen 
Generation (%) 

1 
Anthracene + Mb+ Crataegus + 

cigarette smoke + hv + O2 
72.43 

2 
Anthracene +Mb + cigarette Smoke 

+hv+O2 
65.82 

3 Anthracene + Mb + Crataegus + hv + O2 62.64 

4 Anthracene + Mb + hv + O2 48.38 

Conclusions 
Based on our results, it was found that cigarette smoke, 
despite its harmfulness effects can trap singlet oxygen . 
Considering that singlet oxygen is harmful and has 
oxidative activity, in this research, cigarette smoke 
quenched singlet oxygen generation.  
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Abstract:  Three fused 1,4-dihydropyridine derivatives, (4a), (4b), and (4c), were synthesized as potential 

tyrosinase inhibitors. Compound (4a) and (4b) demonstrated notable inhibitory activity, with IC50 values of 
147.91 ± 8.38 μM and 138.03 ± 6.42 μM, respectively. Molecular docking affirmed these findings, enhancing 
insights into tyrosinase inhibitor design. 
Keywords: 1,4-dihydropyridine; tyrosinase; molecular docking 

 

Introduction 
Melanogenesis represents a physiological process 
generating melanin, a natural pigment crucial for 
preventing organisms from sun-induced skin damage (1). 
The regulation of melanogenesis is a widely adopted 
strategy in addressing irregular skin pigmentation, 
employing pharmaceutical and cosmetic interventions 
(2). 
Tyrosinase enzyme plays a key role in the early stage of 
melanogenesis, which catalyzes the oxidation of phenol 
to o-quinone, influencing pigment production (3). Various 
skin disorders, including freckles, age spots, pregnancy 
spots, melasma, pigmented acne scars, and the life-
threatening melanoma, are associated with excessive 
melanin production and hyperpigmentation (4). 
This study introduces newly designed and synthesized 
1,4-dihydropyridine derivatives as tyrosinase inhibitors. 
Subsequently molecular docking, was performed to 
anticipate the potential of these potent derivatives as 
promising drug candidates for further exploration. 
 
Experimental Section  
Synthesis of 1,4-DHP Derivatives (4a-c): 
To initiate the nitration of 4-hydroxybenzaldehyde, 4 cc 
H₂SO₄, 4 cc HNO₃, and 4 cc CHCl₃ were added to 2 mmol 
of 4-hydroxybenzaldehyde and stirred under reflux at 
room temperature for 24 hours. Subsequently, 1.2 mmol 
of benzyl halide (benzyl bromide, 4-bromo-benzyl 
bromide, or 4-cyano-benzyl bromide) was introduced to a 
mixture containing 1 mmol of 4-hydroxy-3-
nitrobenzaldehyde, 2.5 mmol of K2CO3, and 3 cc DMF, 
maintained at room temperature for 24 hours. A 50 ml 
round-bottomed flask was then charged with 0.5 mmol of 
4-hydroxy-3-nitrobenzaldehyde derivatives 3 and 1.2 
mmol of 1,3-cyclohexanedione. To this mixture, 1.2 mmol 
of ammonium acetate and 4 ml of ethylene glycol were 

added. The reaction mixture was stirred under reflux on a 
heater stirrer at 80°C for 24 hours to yield the 1,4-DHP 
product. Upon completion of the reaction (verified by TLC 
using n-hexane-ethyl acetate, 4:1), the mixture was 
cooled to room temperature, and the solid products were 
filtered. After drying, the products were washed with 
methanol for purification purposes. 
Molecular docking study: 
The crystal structure of the target protein, identified by 
the PDB ID 3NM8, was retrieved from the Protein Data 
Bank [http://www.pdb.org]. The rigid-ligand docking 
studies were conducted employing AutoDock 4.2 and 
AutoDock Tools 1.5.4 (ADT), two widely utilized programs 
in the field of molecular docking. non-polar hydrogens 
were merged with their corresponding carbon atoms. 
Kollman partial atomic charges were assigned to each 
atom, utilizing ADT. Grid map was calculated using 
AutoGrid, with particular emphasis on capturing the 
ligand-protein interactions. To ensure comprehensive 
coverage, a cubic grid box was chosen with dimensions of 
60 * 60 * 60 with a grid spacing of 0.375 Å. The grid box 
was centered at coordinates -22.791, 2.379, and 23.21. 
 
Results and Discussion 
Chemistry: 
In this project, we synthesized new dihydropyridines 
derivatives with three fused rings to study their inhibitory 
activities against tyrosinase enzyme. (Scheme 1) 
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Scheme 1. Synthesis of 1,4-dihydropyridines (4a-c) 

In vitro inhibition assay: 
The inhibitory activities of 1,4-dihydropyridines (4a-c) 
were presented in table1. Investigating the structure-
activity relationship (SAR) of our synthesized compounds 
(4a-c), we observed a noteworthy loss of inhibition 
activity upon substituting hydrogen (H) and bromine (Br) 
with cyano (CN). This change in substituents prompted a 
detailed analysis of the potential reasons behind the 
observed decrease in biological activity. One plausible 
explanation is the steric effects introduced by the larger 
cyano group, which may disrupt the optimal binding 
conformation within the active site of the target protein. 
Additionally, the electron-withdrawing nature of the 
cyano group, as opposed to the hydrogen and bromine, 
could alter the electronic properties of the compound, 
potentially affecting its interaction with the bonding site. 
Moreover, the increased polarity of the cyano group may 
disrupt the hydrophobic/hydrophilic balance critical for 
the compound's bioavailability.  

Table1: Tyrosinase inhibitory activities 

Compound R IC50 (µM)[a] 

 4a H 147.91 ±8.38 

4b Br 138.03 ± 6.42 

4c CN - 

 

Table2: Estimated binding energies of 4a and 4b as two 
active tyrosinase inhibitors. 

compound Binding Energy (Kcal/mol) 

4a -6.67 

4b -7.08 

 

Molecular docking: 

 

Fig.1: The binding mode of 4b in the active site of 3NM8 (the 
upper image displays the three-dimensional interaction and 

the lower image depicts the two-dimensional form.) 

In our examination of molecular interactions within the 
binding site, a significant finding emerged. Ligands 4a and 
4b exhibited acceptable affinity (Fig. 1). Table 2 provides 
the free energy (ΔG) values associated with the binding of 
these ligands to the receptor.  

Conclusions 
In conclusion, our study focused on synthesizing 
dihydropyridine derivatives (4a-c) with three fused rings 
for their tyrosinase inhibitory activities. Ligands 4a and 4b 
showed promising inhibition, while 4c, with a cyano 
substitution, exhibited a significant loss of activity. 
Molecular docking supported these findings, indicating 
acceptable affinity for 4a and 4b. these results provided 
valuable insights for future design strategies in medicinal 
chemistry. 
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Abstract: This paper environmentally optimizes and compares various conceptual designs of close-boiling distillation 
processes (both conventional and intensified). Utilizing distillation-without-hot-utilities conceptual design, environmental 
impact reductions of 50.5%, 13.2% and 54.1%, were obtained for carbon footprint, acidification, and eutrophication 
potentials, respectively. Further 13.7% reduction in carbon footprint was obtained through multi-objective optimization. 
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Introduction 
Different process configurations have been previously 
proposed to decrease the utility demands of close-boiling 
distillation systems. These include vapor recompression 
(VRC) [1, 2], bottoms flashing (BF), distillation assisted by 
external heat pumps, internally heat integrated 
distillation columns (i-HIDiC) [3] and distillation without 
hot utilities (DWHU) [4]. 
The existing literature does not provide any reports on the 
environmental impacts assessments and systematic 
environmental optimization of the DWHU systems, as 
well as their comparative environmental performances 
with the conventional distillation and VRC systems. These 
gaps are addressed in the current paper. 

Methods 
The DWHU system operates without the need for hot 
utilities such as low pressure (LP) or high pressure (HP) 
steam, which is its primary feature [4]. DWHU systems 
offer a significant benefit in that they have the capability 
to operate and produce identical product specifications as 
conventional distillation systems, solely by utilizing 

cooling water, irrespective of the
𝑐𝑜𝑛𝑑𝑒𝑛𝑠𝑒𝑟 𝑑𝑢𝑡𝑦

𝑟𝑒𝑏𝑜𝑖𝑙𝑒𝑟 𝑑𝑢𝑡𝑦
ratio.  

Fig.1 illustrates the framework for conducting the 
environmental assessment as well as the process flow 
diagram (PFD). This diagram depicts the sizing of each 
process equipment and the inclusion of the metal 
production process in the calculation of environmental 
indicators, such as minerals and metals depletion 
potential. Additionally, the evaluation of process utilities 
is performed using a simulator, taking into account their 
respective sub-processes. For instance, in the case of  

 
Fig.1: Environmental evaluations framework and the PFD 

electricity provision, it is assumed that a natural gas 
combined cycle (NGCC) power plant is utilized. 
Consequently, the electricity production process, along 
with its associated CO2, SO2, and NOx emissions, is also 
considered, contributing to various environmental 
potentials like global warming (GWP), acidification (AP), 
and and eutrophication (EP) potentials. 

Results and Discussion 
Fig.2 illustrates the diverse process contributions to the 
environmental impact potentials of both the base case 
distillation system and the DWHU. 
The provision of hot utilities for the process is the primary 
factor influencing environmental indicators such as 
marine eutrophication, terrestrial eutrophication, and 
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fossil resource use, accounting for 99.0%, 98.5%, and 
99.0%, respectively.  
When comparing these results with the environmental 
impacts of the DWHU system, it is evident that the effects 
of LP steam are largely replaced by the effects of process 
electricity. The impact of LP steam utility is particularly 
significant in terms of global warming potential, 
contributing to 91.9% of the total amount. Additionally, 
feed productions play a dominant role in ecotoxicity, EF-
particulate matter, and photochemical ozone formation 
potentials, accounting for 98.1%, 80.9%, and 82.0% 
respectively, of the total impact potentials of the process. 
Furthermore, in terms of environmental indicators like 
acidification, the influence of cooling water on the base 
distillation system is greatly diminished in the DWHU 
system.  
The optimization outcomes are presented in Fig.3. 
Through the optimization of the intermediate pressures 
of the two LP and HP columns, a 13.3% decrease in energy 
requirements and a 13.8% decrease in the carbon 
footprint of the process were achieved. 

 
Fig.2: Process contributors to environmental impact potentials 

for a: conventional distillation column and b: DWHU system  

 
Fig.3: Comparison of initial and optimal cases 

Carbon footprint decreased by 55.8%, while maintaining 
the same product specifications by DWHU and multi-
objective optimization. 

Conclusions 
The utilization of DWHU systems has demonstrated the 
ability to significantly reduce global warming, 
acidification, marine eutrophication, and terrestrial 
eutrophication potentials by 50.5%, 13.2%, 54.1%, and 
54.2%, respectively. Additionally, by conducting multi-
objective optimization of the optimal conceptual design, 
an additional 13.7% reduction in carbon footprint can be 
achieved. Furthermore, the primary process contributors 
to each impact category were identified for all the 
conventional distillation, and DWHU cases. 
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Abstract: In this research headspace in-tube microextraction (HS-ITME) was utilized to extract aromatic amines 
from water samples, followed by separation and identification via capillary electrophoresis with UV detection. 
Key parameters were examined and optimized, yielding a swift, straightforward, and cost-effective method. 
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Introduction 
Aromatic amines (AAs) are extensively employed in 
various industries, such as textile, pharmaceutical, 
agricultural, and rubber manufacturing, as well as 
serving as intermediate compounds in these processes. 
However, these chemicals have been linked to 
detrimental effects on human health, particularly 
increasing the risk of developing bladder cancer and 
other carcinogenic diseases [1]. Therefore, there is a 
pressing need for a reliable and efficient analytical 
technique that can accurately determine their presence 
in water samples. 

Various techniques, including gas chromatography, high-
performance liquid chromatography, capillary 
electrophoresis (CE), and visible and ultraviolet 
spectroscopy, have been employed to quantify aromatic 
amines. Among these methods, capillary electrophoresis 
stands out for its efficiency, achieved through the use of 
a fused silica capillary column, which enables the 
separation process to occur rapidly and with minimal 
sample consumption. However, the limited diameter of 
the capillary column somewhat compromises detection 
sensitivity. To overcome this limitation, researchers 
often use sample preconcentration techniques. 

In 2014, Li et al. introduced the online pre-concentration 
technique based on HS-ITME [2]. The HS-ITME technique 
is an efficient, economical, and eco-friendly approach 
that requires only a minimal sample volume and 
eliminates the need for elaborate sample preparation 
procedures. Therfore, In this research, this method that 
integrates HS-ITME and CE was employed to analyze AAs 
in water samples. 

Experimental Section 
HS-ITME-CE procedure 
In this method, the inlet part of the capillary column, 
which contains the acceptor phase, is placed in the head 
space of the sample solution. Analytes are extracted 

from the sample solution to the head space and into the 
acceptor phase. The protective nature of the capillary 
column allows for prolonged exposure to high 
temperatures, up to 90°C, facilitating efficient extraction. 
In addition, since part of the analyte-enriched acceptor 
phase is already inside the capillary column, the entire 
extracted material can be used for capillary 
electrophoresis analysis without an additional injection 
step. HS-ITME can be considered as a method of sample 
pre-concentration before and during injection. The 
noteworthy point is that the whole steps of HS-ITME-CE 
are performed automatically using the internal programs 
of a commercial capillary electrophoresis device. 
 
Results and Discussion 
The effect of buffer composition, pH and concentration 
In capillary electrophoresis, the buffer plays a vital role in 
creating and sustaining a consistent pH environment, 
which has a significant impact on the ionization state of 
the analyte and the magnitude of electroosmotic flow 
within the capillary column. The ionic strength of the 
buffer also affects the migration time of the analyte, the 
flow rate and the electroosmotic flow produced in the 
capillary column. For this purpose, acetate and formate 
buffer with a concentration of 20 mM and a pH of 4.5 
were investigated. The findings indicated that acetate 
buffer resulted in improved separation of the analytes 
and a more efficient elution profile compared to formate 
buffer. In order to optimize the pH of the buffer, acetate 
buffer with a concentration of 20 mM was tested at 
various pH levels (4, 4.5, 4.7, and 4.9) using capillary 
electrophoresis. The experimental results demonstrated 
that the best separation of analytes was achieved with 
acetate buffer at pH 4.9. In order to determine the 
optimum concentration of buffer, acetate buffer with pH 
4.9 was employed at two different concentrations - 20 
mM and 40 mM. The experimental outcomes revealed 
that utilizing a concentration of 40 mM led to a notable 
reduction in peak tailing of the analyte, relative to the 
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lower concentration of 20 mM. Consequently, the 
concentration of 40 mM was selected for further 
experiments. 

Optimization of the donor phase pH 
AAs possess a basic character that influences their 
behavior in various chemical reactions. To enhance the 
evaporation of alkaline analytes into the headspace, the 
pH of the donor phase must be adjusted to maintain the 
analytes in a neutral state. In this case, a sodium 
hydroxide solution was selected as the donor phase, and 
its concentration was examined across a range of 0.001-
2 M. The findings revealed that increasing the sodium 
hydroxide concentration led to an increase in the 
number of analytes transferred to the acceptor phase. 
So, an optimal donor phase concentration of 2 M was 
selected for the next experiments. 

Optimization of the acceptor phase  
Due to the basic nature of AAs, the acceptor phase must 
be acidic enough so that the analytes evaporated in the 
headspace are extracted to the acceptor phase and 
remain ionized in the acceptor phase. Therefore, at this 
stage, different acidic solutions such as hydrochloric acid 
and formic acid with different concentrations were 
investigated, as depicted in Figure 1. Notably, the use of 
a 0.01 M hydrochloric acid solution yielded the highest 
response and was selected as an acceptor phase. 
 

 
Fig.1: Effect of acceptor phase. 

 

Table1: Method performance. 

Analyte LDR (nM) R2 RSD (%) LOD (nM) 

N, N-DMA 50-1000 0.9943 5.11 17 

Aniline 50-1000 0.9961 4.13 17 

o-Toluidine 25-1000 0.9978 7.35 8 

2,4,6-TMA 25-1000 0.9981 8.92 8 

2,6-DMA 25-1000 0.9947 6.45 8 

Effect of acceptor volume  
The acceptor phase should be of large volume to 
promote analyte transport to the acceptor phase. The 
acceptor phase volume was examined over the range of 
1.8 – 9.9 nL. As trial results indicated, 4.9 nL of acceptor 
phase provided superior operation and this volume was 
used for subsequent extractions. 
 
Extraction time effect 
The optimal extraction time was determined by 
examining a range of time periods (2-20 minutes) to 
assess how it impacts the response of each analyte. Our 
findings revealed that as the extraction time increased 
from 2 to 5 minutes, the responses increased 1.5 times, 
and then gradually decreased. As a result, 5 minutes was 
chosen as the optimal extraction time. 

Method validation 
Under optimal conditions, the quantitative 
characteristics of HS-ITME-CE for AAs were thoroughly 
examined and are presented in Table 1. Linearity of the 
method was observed varied from 25–1000 nM. The 
coefficient of determination R2 were found to be 
between 0.9943 and 0.9981. The RSDs were calculated 
to be in the range of 4.13–8.92 % (n = 7). The LODs, 
based on a signal-to-noise ratio of 3, were determined to 
be in the range of 8-17 nM. 

Conclusions 
In conclusion, the novel approach of HS-ITME in-line 
coupled with CE presents a significant advancement in 
the analysis of AAs in aqueous samples. Offering several 
key benefits, including ease of operation, speed, cost-
effectiveness, and minimal extraction solvent usage at 
the nanoliter level, represents a substantial 
improvement over traditional technique like SDME-CE. 
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Abstract: In this study, headspace in-tube microextraction (HS-ITME) was applied to extract six dichlorophenols 
from water samples. The extracted chlorophenols were separated and identified by capillary electrophoresis 
with UV detection. Some effective parameters were investigated and optimized. The results indicated that the 
proposed method is rapid, simple, and economical. 
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Introduction 
Dichlorophenols are a group of harmful chemicals that 
are commonly found in industrial wastewater, 
agricultural runoff, and drinking water sources. They 
have been linked to various health problems, including 
cancer, reproductive issues, and neurological disorders 
[1]. Therefore, it is essential to monitor their presence in 
water systems to ensure public health safety. 
Current methods for analyzing DCPs in water samples 
include liquid-liquid extraction (LLE) and solid-phase 
extraction (SPE), which are often time-consuming, 
require large sample volumes, and can be prone to 
contamination. In addition, these methods may not 
provide sufficient sensitivity for detecting trace levels of 
DCPs. 
To address these limitations, in this study a novel 
approach that combines headspace in-tube 
microextraction (HS-ITME) with capillary electrophoresis 
(CE) was used for the analysis of six DCPs in water 
samples. HS-ITME is a simple, cost-effective, and 
environmentally friendly technique that utilizes a small 
volume of sample and does not require extensive sample 
preparation [2].  

Experimental Section 

HS-ITME-CE procedure 
At first, a sample vial was filled with a donor phase of 1 
mL, and then it was capped with a perforated vial cap 
and covered with plastic household wrap. The sample 
vial was placed into a jacketed beaker that is connected 
to a constant temperature water bath to provide a 
constant temperature condition. After the rinsing step, 
an acceptor phase (borate buffer) was injected at 0.3 psi 
for a desired duration of time. The capillary inlet pierced 
the wrap and was placed at the HS above the donor 
phase in the sample vial. Also, the capillary outlet was 
placed in an empty vial to prevent the movements of 

liquids inside the capillary. During extraction, the analyte 
is concentrated from the HS onto the surface of the basic 
acceptor phase. After extraction, 2.4 nL of air is pre-
injected to prevent the loss of sample that happens on 
the surface of the run buffer. After, the capillary inlet 
and outlet were placed in vials of run buffer and a short 
time elapsed for dissolving the pre-injected HS vapor 
plug inside the capillary. After that, the separation was 
carried out.  

Results and Discussion 
Optimization of the donor phase pH 
To extract the chlorophenols into the head space from 
the donor phase, the pH of the donor phase was 
acidified to convert the analytes into their molecular 
form [3]. As trial experiments indicated, the extraction 
efficiencies of the chlorophenols varied slightly with HCl 
(aq) concentration of the donor phase from 0.001 M to 
0.1 M. The pKa values of the chlorophenols studied range 
from 6.79 to 8.63. Theoretically, a pH value of the donor 
phase of 4.0 would be sufficiently acidic. Thus, HCl 
solution with pH = 3 was used as a donor phase. 

Optimization of the acceptor phase pH 
Chlorophenols are weakly acidic in character, so in order 
to extract them from the head space, the acceptor 
solution must be sufficiently alkaline to convert them to 
the ionic form [3]. So, basic buffer solutions can be 
adopted as the acceptor phase of these analytes in HS-
ITME. In this experiment, 400 mM borate buffer was 
used as an acceptor and the pH of this solution was 
optimized in the range of 9.3-12. As shown in Fig. 1 (a), 
the optimal pH of acceptor is 11. 

Optimization of the extraction time 
The results obviously indicate that adequate time must 
be allowed for the system to reach equilibrium in the 
partitioning of analytes between the donor and acceptor 
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phases [3]. As shown in Fig. 1 (b), for 2, 6-DCP, by 
increasing the extraction time from 5 to 50 min, the EF 
increased but for other analytes the extraction efficiency 
increased with the extraction time before 20.0 min, and 
then did not change with further increasing of the 
extraction time. So, we selected 20 min as an optimal 
extraction time. 

  
Fig.1: Optimization of the (a) acceptor phase pH, (b) Extraction 

time. Extraction condition; Acceptor: 400 mM borate buffer. 
Donor: 5µM analytes in 1 mM HCl. Temperature: 25°C. Bare 

fused silica capillary: 50 µm id, 60 cm (effective length 50 cm). 
Absorbance: 214 nm. Separation voltage: +20 kV. Run buffer: 

240 mM borate buffer of pH 9.2. 

Effect of salt addition 
The effect of the ionic strength of sample solution on 
extraction efficiency was evaluated by addition of NaCl 
from 1% to 10% (w/v). The findings revealed that salt 
addition had a slightly negative effect on the ITME 
efficiency. It is due to the fact that the aqueous solution 
viscosity would increase with the addition of salt, which 
resulted indifficult mass transfer and low extraction 
efficiency [3]. Consequently, salt was not added to the 
solution in the subsequent experiments. 

Method validation 
The characteristics of the calibration curves, summarized 
in Table 1, were obtained under the optimized 
conditions. Linearity was observed varied from 20–1000 
nM. The coefficient of determination r2 varied from 
0.9932 to 0.9977. The RSDs were calculated to be in the 
range of 5.20–8.21% (n = 7). The LODs, based on a S/N of 
3, varied from 7–10 nM. Fig. 2 shows an 
electropherogram of CE and HS-ITME-CE under the 
optimum extraction condition. 
 

Table1: Method performance. 

Analyte LDR (nM) R2 RSD (%) LOD (nM) EF 

3,4-DCP 30-1000 0.9932 8.21 10 3 

3,5-DCP 30-1000 0.9945 7.11 10 6 

2,4-DCP 22-1000 0.9968 6.12 8 75 

2,3-DCP 20-1000 0.9942 7.51 7 126 

2,5-DCP 20-1000 0.9953 6.32 7 156 

2,6-DCP 20-1000 0.9977 5.20 7 269 

 
 

 
Fig.2: Electropherograms of (a) CE and (b) HSITME-CE. 
Donor: 1 µM analytes in 1 mM HCl. Acceptor: 400 mM 

borate buffer of pH 11. Peak identification: (1) 3,4-DCP, (2) 
3,5-DCP, (3) 2,4-DCP, (4) 2,3-DCP, (5) 2,5-DCP, (6) 2,6-DCP. 

Conclusions 
HS-ITME in-line coupled with CE has been presented for 
an analysis of dichlorophenols in an aqueous sample. 
The main advantages of HS-ITME-CE method are 
simplicity of operation, rapidity, low cost, high 
enrichment factor, and extraction solvent volume at the 
nanoliter level. Another advantage of this method lies in 
excellent stability compared with the conventional 
SDME-CE. Also, it offers a quite powerful but extremely 
easy method readily usable by anyone without special 
equipment or training. 
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Abstract: C-, and N-doped TiO2 photocatalysts were synthesized using a simple sol-gel method. 
Characterization techniques such as XRD, and FESEM, were used to evaluate the properties of materials. The 
results demonstrated that these photocatalyst displayed good photocatalytic performance nearly 44% against 
capecitabine in water under UV irradiation. 
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Introduction 
Capecitabine (CAP), a medicine used to treat various 
forms of cancer, falls under the category of 
antineoplastics. The entry of anticancer drugs into the 
aquatic environment occurs primarily through the 
excretion of patients who have received these 
medications [1]. While several studies have suggested 
that anticancer drugs are unlikely to exhibit cytotoxicity 
at the levels found in the environment, it is important to 
recognize that these drugs are designed to target and 
destroy cancer cells by inhibiting DNA or RNA synthesis. 
As a result, they can still pose a significant risk to aquatic 
ecosystems, despite their low concentration. Therefore, 
it is of paramount importance and urgent necessity to 
undertake research on their elimination [2]. 
Anticancer drugs, owing to their non-biodegradable 
nature, pose a significant challenge when it comes to 
their removal from wastewater. Traditional biological 
treatment methods are often incapable of effectively 
degrading these drugs. However, advanced oxidation 
processes (AOPs) have emerged as promising techniques 
for tackling this problem [3]. Photocatalysis, one of the 
AOPs techniques, have been used as effective option for 
the degradation of organic contaminants. Therefore, in 
this research, we investigated the effectiveness of 
nonmetallic elements doped-TiO2 nanoparticles to 
degrade anticancer drug capecitabine under UV 
illumination. 

Experimental Section 
Synthesis of C-, and N-doped TiO2 photocatalysts 
In the first step, a solution was prepared by combining 
20 mL of ethanol and 9 mL of glacial acetic acid in a flask. 
The mixture was then stirred for about 15 minutes in an 
ice bath under a nitrogen atmosphere. Afterward, 4.7 mL 
of TTIP was introduced into the solution while 
continuously stirred. This mixture was then stirred for 
approximately 30 min in an ice bath under a nitrogen 

atmosphere. Next, deionized water containing 1.5 wt% 
urea, which serves as a precursor for introducing 
nonmetal atoms, was gradually introduced into the 
mixture via dropwise addition. This process was 
accompanied by vigorous stirring for a period of 60 min. 
The solution was then subjected to ultrasonic treatment 
for an additional hour. Next, the solution was left in 
darkness overnight to allow for nucleation to occur. 
Subsequent to the nucleation step, the solution was 
gelled at a temperature of 70°C for a duration of 12 
hours. After, the resulting gel was then dried at a 
temperature of 110°C, followed by exposure to heat 
treatment at 400°C for 120 minutes in the presence of 
air, resulting in the formation of crystalline nano 
photocatalysts. 
 
Experimental procedure 
To investigate the photocatalytic properties of the nano 
photocatalyst, 0.03 g of it were mixed with 100 mL of a 
solution containing 10 ppm of CAP in a glass container 
with a diameter of 8.5 cm. The mixture was stirred for 
about an hour in the absence of light to allow for 
equilibrium between the adsorption processes of the 
photocatalyst and the analyte. Then, the amount of drug 
molecules adsorbed on the photocatalyst surface was 
measured at regular intervals of 20 min for a total 
duration of 60 min using a UV-Vis spectrometer. 
The photocatalytic reaction was then initiated by 
exposing the mixture to UV radiation generated by a 
HAICHAO-F8T5 GL lamp, which emitted light at a 
wavelength of 254 nanometers with an intensity of 8 W, 
while the mixture was continuously agitated at a speed 
of 500 rpm. The distance between the light source and 
the reaction vessel was maintained at approximately 24 
cm. At regular intervals of 10 min throughout the 
reaction, 5-mL aliquots of the suspension were removed 
for UV-vis analysis. Prior to measurement, each sample 
was subjected to centrifugation at 8000 rpm for 12 min 
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to isolate the photocatalyst from the bulk solution. 
Subsequently, the concentration of the remaining drug 
was determined by quantifying its absorbance at its 
characteristic wavelength of 303 nm employing a UV-Vis 
spectrophotometer. 

Results and Discussion 
Characterization of photocatalyst 
XRD measurements 
The crystal structure of the nonmetal-doped TiO2 was 
extensively investigated using XRD analysis, and the 
obtained pattern is displayed in Figure 1a. The diffraction 
peaks observed in the pattern could be easily assigned to 
the tetragonal anatase structure of TiO2, showing 
excellent agreement with the reference pattern listed in 
the JCPDS under the entry code No. 01-075-1537. This 
finding confirmed that the nonmetal-doped TiO2 
nanoparticles are phase pure, indicating that the 
introduction of C and N atoms does not alter the anatase 
phase of the material. 
 
FESEM images 
The morphology of the synthesized photocatalyst was 
examined using SEM, and the results are presented in 
Figure 1b. The SEM image of the nonmetal-doped TiO2 
sample showed spherical particles with some degree of 
aggregation. Notably, the introduction of carbon and 
nitrogen into the TiO2 framework did not appear to 
affect the morphology of the TiO2 nanoparticles. Further 
investigation revealed that the particle size of the 
nonmetal-doped TiO2 ranged from 20 to 30 nanometers, 
which correlated well with the findings from the XRD 
analysis. 
 
Photocatalytic degradation 
The UV-Vis absorption spectra of CAP at an initial 
concentration of 10 mgL-1 were investigated before and 
after photocatalytic degradation (Figure 2). The spectra 
revealed that CAP displays maximum absorbance at 
wavelengths of 214, 239, and 303 nm. Notably, the peak 
at 303 nm was chosen for monitoring CAP degradation 
due to its high intensity. Prior to photocatalysis, the 
sample underwent a 60-minute adsorption period in 
darkness. The adsorption of the drug onto the 
photocatalyst surface was found to be insignificant in the 
absence of light. However, upon exposure to UV 
irradiation, a notable decrease in the intensity of all 
peaks in the UV-Vis spectrum was observed, indicating 
enhanced degradation of CAP. In particular, the drug 
removal degree increased to 44% after 100 minutes of 
irradiation, demonstrating the effectiveness of C- and N-
doped TiO2 in degrading CAP under UV light. 
 

  
Fig.1: (a) XRD diffractograms, (b) FESEM micrograph of C-, and 

N-doped TiO2. 

 
Fig.2: UV-Vis absorption spectra of CAP. 

Conclusions 
In conclusion, the present study demonstrated the 
efficient photocatalytic degradation of the anticancer 
drug CAP using nonmetal-doped TiO2 nanoparticles. The 
results showed that the doping of TiO2 with nonmetals 
such as carbon and nitrogen significantly enhanced the 
photocatalytic activity of the material, leading to 
improved degradation of CAP under UV light irradiation. 
The optimization studies revealed that the best 
performance was achieved when using a combination of 
C- and N-doped TiO2, with a drug removal degree of 44% 
after 100 minutes of irradiation. 
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Abstract: In this research paper, a new "On-mode" fluorescence sensor has been introduced for detecting 
fenitrothion (FNT) pesticide in various samples. This sensor consists of a Fe-BTC metal-organic framework (MOF) 
as a porous template for embedding methionine-modified silver nanoparticles (Meth-AgNPs@Fe-BTC). 
Physicochemical properties of the synthesized Meth-AgNPs@Fe-BTC composite were characterized using 
Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), Field emission scanning electron 
microscopy (FESEM), Energy-dispersive X-ray spectroscopy (EDAX), Transmission electron microscopy (TEM), 
and element mapping (MAP) analysis. It works based on tracking the fluorescence of the synthetic composite in 
such a way that the intensity of the fluorescence of the composite increases in the presence of different 
concentrations of fenitrothion (FNT).  
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Introduction 
Fenitrothion (FNT) is a powerful organophosphate 
pesticide (OPP) that is widely used in agriculture to 
control a variety of pests [1]. It is also utilized in public 
health programs to eliminate insects such as mosquitoes, 
flies, and cockroaches [2]. However, the excessive use of 
FNT has caused great concern due to its negative effects 
on both human health and the environment. This 
pesticide has been reported to have toxic effects on the 
nervous system, respiratory system, and cardiovascular 
system in humans, as well as on non-target organisms 
such as bees and beneficial insects [3]. The Food and 
Agriculture Organization of the United Nations (FAO), in 
collaboration with the World Health Organization (WHO), 
has set an acceptable daily intake (ADI) of 0.005 mg kg-1 
for fenitrothion [4]. To address these concerns, various 
analytical methods have been employed to measure and 
quantify fenitrothion in environmental samples. These 
methods include chromatography-based techniques [5], 
etc. However, several of these methods are sophisticated 
and require expensive equipment, resulting in longer 
analysis times and making them unsuitable for rapid and 
cost-effective detection. With these explanations, the 
rapid measurement of small amounts of FNT in real 
samples requires the provision of a new, reliable and 
sensitive method. For this reason, measurement methods 
based on fluorescence tracking can be suggested as a 
superior technique compared to other FNT measurement 
method. The fluorescence-based techniques are highly 
appealing for environmental pollution analysis due to its 

easily operation, low detection limit, reliability, and 
relatively short analysis time [6]. Metal-organic 
frameworks (MOFs) have emerged as a novel class of 
coordination polymers or networks synthesized using 
coordination bonds, with organic ligands as linkers and 
metal centers as nodes [7]. These versatile materials, with 
their striking chemical and physical properties such as 
large surface area, tunable structure, thermal stability, 
and excellent photo-electronic have been extensively 
studied for various fields, including adsorption, drug 
delivery, gas storage, catalysis, storage and transport, 
sensing, and enzyme carriers [8]. 

Experimental Section  
To prepare Meth-AgNPs@Fe-BTC, 10 mg of synthesized 
pristine Fe-BTC was transferred to a beaker with 10 mL of 
water, and 2.0 mL of Ag(I) solution (0.1 mol L-1 ) was 
added, followed by sonication for 20 min to ensure 
complete dispersion of mixture. Next, the borax solution 
(1% (w/v)) was added dropwise, resulting in a yellowish 
suspension. By observing the yellow color in the mixture, 
5.0 mL of methionine solution (0.01 M) was added to the 
suspension and stirred for 1 hour. The resulting 
precipitate was collected by centrifugation, and the 
supernatant was drained. The sediment was washed 
three times with deionized water and dried in an oven at 
60 °C for 12 hours before further experiments. To quantify 
FNT concentration using fluorescence sensor, 2 mg of the 
prepared MethAgNPs@Fe-BTC was transferred to a test 
tube containing 5.0 mL of deionized water stabilized at pH 
8.0 with phosphate buffer, and then sonicated for 25 
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minutes. Subsequently, various concentrations of FNT 
(ranging from 2.0-95 ng mL-1) were added to the 
suspension and allowed the react for 5 minutes. Once the 
reaction was complete, the fluorescence intensity (F) of 
the Meth-AgNPs@Fe-BTC sensor was measured at 415 
nm using a spectrofluorometer, at the excitation 
wavelength of 300 nm. The blank fluorescence intensity 
(F0) was determined in a similar manner, but without the 
addition of FNT into the sensor. The slit width of the 
spectrofluorometer was set at 5 nm for both excitation 
and emission. Fig. 1 depicts a schematic illustration of the 
preparation of Meth-AgNPs@Fe-BTC MOF and its 
subsequent employment in the FNT fluorescence assay. 

Results and Discussion 
The FT-IR spectra of Meth-AgNPs@Fe-BTC before and 
after addition of FNT are given in Fig. 2a. In blue spectra, 
the peaks below 1300 cm-1 correspond to various bands 
assigned to the vibrations of the BTC ligand. The zone 
between 1300 and 1700 cm-1 indicates the presence of 
carboxylate ligands, suggesting the coordination of BTC to 
the iron sites. Vibrations of carboxylate and C-NH bonds 
related to methionine also fall within this range, but they 
are nearly undetectable due to overlap. The appearance 
of a vibrational bond around at 3465 cm-1 indicates the 
presence of AgNPs, although with low intensity due to the 
embedding of methionine-capped AgNPs in the Fe-BTC. 
The slight shift of CH2-S and N-H bands to lower 
wavenumbers could be due to the interaction between 
thiol or amine groups in methionine and FNT.  

 

 

Fig.1: Schematic presentation of the proposed method 

Conclusions 
In this study, a new fluorescence sensor operating in the 
on-mode was introduced for the detection of fenitrothion 
(FNT) pesticide in contaminated real samples. The sensor 
is based on Meth-AgNps@Fe-BTC MOF, which consists of 
a metal-organic framework (MOF) embedded with silver 
nanoparticles (AgNps) and modified by the amino acid 
methionine. The proposed sensor exhibited a 
fluorescence emission peak at 415 nm, which increased 
gradually with increasing FNT concentration, 
demonstrating its sensitivity for FNT detection. The Meth-
AgNps@Fe-BTC sensor was successfully employed for 

thedetermination of FNT in water, wastewater, and fruit 
juice samples, with good recovery percentages indicating 
its applicability. Moreover, the selectivity of the method 
was confirmed by the absence of any interaction effects 
in the presence of interfering matrix ions. These results 
suggest that the developed MOF sensor is a promising 
tool for the rapid and accurate detection of FNT in real-
world samples, aiding in the monitoring and control of 
FNT contamination in the environment.   

References 
[1] F.T. Khojasteh, A. Bazmandegan-Shamili, Preparation of 
magnetic molecularly imprinted polymer based on multiwalled 
carbon nanotubes for selective dispersive micro-solid phase 
extraction of fenitrothion followed by ion mobility spectrometry 
analysis, Journal of Separation Science, 45 (2022) 1590-1599. 

[2] R. Kant, Surface plasmon resonance based fiber–optic 
nanosensor for the pesticide fenitrothion utilizing Ta2O5 
nanostructures sequestered onto a reduced graphene oxide 
matrix, Microchimica Acta, 187 (2019) 8. 

 [3] G. Bolat, Y.T. Yaman, S. Abacı, S. Seyyar, Poly-
arginine/graphene oxide functionalized disposable sensor for 
monitoring fenitrothion pesticide residues in water and 
cucumber samples, Materials Today Chemistry, 30 (2023) 
101517. 

[4] P. Ramirez-Priego, M.C. Estévez, H.J. Díaz-Luisravelo, J.J. 
Manclús, Á. Montoya, L.M. Lechuga, Real-time monitoring of 
fenitrothion in water samples using a silicon nanophotonic 
biosensor, Analytica Chimica Acta, 1152 (2021) 338276. 

[5] P. Salm, P.J. Taylor, D. Roberts, J. de Silva, Liquid 
chromatography–tandem mass spectrometry method for the 
simultaneous quantitative determination of the 
organophosphorus pesticides dimethoate, fenthion, diazinon 
and chlorpyrifos in human blood, Journal of Chromatography B, 
877 (2009) 568-574. 

[6] F. Hassani, A. Larki, M. Ghomi, N. Pourreza, Gold 
nanoparticles embedded Fe-BTC (AuNPs@Fe-BTC) metal-
organic framework as a fluorescence sensor for the selective 
detection of As(III) in contaminated waters, Spectrochimica Acta 
Part A: Molecular and Biomolecular Spectroscopy, 302 (2023) 
123104. 

[7] E. Delnavaz, M. Amjadi, M.A. Farajzadeh, Metal-organic 
framework with dual-loading of nickel/nitrogen-doped carbon 
dots and magnetic nanoparticles for fluorescence detection of 
fenitrothion in food samples, Journal of Food Composition and 
Analysis, 115 (2023) 104873 

 [8] R. Yousefi, S. Asgari, A. Banitalebi Dehkordi, G. Mohammadi 
Ziarani, A. Badiei, F. Mohajer, R.S. Varma, S. Iravani, MOF-based 
composites as photoluminescence sensing platforms for 
pesticides: Applications and mechanisms, Environmental 
Research, 226 (2023) 115664. 

437 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

Fabrication of Pd/HNT-SiB catalyst for optimizing the process condition using 
computational method for lubricant hydrogenation  

 

Zahra. Asadia, Samahe. Sadjadib*, Naeimeh Bahri-Laleh1*, Mehdi Nekoomanesh-Haghighia 

Corresponding Author E-mail: s.sadjadi@ippi.ac.ir 

a Polymerization Engineering Department, Iran Polymer and Petrochemical Institute (IPPI), P.O. Box 14965/115, Tehran, Iran.  
 b Gas Conversion Department, Faculty of Petrochemicals, Iran Polymer and Petrochemical Institute, PO Box 14975-112, Tehran, Iran. 

 

Abstract: Hydro-finishing plays a crucial role in enhancing the quality of Poly-alpha-olefin oils, leading to 
improve oxidation resistance and enhanced oil transparency. Specifically, to optimize efficiency in supporting 
the immobilization of Pd nanoparticles, a novel catalyst incorporating 1,3-diaminopropane and isatoic 
anhydride is employed for decorating the outer surface of halloysite. The resultant catalytic system 
demonstrates efficient activity in the hydrogenation of PAOs, with computational analysis suggesting that the 
catalytic process attains a high yield using 5 wt. % catalysts at a hydrogen pressure of 8 bar and a temperature 
of 130 °C. 

Keywords: Poly-alpha-olefin, Catalyst, Hydrogenation, HNT, Pd nanoparticles,  

 

Introduction                                                                            
The oligomerization of α-olefins, ranging from 1-hexene 
to 1-dodecene, known as poly-alpha-olefins (PAOs), has 
garnered attention in recent decades. PAOs-based oils 
offer advantages such as a low pour point and a high 
viscosity index, enhancing lubrication performance. 
However, the C=C functionality in the PAOs structure 
makes them oxidation-sensitive at elevated 
temperatures, necessitating hydro-finishing [1, 2]. 
Hydro-finishing catalysts, such as palladium 
nanoparticles (Pd NPs), can be supported on various 
materials. In recent years, there has been considerable 
interest in supported catalysts on nanoscale materials 
for reactions, with halloysite emerging as a suitable 
support for the production of heterogeneous catalysts. 
Here in, Pd/HNT-SiB served as a novel synthesis catalyst 
in the hydrogenation of PAO, and the optimal conditions 
for the process were subsequently verified using the 
response surface method. 

Experimental Section 
Reagents 
Halloysite (HNT), palladium acetate (Pd(OAc)2), 1,3-
diaminopropane (DAP), isatoic anhydride (ISA), (3-
chloropropyl) trimethoxysilane (CPTES), sodium 
borohydride (NaBH4), toluene, MeOH, and acetonitrile 
were sourced from Sigma-Aldrich. The synthesis of PAO 
involved the use of the following reagents: 1-decene, 
aluminum chloride (AlCl3) sohydroxide (NaOH), provided 
from Merck.  
Synthesis of Pd/HNT-SiB 
     Initially, 3 g of HNT were suspended in 60 mL of 
toluene. Subsequently, 2.5 g of CPTES were added, and 
the mixture underwent reflux at 110 °C overnight. Upon 

completion, the resulting precipitate was separated 
through centrifugation and was named HNT-Si. 
     For second step, a solution of 3 mmol DAP was  
combined with a solution of 6 mmol ISA in EtOH. The 
resultant mixture was stirred at 100 °C, and the 
precipitate formed was separated and was named B. 
     For third step, for grafting the synthesized B to HNT-
Si, 1 g of B was added to 2.5 g of HNT-Si in 100 mL of 
acetonitrile. The mixture was then refluxed at 80 °C for 
18 hours, and the resulting precipitate was dried at 50 °C 
overnight and was named HNT-SiB. 
     Finally, 0.06 g of Pd(OAc)2 were dissolved in 5 mL of 
toluene and gradually introduced into the stirring 
suspension of HNT-SiB. After stirring for 2 hours, a fresh 
solution of NaBH4 (0.2 g in 10 mL MeOH) was added to 
HNT-SiB, indicating the reduction of Pd salt to Pd NPs. 
Stirring continued for an additional 2 hours, and then the 
precipitate was collected to provide Pd/HNT-SiB (Fig. 1). 
 

 

Fig.1: The final synthesized catalyst 
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Fig.2: 3-D plot of interaction between temperature and catalyst 
amount for yield of hydrogenation 

 
Hydrogenation 
    The catalyst, comprising 5 wt. % of the oil, was mixed 
with 10 g of PAO in a stainless steel reactor under a 
nitrogen atmosphere. Before initiating the reaction, the 
reactor underwent purging with dry nitrogen at 100°C 
for 30 min. The hydrogenation process was initiated by 
adjusting the temperature to 130°C, introducing 
hydrogen gas (8 bar) into the reactor, and stirring the 
mixture at 200 rpm for 8 hours using a magnetic stirrer. 

Results and Discussion 
     To explore the optimal reaction conditions, three 
independent variables—catalyst amount, reaction 
temperature, and pressure—were examined due to their 
impact on catalyst performance. In this context, a total 
of twenty experiments were designed, and based on 
prior studies, the interaction among these variables was 
analyzed using the response surface method (RSM) with 
a central composite design (CCD).  

 
Fig.3: 3-D plot of interaction between pressure and catalyst 

amount for yield of hydrogenation 

 

Fig.4: 3-D plot of interaction between temperature and catalyst 
amount for yield of hydrogenation 

Furthermore, the primary objective was to exploit the 
optimization of reaction variables. The specified ranges 
for the selected variables, determined after initial tests, 
are as follows: 

- Catalyst amount (A) = 3-5 wt. %                                                    

- Reaction temperature (B) = 110-130 °C                               

- Pressure (C) = 6-8 bar 

     Interaction among the variables can be represented 
through 3-D plots by response surface. As depicted in 
Figures 2-4, an increase in all variables, catalyst amount, 
reaction temperature, and hydrogenation pressure, 
leads to an enhancement in the specific surface area of 
the Pd/HNT-SiB catalyst and, the yield of the 
hydrogenation. Consequently, the optimal conditions for 
the hydrogenation reaction were observed at 5 wt.% 
catalyst amount, 8 bar hydrogenation pressure, and a 
reaction temperature of 130°C. 

Conclusions                                                                                                  
In summary, the synthesis of Pd/HNT-SiB was 
successfully achieved through the wet impregnation 
method. The response surface methodology was 
employed to optimize the reaction conditions using the 
synthesized catalyst. The optimum reaction parameters 
were identified as 5 wt. % catalyst, 8 bar pressure, and a 
reaction temperature of 130°C.  
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Abstract: The photooxidation of lipids is an undesirable chemical process in which essential fatty acids are transformed into 
peroxides with singlet oxygen (1O2), leading to the oxidative spoilage of meat products. Erythrocytes are utilized as a model 
for lipid oxidation because residual blood can promote lipid oxidation upon hemolysis and the release of hemoglobin. This 
study aims to investigate the effect of 1O2 on lipid oxidation in an erythrocyte model in the presence of 2-Nitrobenzaldehyde. 
Using an anthracene probe, it was proven that 2-Nitrobenzaldehyde inhibited the generation of singlet oxygen. The results 
indicated that 2-Nitrobenzaldehyde inhibited 42% of singlet oxygen generation when exposed to visible light under aerobic 

conditions. Additionally, the photodegradation of sheep hemoglobin was diminished by 26.6% in the presence of 2-
Nitrobenzaldehyde. 
Keywords: Lipid oxidation; singlet oxygen; antioxidants; 2-Nitrobenzaldehyde; Erythrocyte 

Introduction 
In its electronic ground state, molecular oxygen is 
described as a triplet diradical species with two unpaired 
electrons of parallel spin. When energized, these valence 
electrons can pair up with opposite spins to form a singlet 
oxygen molecule in the 1Δg excited state. The electrophilic 
nature of singlet oxygen can lead to damage in lipids, 
amino acids, nucleic acids, and various other biological 
targets. In the presence of endogenous photosensitizers, 
exposure to light can readily generate singlet oxygen in 
biological tissues and food systems. Using 2-
Nitrobenzaldehyde as an additive to prevent singlet 
oxygen-dependent photodegradation processes is 
advantageous because of its ability to break down under 
light and its well-documented internal reactivity [1]. 
NaN3, also known as sodium azide, is a compound 
commonly used as a well-known singlet oxygen 
scavenger. Sodium azide is able to react with singlet 
oxygen and neutralize it, thereby protecting cells and 
tissues from oxidative damage. This property makes 
sodium azide a valuable tool in research and various 
applications where singlet oxygen needs to be controlled 
[2].The aim of this investigation is to study the effect of 2-
Nitrobenzaldehyde on the spoilage of meat products 
using an erythrocyte model. 
 
Experimental Section  
In anthracene probe test, 0.005 mmol 2-
Nitrobenzaldehyde was added to 15 ml acetonitrile 
solution with anthracene and methylene blue (MB) (1 × 
10−4 M) as a photosensitizer. Also in hemoglobin test, 
0.005 mmol 2-Nitrobenzaldehyde or 0.005 mmol  NaN3 
were added separately to 15 ml acetonitrile solution with 
a diluted blood solution and Rose bangal (1 × 10−4 M) as a 
photosensitizer. Continuous irradiation of samples were 
carried out using solar simulator light (288 power LED 

lamps, 1 W, 2.3 V (59660LUX)) for 5 min in anthracene  
probe tests and 72hour for hemoglobin tests at room 
temperature under 1 atm of bubbling of air. The 
disappearing of the anthracene absorption bands was 
observed at the 375 nm, while the disappearing of the 
Hemoglobin absorption bands was observed at the 412 
nm. Determination of products was recorded on a 
Shimadzu 2100 spectrophotometer. 
 
Results and Discussion 
Anthracene is widely recognized for its ability to react 
reversibly with singlet oxygen through a cycloaddition 
reaction, which is accompanied by distinct changes in its 
spectral properties [1]. In this study, the production of 
singlet oxygen using the MB photosensitizer was 
confirmed by chemically trapping 1O2 with anthracene. 
The changes in the UV-Vis spectrum of anthracene over 
time under irradiation using MB as the photosensitizer are 
shown in Figure 1 and Table1 . The reduction of the 
anthracene absorption band (λmax = 375 nm) 
demonstrated that 2-Nitrobenzaldehyde quenched 
singlet oxygen generation by about 42%. Additionally, the 
photodegradation of hemoglobin in the presence of 2-

Nitrobenzaldehyde 26.6% and NaN3 decreased by 25.9% 
indicating that 2-Nitrobenzaldehyde prevents the 
photooxidation of erythrocyte samples and ultimately 
protects meat products from photooxidative spoilage 
(Figure 2 and Table2). 
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Fig.1: UV–visible spectra of anthracene photooxygenation 
with singlet oxygen(λmax = 375 nm) 

Table1: Effect Of Anthracene on inhibition of singlet 
oxygen generation at different condition. 

Entry Reaction condition 
Inhibition Of 

singlet Oxygen 
Generation (%) 

1 Anthracene + MB 100 

2 
Anthracene + MB + 2-

Nitrobenzaldehyde + hv + 
O2 

42 

3 Anthracene + MB +hv + O2 0 

 

 

Fig.2: UV–visible spectra of hemoglobin photodegradation with 
singlet oxygen(λmax = 412 nm) 

Table2: Effect Of Blood on inhibition of singlet oxygen 
generation at different condition. 

Entry Reaction condition 
Inhibition Of 
singlet Oxygen 
Generation (%) 

1 Blood+RB 100 

2 
Blood+RB+2-
Nitrobenzaldehyde + hv + O2 

26.6 

3 Blood+RB+ NaN3+ hv + O2 25.9 

4 Blood+RB +hv + O2 0 

 

Conclusions 
It is indeed a significant challenge to find effective photo-
protective agents in the fields of food and nutrition 

sciences. This study clearly demonstrated that 2-
Nitrobenzaldehyde acts as a highly efficient photo-
protective antioxidant and appears to effectively restrict 
the generation of singlet oxygen, consequently benefiting 
meat products. The increase in diseases like cancer, skin 
disorders, Alzheimer's disease, and other health issues 
linked to reactive oxygen species (ROS), including singlet 
oxygen, has amplified the importance of finding effective 
new antioxidants. The pursuit of potent photoprotective 
agents is also a significant challenge in the realms of food 
chemistry and material sciences. This study clearly 
demonstrates the excellent performance of 2-
Nitrobenzaldehyde as a photoprotective antioxidant, 
showing promise in limiting the generation of singlet 
oxygen, preventing blood cell photooxidation, and 
inhibiting dye photodegradation. While the application of 
this antioxidant for material photoprotection appears 
promising, it has yet to be determined whether it can 
effectively protect humans from singlet oxygen and 
reduce oxidative stress by administering 2-
Nitrobenzaldehyde. The potential risk of adverse side 
effects from the compound's metabolism in vivo, 
especially at higher doses, raises concerns. Therefore, 
further detailed studies, including investigations into 
dose-response relationships, are necessary to assess the 
potential for developing 2-nitrobenzaldehyde  based 
photoprotection strategies in biomedical applications. 
This includes exploring its ability to suppress oxidative 
stress and lipid peroxidation in living cells and tissues. 
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Abstract: Kaolin functionalized with 2,4,6-trichloro-1,3,5-triazine and imidazole yielded a dicationic ionic liquid 
catalyst. It effectively promoted fructose dehydration to 5-hydroxymethylfurfural(5-HMF), obtaining 95% 
product yield within 110 min at 110°C with 35%wt catalyst loading. The catalyst showed recyclability for 4 cycles. 

Keywords: Kaolin, Heterogenic catalyst, Ionic liquid, 5-hydroxymethylfurfural  

 

Introduction 
Fossil fuels are one of the important factors of 
environmental pollution. To reduce these concerns, 
sustainable development focusing on the use of 
renewable resources such as biomass for energy 
production has attracted considerable attention. [1-4]. A 
strong alternative to fossil fuels is the use of furan-based 
biofuels, especially 2,5-dimethylfuran. It is obtained from 
the hydrodeoxygenation of 5-hydroxymethylfurfural 
(HMF). Its synthesis from carbohydrates requires careful 
control of acidity and solvent selection to overcome 
challenges such as instability and byproduct formation. 
Ionic liquids (ILs) are promising catalysts for HMF 
synthesis, along with other acidic catalysts such as Lewis 
acids [5-7]. ILs were successfully used to synthesize HMF. 
This issue not only increases the cost of the synthetic 
methods but also leads to the formation of less benign 
catalysts for the environment[8-10]. Clay is a type of soil 
with mineral compounds rich in kaolinite. 
In this regard, kaolin nanoclay, an aluminosilicate 
Al2Si2O5(OH)4, which is in the group of industrial minerals, 
is used[11]. This mineral is used as a support because it 
has high absorption and gravity and can place ionic liquid 
on its surface and immobilize it. Therefore, by using kaolin 
as a support, the ionic liquid can be effectively stored and 
heterogeneous catalysts can be formed. In this work, a 
novel bio-based heterogeneous Lewis acid was designed 
and synthesized using methyl imidazole and kaolin, a 
natural clay mineral, as shown in Scheme 1. A natural clay, 
with high thermal, mechanical and chemical stability. 
Previous studies on IL-based catalysts for fructose 
conversion showed the effectiveness of imidazolium-
based ILs. The use of imidazole offers the potential for a 
more environmentally friendly catalyst preparation 
protocol. In addition, the incorporation of 2,4,6-trichloro-
1,3,5-triazine in the catalyst structure increases the 

number of IL segments and thus increases the acidity of 
the final catalyst.  

Experimental Section  
Materials  
Kaolin(KO), 3-(aminopropyl)-triethoxysilane (APTES, 
99%), 2,4,6-trichloro-1,3,5-triazine (TCT, 99%), Methyl 
imidazole (Im, 99%), HMF, zinc chloride (>99%), dimethyl 
sulfoxide (DMSO,>99%), toluene 
 Preparation of KO-APTES 
KO (4 g) was added to dry toluene (40 mL) then, APTES 
(4.5 mL) was added to the suspension and it was refluxed 
under N2 in the atmosphere for 24h. The solid was then 
separated, washed and dried at 60 °C for 24h.  
Functionalisation KO with amino-functional 
TCT (4.5 g) was dissolved in THF (30 mL) and added to the 
suspension (KO-APTES) in THF (50 mL) in an ice bath at 0 
°C. The mixture was stirred for 24 hours. The precipitate 
was separated and washed and dried at 60 °C for 24 h. 
Preparation of KO-IM 
Methyl imidazole (4.5 g) was dissolved in DMSO (20 mL) 
and the mixture of KO-APTES-TCT (6 g) in DMSO. The 
resultant mixture was stirred at 80 °C for 48 h under N2.  
The solid was collected, rinsed with THF and dried at 70 °C 
for 24 h. 
Preparation of KO-IL 
To a stirring suspension of KO-APTES-TCT-IM (6 g) in THF 
(20 mL) ZnCl2 (9 g) was added and the mixture was stirred 
for 48 h at 25 °C. Then, the precipitate, Hal-IL, was 
separated, washed, and dried at 80 °C overnight. 
Results and Discussion 
The catalyst was identified using, FTIR, TGA, SEM and XRD. 
In (Fig. 1A) the XRD patterns of KO and KO-IL are shown 
and compared. As depicted, the KO exhibited the peaks at 
2θ = 13.3°, 16.8°, 19.6°, 25.2°, 35.7°, 38.1°, 56.3° and 
62.5°. In this XRD pattern, the broadband in the range of 
2θ = 16.3°, 30.1°, it is expected that characteristic peaks 
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of ZnCl2-/ZnCl3- appear at 2θ= 36.6°, 38°. That overlapped 
with the KO peaks. FTIR spectra of KO, KO-IL and KO-IL 
reused were compared, Fig. 1B. As known, the KO FTIR 
spectrum showed the absorbance bands 735 cm-1 
(symmetric stretching of Si-O), 3560 cm-1and 3580 cm-1 
(interior -OH).  Comparison of the FTIR spectrum of KO-IL 
with the other spectra implied that apart from the 
characteristic absorbance bands of KO, APTES and TCT, 
the band at 1708 cm-1can be observed that is ascribed to 
the amidic –C=O functionality. Notably, the stretching 
peak of Zn-Cl is expected at 530 cm-1. As shown in Fig. 1C, 
KO is a thermally stable clay with weight losses due to the 
loss of water and dehydroxylation (~ 480 °C). 
 

  
 

  
Fig.1: 1A: XRD pattern.1B: FT-IR spectra, and 1C: TGA curve, 1D: 

SEM image for the KO-IL. 

Table 1:  Comparison of the efficiency of KO-IL with KO. 
control catalysts for dehydration of fructose to HMF. 

Reaction conditions: catalyst loading 35 wt%, temperature 
110 °C, time 110min. 

Entry Catalyst HMF Yield% 

1 KO 13 

2 KO-IL 95 

Conclusion 
KO-IL was designed and synthesized by using KO as a 
natural support and Methyl imidazole. More specifically, 
Kaolin was first covalently functionalized with TCT and 
then reacted with imidazole and ZnCl2 to produce Lewis 
acid IL on KO. It was found that using 35 wt% KO-IL at 110 
°C, HMF was achieved in 95.% yield in 110 min. The 
recyclability of the catalyst showed that it could be 
recovered and recycled for at least 4 runs. 
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Abstract: The present work prepared a series of polysulfone (PSf) mixed-matrix nanofiltration membranes 
(MMMs) containing MOF-808 in varying amounts to separate tetracycline (TC) from water. MMM separation 
performance is evaluated by TC solution flux and rejection. As a result, MMM-1 with 1 wt% MOF-808 increased 
TC rejection to 97.7% from 94% and flux from 0.51 to 2 (LMH) compared to the pure PSf membrane. 
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Introduction 
Tetracycline (TC) is a commonly used antibiotic, with an 
annual production and consumption exceeding 5,500 
tons. It can be found in a variety of water sources, 
including natural bodies of water, as well as municipal 
and industrial wastewater [1]. Membrane separation 
technology is a safe and efficient water treatment 
method that offers several advantages, including low 
energy and time consumption, environmental 
compatibility, low capital cost, and ease of operation in 
various modes. NF membranes are a promising method 
for TC removal from wastewater. They are 
environmentally friendly, selective towards small 
solutes, have high permeability at lower pressures, and 
use less energy usage. The addition of hydrophilic 
particles to the polymeric matrix can minimize 
membrane fouling. Mixed-matrix membranes (MMMs) 
use a variety of nanomaterials as fillers to enhance their 
capabilities. PSf as a polymeric matrix due to its high 
thermal, chemical, and mechanical resistances was 
chosen, and to improve hydrophilicity, we synthesized 
MOF-808 as hydrophilic fillers [2]. Using the phase 
inversion technique, we incorporated MOF-808 into the 
PSf matrix to create the MMMs. We assessed the 
performance of the prepared MMMs based on TC flux 
and rejection. 

Experimental Section  
Materials and methods 
All used chemical materials such as Polysulfone granule 
(PSf,  ≥ 99%, Sigma-Aldrich ), Zirconium oxychloride 
octahydrate (ZrOCl2⋅8H2O, purity ≥ 99%, Merck), 1,3,5-
benzene tricarboxylic acid (BTC, Merck), 
Dimethylformamide (DMF, Merck), Formic acid ( ≥ 99%, 
Merck), methanol (Merck), Tetracycline (Merck) were 
used without any further purification. 
 

Synthesis of adsorbent material 
MOF-808 was synthesized according to the published 
literature with a slight modification [3]. In a typical 
method, 0.257 g of ZrOCl2⋅8H2O and 0.056 g of BTC 
dissolved in a 1:1 mixture of DMF and formic acid (24 
mL) in a screw-cap jar. Then, the solution was 
ultrasonicated for about 10 minutes, put in an oven at 
120 ˚C for 48 h, and cooled down to room temperature. 
The white precipitate that formed at the bottom of the 
jar was collected and then washed with DMF and further 
methanol then activated through Soxhlet extraction in 
hot methanol for 5 days. Finally, the prepared adsorbent 
materials were dried at 100 ˚C overnight in an oven. 
 
Mixed-matrix membranes fabrication 
The wet phase inversion technique employed for 
preparation of all MMMs [4]. A certain amount of MOF-
808 adsorbent particles were sonicated in DMF for 60 
minutes and then stirred thoroughly about 2 hours in a 
typical experiment. Three steps were taken to ensure 
good interaction between MOF-808 particles and PSf 
chains by adding dry PSf granules to the suspension. The 
obtained solution was left to stir overnight. After 
degassing the solution, it was hand-cast on a porous 
non-woven polyester support with a thickness of 200 
µm. The wet membranes were immediately placed in a 
water bath at room temperature for primary phase 
inversion, followed by a freshwater bath for complete 
phase inversion after one day. Table 1 provides a 
summary of the casting solution’s composition for 
fabricating various MMMs. 

Table1: Fabricated MMMs casting solution composition 

Membrane ID PSf (wt%) MOF-808 (wt%) 

PSf 27 0 

MMM-0.5 27 0.5 

MMM-1 27 1 
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Membrane filtration 

TC separation performance of the prepared MMMs was 
determined  using a stainless-steel cross-flow 
permeation cell to measure TC flux and rejection. The 
initial concentration of TC was 200 mg/L, and the 
effective membrane area in the filtration cell is 
approximately 35 cm². The samples were collected at an 
interval of 15 minutes. Flux and rejection were 
calculated using a house-made stainless-steel cross-flow 
permeation setup (Scheme 1) based on the following 
equations:  


=

V
J

A t
 (1) 

1 100= −
p

f

C
R(%) ( )*

C
 (2) 

where J (L/m2 h or LMH) is the TC solution flux, V (L) is 
the volume of the permeated water, A (m2) is the 
effective membrane area, Δt (h) is the permeation time, 

Cp and Cf (mg/L) are the concentration of TC in the 
permeate and feed sides, respectively [2]. 

 

Scheme 1. Schematic illustration of the house-made stainless-
steel cross-flow permeation setup. 

Results and Discussion 
Fig. 1a illustrates TC flux of the MMMs prepared with 
different MOF-808 particle loadings. It indicates that the 
TC solution flux values of MMMs with varying MOF-808 
particle loadings are higher than those of the pure PSf 
membranes. The rejection performance of the prepared 
MMMs for TC was further examined and the obtained 
results are shown in Fig. 1b. 

 
Fig.1: (a) TC flux, (b) rejection performance of pure PSf and 

MMMs. 

It was clarified that the improved performance was due 
to the incorporation of MOF-808 particles. The prepared 
MMMs' highly porous structure provides more contact 
opportunity between TC and MOF-808 particles. This 

could increase the attraction between anionic TC and 
the positively charged MOF-808 particles. The cross-
sectional SEM images of pure PSf membrane and 
selected MMMs with different MOF-808 loadings are 
presented in Fig. 2(a, b, c). Both pure PSf and MOF-808 
loading membranes had an asymmetric porous 
structure with a finger-like pore structure. Comparing 
the SEM images of the pure PSf membrane with MMMs 
containing various MOF-808 loadings showed that the 
finger-like structures of the selected MMMs were 
slightly larger. Also Fig. 2e shows MOF-808 morphology 
and Fig. 2d confirms the great dispersion of MOF-808 in 
PSf chains in MMM-1. 

 

 

Fig.2: Cross section SEM images of (a) pure PSf, (b) MMM-0.5, 
and (c and d) MMM-1 in different magnifications. (e) SEM 

image of pure MOF-808 particles.  

Conclusion 
The study aimed to prepare high-performance MMMs 
for water purification by incorporating optimized MOF-
808 particles activated through Soxhlet extraction 
method into the PSf matrix. The study found that adding 
MOF-808 particles into the PSf matrix improved the TC 
rejection performance of the prepared MMMs. 
Particularly, the TC rejection performance of MMM-1 
with 1 wt% MOF-808 loading was 97.2%, higher than 
that of the pure PSf membrane. 
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Abstract: The objective  of this research is to extract lignin-silica from rice husk by acidic pretreatment followed 
by alkaline treatment. The extracted lignin-silica was characterized by Fourier transform infrared spectroscopy 
(FTIR), dynamic light scattering (DLS), and ultraviolet–visible spectrophotometry (UV–VIS) analysis. 

Keywords: Rice Husk; Lignin; Silica  

 

Introduction 
Rice husk makes up about 20% of rice mass and is one of 
the largest by-products of the agricultural industry, which 
is usually burned for energy production. Rice husk has 
many advantages such as: 1- Small size (about 1-2 mm); 
which is naturally produced so it avoids the need for 
mechanical pretreatment 2- Easily recovered during the 
rice processing system without additional cost. 3- It is very 
widespread and available every year. 4- It is one of the 
main sources of lignin [1,2]. Lignin is the second most 
abundant natural polymer after cellulose, which is widely 
used in the fields of biomedical, packaging, etc. due to its 
antimicrobial, antibacterial, and antioxidant properties 
[3,4]. On the other hand, silica, an inorganic compound 
with the high thermal stability, electrical conductivity, low 
solubility in water, low toxicity and stable nature 
properties, has high potential for applications in 
agriculture, biomedical and food processing [5]. In this 
study, lignin-silica was extracted from rice husk by alkaline 
method, and due to its special properties, it can be used 
as an attractive substance in various applications such as 
biomedical, food packaging, absorbent, ultraviolet 
shielding. 

Experimental Section  
About 25 g of milled rice husk were refluxed with 500 mL 
of 0.01 M HCl  for 2 hours, then filtered with a Buchner 
funnel. The obtained solid was dried at 55°C for 24 hours, 
then it was mixed with 100 mL of sodium hydroxide 6%, 
transferred to an outoclave, and maintained at 140°C for 
3 hours. Liquid and solid portions were separated using 
filtration. Sulfuric acid (5 M) was added dropwise to black 
liquor until pH of 3 was reached and was centrifuged at 
3000 rpm for 10 min.  
 

Results and Discussion 
The functional groups of lignin-silica were determined by 
FTIR spectroscopy (Fig. 1). According to the previous 

studies [4,6,7,8,9]: The wide peak at about 3300 cm-1 is 
ascribed to O-H stretching vibration, while the weak peak 
observed at 2930 cm-1 is ascribed to C-H stretching. The 
peak at 1650 cm -1 is attributed to C=O stretching. The 
peaks at 1602, 1508, 1423 (cm-1) are attributed to the 
vibration of the aromatic ring of lignin. The peak at 1458 
cm-1 is ascribed to the C-H deformation and bending of 
the methoxy group of lignin. The peak observed at 1099 
cm-1 is ascribed to the asymmetric stretching vibration of 
Si-O-Si, as well as the peaks of 962 and 790 (cm-1) belong 
to Si-OH and Si-O, respectively. According to the peaks 
observed in the FTIR spectrum, the existence of lignin-
silica hybrid can be confirmed. 

  
Fig.1: FTIR spectra of lignin- 

silica 
Fig.2: UV-VIS spectra of                             

lignin-silica 

 
The UV-VIS spectroscopy is shown in Fig. 2. The existence 
of absorption band at 280 nm related to lignin. 
The major particle size of lignin was detected in between 
144 and 486 nm. The mean particle size obtained is 
ranged about ~ 303 nm (Fig. 3). 

 

 
Fig.3: DLS analysis for particle size and distribution of lignin- 

silica 
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Conclusions 
We have employed the rice husk for lignin-silica hybrid 
fabrication in this study. The resulte of FTIR confirmed 
that extracted solid with mentioned method is lignin-
silica. by DLS analysis The mean particle size obtained is 
ranged about ~ 303 nm. 
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Abstract: In this study, quantitative structure-activity (QSAR) methods were used to investigate the binding 
interactions of 72 inhibitors with glycogen synthase kinase-3 (GSK-3). Modeling was followed using a Support 
Vector Machine (SVM), The insights of this study contribute significantly to the design of treatment strategies 
against type 2 diabetes. 
Keywords: Quantitative structure-activity relationship; Support vector machine; type2 diabetes.  

Introduction 
The multifunctional enzyme glycogen synthase kinase-3 
(GSK-3) is essential in cell signaling implicated in Type 2 
diabetes mellitus (T2DM), Alzheimer's Disease (AD), and 
others [1]. This study called quantitative structure-activity 
relationships (QSAR), examines the relationship between 
the activity of molecules with their structural and intrinsic 
properties. support vector machine(SVM) IS among the 
methods used in QSAR studies to model and predict drug 
activity. 

Experimental Section  
A dataset comprising 72 GSK-3 inhibitors, including 
Benzamide, Pyrazolopyrimidine, and β-phenylalanine 
derivatives, was employed to investigate the GSK-3 
inhibitory activities of previously reported synthesized 
molecules [2]. Utilizing the Kennard-Stones algorithm, the 
dataset of 72 compounds was partitioned into a training 
set comprising 58 compounds and a test set comprising 
14 compounds. Dragon and Paddle programs were used 
to calculate descriptors, and then  The SVM method was 
executed using the Statistica program (Version 
14.0.0.1)[3]. 

Results and Discussion 
The optimal SVM model based on 8 molecular descriptors 
had parameters C of 30, gamma of 0.55, and ε of 0.05. 
Statistical parameters for the SVM method is presented in 
Table 1, and the correlation between predicted and 
experimental activities for training and test set molecules 
is illustrated in Fig 1. 

  
Fig.1: Scatter diagram of predicted values of pIC50 with SVM  

model according to actual values in the training (A) and 

test(B) series. 

Table 1: Statistical parameters for the SVM method. 

Parameter Set SVM 

R2 Trian 0.83 

R2 Test 0.68 

MES Trian 0.08 

MES Test 0.62 

RMES Trian 0.28 

RMES Test 0.79 

Conclusions 
The models' predictive ability and robustness were 
assessed using various statistical parameters, such as 
RMSE and R2. According to the results of the SVM method 
Train RMSE of 0.288 and a Test RMSE of 0.790 shows. The 
SVM method when coupled with appropriate descriptors, 
can effectively predict the activity of new derivatives in 
the treatment of diabetes. 
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Abstract: We developed a photoelectrochemical sensor for bisphenol A, a harmful chemical in the environment. 
The sensor used a molecularly imprinted polymer on branched titanium dioxide nanorods, which had a 3D 
structure and high electrocatalytic activity. The sensor detected bisphenol A sensitively and selectively. 
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Introduction 
Bisphenol A (BPA) is a chemical that is widely used to 

make polycarbonate and epoxy resins, which are found in 
many everyday products such as bottles, toys, containers, 
pipes, digital media, and thermal paper. BPA is present in 
the environment and the urine of most people. However, 
BPA is an environmental endocrine-disrupting chemical. 
BPA exposure has been linked to various health problems 
such as cardiovascular diseases, obesity, cancer, 
neurotoxicity, and developmental issues. Some studies 
have shown that even low levels of BPA (e.g. <1 pM) can 
disrupt cell function and thyroid hormone action. Thus, it 
is of great significance to develop highly sensitive and 
selective strategies to detect BPA for food safety and 
human health. Therefore, providing an accurate, 
selective, easy, and fast method to measure it is very 
useful and important [1]. 

Molecular imprinting technology is a method to achieve 
target detection by creating a molecularly imprinted 
polymer (MIP). MIP has many excellent characteristics, 
including low cost, high recognition ability, good stability 
and long storage time. Hence, it has wide applicability in 
various biotechnology applications, such as 
chromatography, drug delivery, nanotechnology, and 
sensor technology. Owing to the unique signal transfer 
way, photoelectrochemical (PEC) assay is better than 
other chemical assays in terms of great sensitivity, and 
since it has almost no background signal and a very low 
detection limit. In this work, a novel molecularly 
imprinted PEC sensor was designed for BPA based on 
hierarchical branched titanium dioxide nanotube arrays 
(B-TiO2 NRs) to detect BPA. B-TiO2 NR was used as 
photoactive nanomaterials, and an enhanced PEC 
response was achieved thanks to the matched band gap 
and electron delivery synergy [2, 3]. 

Experimental Section 

TiO2 NTs were constructed via one-step anodization in-
growth on Ti foils in NH4F solution at 25 V for 2 h and 

annealing them at 450 °C for 2.5 h. B-TiO2 samples on the 
TiO2 NTs were prepared via the immersion method. 
Briefly, deionized water was mixed with HCl, and then 
TiCl3 was added dropwise and stirred for half an hour to 
form a homogeneous solution. The TiO2 NTs was 
positioned into the abovementioned solution and then 
placed in an oven, kept at 80 °C for 1.0 h. The product was 
flushed with water after natural cooling. Finally, an 
annealing process was performed in a furnace at 500 °C 
for 3.0 h to enhance the crystallinity of the material. 
Finally, the cyclic voltammetry technique was employed 
in an electrolyte solution containing BPA (template) and 
o-phenylenediamine (oPD) (functional monomer) for 
constructing the MIP. 

Results and Discussion 
Typical FE-SEM images of the samples are shown in Fig. 

1(a). As seen in Fig. 1(a), TiO2 NTs are grown vertically on 
the Ti foil with a high cover density. In addition, TiO2 NTs 
exhibit the inherent growth habitat of tetragonal crystal 
structure and top facets with an average diameter of 40–
60 nm and an average wall thickness of 20 nm. To further 
confirm the formation of the resulting TiO2 NTs on the Ti 
foil, the compositional studies were performed via 
energy-dispersive X-ray spectroscopy (EDS), as shown in 
Fig. 1(b). The EDS pattern clearly confirms the existence 
of Ti and O elements on the TiO2 NTs electrode. 
A photoelectrochemical test was performed To 
characterize the photoelectric activity of the material. The 
photocurrent signal responses of different electrodes 
further proved the feasibility of the MIP sensor. 
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The photoelectrochemical properties of the bare and 
the modified electrodes were characterized and 
compared. Fig. 2 displays the photocurrent of the bare 
TiO2 NTs, B-TiO2 NRs/TiO2 NTs, MIP/ B-TiO2 NRs/TiO2 NTs, 
and r-MIP B-TiO2 NRs/TiO2 NTs electrodes as the lamp was 
switched on and off at a 10 s time interval. The 
photocurrent of the bare TiO2 NTs is nearly low 
photocurrent reaction, indicating that the TiO2 NTs 
electrode has very low conductivity. However, the B-TiO2 
NRs modified TiO2 NTs electrode greatly enhanced the 
photocurrent; indicating that B-TiO2 NRs have a stronger 
absorption capacity for UV light, generate more electron-
hole pairs and/or decrease the combination of the 
electron-hole pairs. Compared to the B-TiO2 NRs/TiO2 NTs 
electrode, the photocurrent of the MIP/ B-TiO2 NRs/TiO2 
NTs electrode decreased by about 52%; the main reason 
is that the conductivity was lowered after a dense 
molecular imprinted layer was electropolymerized onto 
the surface of the B-TiO2 NRs/TiO2 NTs electrode. When 
the imprinted molecules were washed out of the MIP/ B-
TiO2 NRs/TiO2 NTs electrode, the r-MIP B-TiO2 NRs/TiO2 
NTs electrode was obtained. The photocurrent of the r-
MIP B-TiO2 NRs/TiO2 NTs electrode was increased, 
demonstrating that the template molecules were 
successfully removed from the MIP/ B-TiO2 NRs/TiO2 NTs 
electrode.  

Conclusions 
Herein, to evaluate the performance of the prepared 

MIP and nonimprinted polymer (NIP), the 
chronoamperometry method was performed in a 
phosphate buffer (0.1 M, pH 7.4) containing BPA. The 

results revealed that the largest current change was 
obtained while MIP was used. The obtained MIP could 
effectively enrich targets and eliminate interference, thus 
improving selectivity of MIP to imprinted molecules. This 
suggested strategy could sensitively and selectively detect 
BPA with dynamic range of 0.001 nM – 10 μM and a low 
limit of detection 0.1 pM.  

  
Fig. 2: The comparation photocurrent between TiO2 NTs, B-TiO2 

NRs/TiO2 NTs, r-MIP/B-TiO2 NRs/TiO2 NTs (after elution), and 
MIP/B-TiO2 NRs/TiO2 NTs after incubating in 0.1 mM BPA 

solution 
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Fig.1: (a) FE-SEM image and (b) EDS of TiO2 NTs 
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Abstract: Among different energy storage devices, supercapacitors have garnered the attention due to their 
higher charge storage capacity, superior charging-discharging performance, higher power density, and long 
cycle life. MOF engineering with metal (oxides) has attracted much interest, mainly as electrode components 
in energy storage devices. 
Keywords: GO/ZIF-8, MOFs, Supercapacitor 
 

Introduction 
Energy fabrication and storage are the most significant 
problems for the economy and industry in the 21st 
century. In recent years, supercapacitors (SCs), that 
known as electrochemical capacitors, are studied as ideal 
candidates for energy storage because of their high 
power density, fast charge/discharge rate, super-high 
cycling life, short response time and low maintenance 
cost. In general, SCs can be classified into two principal 
types based on their energy storage mechanisms [1]. 
 Based on the working mechanism, supercapacitor are 
generally categorized into two types: electrochemical 
double layer capacitors (EDLCs) and pseudocapacitors 
(PSCs). Unlike EDLCs which store charge electrostatically 
(non-Faradaic current) at electrode/electrolyte interface, 
pseudocapacitors store electrical energy through charge 
transfer (Faradaic redox reactions) between electrode 
and electrolyte. Compared to the EDLCs, PSCs offer much 
higher specific capacitances and energy densities, 
therefore more investigators have focused on expanding 
pseudocapacitive materials based on transition-metal 
oxides for high electrochemical performance [2]. 
 Concerning developing efficient electrode materials 
containing high capacities, metal-organic frameworks 
(MOFs) with high specific surface area, controllable pore 
sizes, large and tunable intrinsic pore volumes, and 
metal ions with redox activities have been used as 
electroactive materials in high-performance 
supercapacitors. Bearing in mind the discussion above, 
herein, we have successfully fabricated GO/ZIF-8 on Ni 
foam through a simple hydrothermal approach [3]. 

Experimental Section 
In order to realize this research, first the nickel foam was 
treated under ultrasonic with HCl, ethanol and water. 
Then, for synthesis of the electrode, the nanoparticles of 
graphene oxide and 2-MeIM and Zn(NO3)2•6H2O were 
mixed in an inert environment. Then, the foam of nickel 
was placed in oven with reaction solution in autoclave 
with a temperature of 100 °C. Nickel foam coated after 

reaching ambient temperature, was dried for 10 hours at 
60 °C. 
 

 
Scheme 1. The diagram for the synthesis of GO/ZIF-8 on the 3D 

Ni foam substrate. 

Results and Discussion 
TEM image of the synthesized nanocomposite has 

shown in Fig. 1. For comparison,TEM images of ZIF-8 and 

GO are also included. Rhombic dodecahedron shape 

within nanoscale size ZIF-8 was deposited on the GO 

surfaces and the shape remains rhombic dodecahedron, 

similar to that of pristine ZIF-8. This may result from 

growth of ZIF-8 nanocrystals starting from the edge of 

the GO sheets. 

 

 
 

Fig. 1. TEM images of the morphologies of synthesized ZIF-8, 

commercial GO, and the ZGO composites. 

The as-prepared GO/ZIF-8 nanostructure as electrode 
material delivers a high specific capacity of 3595.6 F g–1 

451 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

at a current density of 1 A g–1, good rate capacity, and 
good cyclic stability with 100% capacitance retention 
after 5000 cycles, suggesting the great application 
potential of this material in renewable energy storage. 
The results of electrochemical measurements for the 
GO/ZIF-8 nanostructure electrode are displayed in Fig. 2. 
 

 

Fig. 2. (a) The GCD curves of GO/ZIF-8 nanostructures at 
different current densities. (b) Cycling stability of GO/ZIF-8 

nanostructures at the current density of 6 A g–1 for 5000 cycles. 

Conclusions 
In a nutshell, a novel electrode of GO/ZIF-8 for high-
performance supercapacitor was fabricated by a facile 
hydrothermal process. The supercapacitor electrode 
showed excellent electrochemical capacitor performance 
with an ultrahigh specific capacitance of 3595.6 F g–1  at 
current density of 1 A g–1, in the 2 M KOH electrolyte as 
well as markedly exceptional cyclic stability with 
capacitance retention of 100% after 5000 cycles due to 
the good electrical conductivity. The GO/ZIF-8 
nanocomposite could be a promising electrode for high-
performance energy storage devices. The increased 
pseudocapacitive behaviors are related to its unique 
core/shell structure which provides facilitated ion 
diffusion, rapid electron transport kinetics, and good 
strain accommodation that makes it a potential choice 
for electrochemical energy storage owing to the their 
considerable electrochemical properties. 
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Abstract: A simple, mild, with short time and high yielding procedure for iodination of alcohols using a silica 
iodide as a new heterogeneous reagent, is described. Several factors such as the type of solvent, the amount of 
reactants, reaction time, type of mesh silica gel was investigated.  
Keywords: Silica iodide; Alkyl iodide; Heterogenous reaction.  

 

Introduction 

Various methods of converting alcohols to their 
corresponding alkyl iodides are available. Several 
methods  [1-5] recently reported for this conversion 
include   using iodine, imidazole and polymer 
substrate of triphenylphosphine, using trimethylsilyl 
iodide, BF3-Et2O/NaI, CsI/BF3.Et2O, Cl2SO-DMF/KI, 
MgI2, ClSiMe3/NaI, PPh3/DDQ/R4N4

+X- , R3PI2-Et2O or 
C6H6/HMPA, HI, PPh3/DEAD/LiI, Silphos/I2, and 
CeCl3.7H2O/NaI .  However, these methods have 
some disadvantages such as having a lower 
efficiency, harsh environment, being expensive and 
isolation problems.  

So, in this article we introduced a simple, mild, high 
yield method using commercially available materials for 
preparation of silica iodide, then used it in the synthesis 
of alkyl iodides (Scheme 1).  Various factors affecting the 
amount of iodine loaded on silica gel during the 
preparation of silica iodide were investigated.  Silica 
iodide was identified using qualitative analysis, EDX 
method, and solid FT-IR. Silica iodide was used in 
conversion of various alcohols to the corresponding alkyl 
iodides, which indicated good results, especially for 
benzylic alcohols. 

Si

O

O

O

OH + PPh3 + I2 Si

O

O

O

I + PPh3O + HI

Si

O

O

O

I + ROH
CCl4, r.t., 

Si

O

O

O

OH + RI

 
Scheme 1: Synthesis of silica iodide and alkyl iodide 

Experimental Section  
The general method for preparation of silica iodide 
In a three necked round bottom flask equipped with a 
condensor and calcium chloride tube, silica gel (20 g., 230-
400 mesh) was mixed with  triphenylphosphine (2.62 g. 10 

mmol) and iodine (2.54 g., 10 mmol) in dichloromethane 
(70 ml). The mixture was stirred at room temperature for 
18 h.  The mixure was then filterd and washed with 
dichloromethane (4x20 ml).  The resulting powder was 
dried under vacuum at the temperature of 60-70 °C. The 
pale yellowish product was stored in a capped bottle. The 
amount of iodine   loaded in the reagent was determined 
by titration with 0.1M NaOH.  
A typical procedure for the conversion of benzyl alcohol 
to benzyl iodide 
Silica iodide (2 g, 1 mmol I/ g) was added to a round 
bottom flask contain a stirring mixture of benzyl alcohol 
(0.108g, 1 mmol) in CCl4 (20 mL) at room temperature . 
The progress of reaction was followed by TLC and Gc. 
After 5 min GC analysis showed the completion of the 
reaction. The mixture was then filtered and the solvent 
was evaporated under vacuum. Pure benzyl iodide was 
obtained in high yield (0.265 g, 97%).  

Results and Discussion 
Here, we report a simple new method for preparation 

of silica iodide from the reaction of silica gel with iodine 
and triphenylphsphine in dichloromethane at room 
temperature (Scheme 1). In preparation of silica iodide, 
various factors including the type of solvent, the amount 
of iodine and triphenylphosphine, reaction time, the type 
of silica gel, temperature of reaction, and using sonication 
were investigated. The results show that the best solvent 
for preparing silica iodide is  dichloromethane.  The best 
time interval for the reaction is 18 hours.  The mesh size of 
230-400 is good for silica gel. The highest amount of 
loaded iodine on silica gel, 0.5 mmol of iodine per gram of 
silica gel, was obtained when 10 mmol of 
triphenylphosphine and 10 mmol of iodine reacted with 
20 g of silica gel.  Activation of silica gel with acid and use 
of ultrasonic irradiation or heat had no effect on the 
efficiency of the reaction.  
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Silica iodide is a good reagent for converting alcohols to 
alkyl iodides. So, to find the best reaction conditions, the 
conversion of benzyl alcohol to benzyl iodide was used as 
a model reaction. Aprotic solvents such as 
dichloromethane, chloroform, carbon tertrachloride, and 
toluene are the most appropriate solvents for this 
reaction. In a model reaction, silica iodide (2 g, 1 mmol of 
iodide) reacted with benzyl alcohol (1 mmol) in the 
selected solvent at room temperature for 5 min.  Reaction 
progress was monitored by GC or TLC. The results show 
that carbon tetrachloride is the best solvent. Then we 
used the optimum conditions for the reaction of other 
alcohols. This way, various alcohols were converted to the 
corresponding alkyl iodides with good yields (Table 1). In 
the conversions, alcohols which formed the stable 
carbocation, have higher yields compared to other 
alcohols. The presence of an electron-withdrawing group 
such as NO2 (Table 1, Entry 2) reduced reaction yield.  
Optically active (s)-(+)-2-butanol was converted to a 
racemic mixture of (±)-2-iodobutane (Table 1, Entry 9).  
Although there is a possibility of rearrangement in 
primary alcohols, the 1-pheny-1-iodoethane was not 
produced in the reaction between silica iodide and 2-
phenylethanol (Table 1. entry 5).  In these conditions, it 
seems that tertiary alcohols such as tert-butanol are not 
capable of reacting with silica iodide due to steric effect. 

Conclusions 
Various influential factors were assessed in the 

preparation of silica iodide.  The optimum reaction 
condition was obtained as follows: dichloromethane as 
solvent, silica gel with mesh size of 230 to 400, and 
duration of reaction for 18 h at room temperature.  The 
highest amount of silica iodide (0.5 mmol of iodine/g 
silica) was obtained from the reaction of silica gel with 
iodine in the presence of triphenylphosphine in 
dichloromethane at room temperature for 18 h.  The 
presence of iodine, in the reagent silica iodide, was 
determined by EDX and Solid FT-IR.  This cheap and 
effective heterogeneous reagent was used for converting 
alcohols to alkyl iodides at room temperature in good 
yields (12-99%).   

Table1: Style1 (Font: Calibri 9) 

No. Alcohol Alkyl iodide 
Yield 
(%) 

1 Benzyl alcohol Benzyl iodide 97 

2 4-Nitrobenzyl alcohol 4-Nitrobenzyl iodide 86 

3 4-chlorobenzyl alcohol 4-chlorobenzyl iodide 97 

4 1-Phenylethanol 1-Phenyl-1-iodoethane 98 

5 2-Phenylethanol 1-Iodo-2-phenylethane 72 

6 Furfuryl alcohol Furfuryl iodide 92 

No. Alcohol Alkyl iodide 
Yield 
(%) 

7 Diphenylmethanol 
1,1’-chloromethylene) 

dibenzene 
99 

8 Cyclohexanol Cyclohexyl iodide 86 

9 s-(+)-2-Butanol (±)-2-Iodobutane 70 

References 
[1] Anilkumar, G., Nambu, H., & Kita, Y. (2002) A Simple 
and Efficient Iodination of Alcohols on Polymer-
Supported Triphenylphosphine.  Org. Process Res. Dev., 6 
(2), 190–191. https://doi.org/10.1021/op010094c. 

[2] Olah, G. A., Narang, S. C., Balaram Gupta, B. G., & 
Malhotra, R. (1979). Synthetic Methods and Reactions. 
62. Transformations with Chlorotrimethylsilane/Sodium 
Iodide, a Convenient in Situ Iodotrimethylsilane Reagent. 
J. Org. Chem., 44 (8), 1247–1251. 
https://doi.org/10.1021/jo01322a012. 

[3] Martínez, A. G., Alvarez, R. M., Vilar, E. T., Fraile, A. G., 
Barcina, J. O., Hanack, M., & Subramanian, L. (1987) R. 
Eine einfache methode zur darstellung tertiärer iodide.  
Tetrahedron Lett., 28 (51), 6441–6442. 
https://doi.org/10.1016/S0040-4039(00)96882-5. 

[4] Mandal, A. K., & Mahajan, S. W. (1985) Boron 
trifluoride etherate/halide ion, a novel reagent for the 
conversion of allyl, benzyl and tertiary alcohols to the 
halides. Tetrahedron Lett., 26 (32), 3863–3866. 
https://doi.org/10.1016/S0040-4039(00)89271-0. 

[5] Iranpoor, N.; Firouzabadi, H.; Aghapour, G.; Vaez 
zadeh, A. R. (2002) Triphenylphosphine/2,3-dichloro-5,6-
dicyanobenzoquinone as a new, selective and neutral 
system for the facile conversion of alcohols, thiols and 
selenols to alkyl halides in the presence of halide ions.  
Tetrahedron, 58 (43), 8689–8693. 
https://doi.org/10.1016/S0040-4020(02)01089-X. 

454 

https://doi.org/10.1021/op010094c
https://doi.org/10.1021/jo01322a012
https://doi.org/10.1016/S0040-4039(00)96882-5
https://doi.org/10.1016/S0040-4039(00)89271-0
https://doi.org/10.1016/S0040-4020(02)01089-X


            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 Synthesis, biological evaluation of novel 6-Amino-1,3-dimethyluracil derivatives as alpha-
glucosidase inhibitors 

 

Simin Alizadeh * a, Zahra Najafi a, Soheila Esmaili b 

Corresponding Author E-mail: simin.alizadeh1998@gmail.com and najafi.zch@gmail.com  

a Department of Medicinal Chemistry, School of Pharmacy, Hamadan University of Medical Sciences, Hamadan, Iran 

b  Department of Organic Chemistry, Faculty of Chemistry, Bu-Ali Sina University, Hamedan, Iran. 

 
Abstract: Uracil derivatives are important compounds in medicinal chemistry. The substance containing bromine 
substitution exhibited the strongest inhibitory effect on the alphaglucosidase enzyme.  
Keywords: Synthesis; Uracil derivatives; New uracil derivatives; alpha-glucosidase; DABCO. 

 

Introduction 
Diabetes is a terrible disease that leads to increased blood 
glucose levels or hyperglycemic in the body and, a 
common effect of uncontrolled diabetes, may lead to 
serious results, including coronary heart disease, liver 
damage, retinopathy, blindness, nephropathy, strokes, 
peripheral nephropathy, impaired wound healing, and 
gangrene. Type 2 diabetes mellitus (T2DM) is responsible 
for 90-95% of cases of diabetes all over the world and it is 
a chronic metabolic disease. According to the World 
Health Organization survey, by 2030, diabetes will be the 
seventh cause of death, Furthermore, T2DM is a leading 
cause of cardiovascular disease, Thus DM is an important 
disease in the world That depends on the lifestyle and 
nutrition of the person[1].  

Obesity and high weight, inactivity, smoking, low-fiber 
diet with high glycemic index, and depression play a role 
in increasing the risk of type 2 diabetes. There are three 
ways to treat type 2 diabetes: Dipeptidyl peptidase 4 
inhibitors (gliptins), Glucagon-like peptide-1(GLP1), 
Alpha-glucosidase inhibitors, and sodium-dependent 
glucose transporter-2 (SGLT-2) inhibitors[2]. 

Alpha-glucosidase is considered the main target enzyme 
in the prevention and treatment of type 2 diabetes And 
the inhibition of alpha-glucosidase activity can control the 
blood glucose level of diabetic patients after meals and 
keep the blood glucose level within normal range. Alpha-
glucosidase enzyme is located in the surface membrane 
of intestinal cells, It is a Hydrolase enzyme and converts 
disaccharides and oligosaccharides resulting from the 
activity of salivary and pancreatic enzyme into absorbable 
monosaccharides. Because the human intestine only 
absorbs monosaccharides for blood circulation. Thus, 
alpha-glucosidase has been identified as a therapeutic 
target for modulating postprandial hyperglycemia in type 
2 diabetes[3]. 

Heterocyclic compounds have a special place in medicinal 
chemistry and have shown significant biological effects. 
Uracil compounds are promising structures in the field of 
drug discovery[4]. 

Experimental Section  
First, the intermediate compound is obtained from the 
reaction of vanillin and various benzyl halides in 
dimethylformamide solvent and in the presence of 
potassium carbonate as a catalyst at room temperature. 
Then the final product is obtained from the reaction of 
aldehyde from the previous step with 6-amino 1,3-
dimethyluracil and malononitrile in ethanol solvent and 
catalyst under reflux conditions[5]. 

Results and Discussion 
Five compounds were synthesized, including bromine, 
fluorine, chlorine, hydrogen and methyl substitutions.The 
structure of all compounds was confirmed by examination 
of their 1H- and 13C-NMR spectra, IR and mass spectra. 

 
6a: R= H 
6b: R=Br 
6c: R=F 
6d: R=Me 
6e: R=Cl 

Scheme.1. Synthesis of uracil compounds  (6a-e) 
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Conclusions 
In conclusion, five new derivatives of the uracil bases 
synthesized by DABCO catalyst and a compound that had 
a bromine substitutionhad a good yield as alpha-
glucosidase inhibitirs. 
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Abstract: The Ni-Al-layered double hydroxide (LDH) nanoparticles were prepared with Ni/Al molar ratio 
of 3:1 by a thermal process and co-precipitation method at pH 6 in a mixture of  deionized water and glycerol 
and were characterized by X-ray powder diffraction (XRPD), thermal gravimetric analysis (TGA) and atomic 
adsorption spectroscopy (AAS).  The size and morphology of nanoparticles were examined by transmission 
electron microscopy (TEM).  Ni-Al-LDH was studied as a potential adsorbent of the acid Brown 121 dye as 
function of pH, contact time and temperature. The results showed high and fast adsorption on the LDH. 
Keywords: Ni-Al-LDH.; adsorbent; acid Brown 121.; nanoparticles 
 

Introduction 
Layered double hydroxides (LDHs), known as anionic 
clays, are formed from positively charged brucite-like 
layers and can be described by the general formula as 
[MII

1 – x MIII 
x (OH)2]x+[An-

x/n·yH2O]x-, where MII and MIII 
represent divalent and trivalent metal ions, An- is an n-
valent anion [1-3]. LDHs have potential application in a 
wide range of important areas, i.e. medicine [4], catalysis 
and adsorbents [5,6]. Today, the widespread use of all 
kinds of dies and pollution from colored wastewater has 
become an environmental threat. Effluents from leather, 
paper, dyeing, and textile industries are one of the most 
important sources of colored water pollutants. The aim of 
the current work is the synthesis and characterization of 
Ni-Al- LDH and also evaluate the adsorption capacity of 
LDH for removal acid Brown 121 from aqueous solution 
under different conditions. 

Experimental Section  
The Ni-Al- LDH precursor with the experimental  M2+/M3+ 
ratio of 3:1 was prepared by co-precipitation method at 
pH 6 in a mixture of  deionized water and glycerol. Ni 
(NO3)2.6H2O (0.0021mol) and Al(NO3)3.9H2O (0.0007 mol)  
were dissolved in 30 mL of deionized water  and glycerol 
(1 mL). A NaOH solution (0.5 M) was added drop wise into 
above solution until the final pH of 13. The resulting 
suspension was aged at 90 °C for 16 h. The obtained 
precipitates were centrifuged and washed with deionized 
water and then dried at 60 °C in a vacuum. 

Results and Discussion 
The measured XRD patterns of LDH, before and after 
adsorption of dye are shown in Fig. 1 in 2θ range of 4–70◦. 
The patterns in Fig. 1a, fit well to layered double 
hydroxide with basal reflections of hkl planes (0 0 3), (0 0 
6), (0 0 9), (0 1 5), (1 1 0) and (1 1 3) [7].  
 

 
  

Fig.1: The XRD pattern of LDH, before (a), after (b) 
adsorption 

The TEM image of LDH is shown in Fig. 2. As it is clear from this 
figure, LDH has a sheet-like shape. 

 

Fig.2: The TEM micrograph of LDH 

The LDH sample was analyzed for Ni and Al content for 
the composition of the hydrotalcite layers and TG analysis 
for amount of water. From the results, the molecular 
formula of the Ni-Al-LDH could be determined as: Ni0.62 
Al0.38 (OH)2(CO3)0.19. 0.5H2O. 

Effect of pH on dye Adsorption 

Adsorption of acid brown 121 on to LDH was studied at 
different pH values, ranging from 4-12. The pH of 
solutions was adjusted by adding the required amount of 
0.1 M HCl and/or 0.1 M NaOH solutions. The acid brown 
121 initial concentration was fixed at 1.5 mmol/L, 
temperature 298 K and contact time of 180 min. The 
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results are shown in Fig. 3. It can be observed that both 
the amount of dye adsorbed at equilibrium (Qe) and the 
percentage of removal of dye increased with increasing in 
pH and reached the maximum adsorption at pH 8 and 
then decreased with pH in the region pH > 8.  

 
 

Fig.3: Effect of pH on dye adsorption by LDH 

The effect of contact time on dye Adsorption 

The effect of contact time on dye removal by LDH was 
carried out for contact times ranging from 0 to 240 min 
with the dye concentration of 1.5 mmol/L, adsorbent 
dosage of 0.05 g L-1, pH 8 and the temperature 298 K. The 
results are presented in Fig. 4. It is remarked that the Qt 
(adsorption loading of acid brown 121 at time t) increases 
rapidly in the first 25 min. Also, more than 45% of dye 
being removed within only 20 min, so that, an equilibrium 
adsorption state was reached after 150 min (removal of 
75%). 
 

 

Fig.4: The effect of contact time on dye adsorption by LDH 

Effect of Temperature 

Fig. 5 displays the adsorption curves of acid brown 121 
from solution under different isothermal conditions. 
Because the pH of an aqueous solution is temperature 
dependent, therefore the pH of the solutions was 
corrected to 8 for each temperature. The amount of dye 
adsorption increases with increasing temperature, 
indicating the fact that the process is endothermic, in 
nature.  
 

 

Fig.5: The effect of temperature on dye adsorption by LDH 

Conclusions 

The plate-like Ni-AL-LDH nanoparticles were successfully 
synthesized by coprecipitation method and LDH structure 
was confirmed by different characterization techniques. 
Results reported here show the efficiency of the LDH as 
sorbent for the widely used acid brown 121 from aqueous 
solution.  
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Abstract: We report that carbon based, nickel-chromium Layered Double Hydroxide (NiCr-LDH) is a highly active 
and stable oxygen evolution catalyst at neutral solutions. The LDHs were prepared using the co-precipitation 
method and were characterized by a field-emission scanning electron microscopy (FE-SEM), X-ray diffraction 
(XRD). According to powder X-ray diffraction and field emission scanning electron microscopy, NiCr-LDH exhibit 
a nanosized plate-like morphology with a basal space (d003) of 7.64 °A. Then amount of carbon nano tube at NiCr-
LDH optimizes and the electrocatalytic activities of nanocomposite were studied toward water oxidation in 
neutral solutions. The obtained results show that the electrocatalytic activity of the carbon based NiCr-LDH is 
much better than that of the pure NiCr-LDH. The high electrocatalytic activity of nanocomposite may be 
attributed to the co-existence of carbon nano tube and improve the charge transfer. We have explored the 
electrocatalytic behaviour towards water oxidation, demonstrating its efficient and persistent performance at 
neutral pHs.  

Keywords: Layered double hydroxide, CNT/NiCr-LDH, Water oxidation, Neutral solution 

 

Introduction 
This template provides Increasing need to energy and 
environmental problems have motivated extensive study in 
several energy storage.  In order to product energy by chemical 
fuels, water oxidation is the anodic half-reaction (in alkani:  

(4OH-               2H2O + O2 + 4e) and neutral or acidic solution:  

(2 H2O        4H+ + O2 + 4e) oxygen reduction reaction (ORR). The 
water oxidation is slow reaction (overpotential about 1.23 V 
need for this reaction) and various catalyst need to improve 
efficiency. RuO2 and IrO were active catalyst for water oxidation 
but scarcity and expensive cost’s limited their use at water 
oxidation industry [1, 2]. So, study for achieve high yield with low 
cost in water oxidation is urgently required.  Researches have 
showed that the octahedral MO6 layers in 2D metal 
oxides/hydroxides are suitable catalysts for Oxygen generation 
[3].  One of 2D metal hydroxides is the layered double 
hydroxides (LDHs). Their chemical formula is [M2+

(1-x) M3+
x (OH)2 

]q+ (An- ) q/n·yH2O, usual Z equal with 2 or 1 and MII and MIII are 
divalent and trivalent cations [4, 5]. In order to compensating of 
positive charge at interlayer anion (An-) is used and x is molar 
ratio M(III)/M(III)+M(II). They have the octahedral MO6  layers,  
which are alike to the metal hydroxides [6-8]. Here in, we 
synthesis carbon nano tube based LDH (CNT/NiCr-LDH) by the 
co-precipitation method and thoroughly characterized via X-ray 
diffraction (XRD).  Then CNT/NiCr-LDH used as an improvably 
electrocatalyst for oxygen generation.  Via the use of CNT at 
synthesis of composite CNT/NiCr-LDH, we can conclude that 
doping CNT in to NiCr-LDH ignificantly increased their 
electrochemical activity due to high crystallity at CNT/NiCr-LDH 
incompared to NiCr-LDHs. 

Experimental Section  
The CNT-COOH with the negative charge was synthesized using 
the procedures described by Salzmann. Preparation of NiCr-
LDH/CNTs. Firstly, 0, 0.003g of the CNT-COOH and 70 mL of 
water were sonicated under the ultrasound irradiation for 20 
min. Then, 150 mL of the mixed aqueous solution containing 75 
mL of 0.3 mol/L (Ni(CO3)2.6H2O and 75 mL of 0.1 mol/L 
Cr(CO3)3.9H2O was added dropwise to the above CNT-COOH 
containing aqueous solution, and the pH of the obtained mixture 
was adjusted to 10.0. After being ultrasonicated at 60 ⁰C for 2 h, 
the mixture was centrifuged and twice washed with deionized 
water, and the obtained nanocomposites were denoted as NiCr-
LDH, and NiCr-LDH/CNT-0.003,  respectively.  

Results and Discussion 
  The XRD patterns of NiCr-LDH, CNT and CNT/NiCr-LDH (Fig.1 (a, 
c)) show the hydrotalcite-like distinctive structures [2]. The 
peaks of (003), (006), (101), (015), (110) and (113) have R3̅m 
symmetry and hexagonal lattice structure [7]. The basal spacing 
(d003) of the LDH was calculated to be 0.803, and 0.764 nm at 2θ 
= 11.5° that show intercalation of CO3

2- anions into the layer 
galleries. The basal spacing (d) obtained from Braggs law, nλ = 
2dsin(θ) where n=1, λ is the wavelength of the incident light, and 
θ is the angle of incidence [8]. This show that in all two sample 
CO3

2- ion intercalated into layers galleries between LDHs. Also, 
due to doping little amount of CNT, the peak of CNT can not seen 
at Fig.1(c).  
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Fig. 1: XRD spectra of (a) NiCr-LDH, (b) CNT and (c) CNT/NiCr-
LDH 

Figure 2 shows the linear sweep voltammetry (LSV) curves. As 
show at Fig. 2 (a) bare electrode shows very poor OER activity 
with the need of large overpotential of 311mV to drive 7 mAcm-

2. NiCr-LDH exhibits excellent activity and only demands 
overpotential of 81 mV to approach the same current density. 
RuO is also active for OER but with the need of overpotential of 
236 mV for 7 mAcm-2. In sharp contrast, CNT/NiCr-LDH shows 
much superior OER activity over NiCr-LDH and only demands 
much smaller overpotentials of 11mV to afford geometrical 
catalytic current densities of 7 mAcm-2. As show at Fig. 2 the 
CNT/NiCr-LDH in compared to NiCr-LDH, RuO, provided the 
earliest onset potential. The onset potential of CNT/NiCr-LDH is 
about 0.98 V and indicating the start of water oxidation. Despite 
the similar OER overpotentials of the three catalysts, the 
CNT/NiCr-LDH can attain the highest current density at the same 
applied potential. This result underscores the importance of 
assembling catalytically active materials at the molecular level in 
designing high performing electrochemical catalysts. 
 

 

Fig.2: Linear sweep voltammetric tests at OER in the 

neutral solution 

 Conclusions 
In summary, the CNT/NiCr-LDH which synthesis by co-
precipitation method is applied as a new low-overpotential 
catalyst for efficiently electro chemical water oxidation at 
neutral solutions. Electrochemical measurements have 
demonstrated their excellent performance as OER 
electrocatalysts in neutral media. Linear sweep voltammetry 
measurements show that the CNT/NiCr-LDH exhibited high-

performance catalytic activity for electrochemical water 
oxidation in neutral solution, which are superior or comparable 
to those of NiCr-LDH and RuO in terms of the onset potential.  
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Abstract: The nanoparticles of Mg-Fe-AT layered double hydroxide (LDH) were prepared with Mg/Fe molar ratio 
of 2:1 by a hydrothermal process and co-precipitation method at pH 10. Powder X-ray diffraction (XRD), Fourier 
transform infrared spectra (FT-IR), demonstrate preparation nanocomposite. According to the results obtained 
from XRD, the atorvastatin anion was intercalated between the LDH layers. 

Keywords: LDH; Mg-Fe-AT; XRD. 

Introduction 
Layered double hydroxides( LDHs) are another group of 
promissing inorganic materials as host compounds1. 
These materials represented by general formula [MII

(1-x) 

MIII
x (OH)2][ Ax/n

n-].mH2O, where MII and MIII are di- and tri-
valent metal cations respectively. An- denotes organic or 
inorganic anion with negative charge n and x is defined as 
the MIII/(MII+MIII) ratio[1,2]. Owing to the intercalation 
property of LDHs, many LDH compounds with intercalated 
beneficial organic anions, such as DNA, amino acid    
pesticide, plant growth regulators and drugs have been 
prepared. In addition, LDHs is biocompatible and has 
already found in pharmaceutical applications, such as 
nonviral vectors for delivery of antisense 
oligonucleotides, drug stabilizer, a component of 
anticancer drug in cancer treatment, and for the therapy 
of digestive disorders[3-5]. 
 Because the release of drugs in drug-intercalated layered 
materials is potentially controllable, these new materials 
have a great potential as a delivery host in the 
pharmaceutical field.  

Experimental Section  
Synthesis of Mg-Fe-AT  

    A mixed solution of Mg(NO3)2.6H2O and Fe(NO3)2.6H2O 
with Mg2+/ Fe2+ ratio of 2 by dissolving in distilled   water 
and methanol, 0.1 g of ammonium mono vanadate was 
added to the upper solution and the pH of the solution 
was adjusted to 10 by 0.5 M NaOH. 

The resulting suspension was aged at 180 °C for 24h. The 
mixture was centrifuged at a speed of 1300 rpm for 20 
min and  the solid washed thoroughly with deionised 
water and dried at 70 °C in the oven for 24 h. 

Results and Discussion 
In the FT-IR spectra, an intense and broad adsorption 
band located at 3444 cm-1 were observed, which was 
attributed to the OH stretching due to the presence of 
hydroxyl groups and interlayer water molecule of LDH. In 
comparision to normal liquid water, the band has shifted 
towards lower wave numbers by about 20 cm-1, indicating 

that this water is present in the LDH interlayer, where it 
has sort of hydrogen bond type interaction with other 
anions. It is well known that very weak band (1350-1360 
cm-1) enables us to assume that the prepared samples are 
carbonate free. In the low frequency region, the 
adsorption peaks correspond to the lattice vibration 
modes (Fe-O, Mg-O, Mg-O-Fe) (Fig. 1). 

 
Fig.1: FT-IR spectra of Mg-Fe-AT-LDH 

The XRD pattern for Mg-Fe-AT-LDH consists of sharp 
peaks at 2θ values of 3° for X-ray diffraction from crystal 
plates 003 (Figure 2). The sharpness of the peaks indicates 
the high crystalline properties of this LDH. The average 
particle thickness along the C axis in the sample was 
recorded using the Debye-Scherrer equation and the 
information obtained from the X-ray diffraction pattern 
and β' = 0.738 equal to 10.23 nm. Increasing the distance 
between the LDH layers is related to the placement of 
atorvastatin anion. 

 

2 θ(degree) 

Fig.2: The XRD pattern of Mg-Fe-AT-LDH 
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Conclusions 
Mg-Fe-AT-LDH with Mg/Fe molar ratio of 2 was synthesis 
by the co-precipitation method at hydrothermal 
conditions. The prepared nanocomposite was 
characterized by XRD and FT-IR. The XRD patterns 
demonstrate results similar to reference patterns. The 
analysis shows that the 003 peak gives basal distance 4.58 
Å and the estimation of the particle size by using the 
Debye-Scherrer equation and the width of the d003 peak 
is 10.23 nm. In the FT-IR spectra, an intense and broad 
adsorption band located at 3446 cm-1 was attributed to 
the OH stretching of hydroxyl groups and interlayer water 
molecule. The atorvastatin anion was intercalated 
between the LDH layers. 
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Abstract: The aim of this study is to extract naringin from the grapefruit using water as the solvent during the 
extraction process. The optimal parameters, including time, pH, and sample-to-solvent ratio, were determined 
using Design-Expert (DOE) software. The temperature was maintained constant at 55 ℃. The concentration of 
the samples was determined through spectrophotometric analysis. The ANOVA model for the water solvent 
showed a correlation coefficient of 0.9646 at a %95 confidence level. 
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Introduction 
The citrus industry is a significant part of the food industry 
and has a vast variety of products. Grapefruit is a fruit with 
a sour and somewhat bitter taste that is used in the food 
industry[1].Grapefruit juice contains flavonoids, 
secondary metabolites of plant polyphenols with 
pigments, and antibacterial properties that may be found 
in a variety of plants and vegetables[1].The most 
abundant flavonoids in grapefruit juice are Naringin, 
narirotin, quercetin, and naringenin [2]. Naringin is the 
main component of grapefruit juice, which gives it a bitter 
taste and has many health benefits due to its antioxidant, 
anti-inflammatory, and anti-cancer effects [3].The solvent 
extraction method is the most common method for 
extracting flavonoids due to low equipment cost, wide 
extraction range, and simple operation [4]. Ultrasonic 
waves can increase solvent penetration, molecular 
movement speed, and the frequency of extracted 
chemical components which improve the extraction 
speed of these components [5]. The goals of this research 
are to use the ultrasonic wave method, liquid-liquid 
extraction, and experimental design to optimize the 
effective factors in extracting the Naringin drug from 
grapefruit juice in water solvent. The optimized effective 
parameters were time, sample-to-solvent ratio, pH, and 
the amount of naringin extraction in water solvent was 
calculated. Spectrophotometric analysis was used to 
measure the concentration of naringin in the grapefruit 
juice in the extraction test. 

Experimental Section  
Primary substance: Fresh, ripe, and contamination-free 
grapefruit was obtained from the market of Jiroft City, 
Iran. The grapefruit was thoroughly washed with 
deionized water to remove any dust from the grapefruit. 
It was placed in the oven for 10 min at a temperature of 

50 ℃, and the drops on the grapefruit were completely 
dried. 

Chemicals: Naringin powder with purity >98% (Sigma 
Aldrich, Germany), 37% hydrochloric acid (Merck, 
Germany), and buffer solution (pH=2,4,6,8,10, Merck, 
Germany) were prepared. 

Preparation of grapefruit extract: Grapefruit peels are 
separated from their pulp. 100 grams of grapefruit pulp is 
weighed with a scale and poured into a clean mortar. 
Then 330 ml of distilled water is poured into the beaker 
and its pH is adjusted to 4 with hydrochloric acid and 
adjusted using a pH meter. The pulp is then beaten with a 
mortar and mixed until a uniform solution is created. The 
obtained solution is poured into the beaker and exposed 
to 40 kHz ultrasonic waves for 60 min at a temperature of 
55℃ using an ultrasonic extraction tool at a power of 
200w. Afterward, the obtained solution is poured from a 
plastic bottle to a black plastic bottle using a funnel and 
filter paper and is placed in the freezer at -10 ℃ until it 
froze [6] . 

Naringin extraction method: The sample that was placed 
in the freezer was taken out to turn from the frozen state 
into a liquid. 10 ml of distilled water solvent is transferred 
into the beaker with the help of a pipette based on the 
design of the experiment, and then the sample is added 
to this 10 ml of solvent based on the ratio determined in 
each experiment. Water is added and the pH parameter is 
adjusted by adding the desired buffer solution to the 
beaker and checking with pH paper so that the pH is 
adjusted correctly. The beaker is placed on the shaker and 
a magnet is added inside the beaker to mix the solvent 
and the sample. The time parameter is considered in each 
experiment. The suitable temperature for experiments is 
55℃ and constant. After the end of the set time in each 
test, the solution in the beaker is passed through crepe 
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filter paper and poured into the falcon. Then 2 µL of 
Naringin solution with a concentration of 0.170 g/L is 
added to it with a micropipette device and poured into 
the Falcon Tube. It is placed in the refrigerator. 

Experiment design: The response surface method (RSM) 
was used to optimize the factors involved in the 
extraction of naringin from grapefruit juice. A central 
composite design was performed with three independent 
variables: pH, time, and sample-to-solvent ratio. The 
range of these variables was determined using 
preliminary tests using (RSM) and coded in five levels (-2, 
-1, 0, +1, +2). This test design had a total of 20 test points 
for the water solvent, including five central points. 
Design-Expert software was used to design and analyze 
experiments using (ANOVA) [7]. After the experiments, 
the effective parameters were optimized. The statistical 
significance of the model was evaluated using analysis of 
variance at a significance level of P=0.05,. 

Results and Discussion 
Preparation of standard concentrations of Naringin: 
Standard concentrations of Naringin were made using 
Naringin powder in concentrations of (10, 30, 50, 70, 100, 
and 200) mg/L and spectrophotometric analysis was 
performed. The standard curve of Naringin was drawn 
with a linear model Y = 0.0153 + 0.7045 and correlation 
coefficient R2 = 0.9945. To determine the amount of 
naringin in grapefruit extract, a naringin solution with a 
concentration of 0.170 g/L was made for each test, and in 
each one, 2 µL of naringin solution was added to the 
sample and poured into the desired cell and placed in the 
spectrophotometer. The absorption rate of Naringin, 
whose absorption range is 275 nm, the absorption 
number obtained in each experiment was put into the line 
equation of the standard curves of Naringin and the 
concentration of Naringin is calculated. For pH parameter 
(2,4,6,8,10), time parameter (30,40,50,60,70) min, 
sample to solvent ratio parameter) (0.08, 0.12, 0.16, 0.20, 
0.24) was entered in the experiment design. To calculate 
the extraction percentage (%R) in each test, we divide the 
amount of naringin gelatin in the sample (C) by the total 
concentration of naringin in the pure sample (Ct), and 
then it is multiplied by 100. Equation (1). 

%𝑅 =
𝐶

𝐶𝑡
× 100     (1) 

Analysis of variance (ANOVA): The analysis of variance 
analysis for absorption capacity and extraction efficiency 
of Narincheban was done by taking into account the 
parameters of time, sample-to-solvent ratio, pH, and type 
of solvent (Table 1). P-values were calculated to 
determine the importance and influence of parameters. 
P-values less than 0.05 show that the factors are essential 
for extraction efficiency, while values higher than 0.05 
indicate that parameters are effective in extraction 

efficiency. P-values for each model were calculated in 
Table (1). For the water solvent, the interaction of pH and 
time (BC) and (B2) is more than 0.05, which indicates a 
lower effect on the extraction efficiency, and the P-values 
of the rest of the factors were less than 0.05, which shows 
their importance and impact. The F-values for the water 
solvent were determined to be 30.28, which indicated the 
significance of the models. 

Table 1: ANOVA results in extracting naringin from water 
solvent 

Optimization of three-dimensional diagrams and 
interaction of parameters in the extraction of Naringin: 
Three-dimensional surface plots provide useful 
information about the behavior of the experimental 
design system and help to evaluate the effects of 
independent variables on extraction efficiency. The 
response surface (RSM) determined the optimal 
operating conditions for the maximum extraction 
efficiency of naringin in water solvent. After optimizing 
the extraction parameters in the water solvent, in Figure 
1(a), with the pH parameter fixed at the middle point of 
6.92 and the parameter of the ratio of sample to solvent 
and time being placed at the middle points of 6 and 50, 
respectively, the extraction efficiency reached a 
maximum of %54.09. percent. In Figure 1(b), the time 
parameter is at the middle point of 40, and with the 
increase of the sample-to-solvent ratio parameter and the 

                          water solvent 

Source Sum of 
Squares 

df Mean 
Square 

F-value p-value 

Model 1185.39 9 131.71 30.28 < 0.0001 

A-Ratio 32.75 1 32.75 7.53 0.0207 

B-Time 29.24 1 29.24 6.72 0.0268 

C-pH 33.96 1 33.96 7.81 0.0190 

AB 28.54 1 28.54 6.56 0.0283 

AC 55.07 1 55.07 12.66 0.0052 

BC 5.07 1 5.07 1.17 0.3055 

A² 127.30 1 127.30 29.27 0.0003 

B² 0.4832 1 0.4832 0.1111 0.7458 

C² 695.94 1 695.94 160.02 < 0.0001 

Residual 43.49 10 4.35 
  

Lack of 
Fit 

12.29 5 2.46 0.3941 0.8351 

Pure 
Error 

31.20 5 6.24 
  

Cor Total 1228.88 19 
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decrease in pH, the extraction efficiency decreases. In 
Figure 1(c), the sample-to-solvent ratio parameter is at 
the middle point of 2, and when the time parameter is at 
the initial point and with the increase of the pH parameter 
to the middle point of 6-8, the extraction efficiency 
increases and reaches the maximum level. 

 

 

 
Fig 1: Optimization of extraction parameters and 3D diagram 
by fixing the parameters at the middle point for water solvent 

(a,b,c) 

Optimization of extraction parameters: To achieve the 
maximum efficiency of naringin extraction in a water 
solvent, the effects of pH, time, and sample-to-solvent 
ratio were calculated and analyzed using the central 
composite design (CCD). The optimal values for the water 
solvent include pH = 6.92 and time 40 min, and a ratio of 
sample to solvent of 0.20. In this condition, the extraction 
efficiency of naringin was %54.09 and the amount of 
naringin extraction was 20.71 mg/L. 
 
Conclusions 
Grapefruit juice contains a valuable medicinal substance 
with anti-inflammatory properties such as naringin. The 
response level method was used to analyze the factors 
and their interaction. Three parameters (time, pH, and 
sample-to-solvent ratio) had a significant effect on the 

extraction efficiency of naringin. According to DOE, pH 
had a greater effect on extraction efficiency compared to 
sample-to-solvent ratio and time. The yield of naringin 
extraction increased with less time and neutral pH values. 
The mathematical model showed a correlation of more 
than 0.96 which proves that a quadratic polynomial model 
can be used to optimize the extraction of naringin from 
grapefruit juice. The best conditions for obtaining the 
highest efficiency and maximum extraction of Naringin in 
the water solvent, temperature 55 °C, and a ratio of 
sample to solvent 0.20 time 40 min and pH = 6.92, 20.71 
mg/L were determined. 
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Abstract: Dopamine is a stimulant drug belonging to monoamines and is commonly used in medical science. In 
this study, dopamine was extracted from purslane plant seeds using a 1:1 mixture of water and ethanol solvent 
through a solid-liquid method using ultrasound waves. The parameters that played a significant role in the 
extraction process, such as temperature, time, sample-to-solvent ratio, pH, and solid-to-liquid ratio, were fed 
into Design-Expert software. The results were analyzed using UV-visible and HPLC techniques. The pH parameter 
had a more substantial impact on dopamine extraction than the other parameters of time, temperature, and 
solid-to-liquid ratio. The extraction of dopamine declined with the increase of time and temperature and 
increased with the increase of the solid-to-liquid ratio. The extraction process is complete in the initial times, 
and for the pH parameter, the extraction is closer to the neutral environment. After conducting experiments, it 
was found that the highest amount of dopamine extraction from purslane seeds was obtained with the solvent 
combination of 2.14 mg/g water and ethanol under the conditions (pH=6, time 30 min, temperature 25 ℃, solid 
to liquid ratio 300 mg/10 ml). The model obtained by ANOVA had a correlation coefficient of R2=0.9887, 
indicating that the desired model accurately and appropriately represented the experimental data. 

Keywords: Purslane Seed; Solid-Liquid Extraction; Ultrasound Waves; Dopamine 

Introduction 
The purslane plant is a widely used medicinal plant with 
numerous benefits, such as anti-diabetic, anti-
inflammatory, and antioxidant properties [1]. The plant's 
seeds also contain medicinal substances, including 
dopamine, a neurotransmitter commonly known as the 
Happy Hormone (Figure 1) [3]. It is widely used in the 
pharmaceutical and medical industries [2]. Using a non-
toxic and environmentally friendly solvent is crucial for 
extracting dopamine from purslane seeds [4]. The 
objective of this research is to use the solid-liquid 
extraction method and ultrasound waves to design an 
experiment to investigate the effective factors in 
extracting dopamine from purslane seeds. The solvent 
used in this experiment is a combination of water and 
ethanol. The temperature, time, pH, and solid-to-liquid 
ratio were the effective parameters tested to determine 
the maximum amount of dopamine extraction from 
purslane seeds. UV-visible and HPLC analyses were 
conducted to measure the concentration of dopamine in 
the extraction test. This research aims to develop a 
method for extracting dopamine from purslane seeds in 
an efficient and eco-friendly manner. 

 

 

Experimental Section  
Materials and Methods:The Purslane seeds and deionized 
water were obtained from the local market in Rasht, Iran. 
The Dopamine hydrochloride powder with purity >98% 
was obtained from Sigma Aldrich Company and buffer 
solutions (2, 4, 6, 8, 10), hydrochloric acid %37, and 
ethanol %96 were obtained from Merck, Germany. 

Dopamine Preparation And Extraction:The purslane seeds 
are cleaned using deionized water and then dried in an 
oven at 60°C for eight hours. Once they are fully dry, they 
are pounded into a powder using a mortar and pestle. The 
solid-to-liquid ratio for each test is measured using a scale 
and mixed with a solution of 10 cc of water and ethanol in 
a 1:1 ratio. The pH level of the solution is adjusted to 5 
using pH paper and %37 hydrochloric acid. The desired 
amount of the purslane seed powder is then added to the 
solution. Next, the mixture is exposed to 40 KHz ultrasonic 
waves using an ultrasonic device at 200 w of power for a 
set amount of time and temperature, depending on the 
test. After the specified time, the solution is removed 
from the ultrasonic device, and the pH level is adjusted 
again using a buffer solution and pH paper. The solution 
is then poured into a centrifuge tube and spun for eight 
minutes at 3000 rpm. The solution isthen filtered using 
0.45 µm filter paper and a glass funnel. 1 cc of the filtered 
solution is mixed with 10 cc of %96 ethanol in a 
FalconTube.Finally,0.2µL of dopaminehydrochloride 
solution with a concentration of 2.3 g/L is added to the 
Falcon Tube using a micropipette. The dopamine Fig 1. The rod structure of dopamine (C8H11NO2). 
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concentration is then measured and calculated using 
spectrophotometric analysis for each experiment [5]. 

 Results and Discussion 

Choosing The Right Solvent For Dopamine Extraction: The 
combination of aqueous and organic solvents is a suitable 
method for extracting biological compounds as it’s 
efficient and environmentally friendly. For this 
experiment, various parameters such as temperature 
(15℃, 20℃, 25℃, 30℃, 35℃), time (10, 20, 30, 40, 50 
min), pH levels (2, 4, 6, 8, 10), and solid-to-liquid ratios 
(100, 200, 300, 400, 500 mg/10mL) were taken into 
consideration. The yield of dopamine extraction (Yield) 
was calculated by multiplying the initial amount of 
dopamine in the sample (C1) by the volume of diluted 
purslane solution (V1) and dividing it by the initial mass of 
purslane seeds (m1) [5] (1). 𝑌𝑖𝑒𝑙𝑑 = (𝐶1×𝑉1) /𝑚1       (1)  

The obtained experimental model has a significant P-
value, and the P-value related to Lack of fit is also not 
significant. All the parameters and the interaction of the 
parameters are significant, and they have been entered 
into the equation of the surface procedure. Only 
parameter A, interaction AB, and BD are not significant, 
and they have not been included in the level procedure 
equation (2). The developed model has a correlation 
coefficient of R2=0.9887 which is obtained through 
ANOVA. 

Yield=+2/11-0/0075A-0/0575B+0/0667C+0/0167D-0/0087AB-
0/0162AC+0/0413AD+0/0963BC-0/0112BD-0/0187CD-
0/0331A2-0/0456B2-0/1719C2-0/0169D2                               (2)                

Dopamine levels were analyzed using a Shimadzu LC 20A 
high-performance liquid chromatograph equipped with a 
SHISEIDO C18 MG column. The eluent used for isocratic 
elution was a mixture of potassium dihydrogen phosphate 
buffer solution and methanol in a 90:10 ratio. The 
injection volume was 10.0 μL, the eluent flow rate was 0.5 
mL/min, and the column temperature was maintained at 
30°C. Fluorescence detection was performed with 
excitation at 280 nm and emission at 330 nm. To prepare 
the dopamine stock solution, 2.04 mg of dopamine 
standard was dissolved in 1.0 mL of %35 methanol (Figure 
2) [5]. 

 
 
 
 
 
 
          
Fig 2. The chromatogram of dopamine extracted from purslane 
seeds at the highest efficiency of dopamine extraction (B). 
Conclusions 

The combination of solid-liquid extraction and ultrasonic 
waves in a solvent of water and ethanol proved to be an 
effective method for extracting dopamine from purslane 
seeds. As shown by the high correlation of the 
mathematical model, a polynomial model can be used to 
calculate the important factors involved in the extraction 
process. Thus, the Response Surface Method based on 
CCD was used to analyze the effective factors and their 
interaction in dopamine extraction. The pH parameter 
was found to be the most crucial factor in achieving the 
highest efficiency in the extraction process. The most 
optimal conditions for dopamine extraction were 
calculated to be 2.14 mg/g at pH 6, 30 min, 25 ℃ 
temperature, and a solid-to-liquid ratio of 300 mg/10 ml. 
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Abstract: Naringin is a significant drug in the synthesis of some medicines and is known for its anti-cancer 
properties. In this study, Naringin was extracted from banana peels using a combination of water and ethanol 
solvent in a 1:1 ratio using the solid-liquid method and ultrasound waves. The researchers took various 
parameters into account such as temperature, time, ratio of sample to solvent, pH, and ratio of solid to liquid. 
These parameters were entered into Design-Expert software and the results were analyzed using UV-Visible and 
HPLC. The pH parameter had the most significant impact on the extraction of dopamine when compared to 
other parameters such as time, temperature, and solid-to-liquid ratio. The extraction efficiency reduced with 
the increase in temperature but increased with the increase in the extraction time and solid-to-liquid ratio. For 
the pH parameter, extraction was more in a very weak acidic condition. After conducting the experiments, the 
highest amount of naringin extraction from banana skin was determined to be 0.78 mg/g using the solvent 
combination of water and ethanol at (pH=6, time 35 min, temperature 30 ℃, solid to liquid ratio 450 mg/10 ml). 
The ANOVA analysis resulted in a correlation coefficient of R2=0.9693, which indicates that the model accurately 
and appropriately represents the experimental data. 

Keywords: banana peel; Naringin drug; solid-liquid extraction 

 

Introduction 
Agricultural waste has become a notable source of 
functional ingredients [1]. As bananas are a commonly 
consumed food crop around the world, banana peels have 
the potential to be used as functional food and medicine 
due to their historical usage [2-3]. Banana peels contain 
phenolic and flavonoid compounds, and antioxidants such 
as catecholamines and naringin [4]. Naringin is known for 
its medicinal properties such as its antioxidant, anti-
inflammatory, and anti-cancer effects [5]. The use of a 
non-toxic and environmentally friendly solvent in the 
extraction of naringin from banana peels is very important 
[6]. In this research, the method of solid-liquid extraction 
and ultrasonic waves were used to investigate the 
effective factors in the extraction of naringin. The solvent 
combination used was water and ethanol. Factors such as 
temperature, time, pH, and solid-liquid ratio were tested 
to determine the maximum amount of naringin extraction 
from banana skin. The concentration of naringin in the 
extraction test was measured using UV-visible and HPLC 
analyses. 

Experimental Section  
Materials and Methods: Banana fruit was obtained from 
the local market (Rasht, Iran) along with deionized water. 
Naringin powder with a purity of >98% from Sigma Aldrich 

Company, buffer solutions (2,4,6,8,10), and %96 ethanol 
from Merck, Germany were also bought for the test. 

Preparation and Extraction of Naringin: The process 
begins by washing the banana peels with deionized water 
and then placing them in a freeze dryer at -80°C for 48 
hours to ensure complete drying. Once dried, the banana 
peels are pounded into a powder using a mortar. 
Afterward, a specific amount of powder based on the 
solid-to-liquid ratio that was achieved in the test design is 
weighed and added to a beaker. Next, 10 cc of water and 
ethanol solvent with a 1:1 ratio is poured into the beaker. 
The pH of the solvent is adjusted using pH paper and 
buffer solution according to the experiment's design. The 
solution is then exposed to ultrasonic waves at 40 KHz for 
20 min at a temperature of 25 °C in an ultrasonic device 
at a power of 200 w. After this, the beaker is placed on a 
stirrer at the specified temperature and time. Then, the 
solution is poured into a centrifuge tube and centrifuged 
for 10 min at 3000 rpm. The solution inside the centrifuge 
tube is then filtered using 0.45 µ filter paper and a glass 
funnel. 1 cc of the filtered solution and 6 µL of Naringin 
solution with a concentration of 0.170g/L are added to 10 
cc of %96 ethanol in a Falcon Tube using a micropipette. 
The concentration of naringin is measured and calculated 
in each test using spectrophotometric analysis [5]. 
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Experiment design:  The Response Surface Method (RSM) 
was used to determine the effective factors in extracting 
naringin from banana peel. A Central Composite Design 
was carried out with four independent variables: Solid to 
Liquid Ratio (A), Time (B), Temperature (C), and pH (D). 
The limits of each variable were determined through 
preliminary RSM tests, and each variable was coded at 
five levels (+2, +1, 0, -1, -2), resulting in a total of 30 test 
points including five central points. The experiments were 
designed and analyzed through ANOVA using Design-
Expert software [3]. Furthermore, the validity of the 
model was evaluated using ANOVA at a significance level 
of P=0.05. 

Results and Discussion 

Choosing The Right Solvent For Extracting Naringin:Using 
a combination of aqueous and organic solvents is highly 
efficient and environmentally friendly in extracting 
biological compounds. In this experiment, we considered 
temperature (30℃, 40℃, 50℃, 60℃, and 70℃), time (15, 
25, 35, 45, and 55 min), pH (2, 4, 6, 8, and 10), and solid-
to-liquid ratio (250, 350, 450, 550, and 650 mg/10mL) as 
variables and entered them in the test design. To 
determine the yield of naringin extraction in each 
experiment, the initial concentration of naringin in the 
sample (C1) was multiplied by the volume of the diluted 
banana peel solution (V1), and then divide the result by 
the initial mass of the banana peel (m1) [5] (1). 

𝑌𝑖𝑒𝑙𝑑 = (𝐶1×𝑉1) /𝑚1        (1)  

While the experimental model obtained has a significant 
P-value, the P-value related to Lack of fit was not 
significant. All the parameters and interaction of the 
parameters are significant and have been included in the 
equation of the surface procedure. However, parameters 
C and A, and their interactions (AC, AD, BC, and CD) are 
not significant and have not been included in the level 
procedure equation (2). The correlation coefficient 
R2=0.9693 was obtained through ANOVA analysis at a %95 
confidence level indicating that the developed model 
accurately matches the data shown in the experimental 
results (Table 1). 

Yield=+0/6950+0/0083A+0/0217B-0/0025C+0/0767D-
0/0162AB+0/0138AC0/0087AD0/0112BC+0/0163BD+0/0063CD
-0/0262A2 -0/0112B2+0/150C2-0/0662D2                (2) 

When considering the interaction of time parameters and 
solid-to-liquid ratio (AB), with pH and temperature 
parameters being in the middle point, the extraction 
efficiency is maximized with increasing time between 35-
55 minutes and increasing solid-to-liquid ratio to 450 
mg/10mL. In the interaction of temperature parameters 
and solid-to-liquid ratio (AC), with time and pH 
parameters being in the middle point, the extraction 

efficiency increases with an increase in temperature 
between 30-40 and an increase in the parameter of solid-
to-liquid ratio to the middle point of 450 mg/10mL. 
Regarding the interaction of pH parameters and solid-to-
liquid ratio (AD), with time and temperature parameters 
being in the middle point, the extraction efficiency 
increases with an increase in pH between 6-8 and an 
increase in the solid-to-liquid ratio of 450mg/10mL. When 
considering the interaction of time and temperature 
parameters (BC), with the placement of pH parameters 
and solid-to-liquid ratio in the middle point, the efficiency 
increases with an increase in time and decreases with an 
increase in temperature. In the interaction of pH and 
temperature (CD) parameters, with the solid-to-liquid 
ratio and time parameters being in the middle point, the 
extraction efficiency increases with an increase in pH and 
decreases with an increase in temperature. Finally, in the 
interaction of time and pH parameters (BD), with the 
placement of temperature parameters and solid-to-liquid 
ratio in the middle point, the extraction efficiency 
increases with an increase in pH to 6-8 and an increase in 
time to 35-45 minutes. 

 

 

 

Fig 1: Interaction of pairs of effective parameters in the 
extraction test (BC, CD, BD, AD, AC, AB). 

 

 

469 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

               Table 1: ANOVA regression model statistics. 

 

The study used a Waters 2695 liquid chromatography 
with a photodiode array detector (Waters 996, 200-400 
nm wavelength range) and an ACE C18 chromatographic 
column (250 mm x 4.6 mm, 5 μm particle size) to separate 
biologically active compounds. The HPLC method 
included gradient elution with 10 μL of each extract 
injected and analyzed at 280 nm. Acetonitrile (A) and 
water (B) were used as eluents at a flow rate of 1 mL/min, 
with a gradient elution profile starting at 10% A and 
reaching %100 A at 30 minutes before returning to 10% A 
at 36 minutes. The column temperature was maintained 
at 25°C, and peaks were identified by comparing UV-vis 
spectra and retention times to reference standards. 
Samples were analyzed twice for accuracy (Figure 2)[5]. 
 

 
Fig 2: Chromatogram of naringin at the highest extraction yield. 

Conclusions 

The combination of solid-liquid extraction and ultrasonic 
waves was found to be an effective method for extracting 
naringin from banana skin in a mixture of water and 
ethanol. The high correlation of the mathematical model 
indicates that a polynomial model can be used to 
calculate the effective factors involved in naringin 
extraction. The Response Surface Method based on CCD 
was used to analyze the effective factors and their 
interaction in the extraction of naringin. The pH 
parameter was found to be the most important factor 
affecting the efficiency of the naringin extraction process. 
The optimal extraction conditions for naringin were found 
to be at a pH of 6, a time of 35 min, a temperature of 30 
℃, and a solid-to-liquid ratio of 450 mg/10 ml, resulting in 
the highest extraction efficiency of 0.78 mg/g. 
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Source 
Sum of 
Squares 

df 
Mean 

Square 
F-

value 
p-value 

Model 0.3180 14 0.0227 33.82 
< 

0.0001 

A-Solid to 
liquid ratio 

0.0017 1 0.0017 2.48 0.1361 

B-Time 0.0113 1 0.0113 16.77 0.0010 

C-
Temperature 

0.0001 1 0.0001 0.2233 0.6433 

D-pH 0.1411 1 0.1411 210.02 
< 

0.0001 

AB 0.0042 1 0.0042 6.29 0.0241 

AC 0.0030 1 0.0030 4.50 0.0509 

AD 0.0012 1 0.0012 1.82 0.1969 

BC 0.0020 1 0.0020 3.01 0.1030 

BD 0.0042 1 0.0042 6.29 0.0241 

CD 0.0006 1 0.0006 0.9305 0.3500 

A² 0.0189 1 0.0189 28.14 
< 

0.0001 

B² 0.0035 1 0.0035 5.17 0.0381 

C² 0.0062 1 0.0062 9.19 0.0084 

D² 0.1204 1 0.1204 179.23 
< 

0.0001 

Residual 0.0101 15 0.0007   

Lack of Fit 0.0087 10 0.0009 3.23 0.1037 

Pure Error 0.0013 5 0.0003   

Cor Total 0.3281 29    

R2 0.9693     

Adjusted R2 0.9406     

Predicted R2 0.8409     
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Abstract: An efficient, economical, and sustainable protocol for synthesizing 4-aryl-4,4a-dihydro-1H-indeno[1,2-
d]pyrimidine-2,5(3H,9bH) dion has been developed. The functionalized MWCNT successfully catalysed the 
synthesis of targeted molecules with high efficiency, selectivity, and large cycle numbers. Reusability of the 
catalysts up to seven times was achieved without noticeable activity loss. Moreover, in the presence of this 
catalyst, desired products synthesized with excellent yields and short reaction times. 
Keywords: Heterogeneous catalysis, Multi-Wall Carbon Nano Tube, Valuable, Heterocycles.  

Introduction 
Among the applied branches of organic chemistry, 
nitrogen-based heterocyclic chemistry is undoubtedly 
one of the most significant areas in developing new 
molecules and composites. This popularity has been 
crowned in the last two decades by numerous studies and 
finding abundant applications in the chemical sciences 
[1,2].  Considering the importance of synthesizing this 
group of compounds, finding the optimal catalysts to 
increase the efficiency and speed of these reactions is one 
of the most important topics discussed in this field. One 
of the topics of interest today is the application of cyclic 
complexes with N-Donor Ligands in the synthesis 
analogues of nitrogen-based heterocycles of various 
organic compounds [3,4]. Carbon nanotubes (CNTs) have 
recently attracted extensive attention in various fields 
because of their unique structure, excellent electrical 
properties, and robust mechanical strength. The unique 
physical properties of CNTs, such as large surface areas, 
excellent electrical properties, poor chemical properties, 
and high oxidation stability, make them promising 
supporting data for heterogeneous catalysis [5-6]. 
This study activated the functionalized carbon nanotube 
to form a polydentate ring ligand with the piperazine-1,4-
diethylamine ligand. The synthesized Nano catalyst was 
successfully identified and showed excellent efficiency, 
easy separation, and favourable stability in the intended 
reactions. Considering the valuable efficiency of the 
catalyst, this Nano catalyst can be recommended for 
coupling reactions such as C-C and C-N. 
 
Experimental Section 
Preparation of Nano Catalyst and dihydroprymidinones 
 First, 2 g of functionalized Multi-Walled Carbon Nano 
Tubes (MWCNT-COOH) 1 was ultrasound dispersed in 60 
mL of dimethylformamide (DMF). Next, 250 mg of 1,1-
Carbonyldiimidazole (CDI) 2 was added to this solution 

and stirred at 50 °C for 45 min. Finally, 200 mg of 
piperazine-1,4-diethylamine ligand was added and stirred 
at 50 °C for 24 h. A centrifuge separated the sediment, 
repeatedly washed it with ethanol, and dried it in an oven 
at 70 °C. In the next stage, in round bottom flask, synthetic 
Nano catalyst (MWCNTs@COpiperazine-1,4-
diethylamine (5mg), Indan-1,3-dione (1mmol), urea 
(1mmol) and 4-Clbenzaldehyd(1mmol) were poured and 
stirred for 15 min. After compilation of the reaction which 
confirmed by TLC, desired product (4b) (Scheme 1), 
separated from catalyst through washing with CH2Cl2(6 
mL) and recrystallized by using C2H5OH (5 mL).  

Results and Discussion 
The structur of funtionalized MWCNTs was characterized 
by using various analytical techniques such as; FT-IR, 
SEM, XRD and etc. All of analyses data confirmed 
formation of desired catalyst. Some of this analyses were 
shown in Figuers (1,2). 
 

 

 

Fig.1: FT-IR analyses of MWCNT-CO2H(A) and functionalized 
MWCNT(B) 

 
The FT-IR spectrum of functionalized MWCNT-COOH(A) 
attributed asymmetrical stretching vibrations at 3400-
3600 cm-1 (OH) and 1708 cm-1 (C=O) stretching of the 
COOH groups. (Fig. 1A). Also, the FT-IR spectrum of 
MWCNT-CO-ligand exhibits several signals originating 
from amino ethyl groups related to the ethyl’s C–H 
stretching modes. These signals appear in the area of 
2850–2950 cm-1. In curve B, the peak at 1660 cm-1 is 
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attributed to the carbonyl stretching of the amide groups 
(–CONH–). The doublet board peak at 3000-3400 cm-1 
corresponds to the amine group (Fig. 1B).  

 

Fig.2: The SEM analyses of synthetic functionalized MWCNTs. 

The morphology and surface structure of functionalized 
Multi-Wall Carbon Nano Tubes (MWCNTs@COpiperazine-
1,4-diethylamine)  and investigated by SEM technique 
(Fig. 2). SEM images show the tubular surface of 
functionalized Multi-Wall Carbon Nano Tubes  

 

Fig.3: The DSC-TGA analyses of synthetic functionalized 
MWCNTs. 

The TGA curves representing the changes in the mass of 
the samples depending on the temperature are shown in 
Fig. 3. Weight loss up to 250 °C is due to the removal of 
adsorbed water in the catalyst structure.The catalysis 
activity of the synthesized MWCNTs@COpiperazine-1,4-
diethylamine  catalyst in the synthesis of 4-aryl-4,4a-
dihydro-1H-indeno[1,2-d]pyrimidine-2,5(3H,9bH) dion 
heterocycles were investigated under solvent-free 
conditions (Scheme 1). The results of this investigating 
represented in Table 1.  

 

Scheme 1. 

Table1: Synthesis of some of the heterocycles in the 
presence of MWCNTs catalyst under r.t. conditions  

Substrate (2) 
Products 

Time 
(min.) 

Yield (%) 

benzaldehyde 4a 20 94 

4-Clbenzaldehyde 4b 15 96 

4-NO2 benzaldehyde 4c 8 98 

4-OMe benzaldehyde 4d 27 91 

Conclusions 
In this research, synthetic modification reaction of 
functionalized Multi-Wall Carbon Nano Tubes (MWCNT) 
with piperazine-1,4-diethylamine paper investigated and 
its structrure fully characterized and confirmed by FT-IR, 
SEM, TG and XRD analyses techniques. Finally, catalytic 
activation of synthetic catalyst surveyed in heterocycles 
synthetic reaction. By using of this nano catalyst desired 
producte were obtained in excellent yiel and short 
reaction times. 
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Abstract: Examining CO2 hydrogenation on g-C3N4 with a Mn single-atom catalyst via DFT-D2 calculations, two 
mechanisms (Route A and B) are proposed, including N atom participation. Route B (Ea=1.06 eV) outperforms 
Route A (Ea=1.55 eV) in CO2 hydrogenation, with N atom involvement aiding the reaction. The study provides 
guidance for designing g-C3N4-based catalysts for CO2 reduction and environmental improvement. 

Keywords: g-C3N4; DFT; hydrogenation 

 

Introduction 
Greenhouse gas emissions, notably CO2, contribute to 
global warming, prompting initiatives for climate change 
mitigation through CO2 removal. Traditional methods 
such as carbon capture and storage (CCS) face limitations, 
leading to the emergence of carbon capture and 
utilization technology (CCU) [1, 2]. This study 
concentrates on the Mn/g-C3N4 single-atom catalyst for 
CO2 reduction to formic acid via DFT calculations. It 
assesses the performance of Cr/g-C3N4 and provides 
insights into transforming CO2 into valuable fuels. 

Computational methods  

The research employed spin-polarized DFT calculations 
with the DMol3 [3] module, incorporating the PBE 
functional for exchange and correlation energies within 
the generalized gradient approximation. Dispersion 
interactions were corrected using the DFT-D2 method. 
Simulations utilized a 2×2 g-C3N4 supercell with a 5×5×1 
Monkhorst-Pack k-point mesh. Transition state locations 
were identified through LST/QST methods [4], confirmed 
by frequency calculations. Calculations included 
determining metal atom binding energy (Eb) on g-C3N4, 
adsorption energy (Eads), and activation energy (Ea) for 
each step. 

Results and Discussion 
1) Adsorption of CO2 and H2 on the Mn/g-C3N4  
The main emphasis is on CO2 hydrogenation on the Mn/g-
C3N4 surface, exploring stable adsorption sites for CO2 and 
H2. Calculations included determining adsorption 
energies and Hirshfeld charges for individual H2, CO2, and 
co-adsorbed molecules. The results indicate a slight 
stability of CO2 and H2 adsorbed on the Mn/g-C3N4. 
Notably, co-adsorption energies on Mn/g-C3N4 
outperform those of the preceding two modes, forming 

the basis for a more in-depth evaluation of CO2 
hydrogenation into formic acid. 

Table1: Adsorption energy (Eads (eV)) and Hirshfeld charge of 
H2 and CO2 onto Mn/g-C3N4 

Surface Adsorbate Eads (eV) charge 

Mn/g-C3N4 

H2 -0.25 0.054 

CO2 -0.37 0.109 

H2 + CO2 -0.53 0.034 

2) CO2 hydrogenation onto Mn/g-C3N4 and  without 
nitrogen participation (Route A) and with nitrogen 
participation (Route B) 

The research investigates CO2 hydrogenation to formic 
acid by co-adsorbing CO2 and H2 in two pathways on 
Mn/g-C3N4: (A) without and (B) with nitrogen atom 
participation. The emphasis is on the formate 
intermediate. In route A, Fig. 1 illustrates optimized 
structures (the initial state (IS), intermediate (IM), 
transition states (TS) and final state (FS)). H2 bond length 
increases, resulting in a non-stable formate (HCOO*) 
intermediate in TS1, featuring an energy barrier of 1.55 
eV and an imaginary frequency of 1041.22 cm-1. 
Subsequently, the second hydrogen atom binds to the 
formate's oxygen, creating HCOOH on Mn/g-C3N4. HCOOH 
release from the substrate demands approximately 0.29 
eV, designating formate intermediate formation as the 
rate-determining step with an energy barrier of 1.31 eV. 

The study examines CO2 hydrogenation on Mn/g-C3N4, 
illustrated in Fig. 2 (Route B). Initially, the H2 bond length 
increases, with one H atom moving towards the nearest N 
and the other approaching Mn. TS1 forms, featuring a 
barrier energy of 1.01 eV and imaginary frequency of –
948.21 cm-1. TS1 transitions to IM1, fully splitting H2. 
Subsequently, CO2 approaches the hydrogen atom 
bonded to Mn from the carbon side (TS2), with a barrier 
energy of 0.18 eV and imaginary frequency of –570.73 cm-
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1. TS2 converts to IM2, forming a formate intermediate on 
Mn. The hydrogen atom on N approaches the oxygen 
atom of HCOO* (TS3), with a barrier energy of 1.06 eV and 
imaginary frequency of –110.46 cm-1. Finally, formic acid 
is formed on Mn/g-C3N4, requiring –0.31 eV for release 
from the substrate. 

 

   

   

Fig.1: Schematic reaction path of CO2 hydrogenation to 
formic acid that shows IS, TSs, IM, and FS geometries for 

Cr/g-C3N4 surface through co-adsorbed CO2 and H2 
molecules (Route A) 

 

 

   

   

 

Fig.2: Schematic reaction path of CO2 hydrogenation to 
formic acid through co-adsorbed CO2 and H2 gases in 

presence of substrate nitrogen, which shows initial state, 
transition states and final state geometry on Cr/g-C3N4 

surface. (Route B) 

Conclusions 
This study explores CO2 conversion to formic acid on 
Mn/g-C3N4 surfaces using DFT calculations. Two 
mechanisms (Routes A and B) involve CO2 and H2 
reactions, with and without N atom participation. 
Without N, Route A's rate-determining step is H atom 
separation (1.55 eV). With N, Route B's rate-determining 
step is formic acid formation (1.06 eV). Mn in Route B is 
more effective than Route A for CO2 hydrogenation, and 
N atom participation facilitates this reaction. The study 
guides g-C3N4-based catalyst design for CO2 reduction and 
valuable chemical production, particularly formic acid. 
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Abstract: An amide-based covalent organic framework, denoted as TMC/EDA-COF, was successfully synthesized 
using the reaction between 1,3,5-trimesoyl chloride and ethylenediamine. The structure and morphology of the 
COF were characterized using FT-IR, NMR, XRD, SEM, EDX, and BET. The COF was employed as SPE adsorbent 
for the sampling and preconcentration of chlorophenols from industrial wastewater samples prior to HPLC-UV. 
The experimental parameters influencing the extraction efficiency were investigated and optimized using a Box-
Behnken-design. Under optimized conditions, calibration curves exhibited good linearities over the range of 
0.003-10 µg mL−1 with R2 ranging from 0.9982 to 0.9999. The method's limits of detection ranged from 0.001 to 
0.01 µg mL−1. Good repeatability was achieved with RSD below 4.7%.   

Keywords: Covalent organic framework; Solid-phase extraction; Chlorophenols; HPLC-UV; Box- Behnken design 

 

Introduction 
Water pollution and the energy crisis are indeed 
significant challenges that pose threats to human 
society[1]. To ensure the safety of water resources, it is 
crucial to establish a highly sensitive analytical method for 
detecting toxic organic pollutants in water [2]. 
 
Experimental Section  
2.1. Chemicals and solutions 
CP compounds, including 2- chlorophenol (˃ 99 %), 2,4- 
dichlorophenol (˃ 99 %), and 2,4,6- trichlorophenol (˃ 99 
%), were obtained from Merck (Darmstadt, Germany). 
The chemicals utilized to synthesize the COF included 
1,3,5-trimesoyl chloride (TMC) with a purity of ≥ 99% from 
J&K Chemical Reagent Co. Ltd., and ethylenediamine 
(EDA) with a purity > 99% from Aladdin Biochemical 
Technology Co., Ltd.  
Analytical- reagent grade organic solvents such as 
methanol, ethanol, acetone, ethyl acetate (EA), and (HPLC 
grade) acetonitrile (>99.9%) were acquired from Merck 
(Darmstadt, Germany) and Sigma-Aldrich (Steinheim, 
Germany), respectively.  
2.2. Instrumentation 
The separation method utilized reversed- phase 
chromatography under isocratic elution conditions with a 
flow rate set at 1.0 mL min−1. The mobile phase consisted 
of a mixture of acetonitrile/ water (55:45, v/v) adjusted to 
pH 3.0 using sulfuric acid (1 M). The total run time for each 
analysis was set at 12 min. 
2.3. Synthesis of the COF adsorbent 

The synthesis of the COF- based adsorbent followed the 
procedures described by Li et al. [16] with some 
modifications, as illustrated in Fig. 1. The procedure 
involved dissolving 1.06 g of TMC (4 mmol) in 30 mL of EA, 
followed by the gradual addition of a solution containing 
EDA (0.36 g, 3 mmol) in 15 mL of EA under stirring at 0 °C. 
After allowing the reaction to proceed at room 
temperature for 24 h, a white solid product was obtained 
and collected. The precipitation was then washed 
sequentially with water, ethanol, and acetone until the 
eluate solution became colorless and transparent. Finally, 
the resulting product was dried overnight in a vacuum 
oven at 55 °C. 
2.4. Design, fabrication and extraction of COF by SPE set 
up 
For design and fabrication of SPE tool, 12 mg of COF was 
packed into SPE cartridge between two thin sieve 
plates(frit). A reservoir (a 5 mL plastic syringe) is then 
placed on top of the packed sorbent using a plastic 
connector. Subsequently, this assembly is inserted on a 
250 mL vacuum Erlenmeyer flask and connected to the 
vacuum pump.  

Results and Discussion 
Before being packed into the cartridge, the structure of 
the synthesized sorbent was characterized using FT-IR, 
NMR, XRD, SEM, EDX, and BET spectroscopy.  
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Fig.1: Schematic representation of the COF-based SPE sampling 

setup. 
 

Table 1. Analytical figures of merit of the SPE- HPLC method for 
the analysis of CPs using the TMC/ EDA- COF. 

Analyte  LOD 
(µg 

mL- 1) 

LDR 
(µg 

mL- 1) 

RSD 
(%) 
(n= 
4) 

R2 

 
Regression 
equation 

CP 0.01 
 

0.03- 
10 

4.7 0.9986 Y = 14387X + 7016.7 
 

DCP 0.005 0.02- 
10 

1.5 0.9999 Y = 27047X + 1729.4 
 

TCP 0.001 0.003- 
10 

0.17 0.9982 Y = 114753X + 
9668.9 

 

Conclusions 
In this study, a novel COF adsorbent, TMC/EDA-COF, was 
synthesized and applied as the extraction phase for the 
sensitive and accurate analysis of chlorophenols in water 
samples using an SPE-HPLC-UV method, marking the first 
utilization of such a method. The adsorbent, a porous COF 
material, is enriched with structural amide bonds, 
providing numerous NH- and C=O functional groups that 
effectively interact with hydrophobic analytes like 
chlorophenols. Consequently, the COF demonstrated high 
extraction efficiency and remarkable sorption capacity for 
chlorophenols. 
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Abstract: Hierarchical ZSM-5 is expected to further enhance the performance in catalytic cracking to light olefins. 
To overcome the problems of ZSM-5 zeolite such as fast deactivation due to high strong acid sites and low 
mesopore in structure, the hierarchical ZSM-5 zeolites were obtained with chemical treatment with NH4F 
aqueous solutions. 
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Introduction 
During the last few decades, the demand for light olefins, 
especially propylene as critical raw materials for chemical 
engineering has increased drastically. Zeolites are 
important industrial catalysts; their unique shape-
selectivity is the basis of important applications, but also 
some problems in zeolites affect their performance and 
limit their efficiency. ZSM-5 zeolite performed better than 
several zeolites in the catalytic cracking process to 
produce light olefins, but has disadvantages such as fast 
deactivation due to high strong acid sites and low 
mesopore in structure[1,2]. In this investigation, to 
overcome these problems and optimize the number of 
mesopores and amount of acidity sites, the hierarchical 
ZSM-5 zeolites were obtained with chemical treatment 
with NH4F aqueous solution. Modification of ZSM-5 
zeolite with NH4F aqueous solution was conducted by 3 
different concentrations equal to 0.5, 1.5, and 3 )at 
constant temperature and duration of treatment)  for the 
synthesis of 3 teated samples. the synthesis samples were 
denoted as F1, F2, and F3 samples and characterized by 
XRD, NH3-TPD, and BET analyses. Eventually, the 
performance of the prepared catalysts was examined in a 
microreactor system. 

Experimental Section  
All the materials used included: Na-ZSM-5 zeolite 
(SiO2/Al2O3 = 240, was obtained from The Research 
Institute of Petroleum Industry (RIPI)), ammonium nitrate 
(NH4NO3, Merck Chemical Co.), ammonium fluoride 
(NH4F, Merck Chemical Co.). During the hydrothermal 
fluoride modification,  slurry solution with 3 different 

concentrations equal to 0.5, 1.5, and 3 ) 
1 𝑔 𝑍𝑒𝑜𝑙𝑖𝑡𝑒

15 𝑚𝑙 𝑁𝐻4𝐹
 ) was 

placed in PTFE autoclave while tumbling at 240 rpm and 
reacted at the constant  temperature and treatment 
duration (150 ℃, and 15 h). The treated product was then 

cooled down on the ice bath, followed by filtration to 
separate the solid from the solution. After drying at 100 
℃ overnight, the powder was calcinated at 600 ℃ for 4 h. 
Finally, the H-form of samples was obtained by three 
times ion exchange subsequent steps with 2.0 M 
ammonium nitrate solution for 3 h at 75 ℃, followed by 
calcination at 550 ℃ for 4 h. In order to the catalytic 
cracking of n-hexane performance of the parent and 
treated samples using a microreactor system at 550 ℃ 
and WHSV = 4 h-1, under atmospheric pressure using N2 
flow as the carrier gas (40 cc/min).  

Results and Discussion 
According to the XRD analysis results in Fig. 1, the XRD 
patterns of catalysts exhibit the major peaks at 2θ = 7.96, 
8.83, 23.07, 23.31, and 24.94° and these peaks in 
accordance with the standard JCPDS = 00–044-0003 
showing the pure phase of ZSM-5 in the crystal structure 
of the samples[3]. Gradual decline in the intensity of 
peaks in the 3M sample shows the structure collapse and 
reduction of relative crystallinity in this sample compared 
to the other samples. According to Table 1, and Table 2, 
the acidity and textural properties of the samples before 
and after treatment with NH4F are displayed. According 
to Table 1, after the treatment with NH4F, the newly 
mesoporous made that make it easier for active sites in 
microporous to reach and improving the catalytic activity 
[4] in the 0.5, and 1.5 M samples. Table 2 summarizes the 
amount of the total acidity, strong, medium, and weak 
acidic sites, and the strong/weak acid ratio. As shown in 
Table 2, the amount of acidity in all treatment samples 
reduced compared to the parent sample. 
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Fig.1: XRD of samples 

 
Table 1: The results of BET analysis 

Sample SBET
a S EXT

b V Total 
V 

Mesoporec D (nm)d 

 ZSM-5 
367 114 0.18 0.095 1.96 

0.5M 363 160 0.21 0.118 2.31 

1.5M 405 272 0.25 0.17 2.47 

3M 68 51 0.05 0.043 2.93 

a The specific surface area obtained by the BET method. (m2/g) 

b The external surface area calculated by the t-plot method. (m2/g) 

c The mesopore volume calculated by subtracting the micropore volume 
from the total volume. (cm3/g) 

d The average pore diameter was the adsorption average pore width (4 
V/A by BET) 

Table 2: NH3-TPD analysis results 

Sample 
Total 

acidity 

Acidity (mmol g-1) Strong 
acid/weak 

acid 
Weak 
acid 

Medium 
acid 

Strong 
acid 

 ZSM-5 0.76 0.46 0.09 0.21 0.45 

0.5M 0.33 0.22 0.07 0.03 0.14 

1.5M 0.27 0.2 0.05 0.02 0.12 

3M 0.3 0.09 0.09 0.11 1.28 

 

 

 

 

Table 3: Distribution of normal hexane catalytic cracking 
products 

Sam
ple 

Convers
ion 

C2= 

(%M
ol) 

C3= 

(%M
ol) 

∑ (C1 
- C4) 

(%M
ol) 

C4+
= 

(%M
ol) 

Yiel
d 

(C2= 

+ 
C3=) 

BTX 

(%M
ol) 

 
ZSM-

5 

94.8 20.3
2 

30.2
5 

44.9
3 

3.55 47.
97 

0.9 

0.5M 97.5 16.7
9 

39.1
7 

39.6
8 

4.35 54.
56 

0 

1.5M 98.9 11.6 46 37.3 5.08 56.
97 

0 

3M 43.4 16.9
6 

22.2
9 

52.8
6 

6.09 17.
04 

1.13 

Conclusions 
Treatment with NH4F is a very effective way to increase 
selectivity toward light olefins, especially propylene. The 
reason for this is that fluorination optimizes the acidity, 
and textural properties in zeolite. In this research, a 
comparative study was performed, and according to the 
obtained results, the S/W ratio and mesoporous volume 
in the 1.5M sample were equal to 0.12 (mmol g-1), and 
0.17 (cm3/g), and in this sample the yield of light olefins, 
and P/E ratio has reached 56.97%, and 3.96 making 
significant progress.  
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Abstract: In this study, the effect of applying a constant magnetic field on the extraction efficiency of methanol 
and ethanol from aqueous samples with three different organic solvents and headspace single drop 
microextraction coupled to GC-FID was investigated. 
Keywords: Magnetic field; Organic solvent; SDME  

 

Introduction 
The use of magnetic field is very common in separation 
devices and methods. Magnetic properties can be used to 
separate analytes in analytical chemistry, or solvent 
properties can be influenced by applying a magnetic field. 
Studying the effects of magnetic field on the properties of 
solvents is a controversial issue. Many studies have been 
reported on the effect of magnetic field on changing the 
physical and chemical properties of solvents, such as light 
absorbance, zeta potential, pH, conductivity and surface 
tension [1-3]. Magnetically, organic solvents are classified 
as diamagnetic materials. Diamagnetic susceptibility is a 
concept that has been reported for solvents. The 
functional groups and structural characteristics of the 
solvent determine this factor. In our laboratory, research 
was conducted on the effect of magnetic field on the 
separation of polycyclic aromatic hydrocarbons from 
polluted soil samples and the separation of Ferulago 
angulata volatile components by solid-phase 
microextraction method, which showed a significant 
increase in the extraction efficiency [4, 5]. Over the past 
15 to 20 years, SDME has evolved into one of the simplest 
and easiest methods for cleaning and preconcentration of 
microscale samples.[6] In our previous study, we 
employed the magnetic needle headspace single-drop 
microextraction (MN-HS-SDME) method to measure 
chlorophenols in wastewater.[7] This research examined 
the impact of magnetic fields on the extraction of alcohols 
using the SDME method.  

Experimental Section  
A specific amount of methanol and ethanol were used in 
the preparation of standard samples. The extraction of  

 

 

Fig.1: A scheme of the MN-HS-SDME system 
 

analytes was performed by using dimethyl sulfoxide 
(DMSO), dimethylformamide (DMF), and ethylene glycol 
(EtG) under the same temperature, extraction time, and 
solvent drop volume conditions as the three replicates. 
The tests were repeated next by placing three permanent 
magnets along the needle's path, as shown in Fig. 1.  

After extraction, the solvent drop was drawn into the 
syringe and directly injected into the GC-FID. 

Results and Discussion 
According to the results presented in Table 1, the positive 
effect of magnetic field on extracting analytes for 
ethylene glycol solvent is clearly evident. This effect is not 
as effective when used with dimethyl sulfoxide and 
dimethylformamide solvents. 
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Table1: Effect of the Magnetic Field on the Peak Area 

 
In Fig. 2 the chromatograms were shown before and after 
the magnetic field was applied while ethylene glycol was 
employed to extract the analytes. 
 

 
Fig.2: GC-FID chromatograms of extracting samples 

containing methanol and ethanol, (a) before and (b) after 
applying a constant magnetic field. 

Conclusions 
The results indicate that ethylene glycol can be a suitable 
solvent for the extraction of methanol and ethanol from 
aqueous samples by the HS-SDME method, and the 
effects of the magnetic field on the extraction of analytes 
are clearly positive. 
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Effect of magnetic field 

Peak area 

DMF DMSO EtG 

Methanol 

No Magnetic 
field 

1843 1981 1908 

Magnetic field 1676 1679 2351 

∆ (%) -9 .06% -15 .24% +23.22 % 

Ethanol 

No Magnetic 
field 

2819 2723 2742 

Magnetic field 2705 2583 3250 

∆ (%) -4.04 % -5 .14% +18.53 % 
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Abstract: A new and green method for the synthesis of amino carbonitrile chromene compounds using ZIF-7 
nanocatalyst has been presented.  For this purpose, the ZIF-7 nanocatalyst was first synthesized and fully 
characterized using various techniques, including; XRD, FT-IR, SEM, and TGA analyses. The catalytic activity of 
the synthetic nanocatalyst was surveyed for preparation of the amino carbonitrile chromene derivatives. The 
synthesis of the desired products was carried out successfully with excellent yields and short reaction times. 
Keywords: Nanocatalyst, Amino Carbonitrile Chromene, ZIF-7, Green Synthesis. 
 

Introduction 
Zeolitic imidazolate frameworks (ZIFs) are porous 
crystalline materials with regular pores [1]. They have 
high surface area, high adsorption capacity and generally 
exhibit thermal, chemical, and hydrothermal. These 
properties make them attractive materials for many 
applications, such as catalysis, chemical sensors [2, 3], 
separation, gas storage, and drug delivery. Amino 
chromene carbonitriles are attractive molecules because 
of their diverse biological activity, which includes 
antibacterial, fungicidal, molluscicidal, and anticancer  
properties. Among them, 2-amino-5-oxo-4-phenyl-4,5-
dihydropyrano chromene-3-carbonitrile receives special 
attention as potent apoptosis-inducing agents possessing 
vascular targeting activity. These compounds are tubulin 
inhibitors, binding at the colchicine site, keeping vascular 
targeting activity, and showing high activity in several 
anticancer animal models. As known, multicomponent 
reactions (MCRs) are powerful tools in green chemistr. 
This reaction can be catalyzed by various catalysts . 
Recently, with more excellent selectivity even at higher 
temperatures, high surface-to-volume ratio, ease of 
handling, environmental compatibility, reusability, and 
ease of isolation of nanocatalysts have received 
significant attention [4,5]. we have reported the synthesis 
of aryl-4H,5H-pyrano[3,2-c]chromene-3-carbonitrile by 
the condensation reactions of malononitrile, aromatic 
aldehydes and 4-hydroxy chomarines in the presence of 
catalytic amount of ZIF-7 nanocatalyst.  

Experimental Section 
Preparation of ZIF-8 Catalyst and amino chromene 
carbonitrile 
 Solvothermal synthesis is a fundamental way ZIF-7 2 and 
other ZIFs were first synthesized. First, 3.06 g of zinc 
nitrate hexahydrate (Zn(NO3)2·6H2O) and 1.62 g of 
benzimidazole  were separately dissolved in 40 mL of DMF 
and stirred for 30 min. These solutions were then mixed 

and heated to 130 °C, held at this temperature for 48 h, 
cooled to room temperature, and extracted to obtain the 
desired nanocatalyst In the next step, synthetic ZIF-8 
catalyst (4mg), 4-hydroxycumarine (1mmol), malonitrile 
(1mmol) and 4-Clbenzaldehyd(1mmol) dissolved in 
EtOH/H2O (7mL) and were poured in to the round bottom 
flask and stirred for 15 min under heating condition(800C). 
After compilation of the reaction which confirmed by TLC, 
desired product separated from catalyst through washing 
with CHCl3(8mL) and recrystallized by using EtOH (6 mL). 
 
 Results and Discussion 

The structur of ZIF-7 catalyst was identified by using 
various analytical techniques such as; FT-IR, SEM, XRD and 
etc. The Fourier transform infrared (FT-IR) spectroscopy 
of ZIF-7 nanocatalyst is represented in Fig. 1. A 
comprehensive N-H stretch bond was identified in the IR 
of the raw material benzimidazole between 2900 and 
3550 cm−1. Deprotonation of the N-H bond developed 
when synthesized as ZIF-7, resulting in a coordinate bond 
to change from the N-H bond to an N-Zn bond. This can 
be seen from the fact that the peak of ZIF-7 does not 
appear in the region indicated by the N-H bond of 
benzimidazole. 
 

 

 

Fig.1: FT-IR analyses of the ZIF-7 nano catalyst 

 
The XRD pattern of ZIF-7 nanocatalyst 2 is shown in Fig. 2. 
The XRD pattern of the film shows that the synthesized 
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ZIF-7 nanocatalyst 2 does not prefer the crystallographic 
orientation. The average particle size of the sample was 
estimated according to Scherer’s formula, D= 0.9λ/βcosθ, 
where λ is the wavelength of the incident X-ray (0.154 
nm), β is the entire width of the peak at half maxima and 
θ is the Bragg’s angle. The obtained value is 55 nm (Fig. 2). 
 

 
Fig.2: The XRD patern of synthetic ZIF-7 nanocatalyst. 

Fig.3: The SEM image of synthetic ZIF-7 catalyst. 

Also, Fig. 3 shows morphologies of the ZIF-7 nanocatalyst 
synthesized. The top surface of the nanocatalyst indicates 
well-intergrown continuous crystals. The ZIF-7 
nanocatalyst was probably agglomerated during the 
synthesis due to the deprivation of any coverage agent in 
our production protocol. In continuation, the catalysis 
activity of the synthesized ZIF-7 in the synthesis of amino 
chromene carbonitrile was investigated (Scheme 1). The 
results of this investigating displayed in Table 1.  

 

 

 

 

Table1: Synthesis of valuable chromene  in the presence of 
ZIF-7 catalyst (4mg).  

Substrate (2) 
Products 

Time 
(min.) 

Yield (%) 

benzaldehyde 4a 20 93 

4-Clbenzaldehyde 4b 15 96 

4-NO2 benzaldehyde 4c 5 98 

4-OMe benzaldehyde 4d 35 90 

Conclusions 
An efficient synthesis of novel, nontoxic, and high thermal 
stability ZIF-7 nanocatalyst through the solvothermal 
method has been reported. The structure of this 
nanocatalyst is fully characterized using FT-IR, SEM, EDS, 
XRD, and N2 adsorption/desorption analyses. According 
to the BET equation, the area and total pore volume were 
6.41 m2 g-1 and 1.47 cm3 g-1, respectively. Furthermore, 
there are micropores (size < 2 nm) and mesopores (2 < 
size < 50 nm) in the sample. The catalytic activity of ZIF-7 
nanocatalyst was investigated in one pot synthesis of 
amino carbonitril chromene derivatives. Moreover, the 
study of the reusability of this synthetic nanocatalyst 
revealed that up to 7 times reuse of the catalyst formed 
the desired product in good yield without a decrease in its 
effectiveness. 
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Abstract: Cross-coupling reactions are part of organic chemistry that can be used in various industries. In this 
research, we synthesize a novel Pd4S/SBA-15 mesoporous catalyst which can help us in Suzuki−Miyaura reaction 
as part of the cross-coupling reactions.  

Keywords: Mesoporous catalyst; cross-coupling reaction; SBA-15 

Introduction 
Cross-coupling reactions catalyzed by palladium are 
considered to be the most competent scientific method 
for the formation of C (sp2)–C (sp2) bonds [1,2]. Most of 
these reactions proceed through a combination of a 
nucleophile which is generally an organometallic reagent 
with an electrophile to provide the corresponding 
coupling product [3]. The Suzuki− Miyaura reaction (Fig. 
1) is the most predominately used cross-coupling reaction 
in industry [4]. Most Suzuki−Miyaura coupling reactions 
employ palladium catalysts, which are highly reactive but 
expensive due to the scarcity of palladium [5]. In order to 
reduce the cost, there are some factors. The first factor is 
to decrease the cost of primary materials that are used to 
synthesize the catalyst, the second factor is to synthesize 
a catalyst that can be used several times, and the other 
factor is to make an eco-friendly catalyst which hurt 
environment the least. The last factor is the utilization 
efficiency of catalyst which is related to their particle size, 
distribution, and the type of support. Highly distributed 
catalyst nanoparticles with small size and narrow size 
distribution are ideal because of their large surface-to-
volume ratio. SBA-15 can give us this opportunity to use 
less palladium due to its high surface area and porosity.  

Experimental   
Sodium silicate as source of mesoporous silica was 
extracted from rice husk ash (RHA) in our laboratory using 
previous methods that were reported [6,7]. Then, 4 g of 
P-123 was dissolved in 141 mL of 1.7M HCl solution at a 
temperature between 35 and 40 ◦C by stirring the 
solution. Later, 16 mL of sodium silicate solution were 
added (Na2SiO3/P-123 mass ratio = 2.9) and the system 
was kept under vigorous stirring for another hour. The 
synthesized gel was transferred to Teflon-lined sealed 
autoclave and kept at 100 ◦C for 48 h under static 

conditions. Finally, the sediment was calcined at 550 ◦C for 
5 h under N2 inert atmosphere. The resulted SBA-15 was 
modified by a layer of polymerized sulfur which was made 
of functionalized SBA-15 with triethoxyvinylsilane and 
melted sulfur [8]. The modified SBA-15 was impregnated 
with palladium chloride solution, and after drying the 
resulting composite was incorporated in reducing 
atmosphere of hydrogen for anchoring Pd nanoparticles 
on the surface of SBA-15. Finally, Suzuki− Miyaura 
reaction was done. It gave us 99% of yield and we used 
this catalyst for several times with good yield. After five 
times repeating this reaction, we had more than 50% yield 
which shows a great performance of this catalyst. If we 
optimize the condition of the reaction, we can carry out 
the reaction with better yields.  

Results and Discussion 
Herein, we report Pd4S/SBA-15 as a novel heterogeneous 
catalyst which is synthesized in a much cheaper way. This 
catalyst is characterized by different techniques like XRD, 
SEM, EDAX, and FT-IR (Fig. 2). With comparison of SEM 
images of A and B, we can see that after vulcanization of 
SBA-15 for depositing of sulfur polymer, the shape of SBA-
15 is changed from spherical to a composite state. In Fig.2 
D three FT-IR spectrums of SBA-15@S (a), vinylated SBA-
15 (b), and SBA-15 (c) were shown. As can be seen, the 
stretch vibration at 3300 cm-1 which is related to -OH 
groups that are connected to SBA-15. In b spectrum, there 
is another peak at 1650 cm-1 and 3100 cm-1 that in order 
they’re related to C=C and C-H (sp2) that can be attributed 
to vinyl group on SBA-15 surface. In c spectrum, all above 
peaks are available beside another peak at about 470 cm-

1 which is for C-S. All these results plus EDAX (Fig. 2 C) can 
guarantee that sulfur has been deposited on SBA-15 
surface. The XRD patterns of SBA-15, SBA-15@S, Pd/SBA-
15, and Pd4S/SBA-15 was shown in Fig. 2E. In a pattern, 
the peaks at 0 to 20 degrees are related to SBA-15. In b 
pattern, it’s shown that when sulfur polymer is deposited 
on SBA-15 surface, new peaks at about 20 to 30 degrees 
have been appeared. The Pd/SBA-15 has administrated 
special peaks for Pd metal (c). But in XRD pattern of 
Pd4S/SBA-15 a lot of peaks at different diffraction angle 

Fig. 1. Suzuki− Miyaura reaction 
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32, 35, 38, 39, 41, and 43° were appeared which is related 
to Pd4S on SBA-15.  

Conclusions 
The main advantages of this study are the use of catalytic 
amount of Palladium, lower cost of primary materials, and 
a catalyst that can be used for several times. Sulfur can 
strongly hold Pd nanoparticles so that Pd nanopartcles 
won’t be separated from SBA-15.  
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Abstract: In 2021, a 2D carbon allotrope 8-16-4 graphyne (GY) with sp and sp2 hybridized carbon atoms was 
introduced. Investigation of 3d transition metal (TM) adsorption on GY using corrected DFT-D2 was done. It was 
found that single TM atoms preferentially bind at the 16-carbon ring center, preventing diffusion and clustering. 
GY is proposed as a promising substrate for applications like single-atom catalysts and hydrogen storage due to 
its ability to deter TM clustering. 
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Introduction 
Carbon versatile allotropes, like graphene and graphyne, 
are crucial in various fields. Graphyne, exhibits sp and sp2 
hybridization. 8-16-4 GY, a novel 2D carbon allotrope with 
stable adsorption sites for 3d transition metals, 
preventing clustering [1]. The aim of this study is to 
investigate the electronic, magnetic and adsorption 
properties of modified 8-16-4 GYs using DFT-D2 
calculations. 

Computational details  

The DMol3 module in Materials Studio software employs 
spin-polarized DFT computations. Here, we used the PBE 
exchange-correlation functional with the GGA, DNP basis 
set, and Grimme's D2 correction for dispersion. 
Convergence criteria were adjusted, and DIIS method 
accelerated SCF convergence. A gamma-centered 
Monkhorst-Park k-grid was applied, and a 2 × 2 supercell 
of 8-16-4 GY with a vacuum space avoided interlayer 
interactions.  The adsorption energy (Eads) of TM atoms in 
8-16-4 GY was calculated with the following equation: (1) 
Eads=E8-16-4GY-TM-E8-16-4GY-ETM where E(8-16- 4 GY-TM), E(8-16-4 GY) 
and E(TM) are the total single atom energy of 8-16-4 GY, 8-
16-4 GY and TM decorated with TM, respectively. 
Hirschfeld charge analysis was used to show charge 
transfer processes. 

Results and Discussion 
A 2×2 supercell of 8-16-4 GY is shown in Fig. 1(a). The 
corresponding unit cell contains 16 carbon atoms, two 
types of carbon atoms with sp and sp2 hybridization, and 

a lattice constant of 7.35 Å. First, a 2×2 supercell of 8-16-
4 GY was fabricated and optimized, and the band 
structure diagram were depicted in Figure 1(b). 8-16-4 GY 
a conductor with a zero band gap and some Dirac points, 

this is consistent with the previous report [1,2]. Figure 
1(a) shows the different adsorption sites of metal atoms 
in 8-16-4 GY. To evaluate the stability of 3d TMs in 8-16-4 
GY, we placed them at or above all 11 different GY sites, 
optimized the structures, and calculated the adsorption 
energy. The best adsorption site, the distance between 
TM and 8- 16-4 GY, the maximum Eads, band gap values, 
and TM charges are collected in Table 1. As shown in Table 
1, all 3d TMs donate part of their valence electrons to the 
empty π* state of 8-16-4 GY, and for all of them the 
Hirschfeld charge of the TM atoms is positive. The 
negative values of the adsorption energy indicate that the 
adsorption of TMs on the 8-16-4 GY is an exothermic 
process [3]. 
The band structure diagrams in Fig. 2 illustrate the impact 
of adsorbing 3d transition metal (TM) atoms on the 8-16-
4 graphene-like structure (GY). The red and blue lines 
represent spin-up and spin-down bands, respectively, 
with the Fermi level set to zero. The decoration of the 8-
16-4 GY with Cr, Mn, and Fe atoms results in distinct spin-
up and spin-down bands, indicating magnetic properties. 
However, for other 3d TMs (Sc, Ti, V, Co, Ni, Cu, and Zn) 
adsorbed on the substrate, the structures exhibit no spin 
polarization and lack magnetic properties [4]. 
Additionally, the band structure diagrams for all 3d TM-
decorated 8-16-4 GY show band gap values close to zero, 
suggesting a conductivity character for these structures. 
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Fig.1: (a) The 8-16-4 GY supercell with eleven considered 

sites for adsorption of single 3d TM atoms, (b) band 
structure diagrams (Fermi level is set to zero). 

 

  

  

  

  

  
Fig.2: Electronic band structures of single TM atom 

adsorbed 8-16-4 GY. The Fermi level is set to zero. The solid 
red and blue lines represent the spin-up and spin-down 

channels, respectively. 
 

Table1: The best site, the distance between TM atoms and 8-
16-4 GY sheet (d), adsorption energy (Eads), band gap (Eg), and 

Hirshfeld charge of TM atoms. 

TM The best site d (Å) 
Eads (eV) Eg (eV) Charge 

of TM (e) 

 Sc H1 0.00 -9.282 0.000 0.507 

Ti H1 0.00 −9.273 0.000 0.419 

V H1 0.00 −8.185 0.000 0.242 

Cr H1 0.00 −6.491 0.000 0.408 

Mn H1 0.02 −5.770 0.000 0.229 

Fe Near H1 0.00 −5.916 0.000 0.242 

Co Near H1 0.00 −5.879 0.000 0.136 

Ni Near H1 0.00 −5.700 0.000 0.107 

Cu Near H1 0.24 −4.063 0.000 0.374 

Zn H1 0.04 -1.158 0.000 0.502 

Conclusions 
DFT-D2 calculations analyze structural, electronic, and 
magnetic features of 8-16-4 GY with 3d TM decoration. 
Preferred site is H1, with Sc and Zn showing highest and 
lowest adsorption energy. Pristine 8-16-4 GY exhibits 
conductivity with Dirac points; 3d TM decoration has 
minimal impact on conductivity, suggesting potential 
applications. 
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Abstract:  In this work, a new complex of mercury with Dimethylpyridine-2, 6-dicarboxylate (MPC), was prepared 
by identified by elemental analysis, FT-IR spectroscopy and single-crystal X-Ray diffraction. In this complex the 
coordination number of the mercury (II) ion is 5. The ligand is potentially five dentate but only uses three states. 
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Introduction 
Pyridine-dicarboxylic acids have immense importance in 
several fields of scientific research such as coordination 
chemistry, biochemistry, pharmaceuticals and 
medicine[1]. They are used in coordination chemistry as 
multifunctional ligands capable of forming extended 
networks of different dimensionalities with transition 
metals, yielding materials having interesting topologies 
and physical properties[1,2]. In biochemistry, they find 
application as enzyme inhibitors, plant preservatives and 
food sanitizers. In pharmaceuticals and medicines, 2,6-
pyridine-dicarboxylic acid or dipicolinic acid is found to be 
suitable ligand to develop more effective HIV agents[3,4]. 

Experimental Section  
0.4 g (2.04mmol) of dimethyl pyridine-2, 6-dicarboxylated 
is solved in MeOH (8 ml) was added with stirring to a 
solution containing 0.55 g (2.02mmol) of HgI2 in MeOH (8 
ml). The reaction mixture was stirred for 8 hours at 65 °C 
and then filtered. Suitable white single crystals for X-ray 
diffraction studies were obtained by slow evaporation of 
the solution for four days and collected by filtration. Yield: 
0.09 g, 24.05%; m.p.133 °C. IR (KBr disc): 3081 (ν C−H) ar, 
2959 (νs CH2), 1732 (ν C=O), 1618 (ν C=N), 1434 (δas CH3), 
1306 (δs CH2), 1250 (ν C−O), 753 and 696 (γ py) cm−1. 

Results and Discussion 
All starting chemicals and solvents (Merck, Aldrich) were 
used as received without further purification. Infrared 
spectra (as KBr pellets) in the range 4000–400 cm–1 were 
recorded with a FT-IR 8400-Shimadzu spectrometer. The 
melting points were measured with a Barnsted 
Electrothermal 9200 electrically heated apparatus. As it is 
shown in Fig, the coordination number of the mercury in 
the compound is five and The representation of hydrogen 
bonds in the crystal lattice structure of the complex is 
shown. 
 

  

Fig.1: The structure of the complex and the representation 
of hydrogen bonds in the structure of the crystal network of 

the complex. 

Conclusions 
According to the single crystal X-ray structure analysis 
complex crystallizes in space group P21/n with four 
formula units per unit cell in the monoclinic crystal system 
shows a five-coordinate Hg(II) complex with HgCl2NO2 
coordination environment.The τ value is calculated to be 
0.07% for Hg atom, which shows the geometry of the 
square pyramid of al-Qaeda slightly deviated around the 
mercury atom. In the crystal network of this complex, 
There are C–H···Cl, C–H···N, and C–H···O hydrogen bonds, 
in which the carbon atom is the hydrogen bond donor and 
the chlorine, nitrogen, and oxygen atoms are the 
hydrogen bond acceptors. 
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Introduction 
Pyridine-dicarboxylic acids have immense importance in 
several fields of scientific research such as coordination 
chemistry, biochemistry, pharmaceuticals and 
medicine[1]. Pyridine-2,6-dicarboxylic acid (H2PDA) as a 
very important carboxylate derivative has attracted many 
interests in coordination chemistry[2]. H2PDA has a rigid 
120° angle between the central pyridine ring and the two 
carboxylate groups, and therefore could potentially 
provide various coordination modes to form both discrete 
and consecutive metal complexes under appropriate 
synthesis conditions[3] [4]. a multidentate organic ligand 
with relatively high coordination numbers and versatile[5] 
[6] [7] . Anion of pyridine-2,6-dicarboxylic (dipicolinic) 
acid (dipicH2) has attracted interest as potential 
bidentate[8], tridentate and/or bridging ligand with 
variety of coordination modes transition metal centers 
and abundant structural motifs [8-9]  

Experimental Section  
0.6g (3.07mmol) of dimethyl pyridine-2, 6-dicarboxylat is 
solved in MeOH (8 ml) was added with stirring to a 
solution containin 0.41 g (3.008mmol) of ZnCl2 in MeOH 
(8 ml) the reaction mixture was stirred for 8 hours at 65 
°C and then filtered .0.14g (0.42mmol) reaction product 
dimethyl pyridine-2, 6-dicarboxylat and ZnCl2 complex 
were placed in the large arms of a branched tube. 
Methanol was carefully added to fill both arms. The tube 
was then sealed and the ligand-containing arm was 

immersed in a bath at 60 C while the other was 
maintained at ambient temperature. After a week and 
then filtered. Suitable white single crystals for X-ray 
diffraction studies were obtained by slow evaporation of 
the solution for four days and collected by filtration and 
dried in air .Yield: 0.0021g, 1.5%; m.p. +300 °C. IR (KBr 
disc): 3111 (ν C−H) ar, 2977 (νas CH2), 2907 (νs CH2), 1660 
(ν C=O), 1619 (ν C=N), 1560 (ν C=C) ar, 1463 (δas CH3), 
1394 (δs CH2), 1287 (ν C−O), 754 and 688 (γ py) cm−1. 

Results and Discussion 
All starting chemicals and solvents (Merck, Aldrich) were 
used as received without further purification. Infrared 
spectra (as KBr pellets) in the range 4000–400 cm–1 were 
recorded with a FT-IR 8400-Shimadzu spectrometer. The 
melting points were measured with a Barnsted 
Electrothermal 9200 electrically heated apparatus. As it is 
shown in Fig, the coordination number of the Zinc in the 
compound is five structure of the complex is shown. 
 

 
Fig.1: The structure of the complex. 

Conclusions 
According to the single crystal X-ray structure analysis 
complex crystallizes in space group P21/n with four 
formula units per unit cell in the monoclinic crystal system 
shows a five-coordinate Zn complex with ZnClNO3 
coordination environment.The τ value is calculated to be 
0.2 for Zn atom, which shows the geometry of the square 
pyramid of al-Qaeda slightly deviated around the Zinc 
atom. In the crystal network of this complex, There are 
and C–H···O hydrogen bonds, in which the carbon atom is 
the hydrogen bond donor and the oxygen atoms are the 
hydrogen bond acceptors. 
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Abstract: As the potential anode materials, Sn-based alloys have attracted great attention due to their low cost 
and high theoretical specific capacity. In this study, the electrodeposited Sn-Co alloy exhibits an initial discharge 
capacity of 612 mAh g-1 and successfully acts as a high performance anode for li-ion batteries. 
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Introduction 
Lithium-ion batteries (LIBs) can not only store electrical 
energy, but also act as portable energy sources for our 
daily lives [1]. However, the high capacity, long life and 
excellent rate performances of LIBs still need to be further 
improved, and their costs needs to be reduced to meet 
the expanding application market [2]. The nontoxic tin 
(Sn) is considered as an alternative anode material with 
great promise because of its high theoretical specific 
capacity of 993 mAh g-1 and low cost. Nevertheless, the 
large volume changes (about 257%) during the lithium 
ions insertion/extraction results in structure pulverization 
of the Sn particles and fading of the cycle capacity. It is 
proved that the inert matrix (such as Cu, Co, Ni, Fe) 
introduced into the Sn anode system is a cost-effective 
route to enhance the cycle life of Sn anode [3]. 
Furthermore, the inert metal element can enhance the 
conductivity and alleviate the particle aggregation of the 
Sn [4]. 

In the present work, we synthesized the Sn-based alloy by 
using Co metal as a matrix, which can reduce the volume 
expansion of the active Sn during the charge and 
discharge process, and thus enhancing the 
electrochemical performance. 

Experimental Section  
The Sn-Co alloy was electrodeposited on a Cu foil 
substrate in an electroplating solution containing 0.15 M 
of SnCl2.2H2O, 0.3 M of CoCl2.6H2O, 2 M of NH4F and 1 M 
of H2SO4. Before experiment the Cu substrate was 
immersed in 10wt% H2SO4 solution for 1 min in order to 
remove the oxide layer. The electrodeposition was 
performed using a three-electrode cell with a working Cu 
electrode, Platinum plate as a counter electrode and 
saturated calomel electrode (SCE) as a reference 
electrode. The constant applied potential and deposition 
time were -1.2 V and 15 min, respectively. After 
deposition, the sample was washed with DI water and 
dried in air at room temperature.  

The morphology of the obtained Sn-Co alloy electrode 
was investigated by field emission scanning electron 
microscopy (MIRA3 FE-SEM, TESCAN). 
The electrochemical test was performed in coin-type cell, 
which assembled in an Ar-filled glove box by using the Sn-
Co alloy electrode as the working electrode, Li metal as 
the counter electrode and 1 M LiPF6 dissolved in an 
ethylene carbonate (EC): dimethyl carbonate (DMC) (1:1 
vol ratio) solution as the electrolyte. Also a polypropylene 
separator was placed between the Li metal and Sn-Co 
electrode.  
The galvanostatic charge/discharge cycling test was 
performed at 0.5C rate in the voltage window from 0.01 
to 2 V (vs. Li+/Li). The experiment was performed using 
electrochemical workstation (Origa Flex-OGF01A 
Potentiostat/Galvanostat, France). 

Results and Discussion 
As can be seen from the FE-SEM image in Figure 1(a), the 
deposited Sn-Co alloy has a porous dendritic structure 
with many electroactive sites, which offers a short lithium 
ion diffusion length and faster ion/electron transfer. 
Figure 1(b) Shows the galvanostatic charge/discharge 
cycling curves of Sn-Co alloy electrode for the first four 
cycles. The initial charge and discharge capacities were 
430 and 612 mAh g-1 with the coulombic efficiency of 70%. 
In the first cycle, a strong capacity loss was observed due 
to the formation of SEI layer. The coulombic efficiency of 
the Sn-Co electrode was found to be 94%, 98% and 86% 
for the 2nd, 3rd and 4th cycles, respectively. The enhanced 
electrochemical performance of the Sn-Co alloy electrode 
should be attributed to the presence of Cobalt metal, that 
acts as a matrix to avoid volume expansion during cycling 
and the related high surface area of electrode, which 
provides additional active sites for Li ion storage. 
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Conclusions 
In conclusion, we reported the synthesis of Sn-Co alloy 
and its performance as anode material in Li-ion batteries. 
The obtained Sn-Co electrode showed a specific discharge 
capacity of 612 mAh g-1 during initial cycle and the 
coulombic efficiency of 86% after 4 cycles. The relative 
high performance of anode could be ascribed to the 
presence of Co metal in alloy, which reduce the volume 
expansion of electrode during the charge/discharge 
process. Moreover, the highly porous structure of 
deposited alloy which provides the high surface area, has 
effective role in improving the electrochemical 
performance of the Sn-Co alloy as the anode in li-ion 
batteries. 
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Fig.1: (a) FE-SEM image, and (b) galvanostatic charge/discharge curves at 0.5C of the Sn-Co alloy electrode 
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Abstract: In this study, a heterogeneous metal–organic framework catalyst was meticulously prepared and extensively 
employed for the reduction of nitroarenes.  The n-HA@SiO2–ASP–Pd–TAZ–IMI catalyst exhibited remarkable catalytic 
activity in the reduction of nitro compounds, utilizing NaBH4 as the reducing agent, resulting in excellent yields.  
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Introduction 
Metal–organic Frameworks (MOFs) are coordination-
polymer compounds characterized by their crystalline and 
porous structure, allowing for the study of their cavity size 
and shape. One of the notable features of MOFs is their 
high surface to-volume ratio, making them ideal for 
applications as heterogeneous catalysts, adsorbents, gas 

storage materials, fuel cells, sensors, and solar cells 1-2-3. 

In recent years, nano-hydroxyapatite (n-HA) has garnered 
signifcant attention as a mineral support among scientists 
4. It is a solid support with a favorable surface area, 
environmentally friendly nature, and versatility in 
designing new functionalmaterials. n-HA has proven 
instrumental in the design and synthesis of various 
nanocrystals in organic chemistry 5. Recently, a wide 
variety of heterogeneous catalysts have been prepared 
and considered for reduction of nitro compounds and 
dye. Among them, Pd-based catalysts have shown 
signifcant catalytic activity. However, some of these 
systems had disadvantages including the need to recover 
expensive catalysts and challenging and difcult separation 
and recyclability. However, the development of an efcient 
catalytic system for the reduction of nitro compounds and 
organic dyes remains a challenging task 6-7–8-9-10. 

Experimental Section  
n-HA@SiO2–ASP–Pd–TAZ–IMI as a heterogeneous 
catalyst was synthesized and the catalyst characterization 
was performed by using various characterization 
techniques including XRD, FTIR, BET, SEM/EDX, TEM and 
ICP-OES, which some of them are depicted (Fig.1). 

Typical method for the reduction of nitroarenes 
For investigation of the catalytic performance of n-HA@ 
SiO2–ASP–Pd–TAZ–IMI catalyst, a yellow solution 
containing of nitroarene (0.5 mmol, in 2.5 mL H2O) and 
(7.5 mmol, in 2.5 mL H2O) was prepared and 9 mg of n-
HA@SiO2–ASP–Pd–TAZ–IM catalyst added to a solution 
and stirred continuously. During the reduction process, 
the progress monitored by UV–Vis spectroscopy and TLC 
(ethyl acetate/n-hexane: 6/4). As soon as the reaction 
color changes from yellow to colorless, n-HA@SiO2–ASP–

Pd–TAZ–IMI fltrated of, washed with EtOH and dried for 
using next run. Lastly, the reaction solution extracted by 
ethyl acetate and a diluted solution (0.2  M, 25  mL) was 
prepared from it and the purity and product yield 
examined by GC–MS and UV–Vis analyses. 

Results and Discussion 

 

 

 
Fig.1: XRD Pattern (A), SEM image (B), TEM Images (C) of n-

HA@SiO2–ASP–Pd–TAZ–IMI. 
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Conclusions 
To summarize, this study explored a straightforward 
approach to synthesize Pd supported on MOF-derived 
nano-hydroxyapatite. The structure of the synthesized 
material was confrmed through rigorous characterization 
techniques including FTIR, XRD, SEM/EDX, HRTEM, BET, 
and ICP-OES. The resulting catalyst, denoted as n-
HA@SiO2–ASP–Pd–TAZ–IMI, exhibited exceptional 
catalytic activity and recyclability for the reduction of 
nitro compounds using NaBH4 at ambient temperature. 
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Abstract: Asphaltene, a complex solid component of crude oil with diverse structures and compositions, poses 
significant challenges in production and transportation due to precipitation. This research examines its impact 
on oil recovery, measurement methods, and efforts to mitigate asphaltene deposits, addressing a crucial 
scientific challenge in the oil industry. 

Keywords: Oil; asphaltene; oil recovery; precipitation; pressure; temperature 

 

Introduction 
Crude oil, a crucial global energy source, is extracted 
through oil wells, and its uninterrupted supply is vital for 
maintaining the world economy. It is extensively used in 
diverse industries such as oil and gas, transportation, 
electricity production, and chemical manufacturing. 
However, flow assurance issues like wax deposition, 
hydrate formation, sediments, and asphaltene 
precipitation pose significant threats to the supply of 
crude oil. Among these, asphaltene precipitation is 
particularly destructive, leading to a drastic reduction in 
oil production. This results in extended well shutdowns 
and facility cleanup costs that can reach several million 
dollars. Consequently, the study of asphaltene has 
garnered considerable attention in the oil and gas 
industry, remaining a persistent challenge for oil 
companies [1, 2]. 
 

 

Fig.1: Global energy consumption by source [3]. 

 Experimental Section 
Crude oil components can be divided into multiple 
compounds and subdivisions based on the composition of 
the crude oil. Normally, crude oil will contain a percentage 
of dissolved gases, liquids, and solids. The liquids can be 
further divided into saturates, aromatics, and resins. 
Different types of solids may also exist in crude oil; 

however, the most prominent is solid asphaltene. These 
components are usually grouped together as saturate-
aromatic-resin–asphaltene, more commonly referred to 
as SARA analysis. The SARA analysis is performed using 
chromatography to determine the presence and 
concentration of the aforementioned components [1]. By 
using this test, crude oil is classified based on 
manufacturer groups. This method examines 
classification based on structural similarities instead of 
classification based on molecules and atoms, and crude 
oil is classified into four main components: saturated 
compounds, aromatics, resins, and asphaltenes. In this 
experiment presented by Leontaritis, asphaltene is 
separated as a precipitate using light alkanes such as 
pentane and normal heptane. Further, by using methods 
such as liquid chromatography, distillation and separation 
with the help of solvent, other components are separated 
and their amount is determined. The method of SARA 
analysis is shown in Figure. 2 [4]. 
 

 

Fig.2: SARA separation for a crude oil sample [5]. 

Asphaltenes are polar and heavy compounds found in 
crude oil, contributing to increased viscosity and 
concentration. They exhibit high molecular weight and 
structural complexity, leading to their ability to cause 
deposits in petroleum systems. While insoluble in 
saturated hydrocarbons, they dissolve in aromatic 
solvents. Asphaltenes are a result of natural and chemical 
processes acting on oil, and their polar and heavy 
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properties significantly impact crude oil properties and 
refining processes. The precipitation of asphaltenes is 
influenced by temperature, pressure, and oil 
composition, with the onset of precipitation marking the 
beginning of the process. If precipitation continues, 
sediments accumulate and may lead to clogging in 
reservoir pore spaces, production pipes, surface 
equipment, or pipelines [4, 6]. 

Results and Discussion 
Asphaltene precipitation is a challenging problem for the 
oil industry. Considering that the time required for 
asphaltenes to actually precipitate can vary from minutes 
to months, changes in pressure, temperature, and 
composition are key factors that affect asphaltene 
stability in crude oil [7]. 

Effect of temperature 
Both upstream and downstream processes involve 
temperature variations, which can cause the precipitation 
of asphaltenes and lead to deposition and fouling 
problems during the production, transportation, and 
processing of crude oils. The effect of temperature on 
asphaltene stability can be complex, and various 
competing effects can be identified. that at higher 
temperatures, the precipitation onset time for 
asphaltenes is shorter and their solubility is higher. Also, 
the viscosity difference resulting from a change in 
temperature is a key parameter in the aggregation of 
asphaltenes and controls the onset time for precipitation 
[7]. 

Effect of pressure 
Pressure plays a significant role in precipitation 
phenomena, particularly in the formation of asphaltene 
deposits. Above the bubble point pressure, increased 
density and solubility parameters of oil reduce asphaltene 
precipitation. Below the bubble point, increased gas 
content leads to higher asphaltene solubility, and 
maximum precipitation occurs at the bubble point [8]. 

 

 
Fig.3: Separation of asphaltene due to pressure changes using a 

heavy oil sample [9]. 

Effect of combination 
The presence of aromatic resins is crucial for suspending 
asphaltene particles in crude oil. Insufficient resin results 
in an electrical charge imbalance, causing asphaltene 

precipitation. The concentration of resin is more 
important than the amount of asphaltene in the 
coagulation process. The combination of materials in oil 
affects the solubility limit of asphaltene, with lighter oils 
having a higher propensity for asphaltene deposits [10, 
11]. 

 

 

Fig.4: The effect of injecting different gases on asphaltene 
precipitation [8]. 

Conclusions 
Asphaltene occupies a prominent place in current 
research on liquid and solid hydrocarbon fuels due to its 
self-accumulating nature. The presence of asphaltene in 
crude oil reduces the quality of crude oil itself by 
increasing operating costs due to arterial blockage in 
extraction, transportation and refining processes. To 
date, asphaltene self-association has been widely 
investigated worldwide, even at the molecular level. Very 
few studies have led to the development of model 
compounds that resemble their chemical and colloidal 
properties. Based on the accuracy of the asphaltene 
structural configuration, it is believed that the asphaltene 
self-aggregation mechanism needs special attention in 
asphaltene crude oil processing. This paper examines 
asphaltene precipitation in crude oil and discusses the 
factors that have the strongest influence on asphaltene 
stability in crude oil. 
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Abstract: Hydrothermally prepared graphene oxide-supported cobalt ferrite nanocomposites demonstrated 
excellent photocatalytic activity towards Reactive Red 66 and Reactive Red 120 degradation under solar light, 
with removal efficiencies up to 93.15 and 87.76%, respectively. Synergistic effects like additional active sites 
and high surface area facilitated charge transfer in photodegradation process. 
Keywords: CoFe2O4-graphene oxide; Photocatalyst; Solar light application 

 

Introduction 
Cobalt ferrite (CoFe2O4) nanoparticles exhibit unique 
magnetic, electrical and catalytic properties for 
applications in electronics, magnetics, catalysis and 
environmental remediation. Integration with graphene 
oxide (GO) recently emerged as an efficient approach to 
further enhance their functionality via synergistic effects. 
As a stabilizing matrix, GO facilitates uniform 
nanoparticle distribution and prevents agglomeration. Its 
high surface area and surface groups also enable 
enhanced adsorption and degradation of organic 
pollutants like dyes. Moreover, GO-supported CoFe2O4 
nanocomposites demonstrate efficient visible light 
photocatalytic activity for dye degradation. This is 
attributed to effective charge carrier separation at GO-
CoFe2O4 interfaces. Herein, we prepared CoFe2O4-GO 
nanocomposite via hydrothermal route and 
systematically assessed their photocatalytic performance 
for Reactive Red 66 and Reactive Red 120, under solar 
light irradiation. Structural and morphological 
characterizations were performed. Findings aim to 
provided further impetus for these multifunctional 
nanocomposite as sustainable catalysts for water 
purification [1-3].   

Experimental Section  
CoFe2O4-GO nanocomposite were prepared by a 
hydrothermal approach. Aqueous solutions of 
FeCl3·6H2O (2 mmol), CoCl2·6H2O (1 mmol) were mixed 
and pH adjusted to 4, then 12 using NH4OH. Separately, 
0.1 g GO was ultrasonicated in 40 mL water for 1 h. The 
GO dispersion was added into the metal precursor 
mixture and transferred to a Teflon-lined autoclave at 
180 °C for 13 h. After cooling, the precipitates were 
filtered, washed with water and ethanol to neutralize, 
and dried in a vacuum oven at 60 °C for 12 h. This 
allowed in situ anchoring of CoFe2O4 nanoparticles onto 
GO sheets during the hydrothermal process. 

Results and Discussion 
The FT-IR spectrum of CoFe2O4-GO displays characteristic 
peaks corresponding to Fe-O and Co-O bond stretches at 

400 and 580 cm-1. Additionally, a broad O-H stretch 
vibration is seen from 3300-3500 cm-1 along with an H-O-
H bending peak at 1630 cm-1. Also, extra peaks are 
observed related to GO functional groups are C-O stretch 
(1000-1200 cm-1), C=O stretch (~1700 cm-1), and C-C 
stretch (1400-1650 cm-1). This confirms the presence of -
OH, -O-, -COOH and C=O groups in GO as well as 
successful loading of CoFe2O4 nanoparticles onto the GO 
support (Fig. 1). 

 

 
Fig. 1: FT-IR spectra of CoFe2O4-GO nanocomposite. 

 

The XRD pattern of CoFe2O4 shows diffraction peaks 
observed at 2θ values of 30.1, 35.5, 43.2, 53.4, 57.2, and 
62.8°, corresponding to the (220), (311), (400), (422), 
(511), and (440) planes, respectively. These peaks are 
indexed to the standard pattern of cobalt ferrite with 
JCPDS 22-1086, confirming the successful preparation of 
CoFe2O4. The presence of a pattern at a 2θ value of 10° is 
attributed to the GO sheet. This pattern serves as 
evidence for the formation of CoFe2O4-GO 
nanocomposite in the sample. 

0.85

0.9

0.95

1

1.05

0 1000 2000 3000 4000

Wavenumber (cm-1)

Tr
an

sm
it

ta
n

ce
 (

%
)

496 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 

Fig. 2: XRD pattern of CoFe2O4-GO nanocomposite. 
 

SEM analysis reveals CoFe2O4 nanoparticles with sizes of 
14-30 nm anchored on GO sheets. GO likely serves as the 
supporting matrix for immobilizing the magnetic CoFe2O4 
nanoparticles through its functional groups. This allows 
forming an integrated CoFe2O4-GO nanocomposite 
structure. The combination of the high surface area GO 
platform and catalytic/magnetic CoFe2O4 nanoparticles 
can lead to synergistic properties for enhanced 
performance. 

 

Fig. 3: SEM images of CoFe2O4-GO nanocomposite. 
 

Additional experiments demonstrated excellent 
degradation efficiency in the presence of the CoFe2O4-
GO nanocomposite under solar light irradiation (Fig. 4). 
Incorporating CoFe2O4 onto GO drastically enhanced the 
photodegradation performance compared to the 
individual components. A maximum Reactive Red 66 and 
Reactive Red 120 removal efficiency of 93.15 and 
87.76%, respectively, was achieved at an optimal pH of 2 
using a catalyst dosage of 0.04 g/L and an initial dye 
concentration of 10 ppm (Fig. 4). This can be attributed 
to several synergistic effects: 1) Extra active sites from 
CoFe2O4 for adsorption and reaction; 2) Magnetic 
properties of CoFe2O4 for easy separation and recycling; 
3) GO's high surface area and light absorption 
characteristics for photosensitization; 4) Facile interfacial 
charge transfer processes for increased photogenerated 
carrier lifetimes. The remarkable catalytic activity 
highlights the potential of CoFe2O4-GO nanocomposite as 
sustainable photocatalyst for wastewater treatment 

under solar light irradiation . 
 

 

 

Fig. 4: Dye removal efficieny (%) using CoFe2O4-GO. 

Conclusions 
In summary, CoFe2O4-GO nanocomposites were 
successfully prepared via a hydrothermal approach. 
Characterization confirmed the integration of CoFe2O4 
nanoparticles onto GO sheets. The nanocomposite 
demonstrated excellent solar light photocatalytic activity 
for model dye degradation. This remarkable 
performance is attributed to synergistic effects such as 
additional active sites, magnetic separability, high 
surface area, light harvesting and facilitated charge 
transfer. The multifunctional nanocomposite show great 
promise as sustainable photocatalyst for solar-driven 
water purification. The hydrothermal preparation 
enables facile fabrication of multifunctional CoFe2O4-GO 
nanocomposite for environmental and biomedical uses. 
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Abstract: An efficient regioselective synthesis of various 3,4-dihydropyrimidin-2(1H)-one (DHPMs) via a three-
component Biginelli-type condensation of aldehyde, phenylacetone and urea/thiourea under two different 
based-catalyzed conditions is described. In kinetic control path, lithium N, N-diisopropylamide was used as the 
base. Thermodynamic control path was run with NaH as the base, under reflux status.  
Keywords: 3,4-Dihydropyrimidin-2(1H)-one; Kinetic-thermodynamic; Biginelli-type  

 

Introduction 
Biginelli reaction is an acid(base)-catalyzed one-pot 
synthesis of 3,4-dihydropyrimidin-2(1H)-ones (DHPMs) 
using multicomponent condensation of easily-accessible 
starting materials, including, (thio)urea, active methylene 
compound and aldehyde [1, 2]. DHPMs are an interesting 
pharmacophore in the medicinal chemistry and 
fascinating target for combinatorial chemistry of 
biologically active heterocycles with novel properties in 
the past two decades [3]. Herein, we report a novel simple 
and efficient protocol for regioselective synthesis of 
various novel 3,4-dihydropyrimidin-2(1H)-one (DHPMs) 
via a three-component condensation of aldehyde, 
phenylacetone and urea/thiourea with good to high yields 
under two different conditions (Scheme 1). In the kinetic 
control reaction (path A), the base LDA (in situ generated 
from n-BuLi and diisopropylamine) in THF at 0 °C was used 
while the thermodynamic control path way (Path B), was 
run with NaH as the base in EtOH under the terms of 
reflux.  

 

Scheme 1: Synthesis of novel 3,4-dihydropyrimidin-2(1H)-one 
(DHPMs) under two different conditions 

Experimental Section  
All chemicals were obtained commercially and used 
without further purification. IR Spectra: Shimadzu-IR-460 
spectrometer. 1H- and 13C-NMR Spectra: Bruker DRX-500 
Avance instrument using TMS as internal standard and 
CDCl3 as applied solvent at 500.1 and 125.7 MHz. MS: 
Finnigan-MAT-8430EI-MS mass spectrometer; at 70 eV; in 
m/z (rel. %). M.p.: Melting points (uncorrected) 
Electrothermal-9100 apparatus.  

General procedure for preparation of compounds 4: A 
solution of n-BuLi (20 mol %) in THF (2 mL) was slowly 

added to diisopropylamine (20 mol%) and the mixture 
was stirred at at 0 0C for 1 min. Then, a mixture of urea 1a 
(1.5 mmol), benzaldehyde 2a (1.2 mmol) and 
phenylacetone 3 (1.5 mmol) in THF (3 mL) was slowly 
added to the first solution and the mixture was stirred at 
0 0C for 1 h. After completion of the reaction [about 1 h; 
TLC (AcOEt/ hexane 1:4) monitoring], the resulting solid 
was isolated by filtration and washed with acetone. 

Results and Discussion 
At first, urea 1a, benzaldehyde 2a, and phenylacetone 3 
were selected as a model reaction and then the reaction 
was optimized under two different conditions separately. 
In path A, changing the solvent and amount of catalyst are 
checked out. It is proved that THF is the most optimal 
solvent compared to MeOH, EtOH, CH2Cl2, MeCN, DMF 
and acetone. Finally, the reaction was optimized by 20 
mol% of LDA as the base-catalyst, 1.5 mmol of urea, 1.2 
mmol of benzaldehyde and 1.5 mmol of phenylacetone in 
THF at 0°C (Table 1).  

Table 1: Formation of product 4a under different reactions 
conditions 

Entry Solventa Time/h Yield 4a (%) 

1 MeOH 6 32 

2 EtOH 6 38 

3 CH2Cl2 5 33 

4 THF 1 81 

5 MeCN 4 52 

6 DMF 5 59 

7 Acetone 6 49 
a Reactions were performed using 1a (1.5 mmol), 2a (1.2 mmol), 3 (1.5 
mmol) and LDA as the base catalyst (20 mol %) under different solvent 
(2 mL) at 0 °C 

Using the optimized conditions described above, various 
6-benzyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one were 
synthesized from urea, phenylacetone and benzaldehyde 
with various electron-withdrawing or electron-donating 
substituents on the aromatic rings (Table 2). 
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Table 2: Synthesis of 3,4-dihydropyrimidin-2(1H)-one 
derivatives under kinetic control condition (Path A) 

Entry 1-4 X Ar Yield of 4 (%) 

1 a O Ph 81 
2 b O 4-Cl-C6H4 83 
3 c O 2-Cl-C6H4 79 
4 d O 2-OH-C6H4 73 
5 e O 4-OMe-C6H4 77 
6 f O 4-NO2-C6H4 88 
7 g S Ph 85 
8 h S 4-Cl-C6H4 87 
9 

10 
i 
j 

S 
S 

4-OMe-C6H4 

4-NO2-C6H4 
79 
91 

Structures of compounds 4a-j were assigned by 1H NMR, 
13C NMR, IR and mass spectral data. The 1H NMR spectrum 
of 4a exhibited two singlet for two NH group (δ = 6.04 and 
8.61 ppm), and three doublet in aliphatic range for CH2 
benzyli group (δ = 3.62 ppm, J = 6.3 Hz) protons, and two 
CH group (δ = 5.26 and 5.67 ppm, J = 4.8 Hz) protons 
together with multiplication characteristic aromatic 
protons. The 13C NMR spectrum of 4a exhibites 13 signals 
in agreement with the proposed structure. The mass 
spectrum of 4a defined the molecular ion peak at m/z = 
264. To extend our work of this field, we performed this 
reaction in the presence of sodium hydride as base in 
EtOH under the terms of reflux, thermodynamic control 
condition (Path B). These reactions led to 6-methyl-4,5-
diphenyl-3,4-dihydropyrimidin-2(1H)-one 5a in high 
yields (Scheme 2). Structures of compounds 5a-g were 
confirme by 1H-NMR, 13C-NMR, Mass and IR spectrum. 

 
Scheme2: Synthesis of 6-methyl-4,5-diphenyl-3,4-

dihydropyrimidin-2(1H)-one derivatives under thermodynamic 
control condition (Path B) 

Various 6-methyl-4,5-diphenyl-3,4-dihydropyrimidin-
2(1H)-one were synthesized from urea, phenylacetone 
and various benzaldehyde under the optimized conditions 
described above (Table 3). 

Table 3: Synthesis of 6-methyl-4,5-diphenyl-3,4-
dihydropyrimidin-2(1H)-one derivatives 

Entry 1-5 X Ar Yield of 5 (%) 

1 a O Ph 88 
2 b O 4-NO2-C6H4 92 
3 c O 4-Cl-C6H4 90 
4 d O 4-OMe-C6H4 79 
5 e S 4-NO2-C6H4 93 
6 f S 4-OMe-C6H4 75 
7 g S Ph 89 

A possible reaction mechanism is shown in Scheme 3. It is 
proposed that phenylacetone 3, an unsymmetrical dialkyl 
ketone, can form two regioisomeric enolates on 
deprotonation. The formation of an enolate mixture can 
be governed by kinetic or thermodynamic factors. Under 
two different conditions, LDA as the base, in THF as the 
solvent at 0°C, kinetic enol (A) is formed. When, NaH was 
used as the base and EtOH as solvent, under the terms of 
reflux, thermodynamic enol (B) is formed. Aldol 
condensation of aldehyde 2 with enol (A or B), followed 
by elimination of the resulting hydroxyl group gives one 7. 
Subsequent aza-Michael addition of urea 1 to enone 7 
leads to the formation of Michael adduct 8. Compunds 4 
or 5 were formed from intermediate 8 undergo cyclization 
reaction and subsequent loss of water. 

 
Scheme 3: A plausible mechanism the formation of compounds 

4, 5 

Conclusions 
In conclusion, a novel protocol, one-pot regioselective 
synthesis of various 3,4-dihydropyrimidin-2(1H)-one 
(DHPMs) via a three-component Biginelli-type 
condensation of aldehyde, phenylacetone and 
urea/thiourea under two different conditions, kinetic 
control and thermodynamic control, affording good to 
high yields was described. The generally, available 
substrates, mild conditions, high yields, and ease 
purification procedure make this reaction suitable for the 
synthesis of various 3,4-dihydropyrimidin-2(1H)-one. 
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Abstract: The one-pot synthesis of a novel class of substituted quinoline derivatives is achieved via the Cu-
catalyzed intramolecular C-H activation reaction between aniline, isocyanides and acetylene dicarboxylate in 
MeCN at room temperature. The advantages of this method are available starting materials-catalyst, one-pot 
conditions, no column chromatography and high yield of products.  
Keywords: C-H Activation; Acetylene dicarboxylate; Quinoline; Isocyanides; Aniline  

Introduction 
Quinoline compounds, an important group of heterocyclic 
scaffolds, have useful biological activity such as 
antimalarial, antibacterial, antihypertensive, anti-
asthmatic, and anti-inflammatory [1, 2]. Since direct 
functionalization of unreactive C–H bonds using 
transition-metal catalysis has become a major topic of 
research in organic synthesis. Actually, this methodology, 
intramolecular hetero functionalization of C-H bonds 
based on atom- and step-economic principles has a 
fundamental role in the synthesis of new heterocyclic 
structures. Different types of heterocycles, especially 
those containing nitrogen, have been synthesized using 
this novel strategy in recent years [3]. Herein, a novel 
protocol for the synthesis of various quinolines 
derivatives by Cu-catalyzed C-H activation reaction of 
isocyanides, aniline and acetylene dicarboxylate in MeCN 
at room temperature with good yields is reported 
(Scheme 1). This method has the notable advantages in 
comparison with conventional methods such as mild 
conditions, easier work-up, available starting materials 
involved catalyst and purer products with high yields. 

 
Scheme 1: Synthesis of various quinoline derivatives by Cu-

catalyzed intramolecular C-H activation reaction of isocyanides, 
aniline and acetylene dicarboxylate 

Experimental Section  
All chemicals were obtained commercially and used 
without further purification. IR Spectra: Shimadzu-IR-460 
spectrometer. 1H- and 13C-NMR Spectra: Bruker DRX-500 
Avance instrument using TMS as internal standard and 
CDCl3 as applied solvent at 500.1 and 125.7 MHz. MS: 
Finnigan-MAT-8430EI-MS mass spectrometer; at 70 eV; in 

m/z (rel. %). M.p.: Melting points (uncorrected) 
Electrothermal-9100 apparatus.  
General procedure for preparation of compounds 5: A 
mixture of aniline 2 (2.0 mmol) and acetylene 
dicarboxylate 1 (1.5 mmol) was stirred for 5 min. Then, a 
mixture of isocyanides 4 (2.0 mmol), CuI (0.10 mmol), 
Cs2CO3 (1.5 mmol) and 15 mol % of L-proline in MeCN (2 
mL) was slowly added to the first solution and the reaction 
mixture was stirred at r.t. for 7 h. After completion of the 
reaction [TLC (AcOEt/ hexane 1:5) monitoring], the 
mixture was diluted with CH2Cl2 (2 mL) and aqueous NH4Cl 
solution (2 mL), stirred for 20 min. And then the layers 
were separated. The aqueous layer was extracted with 
CH2Cl2 and the combined organic fractions were dried 
(Na2SO4) and concentrated under reduced pressure. The 
resulting solid was isolated by filtration and washed with 
acetone.  

Results and Discussion 
In order to obtain optimal catalysis conditions, we 
screened various catalysts, solvents and bases using 
aniline, acetylene dicarboxylate and isocyanides as the 
model substrates. The copper salts, CuI, CuBr, CuCl, CuSO4 
and Cu(OAc)2 (10 mol % amount), were tested. CuI was 
found to be the most effective catalyst. Also, MeCN as the 
best solvents for this reaction screened. Several base such 
as Cs2CO3, K2CO3, KOt-Bu, NaOH and KOH were tested and 
finally, Cs2CO3 giving the best results. Therefore, the 
reaction is checked out in MeCN by using 10 mol% of CuI 
as the catalyst, 1.5 mmol of Cs2CO3 as the base, 15 mol % 
of L-proline as the ligand, 2.0 mmol of isocyanides, 1.5 
mmol of acetylene dicarboxylate and 2.0 mmol of aniline. 
Various quinoline derivatives were synthesized using the 
optimized conditions from CuI as the catalyst, Cs2CO3 as 
the base, L-proline as the ligand, acetylene dicarboxylate, 
isocyanides and anilines with various electron-
withdrawing or electron-donating substituents on the 
aromatic rings were used in this reaction (see Table 1).  
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Table 1: Synthesis of various quinolines derivatives 

Compound R1
 R2

 R3 
Yield of 5 

(%) 

5a Ph Me H 82 
5b 4-Br-C6H4 Me H 80 
5c 4-NO2-C6H4 Me H 79 
5d tBu Me H 83 
5e Cyclohexyl Me Me 80 
5f Cyclohexyl Me NO2 85 
5g Ph Et Br 86 
5h 4-Br-C6H4 Et Me 76 
5i tBu Et H 78 
5j 4-Cl-C6H4 tBu Cl 77 
5k Ph tBu Me 75 

 
The structures of compounds 5a-k were assigned by IR, 1H 
NMR, 13C NMR and mass spectral data. The 1H NMR 
spectrum of 5a exhibited three singlet for two OMe group 
(δ = 3.56, 3.77 ppm), and NH group (δ = 6.43 ppm), along 
with characteristic multiplets for the aromatic protons. 
The 13C NMR spectrum of 5a exhibited 16 signals in 
agreement with the proposed structure. The NMR spectra 
of other compounds were alike to those of 5a, except for 
the substituents, which showed characteristic signals in 
the appropriate regions of the spectra. The mass 
spectrum of 5a displayed the molecular ion peak at m/z = 
336. A possible reaction mechanism is shown in Scheme 
2. It is proposed that reaction of CuI with L-proline 
produced a five-membered chelate A. Oxidative addition 
of the chelated Cu (I) with the CH moiety of nucleophilic 
adduct 3 (generated from 1 and 2) to afford the 
intermediate B stabilized by Cu-coordinated isocyanide 
carbon atom. Reductive elimination of B gives the 
compounds 6 leaving the chelate A and catalyst. 
Compound 6 undergoes tautomerization is converted to 
product 5. 

 
Scheme 2: Possible formation mechanism of compounds 5 

Conclusions 
In conclusion, various quinoline derivatives via an 
intramolecular C-H activation reaction as a novel and one 
pot protocol were synthesized from isocyanides, aniline 
and acetylene dicarboxylate. This reaction catalyzed by 
copper (I) and performed under mild conditions. Available 
starting materials-catalyst and ease of purification 

procedure, no column chromatography with high yield 
make this reaction suitable for the synthesis of various 
quinazoline derivatives. 
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Introduction 
Benzothiadiazine 1,1-dioxide derivatives are the key 
structure in biologically active molecules. They have 
shown antiviral activities against Hepatitis C virus (HCV), 
human herpes virus 6 (HHV-6) and Varicella-Zoster virus 
(VZV). Moreover, benzothiadiazine 1,1-dioxide derivatives 
have revealed excellent biological activity in the 
treatment of cancer and early stages of Alzheimer 
disease, and they have also been used as potassium 
channel openers (PCOs) that can activate KATP channels 

[1, 2]. Recently, many methods have been developed for 
the synthesis of benzothiadiazines. These methods often 
require toxic reagents, expensive catalysts, harsh 
conditions, high temperatures, inconvenient multi-step 
processes, long reaction times and also produce 
undesirable by-products [3, 4]. Therefore, the 
development of an efficient and practical method for the 
synthesis of functionalized benzothiadiazine 1,1-dioxide 
derivatives under mild conditions is desirable. Herein, we 
report, a novel simple and efficient protocol for the 
synthesis of various functionalized benzothiadiazine 1,1-
dioxide derivatives by copper-catalyzed C-H activation 
reactions of trichloroacetamidines and 
benzenesulfonylchlorides (see Scheme 1). Compared with 
conventional methods, this method has considerable 
advantages such as mild conditions, uses readily-available 
starting materials including the catalyst, easy work-up, 
and results in highly pure products in good yields. 

 
Scheme 1: Synthesis of various benzothiadiazine 1,1-dioxide 

derivatives by Cu-catalyzed intramolecular C-H activation 
reactions of trichloroacetamidines and 

benzenesulfonylchlorides 

Experimental Section  
All chemicals were obtained commercially and used 
without further purification. IR Spectra: Shimadzu-IR-460 
spectrometer. 1H- and 13C-NMR Spectra: Bruker DRX-500 

Avance instrument using TMS as internal standard and 
CDCl3 as applied solvent at 500.1 and 125.7 MHz. MS: 
Finnigan-MAT-8430EI-MS mass spectrometer; at 70 eV; in 
m/z (rel. %). M.p.: Melting points (uncorrected) 
Electrothermal-9100 apparatus.  

Results and Discussion 
Benzylamine, trichloroacetonitrile and 
benzenesulfonylchloride were initially chosen as the 
model substrates to optimize the reaction conditions 
including the catalyst, base and solvent at room 
temperature. The copper salts, CuI, CuBr, CuCl, Cu(OAc)2 
and CuSO4 (10 mol % amount) were tested. CuI was found 
to be the most effective catalyst. Also, THF was the best 
solvent for the reaction; K2CO3 proved to be most 
effective among several bases tested, Cs2CO3, KOH, KOt-
Bu, K2CO3 and NaOH. Combining these parameters 
resulted in the use of THF, 10 mol% of CuI as the catalyst, 
2.0 mmol of K2CO3 as the base, 20 mol % of L-proline as 
the ligand, 1.5 mmol of benzenesulfonylchloride, 1.0 
mmol of trichloroacetonitrile and 1.0 mmol of 
benzylamine. Using the optimized conditions described 
above, various benzothiadiazine 1,1-dioxide derivatives 
were then synthesized from trichloroacetonitrile, 
benzenesulfonylchlorides and primary amines with 
various electron-withdrawing or electron-donating 
substituents on the aromatic rings (see Table 1). 

 
Table 1: Synthesis of various benzothiadiazine 1,1-dioxide 

derivatives 
Compound R1

 R2
 Yield (%) 

5a Bn H 80 
5b 4-Me-CH2C6H4 H 84 
5c 4-Br-CH2C6H4 Me 78 
5d 4-MeO-CH2C6H4 Me 83 
5e Ph Me 81 
5f 4-Me-C6H4 NO2 86 
5g 4-Cl-C6H4 NO2 76 
5h 4-Br-C6H4 NO2 75 
5i 2-Cl-C6H4 H 70 
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The structures of compounds 5a-i were assigned by IR, 1H 
NMR, 13C NMR and mass spectral data. The 1H NMR 
spectrum of 5a exhibited one singlet for the CH2 group (δ 
= 4.61 ppm) along with characteristic multiplets for the 
phenyl protons. The 13C NMR spectrum of 5a displayed 12 
signals in agreement with the proposed structure. The 
NMR spectra of other compounds were similar to those of 
5a, except for the substituents, and showed characteristic 
signals in the appropriate regions of the spectra. The mass 
spectrum of 5a displayed the molecular ion peak at m/z = 
389. A possible reaction mechanism is shown in Scheme 
2. It is proposed that trichloroacetamidine derivative 3 
formed from benzylamine 1 and trichloroacetonitrile 2, 
undergoes a nucleophilic substitution reaction by 
benzenesulfonylchlorides 4 to give N-sulfonyl 
trichloroacetamidine 6. Reaction of CuI with L-proline 
produced a five-membered chelate A. Oxidative addition 
of the chelated Cu (I) with compound 6 in the presence of 
the base K2CO3 led to the intermediate B stabilized by the 
amidine nitrogen atom which may coordinate to Cu. 
Reductive elimination of B afforded the product 5 leaving 
the catalyst chelate A. Since, trichloroacetamidine 
derivative 3 possesses two nucleophilic sites, formation of 
an alternative product, namely, 2-benzyl-3-
(trichloromethyl)-2H-benzo[e][1,2,4]thiadiazine 1,1-
dioxide 7, is also possible. Structure 7, can be ruled out by 
studying the of HMBC 2D NMR spectrum of the products. 
The presence of a cross peak through the CH2 at δH = 4.88 
ppm with the C-4a group at 140.0 ppm (in HMBC) 
confirmed structure 5. While, such a connection should 
not be present in structure 7. 

 
Scheme 2: Possible mechanism for the formation of compound 

5 

Conclusions 
In conclusion, a novel protocol, one-pot synthesis of 
various benzothiadiazine 1,1-dioxide derivatives via a 
three-component, intramolecular C-H activation 
reactions of benzenesulfonylchlorides and 
trichloroacetamidines catalyzed by copper (I) iodide in 
THF at room temperature is described. Readily, available 
starting materials, the use of mild conditions, including 
the catalyst and the ease of purification resulting in high 

yields makes this reaction a suitable method for the 
synthesis of various benzothiadiazine 1,1-dioxide 
derivatives. 
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Introduction 
1,3-Thiazines and their derivatives possess remarkable 
biological activity, for example antitumor, antibacterial, 
fungicidal and insecticidal. Among these cores, the 
benzothiazins derivatives have been synthesized and 
evaluated wide spectrum of the biological effects, such as 
anti-inflammatory, antihypertensive, fungicidal, 
antibacterial and antiproliferative [1]. Therefore, it is of 
pharmacological interest to synthesize some new 
derivatives of benzothiazins and to study their 
pharmaceutical and biological activity. Recently, a 
number of classical methods for the synthesis of 
benzothiazins have been reported in the literature. Most 
of these methods have some disadvantages, like use of 
hazardous organic solvents, strongly acidic conditions, 
low yields, expensive moisture sensitive catalysts, or 
tedious work-up conditions [2]. Ultrasound irradiation, a 
synthetic approach has been considered as a clean, 
simple, suitable method and a fantastic tool in drug 
synthesis and different types of chemical reactions in 
recent years [3]. In continuation and considering the 
importance of the benzo [1,3] thiazin scaffold, we 
describe in this article a novel protocol three-component, 
one-pot reaction of isocyanides, aniline and 
benzoyl(acetyl) isothiocyanate adduct in acetone at room 
temperature under ultrasonic irradiation conditions by 
Cu-catalyzed C-H activation reaction (see Scheme 1). 

 
Scheme 1: Synthesis of various benzo [1,3] thiazin derivatives 

by Cu-catalyzed intramolecular C-H activation reaction of 
isocyanides, aniline and benzoyl(acetyl) isothiocyanate adduct 

under ultrasonic irradiation at 60 W power for 60 min 

Experimental Section  
All chemicals were obtained commercially and used 
without further purification. IR Spectra: Shimadzu-IR-460 
spectrometer. 1H- and 13C-NMR Spectra: Bruker DRX-500 
Avance instrument using TMS as internal standard and 
CDCl3 as applied solvent at 500.1 and 125.7 MHz. MS: 
Finnigan-MAT-8430EI-MS mass spectrometer; at 70 eV; in 
m/z (rel. %). M.p.: Melting points (uncorrected) 
Electrothermal-9100 apparatus.  

General procedure for preparation of compounds 7: A 
mixture of ammonium thiocyanate (1.5 mmol), and 
benzoyl chlorides (1.2 mmol) at acetone was stirred for 20 
min. Then, a mixture of isocyanides 5a (1.5 mmol), CuI 
(0.10 mmol), Cs2CO3 (1.5 mmol) and 20 mol % of L-proline 
as the ligand in acetone (2 mL) was slowly added to the 
first solution and the reaction mixture was soncated in 
ultrasonic apparatus with 60 wat power for 60 min. After 
completion of the reaction [TLC (AcOEt/ hexane 1:5) 
monitoring], the mixture was diluted with CH2Cl2 (2 mL) 
and aqueous NH4Cl solution (3 mL), stirred for 30 min. And 
then the layers were separated. The aqueous layer was 
extracted with CH2Cl2 and the combined organic fractions 
were dried (Na2SO4) and concentrated under reduced 
pressure. The resulting solid was isolated by filtration and 
washed with diethyl ether.  

Results and Discussion 
In order to obtain optimal catalysis conditions, we 
screened various catalysts, solvents and bases using 
aniline, benzoyl isothiocyanate and isocyanides as the 
model substrates. The copper salts, CuI, CuBr, CuCl, Cu 
(OAc)2 and CuSO4 (10 mol % amount), were tested. CuI 
was found to be the most effective catalyst. Acetone as 
the best solvents for this reaction screened. Several base 
such as Cs2CO3, K2CO3, KOt-Bu, NaOH and KOH were 
tested with Cs2CO3 giving the best results. Therefore, the 
reaction is checked out in acetone under ultrasonic 
irradiation at 60 W power by using 10 mol% of CuI as the 
catalyst, 1.5 mmol of Cs2CO3 as the base, 20 mol % of L-
proline as the ligand, 1.5 mmol of isocyanides, 1.0 mmol 
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of aniline and 1.0 mmol of benzoyl isothiocyanate 
generated by 1.5 mmol of ammonium thiocyanate and 1.2 
mmol of benzoyl chlorides at acetone as the solvent at 
room temperature. The application of ultrasonic 
irradiation decreased the time of reaction and provides 

higher yields. Using the optimized conditions described 
above, various benzo [1,3] thiazin derivatives were 
synthesized from CuI as the catalyst, Cs2CO3 as the base, 
L-proline as the ligand, benzoyl isothiocyanate, 
isocyanides and anilines with various electron-
withdrawing or electron-donating substituents on the 
aromatic rings (see Table 1).  

 
Table 1: Synthesis of various benzo [1,3] thiazin derivatives 

 

Compound R1
 R2

 R3 
Yield of 7 

(%) 

7a Ph H Ph 78 
7b t-Bu H Ph 80 
7c t-Bu H Me 79 
7d t-Bu Br Ph 83 
7e t-Bu Br Me 85 
7f Cyclohexyl Cl 4-ClC6H4 82 
7g t-Bu NO2 Ph 89 
7h Ph Me 4-ClC6H4 75 
7i Cyclohexyl Me Me 72 

The structures of compounds 7a-i were assigned by IR, 1H 
NMR, 13C NMR and mass spectral data. The 1H NMR 
spectrum of 7a exhibited one singlet for NH group (δ = 
6.00 ppm), and along with characteristic multiplets for the 
phenyl protons. The 13C NMR spectrum of 7a exhibited 17 
signals in agreement with the proposed structure. The 
NMR spectra of other compounds were alike to those of 
7a, except for the substituents, which showed 
characteristic signals in the appropriate regions of the 
spectra. The mass spectrum of 7a displayed the molecular 
ion peak at m/z = 357. A possible reaction mechanism is 
shown in Scheme 2. It is proposed that reaction of CuI 
with L-proline produced a five-membered chelate A. 
Oxidative addition of the chelated Cu(I) with the N-
carbamothioylacetamide adduct 6 (generated from 3 and 
4) to afford the intermediate B stabilized by isocyanide 
carbon atom may coordinate to Cu. Reductive elimination 
of B afforded the product 7 leaving the chelate A and 
catalyst.  

 
Scheme 2: Possible formation mechanism of compounds 7 

Conclusions 
A novel protocol, one-pot synthesis of various benzo [1,3] 
thiazin derivatives via a three-component, intramolecular 
C-H activation reaction of isocyanides, benzoyl 
isothiocyanate and aniline catalyzed by copper(I) iodide in 
acetone at room temperature under ultrasonic irradiation 
at 60 W power for 60 min to good yields is described. 
Generally, available starting materials-catalyst, under 
mild conditions and ease of purification procedure with 
high yield make this reaction a suitable method for the 
synthesis of various benzo [1,3] thiazin derivatives. 
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Introduction 
Benzazoles like benzothiazole, benzoxazole and 
benzimidazole are popular scaffolds in modern 
pharmaceutical chemistry which are present in a wide 
range of compounds typically found in nature and 
constitute a common structural unit of marketed drugs 
[1]. Considering the high importance of these scaffolds 
and their wide applications, their preparation has always 
been a hot topic in organic synthesis. Over the past few 
decades, remarkable efforts have been made to develop 
novel and efficient approaches for the synthesis of 
functionalized benzazole analogs [2]. In such a way, 
ultrasonication was found as an efficient method for the 
CuI-based C-N coupling reaction of in-situ formed 
imidines with aryl iodides [3]. As an extension, herein, a 
simple and convenient method for the copper-catalyzed 
synthesis of benzazole-derived fused heterocycles via a 
three-component ultrasound-assisted reaction is 
described. 
 

 

Scheme 1: General synthesis route to various benzazole 
derivatives by Cu-catalyzed cross-coupling reaction of 

isothiocyanate/carbon disulfide, structurally-diverse acetylene 
analogs and benzothiazole/benzoxazole/N-

methylbenzimidazole 

Experimental Section  
All chemicals were obtained commercially and used 
without further purification. IR Spectra: Shimadzu-IR-460 
spectrometer. 1H- and 13C-NMR Spectra: Bruker DRX-500 
Avance instrument using TMS as internal standard and 

CDCl3 as applied solvent at 500.1 and 125.7 MHz. MS: 
Finnigan-MAT-8430EI-MS mass spectrometer; at 70 eV; in 
m/z (rel. %). M.p.: Melting points (uncorrected) 
Electrothermal-9100 apparatus.  

Results and Discussion 
The investigation into the different copper sources 
revealed that the highest yield was obtained when CuI 
was employed as the catalyst, whereas lower yield 
observed in the presence of other types of copper 
catalysts, and no reaction occurred without copper 
sources. With the favorable copper source in hand, we 
next screened the bases and solvents, and the 
observations indicated that triethylamine was the best 
base and acetonitrile was the most suitable solvent for 
the catalytic reactions. No product was detected when 
elemental copper and toluene or dimethylformamide 
(DMF) were used as the catalyst and solvent, respectively. 
Hence, the higher ionization constant of copper catalysts 
appears to be more useful for the desired chemical 
reaction. In addition, the results of the preliminary 
exploratory investigations described above revealed that 
the optimal conditions for the model reaction need 
triethylamine (TEA, 1 equiv.) as the base reagent and the 
other base species may not as efficacious as it. Inspired by 
the successful synthesis of compound 5a, further 
derivatives were prepared as well. Notably, in this 
protocol, after work-up, the desired products 5a-k were 
isolated and characterized without the need for 
chromatographic purification.  
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Table 1: The copper-catalyzed reaction of benzazoles with 
acetylene and CS2/isothiocyanate derivatives 

Entry X Y R yield of 5 (%) 

5a S S Ph 87 

5b S S n-Propyl 76 

5c O S n-Propyl 71 

5d NCH3 S 4-ClPh 84 

5e NCH3 S n-Propyl 80 

5f S PhN Ph 76 

5g S PhN n-Propyl 78 

5h O PhN 4-ClPh 83 

5i NCH3 PhN 4ClPh 78 

5j O 4-BrPhN n-Propyl 74 

5k NCH3 4-ClPhN n-Propyl 78 

Finally, eleven analogs of benzoxazole, N-methyl 
benzimidazole and benzothiazole were synthesized 
according to the synthetic route shown in Table 1. The 
structures of all compounds were characterized by their 
satisfactory infrared (IR), 1H-NMR, 13C-NMR, elemental 
analysis, and mass spectral data. For every derivative, 
according to the structural features, characteristic signals 
appeared. The 1H-NMR spectrum of 5a, for example, 
exhibited a singlet signal for methylene (δH = 4.01 ppm) 
along with characteristic multiplet signals for the phenyl 
protons. In keeping with the proposed structure, the 13C-
NMR spectrum of 5a showed 14 signals. In the mass 
spectrum of 5a, the molecular ion signal emerged at m/z 
= 313. The NMR spectra of compounds 5b-k are similar to 
5a, except for the substituents, which showed 
characteristic signals in the accordingly-correct regions of 
the spectra. A plausible mechanism for the synthesis of 
compound 5finvolved the CuI-catalyzed reaction of key 
intermediate B with phenyl isothiocyanateis proposed in 
Scheme 2. In this way, the reactive species B is generated 
from the condensation of benzothiazole with thein-situ 
formed phenylethynyl copper (intermediate A), which 
itself prepared from the reaction of CuI and 
phenylacetylene, provided Cu-complex C. In the presence 
of triethylamine, the following intramolecular 
nucleophilic addition and cyclization of intermediate C, 
followed by tautomerizationwith regeneration of the 
active Cu(I) species affords the desired product 5f. The 
formation of other final analog scould be explained 
analogously. 

 

Scheme 2: A suggested copper-mediated mechanism for the 
synthesis of compound 5f 

Conclusion 
A novel series of fused heterocyclic compounds were 
prepared under optimized reaction conditions. This new 
procedure of synthesis employs a one-pot US-assisted 
multi-component, cross-coupling reaction of 
isothiocyanate/carbon disulfide, structurally-diverse 
acetylene analogs and benzothiazole/benzoxazole/N-
methylbenzimidazole in acetonitrile. This protocol is 
distinguished by the advantages of providing high yields, 
simple work-up procedure, short reaction time, mild 
reaction conditions, tolerating a wide range of partners 
and avoidance of further purification by chromatography.  

References 
[1] Akhtar, T., Hameed, S., Al-Masoudi, N., Loddo, R., 
Colla, P. (2008). In vitro antitumor and antiviral activities 
of new benzothiazole and 1, 3, 4-oxadiazole-2-thione 
derivatives. Acta. pharm. 58 (2), 135-49. DOI: 
10.2478/v10007-008-0007-2. 

[2] Meltzer-Mats, E., Babai-Shani, G., Pasternak, L., 
Uritsky, N., Getter, T., Viskind, O., Eckel, J. R., Cerasi, E., 
Senderowitz, H., Sasson, S. (2013). Synthesis and 
mechanism of hypoglycemic activity of benzothiazole 
derivatives. J. Med. Chem. 56 (13), 5335-50. DOI: 
10.1021/jm4001488.  

[3] Sun, Y., Jiang, H., Wu, W., Zeng, W., Wu, X. (2013). 
Copper-catalyzed synthesis of substituted benzothiazoles 
via condensation of 2-aminobenzenethiols with nitriles. 
Org. Lett. 15 (7), 1598-1601. DOI: 10.1021/ol400379z. 

507 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

Theoretical Investigation of electronic properties of a Group of Transition Metal-
Decorated B12N12 Nanocages 

 

Maryam Souri 

Corresponding Author E-mail: msouri@pnu.ac.ir 

Chemistry Department, College of Sciences, Payame Noor University, P.O. Box 19395-3697, Tehran, Iran. 

 
Abstract: BN nanostructures are a promising group of materials with different technical applications. In this 
study, the electronic characteristics of a group of B12N12 nanocages modified by transition metals have been 
studied using the DFT approach. Population analysis has been performed to investigate the role of transition 
metal in the delocalization of electronic charge on the surface of nanostructures.  

Keywords: B12N12 nanocage; DFT (Density Functional Theory); electronic characteristics 

 

Introduction 
In the recent decade, different nanostructures consisting 
of Boron and Nitrogen have been synthesized in zero, one, 
two, and three dimensions. BN nanomaterials show 
excellent capability to be utilized in energy storage, 
catalysis, tribology, heat transfer, and molecular sensing 
[1, 2]. Different kinds of nanocages are extensively utilize 
for drug delivery purposes. Recently, inorganic fullerenes 
like nanocages have been considered frequently for 
different applications.  

BN nanostructures have many advantages compared with 
uniform nanocarbons. Their heteroatomic surface is 
susceptible to chemical interactions. It leads to better 
modification for special applications [3]. B22N22, B18N18, 
B16N16, and B12N12 are some of the stable BN nanocages 
that have been synthesized in recent years. It has been 
indicated that B12N12 is the most stable species in this 
group of compounds [4].  

For the first time, B12N12 has been prepared by the arc-
melting method. Recently, boron nitride clusters have 
been successfully utilized as anticancer drug carriers. High 
efficiency and negligible side effects are the most 
important advantages of these systems.Transition metal 
modification of nanocages is a considerable technique for 
better attachment to the drug molecules. On the other 
hand this kind of modification is a well-known method to 
increase the NLO response of different type of molecules. 
All in all, it is expected that transition metal modified 
nanocages could be used as transonic agents. 

In this study, the effect of the transition metal nature on 
different structural and electronic properties of 6-6-
decorated B12N12 will be investigated. 

Computational Details  
The B12N12 nanocage consists of eight hexagonal rings and 
six tetragonal rings. Two types of B-N bonds exist in this 

molecule. One is the bond separating a tetragonal and a 
hexagonal ring (4-6), and the other is the bond separating 
two hexagonal rings (6-6). Nanocages considered in this 
study have been decorated by a transition metal atom on 
a B-N (6-6) bond. The structure of B12N12 nanocages 
decorated by Transition metals, including Chromium, 
Manganese, Iron, Cobalt, and Nickel, have been shown in 
Figure 1.  

 

Fig. 1: The geometry of transition metal-decorated B12N12 
nanocages 

In this study, the Gaussian 09 program package has been 
used to perform the computations. For all atoms 
(including B, N, Cr, CO, Fe, Mn, and Ni), the hybrid DFT 
functional, B3LYP, and 6-311+G(d,p) basis set have been 
utilized. The reliability of this theoretical level to 
investigate similar molecular systems has been confirmed 
in some researches [5, 6]. This theoretical method has 
been utilized to c consider electronic interactions in 
organometallic systems in other researches and raising 
data totally spported by experimental results [7]. The 
density of states (DOS) plots and frontier molecular 
orbitals (FMOs) have been considered, too. Density of 
state (DOS) diagrams and Uv-vis spectra have been 
prepared using the GaussSum 3.0 program. 

Results and Discussion 
The studied decorated B12N12 nanocages have been 
optimized without symmetry restrictions. As summarized 
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in Table 1, B12N12Ni has the highest total energy between 
considered species. B12N12Co, B12N12Fe, B12N12Mn, and 
B12N12Cr are in the following places, respectively. An 
increase in the atomic number of involving transition 
metal elements accompanies an increase in the total 
energy of the nanocages. 
Analysis of molecular electrostatic potential (MEP) map is 
a straightforward method to survey the determinant 
structural and electronic characteristics of materials. It is 
helpful to find out what regions of molecules are potent 
electron donors and what regions are electron acceptors. 
In this way, the chemical interaction of molecules could 
be predicted. For the considered molecules, the MEP 
maps have been produced utilizing 0.002 au electron 
density envelopes and are shown in Figure 2. Different 
colors have been used to show the different electrostatic 
potential intensities in the MEP maps. Vital 
electronegative and electropositive potential regions 
have been indicated with red and blue colors, 
respectively.  
 
 

 
Fig. 2: The MEP maps of studied nanocages. The red to blue 
(−0.02 au. to 0.02 au.) colors used in MEP maps indicate the 

high electron density to low energy density regions, 
respectively. 

 
In all considered molecules, the MEP map exhibits an 
asymmetric shape arising from transition metal presence. 
The positive charge is concentrated around the transition 
metal atom. The net charge of the considered molecules 
is zero. Therefore, the negative charge disperses in the 
other regions of nanocages. So, the area around the 
transition metal position is susceptible to nucleophilic 
interactions. B12N12Fe nanocage has more concentrated 
positive charge centers. However, B12N12Ni displays the 
lowest concentration of positive charge around the 
decoration position. Having a center of strongly positive 
charge leads to more reactivity of the molecule. 
To find out the electronic structure of the considered 
nanocages, the frontier molecular orbitals (FMOs) have 
been surveyed. The Lowest Unoccupied Molecular Orbital 
(LUMO) and Highest Occupied Molecular Orbital (HOMO) 
of all studied nanostructures have been visualized in 
Figure 3. Since Co and Mn atoms introduce a single 
electron in nanocages, Singly Occupied Molecular Orbitals 
(SOMOs) and LUMOs have been introduced in this table.  
In all species, the FMOs are almost concentrated around 
the transition metal. However, the SOMO in B12N12Co is 

distributed all over the molecular structure. It has the 
most negligible value of energy between FMOs of 
considered species. Since the LUMO energy of this 
molecule is in the range of the other nanocages, this 
nanostructure shows the highest energy gap. On the 
other hand, the B12N12Fe has the most minor energy gap.  
 
 

 
Fig. 3: The FMOs shape and the energy gaps (Egap) of the 

modified nanocages. 

 
The DOS plots of the considered nanocages have been 
shown in Figure 4. With a glance at DOS diagrams, the 
pattern of energy states of considered nanostructures is 
almost the same in lower energies. However, in the area 
of FMOs, the distribution of states differs from one 
molecule to another molecule. B12N12Mn and B12N12Ni 
display higher density of states around their FMOs. It 
leads to a higher electronic transition possibility.  
 

 
Fig. 4: Density of states (DOS) plots of the considered modified 

B12N12 nanocages 

Conclusions 
In this study, a series of transition metal-modified B12N12 
nanocages have been investigated. It has been tried to 
consider the different electronic characteristics of these 
nanocages. The primary effect of transition metal in the 
delocalization of the charge on the surface of 
nanostructures has been clearly shown in MEP maps. The 
B12N12Fe nanocage, which shows the most charge 
separation, has the most negligible value of energy gap.  
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Introduction 
Common interactions of matter with light, such as 
reflection, refraction, and diffraction, occur in a linear 
manner. In other words, the magnitude of these effects 
alters linearly with light intensity. Nonlinear optical (NLO) 
materials are a group of substances that interact with light 
in a nonlinear behavior. When an intense electromagnetic 
field Interacts with NLO materials, a modified field with 
different frequency, phase, and amplitude would exist [1]. 
In the recent decade, researchers have focused on 
developing novel materials with remarkable NLO 
responses. NLO materials have potential applications in 
different areas of optical telecommunication, optical 
switching, dynamic image processing, photovoltaics, data 
storage, optical data processing, producing second and 
higher-order harmonic generations (HHG), photonic 
lasers, dynamic holography [2, 3].  

Various organic, inorganic, and organometallic NLO 
materials, including aromatic hydrocarbons, 
organometallic compounds, inorganic nanoclusters, 
doped fullerenes, carbon dots, nanoribbons, and 
nanosheets [4, 5] have been introduced in the literature. 
Small organic molecules with NLO properties are 
improper for practical applications because of their low 
thermodynamic stability. Whereas inorganics show 
higher mechanical strength and physiochemical stability 
[6]. 

For the first time, B12N12 has been prepared by the arc-
melting method. Recently, boron nitride clusters have 
been successfully utilized as anticancer drug carriers. High 
efficiency and negligible side effects are the most 
important advantages of these systems [7].Transition 
metal modification of nanocages is a considerable 
technique for better attachment to the drug molecules. 
On the other hand this kind of modification is a well-
known method to increase the NLO response of different 
type of molecules. All in all, it is expected that transition 

metal modified nanocages could be used as transonic 
agents. 

It has been shown that the decorated nanocage, formed 
by binding a Ni atom to the B-N (6-6), displays the best 
NLO response. B-N (6-6) is a B-N bond standing between 
two hexagonal rings. In this study, the NLO response of 
nanocages has been surveyed in the gas phase. 

Computational Details  
The B12N12 nanocage consists of eight hexagonal rings and 
six tetragonal rings. Two types of B-N bonds exist in this 
molecule. One is the bond separating a tetragonal and a 
hexagonal ring (4-6), and the other is the bond separating 
two hexagonal rings (6-6). Nanocages considered in this 
study have been decorated by a transition metal atom on 
a B-N (6-6) bond. The structure of B12N12 nanocages 
decorated by Transition metals, including Chromium, 
Manganese, Iron, Cobalt, and Nickel, have been shown in 
Figure 1.  

  

Fig.1: The geometry of transition metal-decorated B12N12 
nanocages 

 

In this study, the Gaussian 09 program package has been 
used to perform the computations. For all atoms 
(including B, N, Cr, CO, Fe, Mn, and Ni), the hybrid DFT 
functional, B3LYP, and 6-311+G(d,p) basis set have been 
utilized. The reliability of this theoretical level to 
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investigate similar molecular systems has been confirmed 
in some researches. This theoretical method has been 
utilized to c consider electronic interactions in 
organometallic systems in other researches and raising 
data totally spported by experimental results [8]. Static 
frequencies have been used to calculate polarizability and 
first and second-order hyperpolarizability of modified 
nanocages.  

Results and Discussion 
Researchers have used various laboratory methods to 
study the NLO response of organic and inorganic 
materials. Some of these methods are hyper-Rayleigh 
scattering, all-optical poling, and electric-field-induced 
second-harmonic generation.  
In this research, the NLO properties of modified 
nanocages have been investigated using the DFT 
approach. NLO response of materials is mentioned in 
terms of their average polarizability (αav), first-order 
hyperpolarizability (β), and second-order 
hyperpolarizability (𝛾). When a weak homogeneous 
electric field affects a system, its energy is a function of 
the applied electric field strength.  
Equation 1 shows the Taylor series expansion of the 
energy. The coefficients of this series are the components 
of dipole moment, polarizability, and first-order and 
second-order hyperpolarizability.  
𝐸 = 𝐸0 − 𝜇𝑖𝐹𝑖 −

1

2
𝛼𝑖𝑗𝐹𝑖𝐹𝑗 −

1

6
𝛽𝑖𝑗𝑘𝐹𝑖𝐹𝑗𝐹𝑘 −

1

24
𝛾𝑖𝑗𝑘𝑙𝐹𝑖𝐹𝑗𝐹𝑘𝐹𝑙 − ⋯ (eq. 1) 

In the above equation, 𝐸0 is the energy of the zero-
field unperturbed state, and 𝐸 is the energy of the 
perturbed states. 𝜇 is the dipole moment. 𝐹𝑖  is the 
component of field strength.  𝛼𝑖𝑗, 𝛽𝑖𝑗𝑘, and 𝛾𝑖𝑗𝑘𝑙are the 

components of polarizability, first-order 
hyperpolarizability, and second-order hyperpolarizability, 
respectively. Following equations 2-9 give the total static 
dipole moment, 𝜇, the mean polarizability, 𝛼0, the 
anisotropy of the polarizability, 𝛼, the first-order 
hyperpolarizability, 𝛽, and its components, and the mean 
second-order hyperpolarizability, 𝛾:  
𝜇 = (𝜇𝑥

2 + 𝜇𝑦
2 + 𝜇𝑧

2)1/2   (eq. 2) 

𝛼0 = (𝛼𝑥𝑥 + 𝛼𝑦𝑦 + 𝛼𝑧𝑧)/3   (eq. 3) 

𝛼 = 2−1/2 [(𝛼𝑥𝑥 − 𝛼𝑦𝑦)
2

+ (𝛼𝑦𝑦 − 𝛼𝑧𝑧)
2

+ (𝛼𝑧𝑧 − 𝛼𝑥𝑥)2 +

6(𝛼𝑥𝑦
2 + 𝛼𝑥𝑧

2 + 𝛼𝑧𝑦
2 )]

1/2
   (eq. 4) 

𝛽 = (𝛽𝑥
2 + 𝛽𝑦

2 + 𝛽𝑧
2)1/2   (eq. 5) 

𝛽𝑥 = 𝛽𝑥𝑥𝑥 + 𝛽𝑥𝑦𝑦 + 𝛽𝑥𝑧𝑧    (eq. 6) 

𝛽𝑦 = 𝛽𝑦𝑦𝑦 + 𝛽𝑥𝑥𝑦 + 𝛽𝑦𝑧𝑧     (eq. 7) 

𝛽𝑧 = 𝛽𝑧𝑧𝑧 + 𝛽𝑥𝑥𝑧 + 𝛽𝑦𝑦𝑧     (eq. 8) 

〈𝛾〉 =
1

5
[𝛾𝑥𝑥𝑥𝑥 + 𝛾𝑦𝑦𝑦𝑦 + 𝛾𝑧𝑧𝑧𝑧 + 2(𝛾𝑥𝑥𝑦𝑦 + 𝛾𝑥𝑥𝑧𝑧 + 𝛾𝑦𝑦𝑧𝑧)] 

     (eq. 9) 

,  𝛼0, 𝛼 , 𝛽, and 𝛾 of transition metal-modified 
nanocages have been obtained and mentioned in Table 1.  
 

Table 1:  (in Debye),  𝛼0, 𝛼 , 𝛽 and 𝛾 (in au) calculated for 
modified nanocages  

 𝜶𝟎 𝜶 𝜷 𝜸 

B12N12Cr 
3.92 225.78 110.07 4757.61 48580.80 

B12N12Mn 
3.07 221.38 109.97 3781.82 -17363.60 

B12N12Fe 
4.52 203.66 93.25 3607.53 87791.40 

B12N12Co 
2.38 214.49 112.18 2633.32 -32335.70 

B12N12Ni 
3.79 187.51 68.65 2609.22 66154.90 

 
The dipole moment of a molecule reflects the 

delocalization of charge distribution on its surface. A 
higher dipole moment leads to better intramolecular 
donor-acceptor charge transfer, which also causes further 
NLO properties. As mentioned before, B12N12Fe shows the 
lowest energy gap. The small energy gap leads to an easier 
transition between frontier orbitals. More effortless 
charge transfer in this molecule leads to the highest 
dipole moment between considered species. Figure 2 
shows a good inversed relationship between the dipole 
moment and energy gap of the modified B12N12 

nanocages.  

 
Fig.2: The energy gap (in eV) as a function of dipole moment (in 

Debye) 

 
B12N12Ni shows the lowest 𝛼0 between considered 

nanostructures. B12N12Fe, B12N12Co, B12N12Mn, and 
B12N12Cr are in the following places, respectively. Just the 
same trend could be observed in 𝛼 values. B12N12Ni and 
B12N12Cr show the minimum and maximum 𝛽 values 
between considered nanostructures, respectively. 
However, B12N12Fe has the highest 𝛾 value. This nanocage 
shows the maximum concentration of positive charge in 
the MEP map, too. After that, B12N12Ni (with the lowest 
value of 𝛼0, 𝛼,  and 𝛽) have a considerable 𝛾 of 
66154.90au. As shown in Figure 3, the second-order 
hyperpolarizability shows a meaningful relationship with 
the dipole moment. The more dipole moment is, the more 
𝛾 value is. 
 

512 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 
Fig.3: Correlation between  and 𝛾 in considered modified 

nanocages 

Conclusions 
In this study, a series of transition metal-modified 

B12N12 nanocages have been introduced as potential NLO 
materials. The B12N12Fe nanocage, which shows the most 
charge separation, has the most negligible value of energy 

gap. This nanostructure has the highest value of   and 𝛾 
between considered molecules.  

Furthermore, there is a good inversed linear 

correlation between   and 𝛾 of studied modified 
nanocages. However,  𝛼0, 𝛼 , and 𝛽 of the B12N12Fe are 
not maximum as we expected. Maximum values of 𝛼0, 𝛼 
, and 𝛽 belong to B12N12Cr. This molecule has the second 
lower energy gap and second higher dipole moment. It is 
expected that charge transfer in this molecule become 
easier. Based on it, the energy gap is not the only factor 
affecting the NLO response of material; however, it is a 
crucial affecting agent.  
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Abstract: Chromium ferrite nanoparticles were prepared and immobilized on graphene oxide and chitosan. 
This nanocomposite exhibited enhanced solar light photocatalytic activity towards degradation of Brilliant Blue 
FCF-133 dye. Synergistic effects of the graphene oxide and chitosan boost chromium ferrite's photocatalytic 
performance for environmental remediation application. 
Keywords: CrFe2O4/graphene oxide-chitosan; Photocatalyst; Solar light application 

 
Introduction 
Chromium ferrite (CrFe2O4) is a fascinating spinel 
material with applications in magnetic storage, 
pigments, coatings, catalysis, spintronics, and 
environmental remediation. By immobilizing CrFe2O4 
nanoparticles on a graphene oxide (GO) and chitosan 
(CS), synergistic effects can be achieved to enhance 
photocatalytic performance in the visible light region. 
GO offers a large surface area, excellent electron 
mobility, and strong light absorption. Chitosan provides 
biocompatibility, stability, and effective surface 
functionalization [1-3].  
In this study, we investigate the photocatalytic role of 
CrFe2O4 immobilized on GO and CS composite. We aim 
to explore the synergistic effects of these materials and 
elucidate the mechanisms underlying their enhanced 
solar light photocatalytic activity. Preparation, 
characterization, and evaluation of the composite's 
photocatalytic performance will be discussed, providing 
insights into advanced solar light-driven photocatalysts.  
 

Experimental Section 
FeCl3·6H2O (2 mmol) and CrCl3·6H2O (1 mmol) were 
separately dissolved in 15 mL distilled water. The 
solutions were mixed, stirred for 30 min and transferred 
to a Teflon-lined autoclave for hydrothermal preparation 
of chromium iron oxide nanoparticles at 180 °C for 13 h. 
The cooled precipitate was filtered, washed to neutral 
pH and dried at 60 °C to obtain the chromium ferrite 
nanopowder. The as-prepared CrFe2O4 nanoparticles 
were then immobilized on GO using CS as the binding 
agent. Therefore, 1 g chitosan powder was dissolved in 
20 ml 1% acetic acid solution by stirring at room 
temperature. Separately, 0.5 g GO-supported CrFe2O4 
nanoparticles were ultrasonically dispersed in 15 ml 
distilled water for 45 min to form a homogeneous 
suspension. The chitosan solution was added dropwise 
to the nanoparticle suspension under vigorous stirring 

which continued for 2 h. NaOH (0.1 N) was used to 
adjust the final pH to 6.5. The CrFe2O4/GO-CS composite 
formed were vacuum filtered, extensively washed with 
distilled water to remove residuals, and dried overnight 
at 50 °C. 
 

Results and Discussion 
CrFe2O4/GO-CS was characterized by FT-IR, XRD and 
SEM. The FT-IR spectrum of the nanocomposite reveals 
distinct bands associated with functional groups in 
chromium ferrite, GO and CS. Strong FT-IR bands at 400-
600 cm-1 correspond to M-O and M-O-M bond stretches 
(M = metal ion), indicating Fe-O and Cr-O bonds and 
confirming the spinel structure of CrFe2O4. Additional 
GO, CS-related bands, including N-H stretches (3300-
3500 cm-1), carbonyl vibrations (1600-1650 cm-1) and C-O 
stretches (1050-1150 cm-1), support the composite 

structure (Fig. 1).  
 

 
 

Fig. 1: FT-IR spectra of CrFe2O4/GO-CS nanocomposite. 
 

The XRD patterns confirm the spinel structure of CrFe2O4 
and presence of GO and amorphous CS in the 
CrFe2O4/GO-CS nanocomposite. The CrFe2O4 shows 
characteristic diffraction peaks at 2θ ≈ 30, 35, 43, 53 and 
58°. The peak at 10.5° corresponds to graphene oxide's 
(002) lattice plane. Chitosan exhibits an amorphous halo 
centered around 20-30° (2θ). Interactions between the 
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nanoparticle, GO nanosheet and polymer components 
modulate interlayer spacing, resulting in slight XRD peak 
shifts (Fig. 2).  

 
Fig. 2: XRD pattern of CrFe2O4/GO-CS nanocomposite. 

 

SEM images of CrFe2O4/GO-CS nanocomposite show 
spherical CrFe2O4 nanoparticles (10-30 nm diameter) 
loaded uniformly across wrinkled GO and CS sheets. The 
narrow size distribution and homogeneous dispersion 
demonstrates uniform CrFe2O4 nanoparticles securely 
anchored to GO and CS surfaces via 
coordination/electrostatic interactions.  
 

 
Fig. 3: SEM images of CrFe2O4/GO-CS nanocomposite. 

 

In addition to preparation and characterization, the 
photocatalytic activity of the CrFe2O4/GO-CS 
nanoparticles was evaluated by studying the degradation 
of Brilliant Blue FCF-133 dye under solar light irradiation. 
The nanoparticles demonstrated excellent photocatalytic 
performance for dye removal. A maximum Blue 133 
removal efficiency of 94.7% was achieved at an optimal 
pH of 2 using a catalyst dosage of 0.04 g/L and initial dye 
concentration of 30 ppm (Fig. 4). The high surface area 
and improved charge separation provided by the 
graphene oxide support enhanced the generation of 
reactive oxidative species responsible for accelerated 
photodegradation. The biocompatible chitosan matrix 
also assisted in adsorption of the dye molecules. Thus, 
the results highlight the synergistic effects of the 
composite system in boosting the solar light 

photocatalytic activity of CrFe2O4 nanoparticles for 
environmental remediation applications. 
 

 
Fig. 4: Dye removal efficieny (%) using CrFe2O4 nanocomposite. 

Conclusions 
We successfully prepared CrFe2O4 nanoparticles and 
fabricated CrFe2O4/GO-CS nanocomposite using a 
friendly chemical method. Structural and morphological 
characterization confirmed the crystalline spinel 
structure of chromium ferrite and its successful binding 
to GO support using CS. Photocatalytic testing showed 
excellent solar light-driven degradation of Brilliant Blue 
FCF-133 by the nanocomposite, with 94.7% maximum 
removal efficiency. This high activity results from 
synergistic effects between GO's high surface area and 
electron mobility enhancing reactive species generation, 
along with adsorption capacity from the CS matrix. This 
work provides insights into developing metal oxide-
graphene and chitosan based photocatalysts for 
environmental applications. The chromium ferrite/GO-CS 
nanocomposite shows potential as an efficient, stable 
solar light photocatalyst.  
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Abstract: Recent research has increasingly received more attention to molecularly imprinted polymers (MIPs) 
and their application in biomedical nanoplatforms. In this study, an innovative doxorubicin (DOX) imprinted 
polymer via the precipitation-free radical polymerization strategy was developed as a shell on the Cu-based 
metal-organic framework (MOF) as a core for the drug delivery system. The prepared materials were 
characterized by different analyses such as Fourier transform infrared (FT-IR), scanning electron microscopy 
(SEM), and X-ray diffraction (XRD). The binding kinetics of DOX established specific recognition binding sites in 
the core-shell nanoscale molecularly imprinted polymer structure. In vitro drug release behaviors exhibited a 
pH-controlled release in a indicated that a DOX-loaded nanocarrier against cancer cells has notable cytotoxicity. 
According to the obtained results, the prepared pH-responsive core-shell has the potential to be employed as 
an anticancer drug delivery platform. 

Keywords: nanocarrier; molecular imprinted polymer; doxorubicin; metal-organic frameworks; drug delivery 

 

Introduction 
Nanoparticles have distinct physical, chemical, and 
biological properties that have led to their widespread use 
as bio platforms. Nanoparticle-based bioscience and 
biotechnology have shown considerable promise for 
biological and medical applications, including 
photothermal treatment, bioimaging, biosensing, and 
gene/drug delivery. A suitable platform for participating 
in diagnostics and therapy, which constitute a developing 
path in medical practice, is provided by nanocarriers. 
Nanomaterials have been designed to promote 
simultaneous and synergistic therapies and diagnosis, 
distribute imaging agents and numerous components, 
and ease therapeutic functions. In recent studies, 
molecularly imprinted polymers (MIPs) and their uses in 
biomedical nanoplatforms have received more attention. 
One of the effective techniques of molecular imprinted 
polymer is providing specific recognition sites in the 
polymeric matrix for molecular recognition. The difficulty 
of this method is providing complementary binding sites 
via polymeric materials to template molecules in shape 
and chemical functionality. Due to their distinctive 
qualities, including simple preparation, stability, and 
excellent selectivity, MIPs were frequently used in a 
variety of domains, including purification, detection, and 
drug delivery. MIPs are skilled/suitable platforms for the 
creation of drug delivery systems because they can 
improve the release profiles with prolonged drug 
residence and release times.  Due to the connection and 
organized interactions between the recognition sites and 
the template (drug), it has led to a stable and slow release 
of the drug [1]. Metal-organic frameworks (MOFs) as a 

wonderful class of porous materials and are also known 
as porous coordination networks or coordination 
polymers. These materials have attracted great interest in 
various fields such as catalysis, gas storage and 
separation, drug delivery systems, and luminescent 
sensors. The intrinsic natures of MOFs such as excellent 
biocompatibility, biodegradability, and guest loading 
ability, announced them as great candidates as drug 
carriers [2]. In this work, Cu-based metal-organic 
frameworks as a core and molecular imprinted polymer as 
a shell were used for drug delivery. On the other hand, to 
synthesize the pH-responsive core-shell nanocomposite, 
methacrylamid imprinted polymer was formed on the 
surface of Cu(BDC). 

Experimental Section  
Doxorubicin (was obtained from Sobhan Pharma Co.), 
Methacrylamide(MAm), N,N-Methylenebisacrylamide 
ethylene (MBA),                   ammonium persulfate (98%, 
APS), copper(ii) nitrate trihydrate,terephthalic 
acid,dimethylformamide(DMF) were obtained from Merk 
Co. 
 
1) Synthesis of functionalized Cu-MOF 
(i) first Cu-MOF was synthesized by dispersing 1.5mmol of 
Cu(NO3)2.3H2O and 1.5mmol terephthalic acid in DMF 
then the mixture was stirred for 24 h at 120 °C. 
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 (ii) 0.1g Cu-MOF was dispersed in DMF then 0.03g DCC 
and 40µl HEMA were added to the above solution. The 
resultant mixture was stirred 24 h at 70 °C in the nitrogen 
atmosphere. 

2) Synthesis of Cu-MOF@MIP and Cu-MOF@NIP 
0.1g of Cu-MOF was dispersed in distilled water then 
0.56g DOX as template, 0.175g (MA) as functional 
monomer, 1.25g MBA as a cross-linker, and 0.06g APS as 
an initiator were added to the above mixture and bubbled 
with nitrogen for 10 min. The polymerization process was 
accomplished at 60 °C under mechanical stirring for 24 h. 
The precipitates were separated, washed with methanol 
three times, and dried at 60 °C. The dried product was 
extracted using the Soxhlet approach for 72 h in the 
presence of methanol-acetic acid mixture until no DOX 
was determined in the supernatant analysed by UV–Vis at 
483 nm. As a control sample, the molecularly 
nonimprinted polymer (NIP) was also prepared in the 
same method as mentioned above without the addition 
of the template molecules (DOX). 

Results and Discussion 
The FT-IR spectral of Cu-MOF@MIP nanocomposite was 
investigated which is displayed in Fig.1. Cu-BDC indicated 
sharp peaks with high intensity at 1528 and 1385 cm-1 
which related to asymmetric and symmetric stretching 
modes of coordinated carboxylic acid, respectively. Weak 
and narrow bands at 877 and 1115 cm-1 which attributed 
to δ(C–H) and γ(C–H) vibration of aromatic rings, 
respectively. So, the existence of an aromatic ring shows 
that the organic ligand (linker) is present in the final 
product. The peak at 2943 cm-1 is attributed to aliphatic  
(C–H) asymmetric stretching vibrations of DMF, while the 
broad peaks in the spectral range of 3200 – 3500 may be  
due to N-H of amide or acidic OH of carboxylic groups. The 
peak that appeared at 1659 cm-1 corresponded to the 

stretching vibrations of C=O, which is a qualitative reason 
for grafting methacrylamid on the surface of MOF [3]. The 
cumulative release profiles of DOX from the NIP and MIP 
at pH 5 and 7.4 are shown in Fig. 2. They indicate pH-

responsive drug release properties and the most of drug 
release rate happens at an acidic medium (pH 5). There 
are several reasons for the observed profiles. For 
example, the hydrogen bonding between the NH and OH 
groups of DOX and the functional groups of the polymer 
matrix is stable at pH 7.4. The protonation of amine 
groups of DOX at lower pH values causes the destruction 
of the hydrogen bonds and also increases its solubility and 
hydrophilicity; therefore, DOX is rapidly released in an 
acidic medium. MIP showed a sustained and controlled 
release rate than that of NIP, indicating the effect of 
specific imprinted cavities in the polymeric structure for 
the MIP sample [4]. The surface morphology of 
MOF@MIP was characterized using the SEM technique As 
shown in Fig. 3, the surface morphology for MOF@MIP 
shows an almost smooth surface 
 

 
Fig.1: FT-IR spectra of MOF@MIP 

 

Schematic of preparation MOF@MIP   
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Fig.2: DOX release profiles from MOF@MIP 

 

 
 

Fig.3: SEM image of MOF@MIP 

Conclusions 
In summary, in this work, core-shell nanocomposite was 
synthesized using the metal-organic framework as a core 
and molecularly imprinted polymer as a shell and 
investigated their application in drug delivery. The 
structure of the prepared nanocomposite was studied 
and confirmed by different techniques such as IR and 
SEM. The release of the DOX from the prepared 
MOF@MIP at pH 5 and 7.4 were investigated and 
compared.  The drug release profile exhibited a lower 
drug leakage at the physiological environment (pH 7.4) 
from the MOF@MIP that effectively reduces the possible 
side effects of burst drug release to the normal tissues. 
The drug release rate at tumor tissue conditions (pH 5) is 
considerably heightened in a sustained profile, which 
results in the desired cytotoxicity to the cancer tissues. 
The results recommended that the synthesized 
MOF@MIP could be employed as a talented nanocarrier 

for the targeted anticancer drug nanocarrier due to its pH-
responsivity properties. 
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Abstract: Here, Polylactic acid (PLA)-piroxicam (PIR) was coated on the surface of zinc substrates. SEM results 
revealed that a defectless morphology was achieved in the presence of PLA. Moreover, the release test indicated 
that PLA was able to control the release rate of PIR and sustained release behavior could be noticed. 

Keywords: Implant, Polylactic acid, Piroxicam, Biocompatible, Biodegradable  

 

Introduction 
Zinc is a vital element in our body, encompassing both 
biocompatible and biodegradable properties with a 
normal corrosion rate, making it a good candidate for 
metallic implants [1]. Although implants are widely used 
to treat bone-related diseases, some side effects may 
cause serious problems. Namely, Inflammation can be 
seen as a foreign body reaction because an artificial object 
is implanted. As a result, loading drugs on implants can 
strengthen the immune system and speed up the 
treatment process. In detail, PIR is a nonsteroidal anti-
inflammatory medication (NSAID), which can be utilized 
in implants to reduce pain [2-4]. Generally, organic 
polymers are one of the best options in designing 
extended release systems. Drug-loaded polymers can be 
used for sustained release systems because of their 
tunable mechanical properties in holding the drug and 
extending its release. PLA is one of the most common 
biodegradable polymers which is derived from renewable 
resources. PLA can work as a substrate for PIR to extend 
the release duration In addition, it modifies the surface 
morphology of implants in such a way that a uniform 
structure can be achieved on the surface [5, 6].  

In 2017, Peng et al. [3] investigated the release behavior 
of PIR from solid lipid nanoparticles (SLN). Based on the 
results, 87.5% of PIR was trapped. Since the 3rd hour after 
the treatment, anti-inflammatory behavior was noticed. 
In 2022, Korelidou et al. [7] designed a PCL-PLA 
membrane by solvent casting method. Implants were 3D-
printed vertically on top of the membranes. Tetracycline 
was loaded inside the implants and drug release was 
evaluated. The results showed that a sustained drug 
delivery could be achieved because of the polymers. 

In this project, we try to modify the quality of zinc-based 
implants by coating a layer of PLA-PIR on their surface to 
reduce inflammation, modify surface morphology and 
extend the release duration. 

Experimental Section  
Preperation of caotings: 

The pure zinc samples were used as the substrate of 
implants (20 mm×10 mm×1 mm). The substrates were 
polished with SiC emery paper up to 2000 grade, 
degreased ultrasonically in ethanol and cleaned with 
distilled water. PLA (7% w/t) was dissolved in 3ml 
chloroform in room temperature. after 30 minutes of 
stirring, PIR injection (4 mg/ml) was added to the solution 
slowly. The coating method was dip coating. The Zinc 
substrates were dipped in the solution and after two 
minutes, they were withdrawn and dried in the air. 

In-vitro release test: 

The implants were floated in 4ml PBS in an incubator at 
37℃ with a Shaking rate of 50 rpm. 

Results and Discussion 
Fig. 1 shows MTT cell viability assay which was taken from 
PIR injection (20 mg/ml) to measure the suitable 
concentration to achieve sustained release. IC50 diagram 
revealed that 50% viability can be seen when the 
concentration of PIR is 0.5 mg/ml. Therefore, to achieve 
sustained release behavior, the concentration of 4 mg/ml 
is used at the beginning. UV-Vis result (Fig. 2) shows that 
the absorption peak of 4mg/ml PIR in PBS is 394 nm. As a 
result, the release percentage of the drug (Fig. 2) is 
measured at this peak. Calibration diagram was plotted 
using UV-Vis and the concentration of released drug was 
measured. The release percentage after a week was 
approximately 56 % (Fig. 4), which is noticeable. SEM 
result (Fig. 5) demonstrates that the surface morphology 
of PLA (7% w/t)-PIR implants is crackless and uniform. 
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Fig.1: MTT result of piroxicam 

 

 
Fig.2: Absorption peak of piroxicam in PBS 

 

 
Fig.3: Calibration diagram of Piroxicam 

 

 

Fig.4: release diagram of piroxicam. 

 

Fig. 5: SEM result shows that the surface morphology is 
uniform 

Conclusions 
To be concluded, the effect of PLA-PIR coating on the 
surface of Zinc substrates were investigated. Surface 
morphology was improved to a high extent because of 
PLA, leading to a uniform surface to be achieved. 
Additionally, as PIR is trapped into the polymer, it is 
delivered at a controlled rate that leads to drug delivery 
for a prolonged period of time. As a result, PLA-PIR 
coatings on Zinc substrates can be a promising way to 
increase the efficiency of implants. 
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Abstract: Oral drug delivery systems have attracted considerable attention because they can improve the 
treatment of gastrointestinal diseases (GIT) such as colorectal cancer while reducing the side effects of 
chemotherapy and improving the effectiveness of drugs. This work aims to synthesize pH-sensitive magnetic 
bio-nanocomposite hydrogel beads based on sodium alginate (SA) and β-cyclodextrin (β-CD) polymers for 
delivery of the drug doxorubicin hydrochloride (DOX) against colon cancer. This carrier contains silver 
nanoparticles (Ag-NPs) reduced and Fe3O4 nanoparticles (MNPs). The successful synthesis was verified and 
confirmed by various analytical methods using FTIR, XRD, SEM, VSM, and TGA analysis. Bio-nanocomposite 
hydrogel beads prepared at different simulated pH values of the digestive system (1.2, 6.8, and 7.4) were studied 
and showed pH-sensitive swelling behavior. 

Keywords: Bio-nanocomposite hydrogel beads; β-cyclodextrin; pH-responsive; doxorubicin; drug delivery 

 

Introduction 
The second highest mortality rate of all diseases is 
associated with colorectal or colon cancer, which is the 
third most common cancer worldwide [1, 2]. Treatment 
options for colon cancer and various other colon diseases 
can be achieved through oral site-specific drug delivery to 
the colon. For drug delivery applications, biopolymers are 
being studied for their potential properties, including 
sensitivity to biological stimuli, automated drug release, 
nontoxicity, and site-specific drug delivery [3]. 
Sodium alginate (SA) hydrogel biopolymers excellent 
gelling ability and pH sensitivity, good biocompatibility 
and biodegradability make SA a widely researched and 
developed material for oral drug delivery systems [4, 5].  
The structure of β-CD, which has an internal hydrophobic 
cavity and an external hydrophilic cavity, has made it a 
particularly attractive host site for guest drug molecules. 
This property makes it an invaluable scaffolding platform 
for the development of β-CD polymer hydrogels, along 
with its mechanical strength, drug loading, and release 
behavior in oral drug delivery systems [6-8]. 
In this work, pH-sensitive SA/β-CD/Fe3O4@Ag bio-
nanocomposite hydrogel beads were synthesized for 
delivery of the DOX drug against colorectal cancer 

Experimental Section  
Synthesis of SA/ β-CD/ Fe3O4@Ag bio-nanocomposite 
hydrogel bead 
To synthesis bio-nanocomposite hydrogel beads, 0.3 g of 
SA was first dissolved in 15 mL of distilled water. 0.2 g of 
β-CD was then added to the dissolved SA. After 10 min, 
modified Fe3O4 MNPs were added to the solution and 

stirred at room temperature for 45 min. To obtain beads, 
the mixture was poured into calcium chloride solution 
(100 mL, 4 wt %) using a syringe. To ensure complete 
hardening, the beads were magnetically stirred for 30 
min. The beads were washed several times with distilled 
water and dried. 

Results and Discussion 
Swelling property 
The swelling property of hydrogels primarily determines 
their drug release and loading behavior and depends on 
the hydrophilic nature of their constituent materials and 
network structures. The groups of the cross-linked 
hydrogel respond to environmental influences such as pH, 
altering the polymer network and causing changes in the 
physical properties of the polymer such as swelling and 
deswelling. The swelling behavior of the SA/β-
CD/Fe3O4@Ag hydrogel over a period of 48 hours at 
different pH values (pH 1.2, 6.8 and 7.4) is shown in Figure 
8. At the acidic pH of 1.2, the hydrogel showed a negligible 
increase in swelling ratio. There was a long-term, 
consistent increase in SR (1700 percent) at pH 7.4. The 
hydrogel began to lose weight and its SR value began to 
decrease after 48 hours, indicating that it slowly 
disintegrated in solution (Figre 1). 
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Fig.1: Equilibrium swelling of SA/β-CD/Fe3O4@Ag hydrogel 

beads in pH 1.2, 6.8, and 7.4 (n=3( 

DOX loading and release studies 
In this work, the sustained and controlled release of DOX, 
an anticancer agent, was investigated using synthesized 
SA/β-CD/Fe3O4@Ag bio-nanocomposite hydrogel beads. 
At pH 7.4 (85 %), a high DOX loading percentage was 
observed in the hydrogel. The release behavior of DOX 
from loaded hydrogel was investigated at pH (1.2, and 
7.4). The pH-dependent release behavior of the hydrogel 
was observed after examining the release percentage of 
DOX. Drug solubility, drug-hydrogel interactions, and 
hydrogel swelling degree can generally be used to 
regulate drug release from hydrogels. The DOX release 
profiles of the hydrogels in this study were consistent with 
their swelling properties. At pH 7.4, it shows 80% DOX 
release after 48 h. Furthermore, as shown by the swelling 
behavior of the carriers, the higher swelling capacity of 
the hydrogel at pH 7.4 may be the reason for the higher 
DOX release at this pH (figure 2).  

 
Fig.2: Release study graph of Dox-loaded SA/β-CD/Fe3O4@Ag A 

hydrogel beads at pH 1.2, 6.8 and 7.4 (n=3) 

 

3.3. SEM/EDX Analysis 
FE-SEM was used to study the morphology and elemental 
composition of the SA/β-CD/Fe3O4@Ag bio-
nanocomposite hydrogel beads. It was found that the 
bead without drug loading had a rough surface with few 
typical polymer wrinkles, cracks, and dents, as shown in 
the SEM study images (Figure 3a). Furthermore, Figure 3b 
shows the hydrogel bead containing DOX drugs; The 
presence of the drug is obvious on the surface. 
 

 

Fig.3: SEM images of (a) SA/β-CD/Fe3O4@Ag and (b) SA/β-
CD/Fe3O4@Ag-DOX 

Conclusions 
In summary, in the present work, pH-sensitive SA/β-
CD/Fe3O4@Ag bio-nanocomposite hydrogel beads were 
synthesized through a facile approach for targeted 
delivery of the DOX drug against CC. This magnetic carrier 
shows strong antibacterial activity against gram-positive 
and gram-negative bacteria. FT-IR and XRD confirmed the 
successful preparation of the samples. The distribution of 
the NPs in the biopolymer matrix as well as the DOX drug 
loading were confirmed by EDX and SEM. SA/β-
CD/Fe3O4@Ag bio-nanocomposite hydrogel beads 
prepared under simulated conditions of the GIT showed a 
higher degree of swelling at pH 7.4. The SA/β-
CD/Fe3O4@Ag nanocomposite mainly released the loaded 
DOX at pH 7.4 (80%), indicating its potential for cancer 
colon treatment. MTT results demonstrated that SA/β-
CD/Fe3O4@Ag-DOX bio-nanocomposite hydrogel beads 
with 80% cell viability exhibit significant cytotoxicity on 
HT-29 cancer cells. A cell viability of approximately 32% 
was achieved. The overall results indicate that SA/β-
CD/Fe3O4@Ag bio-nanocomposite hydrogel beads have 
great potential for anticancer drug delivery and could be 
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explored for use with various drugs for tumor drug 
delivery therapies in the future.  
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Abstract: In the present research, we designed four tunable triphenylamine (TPA) based organic dyes 
aminated electron donor screened their electron donating effects on the electronic, optical and photovoltaic 
properties of the dyes for application in dye sensitized solar cells (DSSCs). we used density functional theory 
and time-dependent density functional theory. 

Keywords: absorption properties; dye sensitized solar cells; TD-DFT 

 

Introduction 
In recent years, investigation of economical renewable 
energy sources has played a vital role for the reduction 
of real-world carbon emissions and the development of a 
low carbon economy. Since the existing silicon-based 
solar systems have high production and environmental 
costs, the development of solar cells has resulted in the 
introduction of a new generation of photovoltaic (PV) 
technologies with lower cost and straightforward 
fabrication process called dye-sensitized solar cells 
(DSSCs) [1–3].  
In this research,we determined various quantum 
chemistry properties for the designed dyes, including 
frontier molecular orbitals and their energy gaps, 
chemical potential (μ), chemical hardness (η) and 
electronegativity (χ).  
Computational methods  
The GAMESS program package was applied for all DFT 
and TD-DFT computations [4].  
We performed a full geometry optimization with no 
symmetrical constraints for all ground state dye 
molecules using the Coulomb-Attenuating B3LYP (CAM-
B3LYP) functional in conjunction with the 6-311+ +G** 
basis set [5], followed by determination of frontier 
molecular orbitals and other quantum chemical 
parameters. Hence, we examined the excited state 
energies, absorption spectra and various photovoltaic 
parameters for our proposed dye molecules by the aid of 
TD-DFT computations at the CAM-B3LYP/6-311++G** 
level of theory.  
Results and Discussion 
The calculated values of LUMO and HOMO energies and 
their energy gaps (Eg) for all studied dyes are reported in 
Table 1 and corroborate the favorable intermolecular 
charge transfer between the HOMOs and LUMOs for all 

designed dyes and warrant the required absorption 
properties of DSSCs.  
In Fig. 1 the calculated values of FMO energy levels at 
CAM-B3LYP/6-311++G** have been sketched. In fact, it 
can be clearly seen that using electron-donating groups 
on the TPA fragment considerably lowers the FMO 
energy gaps from 0.459 eV in NH2 to 0.375 eV in 
NH(C3H7) substituted TPA based organic dyes, resulting 
in an absorption shift toward red.  
the hardness values fall upon substitution with electron-
donor groups on the TPA fragment and hence, Dye-4 
with the lowest hardness has greater reactivity with 
TiO2. However, the electronegativity calculated values 
were obtained in the range of 4.831–4.334 and 
demonstrate the tendency of all studied dyes to be 
attracted by TiO2.  
 

Table 1: CAM-B3LYP/6-311++G** calculated values of HOMO 
and LUMO energies and their gaps, and the quantum chemical 
properties including chemical potential (μ), chemical hardness 

(η) and electronegativity (χ) (all in eV). 
 

χ(ev) η(ev) μ (ev) Eg ELUMO EHOMO Dye 

4.831 0.229 -4.831 0.459 -4.602 -5.061 1 

4.598 0.190 -4.598 0.381 -4.408 -4.789 2 

4.694 0.204 -4.694 0.408 -4.490 -4.898 3 

4.334 0.187 -4.334 0.375 -4.147 -4.522 4 

 
We computationally investigated the absorption spectra 
of the modeled dyes in the UV-visible region and their 
intramolecular charge transfer character.  
The corresponding obtained results are summarized in 
Table 2 which indicates that all designed dyes have just 
one band in the visible region (λmax > 400 nm). We then 
calculated light-harvesting efficiency values (LHE) for all 
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studied dyes based on their strongest absorption peak, 
in the range from 0.510 a.u. in Dye-1 to 0.646 a.u. 
in Dye-4 that promisingly certified the reliable 
photocurrent response in DSSCs. 
 
Conclusions 
To conclude, we designed push–pull organic dyes with 
substituted TPA as an electron donating fragment and 
cyanoacrylic acid as an acceptor in combination with a 
conjugated π-linker, comprising a C–C triple bond and 
thiophene moieties, to be employed as efficient 
photosensitizers in DSSCs. We applied DFT and TD-DFT 
approaches to investigate the electronic structures, 
frontier molecular orbitals, electrostatic potential 
distribution maps and photovoltaic properties of these 
modeled molecular dyes.  
In this line, frontier molecular orbital calculations 
revealed that the substitution of electron donating 
groups, NH2, N(CH3)2, NH(C2H5) and NH(C3H7), on the 
TPA fragment in the modeled dyes leads to a decrease in 
the HOMO–LUMO energy gap and brings about the 
desired red-shift absorption spectra.  
The computed quantum chemical properties, including 
chemical potential, chemical hardness and 
electronegativity validate that, in the excited dye, 
electrons efficiently transfer to the semiconductor TiO2 
anode surface. 
 
 
 
 
 
 
  
 
 
 
 
 

Fig. 1: The HOMO–LUMO energy levels of modeled dyes, 
obtained at the CAM-B3LYP/6-311++G** level of theory. Blue 

dashed line represents the conduction band edge (CBE) of TiO2 

at −4.0 eV, and the red dashed line the level of the redox 
electrolyte at −4.8 eV. 

 

Table 2: TD-DFT calculated values at the CAM-B3LYP/6-311+ 
+G** level for the maximum optical absorption wavelength 
(λmax), oscillator strength (f) and light harvesting efficiency 

(LHE) of all modeled dyes 

LHE Oscillator strength, f (a.u.) λmax (nm) Dye 

0.510 0.310 744 1 

0.593 0.390 752 2 

0.633 0.436 782 3 

0.646 0.452 789 4 
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Abstract:  Iridium complexes with diphosphinoferrocenyl(dppf) ligands exhibit unique electrochemical behaviors 
and biological activities. This study explores their synthesis, characterization, electrochemical properties, and 
potential biological applications, revealing promising avenues for advanced material design and biomedical 
research especially for cancer treatment. 

Keywords: Iridium complexes; Diphosphinoferrocenyl; Electrochemical properties  

 

Introduction 
Iridium complexes have garnered attention due to their 
remarkable catalytic efficiencies and potential in 
therapeutic applications. The incorporation of 
diphosphinoferrocenyl ligands offers a versatile approach 
to modulate their electronic and steric properties, 
enhancing their reactivity and stability. This paper 
explores the synthesis of such complexes, their 
electrochemical characterization, and preliminary 
biological. 

 

Scheme.1: The binuclear cyclometalated Ir(III) rollover 
complexes containing a dppf ligand. (R= Ph, cy, iPr) 

Experimental Section 

Dppf is an excellent ligand for developing the molecular 
architecture of transition metals. The cycloplatinate 
complex A reacted smoothly with the dppf ligand (in 
different molar ratios) to give different products due to 
the different coordination ability of that ligand. When 0.5 
equivalent of the dppf ligand was used, it acted as a 
spacer to form dinuclear complex; this behavior is related 
to the large bite angle of the dppf.  
 

In this context, we have synthesized and characterized 
novel binuclear iridium(III) complexes bearing the dppf 
ligand, with the general formula [(cp*)2Ir2Cl4(μ-P^P)], P^P 
= 1,1'-bis(diphenylphosphino)ferrocene (dppf), 1,1'- 
bis(diisopropylphosphino)ferrocene (dippf), and 1,1'-
bis(dicyclohexylphosphino)ferrocene (dcpf), have been 
synthesized Synthesis of the complexes was carried out 
under inert conditions. Ligand exchange reactions were 
monitored by NMR spectra (1H, 31P {1H}. and 195Pt {1H}) 
were recorded and IR spectroscopy. Electrochemical 
studies were performed using cyclic voltammetry, and 
biological assays were conducted to assess cytotoxicity. 
 

 
 

 
 

  

Fig.1: structure of a Iridium (III) complex containing dppf 
ligand. 

 

Results and Discussion 
The synthesized iridium complexes exhibited reversible 
redox behavior, attributed to the ferrocenyl moiety.  The 
electrochemical data suggest these complexes could 
serve as effective reversible redox. Preliminary biological 
studies indicated low cytotoxicity, making them suitable 
for further biological investigations. 
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Fig.2: The cyclic voltammogram of Iridium complex bearing 
dppf ligand recorded in 0.1 M TBABF 4 /ACN as a supporting 

electrolyte. scan rate 0.05 V s−1. 

Conclusions 
The iridium complexes with diphosphinoferrocenyl 
bridging ligands demonstrate promising electrochemical 
and biological properties. Their ability to undergo 
reversible redox reactions and exhibit selective 
cytotoxicity towards cancer cells highlights their potential 
in various applications, including catalysis and medicine. 
Future research should focus on detailed mechanistic 
studies and the exploration of their full therapeutic 
potential. 
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Abstract: Our research explored the effects of alkali and alkaline-earth metal substitutions in perovskite oxide 
compounds. We investigated their electronic and optical properties using density functional theory calculations. 
Compounds with alkaline-earth metals exhibited suitable band gaps and optimal absorption in the visible light 
range, making them promising for photovoltaic applications. 
Keywords: ASnO3, Perovskite oxides, Density functional theory, Alkaline and Alkaline earth metals, electronic 
and optical properties. 

 

Introduction 
Energy is considered the most important environmental 
issue, and scientists are seeking alternative sources to 
replace fossil fuels. Solar energy, particularly perovskite 
solar cells, shows promise due to their cheap 
manufacturing process and high absorption 
coefficient(Ho Kim et al. 2022). Metal halide perovskites 
offer the possibility of producing cheap, efficient, thin, 
light, and flexible solar modules. Oxide perovskites, such 
as ASnO3, have diverse electronic and optical properties, 
making them useful in various applications. Sn-based 
perovskite oxides like BaSnO3 have potential in photo-
electro-chemical applications(Yuan et al. 2007). 
Experimental and theoretical investigations are needed to 
understand the electronic and optical properties of 
perovskite compounds. This study focused on substituting 
alkaline and alkaline earth metals in perovskite oxide 
compounds based on tin metal to evaluate their 
properties and potential applications. The properties of 
these compounds vary based on the atomic number and 
radius of the substituted elements. 

Computional Details  
We employed density functional theory (DFT) calculations 
using the Vienna ab initio simulation package(Parr 1980) 
(VASP 5.4.4) to investigate the properties of perovskite 
compounds. The Kohn-Sham equations were solved 
within the self-consistent field (SCF)(Perdew, Burke, and 
Ernzerhof 1996) framework. Geometric structure 
optimization was performed using the projector 
augmented-wave (PAW) pseudopotential and the 
PBE+GGA(Grimme, Ehrlich, and Goerigk 2011) 
approximation for exchange-correlation energy. To 
obtain accurate band gaps, hybrid DFT functionals such as 
HSE06, PBE0, and HSEsol were applied(Wu et al. 2015). The 
structures and atomic positions were fully relaxed using 
the conjugate gradient algorithm without any symmetry 
constraints. The convergence criteria ensured that the 

total energy variation per atom was below 1 × 10−5 eV. A 
plane-wave cutoff energy of 450 eV (for structures with 
alkaline elements) and 550 eV (for structures with 
alkaline-earth elements) was used. A 4×4×4 Monkhorst-
Pack k-point mesh was chosen for Brillouin-zone sampling 
of perovskite structures based on convergence 
assessments. 

Results and Discussion 
 

Fig.1: Calculated spectrum of density of state and band 
structure of oxide perovskite structures of BaSnO3 using PBE0 

functional. The Fermi level is set at zero eV. 
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In the analysis of the density of states (DOS) diagrams and 
band structure of BaSnO3 compound using the PBE0 

functional, it is observed that this compound has a band 
gap of 2.734 eV. Compounds containing alkaline earth 
metals exhibit completely symmetric DOS diagrams, lack 
magnetic properties, and possess semiconducting 
characteristics(Kim et al. 2012). They find applications in 
photoelectrochemical processes and solar cells. The p 
orbitals of oxygen atoms play a crucial role in occupying 
the valence band and demonstrate a higher density 
compared to other atoms. The results obtained using the 
PBE0 functional show a close agreement with reality, 
providing reliable outcomes. The band gaps of other 
compounds with alkali metals and alkaline earth metals 
are listed in Table 1. Substituting alkali metals from top to 
bottom in the periodic table leads to a leftward shift of 
the conduction band and a reduction in the band gap. DOS 
diagrams of compounds with alkali metals do not exhibit 
symmetry, and these compounds exhibit magnetic 
properties(Singh, Xu, and Ong 2014). 

Table1: Calculated band gap of oxide perovskite compounds using 
PBE0 functional. 

Compound Band Gap(eV) Compound Band Gap(eV) 

 LiSnO3 4.570 BeSnO3 0 

NaSnO3 4.363 MgSnO3 2.938 

KSnO3 3.779 CaSnO3 3.818 

RbSnO3 3.331 SrSnO3 3.434 

CsSnO3 2.599 BaSnO3 2.734(Copiello and 
Grillenzoni 2017)  

In the investigation of optical properties, Real part of the 
dielectric function, ε1, represents energy storage in an 
electric field. Imaginary part, ε2, describes energy 
dissipation. Absorption coefficient increases from Li to Cs 
in alkaline perovskite structures. Alkaline perovskites 
generally have higher absorption coefficients than 
alkaline-earth perovskites(Cherrad et al. 2011). 

Conclusions 
The PBE0 functional is found to be the best for calculating 
electronic and optical properties, providing results close 
to theoretical and experimental calculations. The density 
of states graphs confirms the effect of substituting alkali 
and alkali-earth elements on electronic properties and 
bandgap displacement. Compounds with alkali metals 
show higher band gaps, among alkaline-earth metals  
CaSnO3 has the highest band gap followed by SrSnO3, 
MgSnO3, and BaSnO3. Compounds with alkali metals 
exhibit decreasing band gaps as we move down the 
periodic table, with LiSnO3 having the highest band gap. 
Structures with alkali-earth metals are more suitable for 
optical applications due to their optimal absorption in the 
visible region. Substituting alkali-earth metals with alkali 

metals can enhance the extinction coefficient and photon 
absorption ability. These findings contribute to the 
development of oxide perovskite solar cells with 
improved power conversion efficiency. 
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Abstract: A quasi metal-organic framework (quasi-MOF-303) was selected as a powerful phosphorus adsorbent 
due to its stability in water, ease of synthesis, and cheap metal. The highest adsorption value of 488 mg⋅g-1 for 
phosphate was achieved at 298 K at an intact pH value of medium (25 times more than MOF-303).  
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Introduction 
For all living organisms, phosphorus is a necessary 
nutrient. Complexation with metal-based materials is 
one of the most efficient phosphate adsorption 
mechanisms and is typically the main factor in the high 
selectivity of metal-based sorbents [1]. Metal-organic 
frameworks (MOFs), are the focus of a lot of studies to 
address several environmental challenges, such as the 
removal of water pollution, are one of the most alluring 
types of porous solids that have attracted a great deal of 
interest over the past 20 years [2]. The creation of 
defective MOFs with modified characteristics and the 
introduction of defects into the structure are two ways 
for promoting MOF function [3].  In addition to having a 
high valence state and tiny ionic radii constructed of the 
best metal that interacts with phosphate, MOF-303(Al) is 
a reliable and water-stable MOF that can be produced 
using environmentally friendly synthetic techniques. 
MOF-303 was thermally treated in an environment of air 
to produce QMOF-303. 
On Q-MOF-303, the adsorption isotherms, adsorption 
kinetics, pH effects, and co-existing anions were 
investigated. The maximum adsorption values of 488 
mg⋅g-1 for phosphate with Q-MOF-303 were attained at 
298 K (which is nearly 25 times greater than the intact 
structure) based on the pseudo second-order kinetics 
and Langmuir model. In less than 20 min, more than 95% 
of the adsorption capacity was attained.  

Experimental Section  
2.1. Synthesis of MOF-303(Al) 
The solvothermal synthesis technique of MOF-303 is the 
simplest to carry out among all feasible synthesis 
methods (the reaction is carried out in a glass bottle 
inside an oven at 120 °C), has the fewest steps, and 
requires the fewest instruments. In a typical experiment, 
a 250 mL VWR bottle was filled with 0.015 mol (0.6 g) of 
NaOH and 10 mmol (1.74 g) of H2PZDC. The bottle was 

then filled with 90 mL of deionized water, which was 
then stirred to dissolve the particles. 10 mmol mixture is 
heated. At the bottom of the bottle, there is a white 
precipitate that is the MOF-303 product [4]. 
 
2.2. Synthesis of Q303-450  
The thermal treatment of MOF-303 at different 450 °C 
produced unsaturated inorganic nodes and more 
porosity while taking into account the TGA profile. To 
create QMOF-303, a thermal treatment in the air with a 
heating rate of 5 °C min-1 and temperatures of 450 °C for 
45 min, deligandation of MOF-303 was accomplished.  
 
3. Results and Discussion 
At room temperature and for two hours, it was 
investigated how the initial concentration of phosphate 
anion (10, 25, 50, 75, and 100 mg L-1) affected the 
adsorption of phosphate by Q303-450. The pressure 
gradient concentration, as shown in Fig. 1A, increases 
the driving force, and as a result, the adsorption capacity 
is undoubtedly raised by raising the phosphate 
concentration.Based on the stability of the adsorbent, 
the pH range of 3-11 was investigated for adsorption 
studies. Phosphate was initially present in this procedure 
at a concentration of 50 ppm (100ml); the contact time 
was 60 minutes at 298 K. As it is clear in Fig.1B, the 
adsorption capacity value is almost constant in the range 
of pH: 3-6 and around 350-400 mg g-1, because after 
adding adsorbent (Q303-450), the final pH value reaches 
about 5, and because in this condition, the dominant 
existing type of phosphate is H2PO4

-, the performance of 
the adsorbent and so the adsorption capacity is the 
same. It is obvious that raising the pH from 3 to 7 
enhanced the adsorption capacity and by moving 
towards alkaline environments (pH>7), the adsorption 
capacity decreases drastically.   
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Fig.1. (A) The impact of initial phosphate concentrations 
on Q303-450 adsorption, (B) Effect of aqueous solution 

pH on the adsorption capacity of Q303-450 to 
phosphate. 

 
FT-IR spectra of Q303-450 before and after the uptake 
process are taken to clarify the potential sorption 
mechanism (Fig. 2). The stretching vibrations related to 
asymmetric and symmetric bond between Al3+-linked 
carboxyl (-COO-Al) are seen at 1612 and 1392 cm-1 for 
the pure Q303-450 samples. The peaks at 1010, 1470, 
and 1530 cm-1, which are attributed to N-NH, C-C, and 
C=N bonds, respectively, serve as confirmation of the 
presence of the PDC ligand [5]. Additionally, the 
secondary amine of the PDC linker, C-NH-C, has a sign 
that can be seen at 3415 cm-1 related to bridging 
hydroxyl (Al-OH-Al) [6]. 
After phosphate sorption, these primary peaks are still 
there, demonstrating the structural stability of Q303-
450. As a result of the creation of P=O and P-OH bonds, 
the phosphate-treated Q303-450 sample exhibits sharp 
vibration bands at 1107 and 1016 cm-1, pointing to the 
possibility of an interaction of Al-OH in Q303-450 and 
phosphate via the Al-O-P coordination bonds [6]. 
 

 
Fig. 2. (A) XRD patterns and (B) IR spectrums of Q303-

450 before and after phosphate adsorption. 
 

Conclusions 
In conclusion, an Al-based MOF (MOF-303) was selected 
as a powerful phosphorus adsorbent due to its 
exceptional qualities, including stability in water, ease of 
synthesis, and cheap metal. Without changing the 
environment's pH value, the Q303-450 structure 
demonstrated an extremely high adsorption capacity of 
488 mg g-1 as an ideal adsorbent for phosphate 
adsorption. The highly strong connection between 
phosphate and aluminum ions, as well as the interaction 
between the amine contained in the ligand and 
phosphate ions, are responsible for the rapid, quick 
adsorption that reaches its 90% adsorption capacity in 
less than 20 minutes.  
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Introduction 
Erythrosine B (ERT-B) is an artificial dye that is used in 

various products such as food, cosmetics, medications, 
and fabrics. This substance is widely used in food 
processing, including flavored beverages, cakes, and soft 
drinks, due to its bright color, good coloring power, and 
low cost. Studies have shown that this substance poses 
significant hazards such as the potential risk of cancer, 
damage to DNA, neurotoxicity, and various allergies. 
Therefore, accurate detection and control of ERT-B are 
crucial for meeting the safety requirements of food 
products, given their potential harm to human health [1]. 

Molecularly imprinted polymers (MIPs) are a type of 
functional polymers that are designed to have specific 
recognition properties towards target molecules, known 
as template molecules. The advantages of MIPs include 
selectivity, stability, durability, reusability, versatility, and 
low cost. MIPs have found applications in chemical 
sensors, drug delivery, catalysis, etc. Overall, MIPs offer a 
promising platform for selective molecular recognition 
and have the potential to revolutionize various fields by 
providing efficient and cost-effective solutions for 
separation, detection, and targeted delivery of molecules 
[2–4]. 

For the first time, we could synthesize a MIP by a simple 
and cheap synthesis method. This electrode was used as 
a highly sensitive photoelectrochemical sensor for the 
determination of ERT-B in food samples. The highly 
sensitive phenomenon should be attributed to the 
increased accessible active sites arising from the presence 
of MIP cavities with high surface-to-volume ratio and also 
ease of electron transfer in the branched CdS nanorods on 
TiO2 nanotube arrays (B-CdS NRs/TiO2 NTs) due to the 
synergistic effect of the two components. 

Experimental Section  
The well-ordered TiO2 NTs were produced through a 

modified one-step anodization TiO2 NTs were made by 
anodizing Ti foils in NH4F solution at 25 V for 2 h and 
annealing them at 450 °C for 2.5 h. In continue, 3D CdS 
nanostructures were fabricated on the TiO2 NTs substrate 
by hydrothermal synthesis in a Teflon-lined autoclave 
with glutathione, sodium sulfide, and cadmium chloride 
at 180 °C for 12 h. The sample was washed and dried 
before characterization. Finally, the cyclic voltammetry 
technique was employed in an electrolyte solution 
containing ERT-B (template) and L-cysteine (functional 
monomer) for constructing the MIP. 

Results and Discussion 
The surface morphology of TiO2 NTs obtained by field 

emission scanning electron microscope (FE-SEM) which 
exhibits the physical appearance and the surface features 
of the nanomaterials. Fig. 1(a) shows FE-SEM image of 
TiO2 NTs prepared by anodization with an inner diameter 
in the range of 40–60 nm and average wall thickness of 20 
nm. It can be seen from this figure that the fabricated 
nanotube arrays are highly ordered with a circular shape. 
The nanotubes are highly compact and distributed 
regularly all over the surface of the Ti foil. 

To further confirm the formation of the resulting TiO2 
NTs on the Ti foil, the compositional studies were 
performed via energy-dispersive X-ray spectroscopy 
(EDS), as shown in Fig. 1(b). The EDS pattern clearly 
confirms the existence of Ti and O elements on the TiO2 
NTs electrode. 

 

532 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 

Fig. 1: (a) FE-SEM image and (b) EDS of TiO2 NTs 

To characterize the photoelectric activity of the 
material, a photoelectrochemical test was performed. 
The photocurrent signal responses of different electrodes 
further proved the feasibility of the MIP sensor. As shown, 
the bare TiO2 NTs electrode showed nearly no 
photocurrent reaction, while the B-CdS NRs/TiO2 NTs 
electrode exhibited a greatly enhanced anodic 
photocurrent response, thanks to the efficient separation 
of photo-excited carriers in B-CdS NRs. The r-MIP  (after 
elution)  B-CdS NRs/TiO2 NTs  showed a weak intensity 
compared to MIPs/B-CdS NRs/TiO2 NTs. After incubation 
with ERT-B, the photocurrent increased significantly, due 
to the specific identification of MIP. ERT-B was 
successfully captured by the imprinted cavities, which 
greatly facilitated the electron transfer.  

Conclusions 
In Brief, we developed a simple, stable, sensitive, and 

selective MIP sensor by electropolymerizing L-cysteine in 
the presence of ERT-B as a template molecule on the B-
CdS NRs/TiO2 NTs surface. After removing the template 
molecules, the MIP film had imprinting cavities that 
selectively recognized and bound ERT-B molecules. The 
photocurrent increased linearly with ERT-B concentration 
from 0.1 nmol L–1 to 100 μmol L–1, with a detection limit 
of 0.05 nmol L–1. These properties enabled the rMIP/B-
CdS NRs/TiO2 NTs to determine ERT-B in food samples 
accurately and specifically without laborious 
pretreatment. This modified electrode showed potential 
for photoelectrochemical detection of ERT-B. This 
strategy could also be used to fabricate various 
photoelectrochemical sensors for other food additives 
and electroactive species. 

 

 

Fig. 2: The photocurrent response curves of TiO2 NTs, B-CdS 
NRs/TiO2 NTs, MIP/B-CdS NRs/TiO2 NTs (before elution), 
rMIP/B-CdS NRs/TiO2 NTs (after elution), and MIP/B-CdS 

NRs/TiO2 NTs after incubating in 0.1 mmol L–1 ERT-B solution 
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Introduction 
The carbonic anhydrase enzyme (CA) catalyze a simple but 
essential reaction in all life kingdoms, CO2 hydration to 
bicarbonate and protons [1-3]. This reaction, or the three 
chemical entities involved in it, carbon dioxide, 
bicarbonate and protons, are important for the pH 
regulation and homeostasis of the organism, CO2 and 
HCO3 − transport in several biosynthetic processes, for the 
production of body fluids, bone resorption and other 
physiological processes in vertebrates, whereas in some 
bacteria, plants and algae. However, utilizing the free 
form (soluble) of CA in large-scale applications is not cost-
effective due to instability, non-reusability the significant 
required amount of enzyme, and so on. Besides, some 
different inhibition mechanisms have been proposed for 
CA isoenzymes. Carbonic anhydrase inhibitors (CAIs) 
usually were divided to two classical and non-classical 
groups. In the classical CAIs, Inhibitors molecule 
coordinate directly to the metal at the center of active site 
and from tetrahedral, trigonal or bi-pyramidal 
geometries. Sulfonamides and their thioesters and metal 
chelating anions are the most classical studied inhibitors 
[3,4], Scheme 1. Several groups of molecules have been 
identified as non-classical carbonic anhydrase inhibitors, 
including phenols, coumarins and their derivatives and 
polyamines. In the present study the inhibition 
mechanism of some anions with human carbonic 
anhydrase (II) model enzyme were studied by employing 
quantum mechanical calculations. 
 
Methodology  
The geometric structures of active and inactive form of 
carbonic anhydrase enzyme active site model, anions and 
product complexes, were fully geometry optimized using 
a hybrid Hartree-Fock- density functional scheme, the 
adiabatic connection method–Becke three-parameter 
with Lee-Yang-Parr (B3LYP) functional [4] of density 

functional theory (DFT) with the standard 6-311+G** 
basis set. The B3LY. Vibrational analyses were performed 
on all optimized structures with the same functional and 
basis set as the corresponding geometry optimizations. In 
addition, the thermodynamic properties of all compounds 
were obtained from frequency calculations at 298.15 K 
and 1.0 atmosphere pressure. All calculations were 
performed using Gaussian 09 software. 
 

 

 
 

 
 

Scheme 1. Presentation of different inhibition mechanism of 
carbonic anhydrase. 
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Results and Discussion 
In the first step the cluster model of carbonic anhydrase 
enzyme(CA) were optimized, Figure1, and then the 
optimized anionic inhibitors merge to the optimized 
model enzyme. Furthermore, to qualify the interaction 
between inhibitors and CA(II) cluster model in the 
optimized geometries, the interaction energy (IE) is 
evaluated using Eq. 1.  
IE=E inhibitor/CA - (E isolatedinhibitor + EisolatedCA)           (1) 
In which, IE is the interaction energy, Einhibitor/CA is the 
energy of complex between anionic inhibitor and CA 
cluster model, (Eisolated inhibitor + Eisolated CA) is the sum of 
energies of free CA cluster model and inhibitor molecule. 
Figure 2 presents the optimized complex between model 
enzyme and anionic inhibitors. Also the calculated 
interaction energies are presented in Table 1.  
 

 

Fig.1: Optimized structure of CA II cluster model enzyme. 

 Conclusions 

In the present research the interaction of different anions 
with carbonic anhydrase model enzyme were 
investigated using DFT calculations. According to 
calculated results anions such as bromide (Br−) coordinate 
the zinc ion with a distorted tetrahedral geometry, since 
they cannot form a hydrogen bond with Thr199. On the 
contrary, anions such as formate bind to the enzyme 
active site by addition to the metal coordination sphere 
generating a trigonal bipyramidal species.  

Moreover, anion inhibitors are important both for 
understanding the inhibition/catalytic mechanisms of these 
enzymes fundamental for many physiologic processes, and for 
designing novel types of inhibitors which may have clinical 
applications for the management of a variety of disorders in 
which CAs are involved.  

 

 

Fig. 2: Structure of hCA II complexed with (A) bisulfite 
(tetrahedral geometry of Zn(II)), (B) bromide (distorted 

tetrahedral geometry of Zn(II)), (C) formate (trigonal 
bipyramidal geometry of Zn(II)). 

 

Table 1. Calculated interaction energy (Kcal/mol) between 
anionic inhibitors and carbonic anhydrase model enzyme. 

boromide 

43.64 
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Introduction 

     The cup paperboard is a type of high-grade paperboard 
that is specifically designed to make disposable cups for 
beverages. This material is engineered to prevent leakage 
and usually comes with a coating that acts as a barrier 
against moisture and liquid penetration. Cup paperboard 
is an innovative packaging material that is created to meet 
the dynamic demands of both hot and cold beverage 
containers. It is a robust and sturdy material with a 
meticulously formulated coating, usually made of 
polyethylene (PE) or a similar substance, that acts as a 
formidable fortress against moisture and ensures the 
content’s integrity [1]. Physical properties that are 
investigated in this research for cup paperboard include: 

 - Grammage: This is a measure of the mass of the 
paperboard per unit area, typically expressed in grams per 
square meter (g/m²). The grammage for paperboard used 
to make cups must be strong enough to provide the 
necessary strength, stiffness, and insulation properties 
suitable for hot or cold beverages [2]. 

 - Strength and Stiffness: The innate strength of the 
paperboard enables it to maintain its shape under the 
squeeze of a grip and the thermal stress of hot liquids. Its 
stiffness helps prevent deformation during handling and 
transit [3]. 

-  Folding Resistance: It is a critical property of paperboard 
that determines its ability to withstand folding and 
unfolding without breaking. This property is crucial for 
many applications, such as bookbinding, origami, and 
packaging [4].  

- Moisture Barrier: A critical feature for any beverage 
container, the coating on the cup paperboard repels 
moisture, keeping the liquid inside while maintaining the 
outside surface dry and comfortable to hold [3].  

     Cup paperboard is used in many applications, from 
single-use coffee cups to cold drink tumblers, reflecting a 
culture of convenience and mobility in modern society [5]. 
Manufacturers and suppliers are constantly innovating in 

cup paperboard, aiming for better environmental 
performance without compromising the product's 
efficacy and reliability for consumers. This present study 
examines the tensile strength, folding resistance, 
stiffness, and water absorption properties of uncoated 
and Low-density polyethylene-coated recycled cup 
paperboard. 

Experimental Section  

     We employed a glossy cup paperboard with a 
grammage of 280 (g/m2) from Rasha Caspian Iranian 
Company for this research. We coated this glossy cup 
paperboard using an industrial method called extrusion 
coating. The two types of low-density polyethylene (LDPE) 
codes LF0200 and LIM1922 blended in a ratio of 2:3 to 
create the coating. The LDPE film was applied to one side 
of the paperboard using the extrusion method. Finally, we 
measured the tensile strength, bending strength, folding 
resistance, and water absorption of two samples: the 
uncoated paperboard and the one-side-coated 
paperboard. 

Results and Discussion 

     The image shown in Figure 1 displays an industrial 
extrusion coating machine and a sample of glossy cup 
paperboard. Coating the cup paperboard with a blend of 
two specific polymers changes its structure and physical 
behaviors. The effects of these changes can be either 
beneficial or detrimental, depending on the intended use 
of the glossy cup paperboard. It is crucial to thoroughly 
test the material to understand how the coating process 
impacts its properties. By comparing the physical and 
structural characteristics of the coated and uncoated 
glossy cup paperboard, we can determine the influence of 
the coating on the material. 
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Fig.1: Photo of extrusion coating and pristine glossy cup 

paperboard 
 

     Table 1 presents the unequivocal results of the 
rigorous tests conducted on glossy cup paperboard, 
before and after coating. It should be noted that in this 
table, the results are presented in the direction of the 
paper machine (MD). The data reveals how the coating 
has significantly impacted the properties of the 
paperboard, including tensile strength, stiffness, folding 
endurance, and water resistance. These findings provide 
crucial insights for manufacturers to optimize the coating 
process and achieve the desired performance 
characteristics. 

Conclusions 

     The primary objective of this research was to conduct 
a comprehensive investigation of the physical properties 
of glossy cup paperboard. The properties examined 
included tensile strength, stiffness, folding endurance, 
and water absorption resistance in both uncoated and 
polyethylene coated conditions. To ensure accurate and 
reliable results on an industrial scale, the industrial 
extrusion coating method was utilized for the coating 
process. The findings of the study indicate that the 
addition of a thin layer of polymer significantly improved 
the physical properties of the paperboard. Specifically, 
the paper became softer, decreasing tensile strength and 
bending, while an increase in folding endurance was 
observed. Furthermore, the water absorption rate, which 

is a measure of water permeability, was significantly 
reduced, making the paperboard suitable for the 
production of cups for all types of beverages. 

     Overall, the results of this research suggest that the 
glossy cup paperboard can be used as a viable alternative 
to traditional paper cups. The improved physical 
properties, coupled with the reduced water absorption 
rate, make this paperboard ideal for the production of 
cups used for drinking various types of beverages. 
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Table1: Physical properties result of glossy cup paperboards 

Parameter title 
Uncoated 

paperboard 
Coated 

paperboard 

Grammage (g/m2) 281 300 

Tensile strength (kN/m) 15/09 14/75 

Tensile index (N.m/g) 53/71 49.18 

Elongation (%) 1.92 2.02 

Elasticity modulus (GPa) 6/635 6/743 

Folding number (n) 15 27 

Stiffness stress (mN) 212 164 

Cobb 60 (g/m2) 40 0.5 
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Abstract: This study is exploring the effect of three protic ionic liquids based 2-hydroxyethylammonium 
carboxylate (2-hydroxyethylammonium acetate, lactate and propionate) on the indomethacin (IMC) by utilizing 
the shake flask method to measure the solubility of IMC at 298.15-313.15 K which demonstrate significantly 
enhance the solubility of IMC in PILs. 
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Introduction 
In the pharmaceutical industry, the selection of suitable 
solvent in different processes is a serious challenge. 
Recently, there is a particular eagerness to utilize protic 
ionic liquids (PILs) in drug solubility. PILs are a subset of 
ionic liquids that contain a protonated cation, denoting 
them from conventional ionic liquids with a neutral 
cation. This unique feature imparts miscellaneous 
advantages to PILs, including a wider range of adjustable 
physicochemical properties.  Additionally, PILs generally 
exhibit, low toxicity, and lower vapor pressure, making 
them attractive alternatives to volatile organic 
compounds which make them promising candidates for 
various applications in pharmaceutical industry. 

Experimental Section  
Aqueous solutions  containing different weight fractions 
of  PILs were prepared and the excess amounts of IMC 
were added to glass vials which were stirred. Then after 
phase seperation, the concentration of IMC in the 
solutions was measured by utilizing the calibration curve 
and a UV-vis spectrometer 

Results and Discussion 
According to the results, IMC dissolution based on 
experimental solubility data has enhanced as the 
temperature and weight fraction of PILs have increased 
which specifically, in the MEAL was raised more than 200 
times higher than the water. Furthermore, the order of 
the solubility enhancement is MEAL > MEAP > MEAA. The 
increase in solubility can be attributed to various factors, 
encompassing the melting point, enthalpy of fusion, 
hydrogen bonding interactions, polarity, and solute-
solvent interactions [1]. 

 

 
Fig.1: The relationship between the solubility of IMC, temperature 

(T) and weight fraction of PILs(wPILs) in aqueous MEAL solutions. 

 

Table1: The IMC experimental mole fraction in weight fractions of 
aqueous solution containing PILs 

T / K IMC (1) + (MEAP 
(2) + water (3) 

IMC (1) + ( 2- MEAA)  
(2)+ water (3) 

IMC (1) + (MEAL)  
(2)+ water (3) 

105x1
exp 

w3=0.2000    
298.15 3.6819 3.0793 20.7177 
303.15 6.5566 3.1555 22.5268 
308.15 9.2054 3.4972 24.9773 
313.15 12.5832 3.7387 33.3346 

Conclusions 
Three neoteric green solvents which are known as PIlS 
have been employed for evaluating the experimental 
solubility of IMC.The MEAL exhibited the highest solubility 
enhancement, attributed to the strong hydrogen bonding 
interactions facilitated by the carboxylic acid structures. 

References 
[1] P.A. Gondoghdi, M. Khorsandi, H. Shekaari, M. 

Mokhtarpour, Solubility improvement of 
indomethacin by novel biodegradable eutectic 
solvents based on protic ionic liquid 
monoethanolamine carboxylate/ethylene glycol, 
Journal of Drug Delivery Science and Technology 
(2023) 104564. 

538 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

Probing Electron Transfer Kinetics in Ferrocene-Capped Self-Assembled Monolayers on 

Gold Electrodes 

Elaheh Dehnari, Davood Taherinia * 

                                                              Corresponding Author E-mail: taherinia@sharif.edu 

Chemistry Department, Sharif University of Technology, Tehran, Iran. 

 

Abstract: This study aims to investigate the effect of the concentration ratio of electroactive/ non-electroactive 
species on the kinetic of electron transfer in redox-active self-assembled monolayers. To synthesize the 
monolayer, constant values of electroactive species of 6-(Ferrocenyl)hexanethiol and different values of non-
electroactive species of 1-hexanethiol were attached to the gold electrode surface. The results showed that 
the electron transfer kinetic increases with the increase in the concentration of the non-electroactive species. 
Keywords: Electrochemical measurements; Electron transfer kinetic; 6-Ferrosenyl hexane thiol; Gold electrode; 
Redox-active self-assembled monolayers 

Introduction 
Self-assembled monolayers (SAMs) on electrodes, which 
are covalently modified with electroactive or non-
electroactive molecules, increase the efficiency of the 
electrode, and the connected electroactive species of 
modified electrodes can be used to study the electron 
transport properties [1-7]. One of the basic questions 
about molecular wires with terminal electroactive 
groups is how the kinetics of charge transfer depend on 
the concentration of these groups. This study 
investigated the effect of the concentration of non-
electroactive species on the kinetics of electron transfer. 
For this purpose, to construct the final layer with 
different concentrations of the non-electroactive 
species, different ratios of an electroactive to non-
electroactive compound can be used in the synthesis 
stage.  

Experimental Section  
Materials  
Compounds of 6-(ferrocenyl)hexanethiol (FHT), 1-
hexanethiol (HT), and tetrabutylammonium 
hexafluorophosphate were purchased from Sigma-
Aldrich and dry acetonitrile and 99%   ethanol were 
purchased from Merck. 
Synthesis of SAMs  
FHT-based SAMs with a concentration of 5  mM FHT 
solution in ethanol were synthesized on the surface of an 
Au electrode. In other syntheses, mixtures of constant 
concentrations of electroactive compound (5 mM FHT) 
and variable concentrations of non-electroactive 
compound (0,5,10,15 and 20  mM of HT) at a 
temperature of 25 C with ratios of 1:1,1:2,1:3 and 1:4   
were created to obtain SAMs with different 
concentrations of the HT non-electroactive species. A 
schematic of the synthesis steps of favorable SAMs is 
demonstrated in Figure 1. 

 

Fig.1: Self-assembled monolayers synthesis steps. 

Results and Discussion 
Then, kinetic of electron transfer in Fc-terminated SAMs 
was examined via calculation of the ET rate constant, 
k0(s-1),  extracted from CV data. Cyclic voltammograms of 
SAMs consisting of     5 mM FHT and different 
concentrations of HT on the gold electrode surface in 0.1  
M NBu4PF6/CH3CN electrolyte are shown in Figure 2.  

 
Fig.2: The CV curves for the (A) SAMs with 5 mM FHT, (B) 5 mM 
FHT and 5mM HT, (C) 5 mM FHT and 10 mM HT (D) 5 mM FHT 

and 15 mM HT, and (E) 5 mM FHT and 20 mM HT on the Au 
electrode in 0.1 M NBu4PF6/CH3CN electrolyte. Measuring was 

carried out at five different scan rates. 
 

The potential difference between peaks (mV), surface 
coverage (molecules/nm2), and electron transfer rate 
constant in SAMs consisting of 5   mM FHT and various 
concentrations of HT at scan rate value of 500 mV/s on 
the surface of the gold electrode in 0.1  M 
NBu4PF6/CH3CN electrolyte in and Table 1 show that with 
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increasing HT concentration in comparison to FHT, the 
value of the potential difference between the cathodic 
and anodic peaks (mV) and the surface coverage  
(molecules/nm2) decreases, and the standard rate 
constant of electron transfer increases. 
 

Table1: Anodic and cathodic peak difference (mV), surface 
coverage (molecules/nm2), and standard rate constant of 

electron transfer in SAMs with 5 mM FHT, and (0,5,10,15 and 
20) mM HT on the gold electrode surface with a scan rate of 

500 (mV/s) in 0.1 M NBu4PF6/CH3CN electrolyte. 

k0(s-

1) 

Peak 

Separation 

(mV) 

Surface Coverage  

(molecules/nm
2

) 
[HT] 

1.38 202 5.91 0 mM 

1.82 177 2.74 5mM 

1.90 175 1.86 10mM 

2.15 165 1.64 15mM 

2.32 164 0.97 20mM 

 

According to Figure 3, the Nyquist plot of SAMs 
consisting of 5      mM FHT and concentrations of 0,5,10, 
15, and 20 mM HT on the Au electrode surface in 0.1  M 
NBu4PF6/CH3CN electrolyte, we can see that as the 
concentration of HT increases compared to FHT, the 
electron transfer resistance decreases. after execution of 
the EIS experiments, fitting was done using Z-view 
software, and based on the fitting, the equivalent circuit 
was attained, which is revealed in Figure 3.  

Fig.3: Nyquist plot of SAMs with 5 mM FHT and (0,5,10,15 and 
20) mM HT on the gold electrode surface in 0.1 M 

NBu4PF6/CH3CN electrolyte. 

Conclusions 
In this work, molecular wires consisting of FHT 
electroactive and HT non-electroactive species were 
synthesized on the gold electrode surface. Electron 
transfer kinetic in SAMs made of a constant 
concentration of the electroactive compound and 
different concentrations of non-electroactive species 

were evaluated through CV and EIS electrochemical 
techniques. It was found that as the concentration of 
non-electroactive species increases, the kinetics of 
electron transfer increases. Based on the 
electrochemical studies, it was revealed that in 
NBu4PF6/CH3CN electrolyte solution, the variation in the 
standard ET rate constant (k0) of the Fc-terminated 
molecular wire depends on variation in the 
concentration of HT non-electroactive species. It was 
found that increasing the surface concentration of non-
electroactive species in Fc-terminated SAMs-based 
modified electrodes increases the kinetics of electron 
transfer. This increase in the kinetics of electron transfer 
is attributed to the reduction of the repulsive force 
between positive iron ions in the ferrocene structure.  
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Abstract: Fe3O4-L-proline as an effective and recyclable magnetic nanocatalyst was prepared and characterized 
using different methods. Then, it was efficiently used for the promotion of the one-pot synthesis of 2-amino-4H-
chromenes via one-pot three-component reaction of the dimedone, malononitrile, and aryl aldehydes under 
ultrasonic irradiation in ethanol as solvent.  
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Introduction 
Our recent interest has been in the development of new 
synthetic methods on using magnetic nanocatalyst as bio 
and recyclable catalyst[ref.]. On base of the best our 
knowledge, Fe3O4-L-proline nano fine particles have not 
previously been used for the synthesis of 2-amino-4H-
chromenes. Therefore, we wish to introduce Fe3O4-L-
proline nano fine particles as a new catalyst for the 
preparation of 2-amino-4H-chromene derivatives 
(Scheme 1). 

 
Scheme 1: Preparation of the 2-amino-4H-chromene using 

Fe3O4-L-proline 

Experimental Section  
Synthesis of 2-amino-4H-chromene using Fe3O4-L-
proline. General procedure. 

A mixture of an aromatic aldehyde (1.0 mmol), 
dimedone (1.0 mmol), malononitrile (1 mmol) and 
nanocatalyst (0.1 g) in EtOH (5 ml) was stirred at room 
temperature under ultrasonic irradiation at 30 minutes. 
The completion of the reaction was monitored by thin 
layer chromatography (ethyl acetate: n-hexane 1:4). After 
completion of the reaction, the catalyst was separated 
easily by an external magnet. The pure products were 
obtained from the reaction mixture by recrystallization 
from hot EtOH and no more purification was required. All 
the product were known compounds which were 
identified by characterization of their melting points (as 
indicated in Table 3) by comparison with those authentic 

literature samples and also in some cases their FT‐ IR and 
1H NMR. 

Results and Discussion 
To monitor the reaction conditions for synthesizing 2- 
amino-4-(4-chlorophenyl)-3-cyano chromene(4H)-one, 
the influence of the reaction temperature, the solvent, 
and the amounts of ionic liquid catalyst were studied in 
the reaction of 4-chlorobenzaldehyde, and malononitrile 
and dimedone (molar ratio: 2 : 2 : 2) as a model reaction. 
In order to generalize the optimum conditions, we 
investigated the generality of this method with a range of 
appropriate aliphatic and aromatic aldehydes to prepare 
a series of 2-amino-3-cyano-chromenes under reflux 
conditions (Table 1). 
 
Table 1. Synthesis of the 2-amino-4H-chromene using Fe3O4-L-

proline 
Entry Aldehyde Product Yield% 

1 4-Cl 4a 95 

2 4-Nitro 4b 92 

3 4-OH -3-MeO 4c 82 

4 4-OH 4d 85 

5 3-Nitro 4e 90 

6 4-Me 4f 88 

7 2-OH 4g 83 

8 Furfural 4h 84 

 

As clearly shown Table 2 , although all the mentioned 
homogeneous and heterogeneous catalysts are suitable 
for synthesizing 2-amino-4H-chromene derivatives, most 
of them suffer from one or more disadvantages, like the 
usage of toxic organic solvents, long reaction times, high 
catalyst loading, and tedious work-up procedures. It is 
clear that a suitable methodology in terms of the 
compatibility with the environment, product yield, using 
green solvent, and reaction time, Fe3O4-L-proline 
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comparing with several other catalysts has been 
developed 
 
Table 2 Comparison of the current method with other reported 

strategies for synthesizing 2-amino-4-(4-chlorophenyl)-3-
cyano-pyrano[3,2-c] chromene-5(4H)-one 

Catalyst Temp (C) Time (min) 
Yield 
(%) 

Ref. 

t-ZrO2 NPs 80 38 89 10 

ZnO NPs reflux 10 80 11 

Sodium alginate reflux 50 93 12 

KF/Al2O3 25 60-180 81 13 

Fe3O4-L-proline r.t 30 95 
This 
work 

Conclusions 
In general, we described an easy, effective, and 
ecofriendly method for a wide range of biologically and 
pharmacologically interesting functionalized 2-amino-4H-
chromenes one in the existence of an environmental 
friendly and reusable nanocatalyst Fe3O4-L-proline via 
one-pot Knoevenagel condensation of C–H-activated 
acids, aldehydes, and malononitrile under ultrasonic 
irradiation This method suggests various privileges 
including the usage of a green catalyst,  easy work-up, and 
good to high yields. 

References 
[1] Sadri, Z., Behbahani, F. K., & Keshmirizadeh, E. (2023). 
Synthesis and characterization of a novel and reusable 
adenine based acidic nanomagnetic catalyst and its 
application in the preparation of 2-substituted-2, 3-
dihydro-1 H-perimidines under ultrasonic irradiation and 
solvent-free condition. Polycyclic Aromatic 
Compounds, 43(2), 1898-1913. 
[2] Ferdousian, R., Behbahani, F. K., & Mohtat, B. (2022). 
Synthesis and characterization of Fe3O4@ Sal@ Cu as a 
novel, efficient and heterogeneous catalyst and its 
application in the synthesis of 2-amino-4H-
chromenes. Molecular Diversity, 26(6), 3295-3307. 
[3] Mohammadi, B., Behbahani, F. K., Marandi, G. B., & 
Mirza, B. (2022). Synthesis of 3, 4-Dihydropyrimidin-2 (1 
H)-ones,-thione, and-selones, Catalyzed by TiO2 
Nanoparticles. Russian Journal of Organic 
Chemistry, 58(9), 1319-1326. 
[4] Sadri, Z., Behbahani, F. K., & Keshmirizadeh, E. (2022). 
One-pot multicomponent synthesis of 2, 6-diamino-4-
arylpyridine-3, 5-dicarbonitriles using prepared 
nanomagnetic Fe3O4@ SiO2@(CH2) 3NHCO-adenine 
sulfonic acid. Inorganic and Nano-Metal Chemistry, 1-10. 
[5] Karimirad, F., & Behbahani, F. K. (2020). γ-Fe2O3@ Si-
(CH2) 3@ mel@(CH2) 4SO3H as a magnetically 
bifunctional and retrievable nanocatalyst for green 
synthesis of benzo [c] acridine-8 (9 H)-ones and 2-amino-

4 H-chromenes. Inorganic and Nano-Metal 
Chemistry, 51(5), 656-666. 
[6] Hasanzadeh, F., & Behbahani, F. K. (2020). Synthesis of 
8-Aryl-7 H-acenaphtho [1, 2-d] imidazoles Using Fe 3 O 4 
NPs@ GO@ C 4 H 8 SO 3 H as a Green and Recyclable 
Magnetic Nanocatalyst. Russian Journal of Organic 
Chemistry, 56, 1070-1076. 
[7] Sadri, Z., Behbahani, F. K., & Keshmirizadeh, E. (2022). 
One-pot multicomponent synthesis of 2, 6-diamino-4-
arylpyridine-3, 5-dicarbonitriles using prepared 
nanomagnetic Fe3O4@ SiO2@(CH2) 3NHCO-adenine 
sulfonic acid. Inorganic and Nano-Metal Chemistry, 1-10. 
[8] Behbahani, F. K., Rezaee, E., & Fakhroueian, Z. (2014). 
Synthesis of 2-substituted benzimidazoles using 25% 
Co/Ce-ZrO 2 as a heterogeneous and 
nanocatalyst. Catalysis letters, 144, 2184-2190. 
[9] Behbahani, F. K., Ziaei, P., Fakhroueian, Z., & Doragi, N. 
(2011). An efficient synthesis of 2-arylbenzimidazoles 
from o-phenylenediamines and arylaldehydes catalyzed 
by Fe/CeO2–ZrO2 nano fine particles. Monatshefte für 
Chemie-Chemical Monthly, 142, 901-906. 
[10] Saha, A., Payra, S., & Banerjee, S. (2015). On water 
synthesis of pyran–chromenes via a multicomponent 
reactions catalyzed by fluorescent t-ZrO2 
nanoparticles. RSC advances, 5(123), 101664-101671.  
[11] Zavar, S. (2017). A novel three component synthesis 
of 2-amino-4H-chromenes derivatives using nano ZnO 
catalyst. Arabian Journal of Chemistry, 10, S67-S70. 
[12] Dekamin, M. G., Peyman, S. Z., Karimi, Z., Javanshir, 
S., Naimi-Jamal, M. R., & Barikani, M. (2016). Sodium 
alginate: An efficient biopolymeric catalyst for green 
synthesis of 2-amino-4H-pyran derivatives. International 
journal of biological macromolecules, 87, 172-179.  
[13] Wang, X. S., Shi, D. Q., Tu, S. J., & Yao, C. S. (2003). A 
convenient synthesis of 5-Oxo-5, 6, 7, 8-tetrahydro-4 H-
benzo-[b]-pyran derivatives catalyzed by KF-
Alumina. Synthetic Communications, 33(1), 119-126. 
 

542 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

One-pot multicomponent synthesis of 2,6-diamino-4-arylpyridine-3,5- dicarbonitriles 
using prepared nanomagnetic Fe3O4@SiO2@(CH2)3NHCO-adenine sulfonic acid 

Zahra Sadri, Farahnaz K. Behbahani* 

Corresponding Author E-mail: farahnazkargar@yahoo.com 

Department of Chemistry, Karaj Branch, Islamic Azad University, Karaj, Iran. 
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aldehydes under solvent-free conditions at 110 °C.  
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Introduction 
In recent years, magnetic nanoparticles (MNPs), have 
proven to be valuable assets in organic chemistry such as 
application for the synthesis of N-substituted pyrroles,[1] 
benzo [c] acridine-8 (9 H)-ones and 2-amino-H-
chromenes,[2] synthesis of 8-aryl-7H-acenaphtho [1, 2-d] 
imidazoles,[3] 2-substituted benzimidazoles,[4] and 2- 
arylbenzimidazoles.[5]. In continuation of our efforts to 
develop new green chemistry methods as well as our 
interest in applications of heterogeneous-catalyzed 
organic reactions, we wish to report synthesis of 2,6-
diamino-4-arylpyridine-3,5-dicarbonitrile derivatives 
using prepared nanomagnetic 
Fe3O4@SiO2@(CH2)3NHCO-adenine sulfonic acid in the 
presence of malonitrile, ammonium acetate and 
aldehydes under solvent-free condition and at 110 °C 
(Scheme 1).  

 

Scheme 1: Synthesis of 2,6-diamino-4-arylpyridine-3,5- 
dicarbonitriles using catalyst 

Experimental Section  
General procedure for the synthesis of pyridine 
derivatives.  A mixture of aldehyde (1 mmol), 
malononitrile (2 mmol), ammonium acetate (3 mmol) and 
Fe3O4@SiO2@CH2)3NHCO-adenine sulfonic acid (0.04 g) 
was heated under solvent-free condition at 110 C. After 
the reaction was completed as indicated by TLC, hot 
ethanol (10 ml) was added and the catalyst was separated 
by external magnet. Next, the organic layer was 
evaporated and residue was purified by ethanol/water or 
ethyl acetate/n-hexane.  
 

Results and Discussion 
To investigate the scope and generality of this procedure 
for the synthesis of 2,6-diamino-3,5-dicyanopyridines, a 
series of aromatic aldehydes were employed to react with 
malononitrile and ammonium acetate under the 
optimized conditions. As shown, all the reactions 
underwent well to result the desired product in good to 
excellent yields. To study the electronic and steric 
influences on the annulation strategy, a wide range of 
aldehydes from benzene containing both electron-
withdrawing and electron-donating groups in para, ortho 
or meta position were employed and tolerated well. And 
steric hindrance as 2,6-dischloro benzaldehyde also gave 
the desired product.  

Conclusions 
In this work, Fe3O4@SiO2@(CH2)3NHCO-adenine sulfonic 
acid as a nano magnetic catalyst was designed, 
synthesized and characterized by several skills including 
FT-IR, EDX, XRD, SEM, TEM, TGA, and VSM. Afterwards, 
Fe3O4@SiO2@(CH2)3NHCO-adenine sulfonic acid shows 
elegant catalytic performance toward the synthesis of 
2,6- diamino-4-arylpyridine-3,5-dicarbonitriles.  
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Abstract: This study challenges the conventional understanding of nickel (hydr)oxides as inefficient catalysts for 
the oxygen-evolution reaction (OER) under alkaline conditions. It is demonstrated that nickel oxyhydroxide, 
characterized by several methods, forms on Ni foam's surface, and exhibits OER activity at extremely low 
potential. This activity becomes particularly notable at the peak of Ni(II) oxidation to Ni(III), which follows charge 
accumulation. Remarkably, this mesoporous, super hydrophilic, and high-surface-area catalyst requires a 
minimal overpotential, as low as 130 mV, with a current density of 200 µA/cm2, and displays a Tafel slope of 
77.9 mV/decade in alkaline media (0.10 M KOH). 

Keywords: nickel oxyhydroxide, oxygen-evolution reaction, extremely low overpotential, Tafel slope  

 

Introduction 
Water electrolysis is a widely recognized and established 
technology that uses electricity to facilitate the 
generation of hydrogen and oxygen through the 
breakdown of water molecules [1]. This process is 
immensely significant as it enables the storage of 
intermittent renewable energy sources, such as solar and 
wind power. Nevertheless, the efficiency of water 
electrolysis is impeded by a notable hurdle, namely the 
sluggish and energy-intensive nature of the oxygen-
evolution reaction (OER) [2]. NiHxOy compounds show 
promise for charge accumulation. The electrochemical 
behavior of nickel oxyhydroxide has been extensively 
studied in energy storage, owing to its high specific 
capacitance and long cycle life [3,6]. The Ni(II)/Ni(III) redox 
peak observed in NiHxOy demonstrates complex behavior, 
indicating that the reaction is more intricate than a simple 
redox process [7]. It is observed that nickel oxyhydroxide 
demonstrates instability in purified KOH solution (0.10 M) 
and exhibits OER activity. 

Experimental Section  
Oxygen measurements were conducted with an HQ40d 
portable dissolved oxygen meter connected to a digital 
readout oxygen monitor at 25°C. In electrochemical 
experiments, a conventional three-electrode setup was 
employed, comprising NiO(OH) deposited Ni foam as the 
working electrode, a mercury-oxide reference electrode, 
and a Ni foam auxiliary electrode. These experiments 
were conducted using an EmStat3+ instrument from 
PalmSens, Netherlands. The turnover frequency (TOF) of 
catalysts was determined using the formula TOF = j/(4 × F 

× n), where j is the current density at a specific 
overpotential, F is the Faraday constant, and n represents 
the moles of catalyst. 

Results and Discussion 
OER in the presence of the formed film is observed at an 
extremely low potential of 1.36 V (η=130). To measure the 
OER at low potentials, first, the OER was measured 
without potential, then the OER was increased by 
applying different potentials (Fig. 1). 
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Fig. 1: Chronoamperometry of NiO(OH) deposited on Ni 

foam and related OER plots. 

 
A Tafel plot is a graphical representation used to study the 
kinetics of electrochemical reactions,31-33 particularly the 
rate of electron transfer reactions. It is a plot of the 
logarithm of the current density (log(i)) against the 
overpotential (η). The Tafel plot based on multistep 
chronoamperometry for the electrode, across the 120-
300 mV range, exhibits two areas with linearity in Log (i) 
vs. overpotential, with a Tafel slope of 77.9 mV/decade 
(η=120-200 mV) and 288.9 mV/decade (η=220-300 mV) 
(Fig. 2). 
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Fig. 2: Tafel slope plot 

The XRD patterns of the electrode reveal distinct sharp 
peaks characteristic of metallic Ni, as shown in (Fig. 3). In 
addition, smaller patterns indicative of Ni(OH)2 are 
formed in some areas. Broader patterns, predominantly 
indicating Ni(OH)2, are displayed in the XRD analysis of the 
substance mechanically separated from the foam surface 
(Fig. 3). The broadening of these peaks can be attributed 
to factors such as stacking faults, the presence of small 
crystallites, and amorphous structures,39-41 which are 
evidenced in (Fig. 3). 
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Fig. 3:   XRD (synthesized Ni(OH)2 (green), NiO(OH) deposited 
on Ni foam (blue), and the mechanically separated NiO(OH) 

(red)) 

Conclusions 
The primary focus of the investigation is on developing a 
mesoporous, super hydrophilic, and high-surface-area 
catalyst that requires minimal overpotential for OER. The 
findings reveal that the catalyst demonstrates remarkable 
OER activity with an exceptionally low overpotential of 
only 130 mV and a Tafel slope of 77.9 mV/decade. Initially, 
the Faraday efficiency is relatively low, approximately 
25%, primarily due to charge storage effects. However, 
after 200 seconds, it undergoes a significant increase, 
exceeding 85%. The TOF was computed as 1.1 × 10-3 at 
1.36 V, taking into account the quantity of generated 
oxygen and the concentrations of redox-active Ni ions 
within the redox peak region. These experiments 
collectively highlight the potential of NiO(OH) deposited 
on Ni foam as a promising candidate for the development 
of efficient OER catalysts in sustainable energy systems. 
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Abstract: Considering the significance of Glutathione (GSH) detection for various physiological processes in the 
human body, we developed a simple photoelectrochemical (PEC) method for GSH sensing based on 
chronoamperometry analysis using a novel titanium dioxide nanowire array decorated with carbon nitride 
quantum dots. 
Keywords: Glutathione; Photoelectrochemical sensor; C3N4 quantum dots; TiO2 nanowire 
 

Introduction 
Glutathione (GSH) is a bioactive tripeptide composed of 

glutamic acid, cysteine, and glycine. It has important 
physiological functions in animals, plants, and 
microorganisms. GSH participates in various biochemical 
reactions in vivo and is known for its antioxidant, anti-
allergy, and detoxification properties. Decreased GSH 
concentration may be related to the pathogenesis of 
many diseases, including rheumatoid arthritis and 
Alzheimer’s disease. Thus, GSH is recommended as a 
therapeutic agent by the food, pharmaceutical, and 
cosmetic industries [1, 2]. Numerous online sensors such 
as fiber-optic, electrochemical, and photoelectrochemical 
(PEC) sensors have been developed because of their 
simple design, low cost, fast response, easy operation, 
portability, and the ability to enable selective diagnosis of 
GSH [3]. 

Herein, we employed a novel electrode as a proficient 
PEC sensor for the quantification of GSH in samples. The 
synthesized electrode exhibits remarkable photo-
electrocatalytic performance for GSH detection in the 
neutral media at low potential bias owing to a synergistic 
surface effect induced by the integration of TiO2 nanowire 
arrays (TiO2 NWs) over C3N4 quantum dots (CNQD). This 
results in enhanced surface area and conductivity, 
facilitating electron transfer and stimulating PEC 
reactions. 

Experimental Section   
The TiO2 NWs photoanodes were synthesized on 

fluorine-doped tin oxide (FTO) following a hydrothermal 
process. In brief, the FTO substrate was ultrasonically 
cleaned in acetone, ethanol, and water for 30 minutes. 
Then, FTO was transferred to a Teflon of stainless steel 
autoclave containing a mixture of HCL, deionized water, 
and titanium isopropoxide. The hydrothermal reaction 

was performed at 160°C, 6 h. Finally, TiO2 NWs/FTO 
annealed at 450°C, 1 h. The second layer consisting of 
CNQD was coated on TiO2 NWs, through one coating drop 
per round, and heated to 150°C until dry. This round was 
repeated one more time and annealed at 550°C, 2.5 h. The 
schematic of the process has been shown (Scheme 1). 

 
Scheme 1: Synthesis process of TiO2 NWs/CNQD 

photoelectrochemical sensor 
 

Results and Discussion 
Based on the optimized condition, the TiO2 NWs/CNQD 

electrode was applied to the quantitative detection of 
GSH under UV illumination. Fig. 1 presents photocurrent 
response curves of the TiO2 NWs/CNQD-based 
photoanode for a series of GSH concentrations in PBS (pH 
7.0) at an applied potential of 0.1 V (vs. Ag/ AgCl). The 
photocurrent increased gradually with the increasing 
concentration of GSH ranging from 1.0 × 10−13 to 5 × 10−5 
M, which implied the obtained PEC sensor was 
appropriate for GSH detection. By analyzing the PEC 
responses, the photocurrents displayed a good linear 
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relationship between the photocurrent intensity and the 
concentration of GSH (Fig. 2) and the relationship can be 
expressed by the following equation: ΔI=0.0473logCGSH + 
0.1949 with a correlation coefficient of 0.9852. 
The proposed TiO2 NWs/CNQD-based PEC sensor shows 
promise for applications in the detection of GSH with high 
sensitivity and relatively wide linear range.  

 
Fig. 1: Photocurrent response obtained at TiO2 NWs/CNQD in 

PBS (pH = 7) containing different concentrations of GSH. 

Fig. 2: the corresponding linear calibration curve for the 
detection of GSH. 

Conclusions 
In summary, we designed a simple, stable, sensitive, and 

selective photoelectrochemical sensor by using an FTO 
electrode composed of TiO2 nanowire arrays embedded 
in C3N4 quantum dots. This developed electrode exhibits 
a good response to GSH with a wide linear range (10–13–5  
×  10–5 M) and a low detection limit (1 fM) with high 
sensitivity and can easily be used for GSH determination 
in different body fluids and tissues; as it is essential for 
early diagnosis and follow-up of various diseases. 
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Abstract: In this research, the FeAl2O4@SiO2@CTS@Melamine@SO3H was synthesized as a novel nanomagnetic 
catalyst. The physical aspects of this acidic catalyst were characterized with various methods such as TEM, SEM, 
VSM, TGA, XRD, EDX. The catalytic property was examined in esterification of oleic acid to production of 
biodiesel in methanolic environment by high yield and green manner.  
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Introduction 
Global warming and its dangers due to the excessive use 
of fossil fuels reveale attention to alternative fuels such as 
biofuels [1]. In current times, a primary focus for 
humanity is to seek methods to enhance clean and 
sustainable energy sources. Biodiesel, a valuable product 
resulting from the transesterification of triglycerides, is 
among these sources and holds the potential to partially 
replace the use of petroleum diesel [2]. Biodiesel is eco 
friendly due to properties such as non-toxic, 
biodegradable, less pollution, higher flash point and 
renewable resources [3, 4] 

Experimental Section  

Synthesis of FeAl2O4 

Tha catalyst was successfully synthesized by five steps; at 
first for synthesis of FeAl2O4 by co-precepitation method, 
10 mmol  Al(NO3)3.9H2O and 20 mmol FeCl2.4H2O were 
added to a beaker then 150 ml and 50 ml deionized water 
and ethanol were added respectively. The mixture was be 
stirrerd intensively until a hemogenuos solution 
appeared, after that some NaOH was added to the 
reaction vessel up to the solution has been dark. Permit 
the reaction was stirrerd for 30 mintues severely, 
afterward the magnetic trait of the base  catalyst was 
examined by a external super magnet. Thereupon the 
mixture was transferred to the 500 ml balloons and 
stirrered for 24 hours at 80 oC, then the heterogenous 
base-cat was washed with ethanol and water then dried 
in an oven for a night. 

Results and Discussion 
X-ray diffraction analysis (XRD) 
XRD pattern for hercynite can be observed in Figure 1. The 
successful creation of hercynite MNPs was supported by 
the XRD peak positions at 2Ɵ = 30.20, 35.60, 43.38, 53.66, 
57.29, 62.86, 71.33, 74.51 which are related to (220),  

 
Fig. 1. XRD patern of FeAl2O4@SiO2 nanoparticles 

(311), (400), (422), (511), (440), (620) and (533) 
reflections, respectively [5,6]. All peaks have verified the 
formation of FeAl2O4 MNPs with a spinel-type structure. 
Moreover, the existence of Al in the configuration was 
verified through the peak positions at 2Ɵ = 30.20, 43.38, 
53.66, and 74.51 [5]. which is related to aluminum oxide. 
The nanocomposite's FeAl2O4 MNPs' crystalline size was 
determined through Scherer's formula using XRD data. 
The particle size ascertained from the XRD data was 24.20 
nm. 

Conclusions 
The production process for 
FeAl2O4@SiO2@CTS@melamine@SO3H utilized a co-
precipitation method.The acidic catalyst underwent 
qualitative and quantitative analysis through XRD, TEM, 
SEM, EDAX, FT-IR, TGA, and VSM. This nanomagnetic 
catalyst proved to be highly active for the esterification of 
oleic acid in methanol. Upon assessment for reusability, it 
remained highly active for up to four cycles under the 
same conditions without showing remarkable decreases 
in its activity. 
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Abstract: The reaction of thiometallates anions [MO2S2]2- (M=W,Mo) with d10 metal ions and heterocyclic 
thione ligands , the variety of compounds are obtained that are important from simulate to copper and zinc 
enzymes coordination active site of biological systems. For this reason, the complexes synthesized with these 
ligands in recent years have shown a strong metal-ligand interaction. Different thiometal compounds can be 
transformed into each other by chemical reactions because the number of oxygen and sulfur atoms around W 
changes. The reaction of (dioxo dithiotungstate anion) [WO2S2]2- with CuCl and tetra ethyl ammonium bromide 
and heterocyclic ligands; Pyrazole (C3H4N2) in acetone solvent yields the cluster complex 
[(Et4N)WO2S2CuI(C3H4N2)] that have been characterized by FT- IR, UV- Vis  and 1HNMR spectroscopies and 
elemental analysis (C.H.N). 
Keywords: Cluster Complexes; dioxo dithiotungstate; Elemental Analysis; Pyrazole 

 

Introduction 
In recent years, a large number of complexes have been 
synthesized by the additive reaction of CuL (L=Cl, B, I) on 
the tetrahedral complex (MS4)2- as …, [MS4(CuL)2]2-

,[MS4CuL]2-. Mo and W thioanions are of special 
importance in complex chemistry due to their diverse 
coordination behavior and empty orbitals with very low 
energy levels. For this reason, the complexes synthesized 
with these ligands in recent years have shown a strong 
metal-ligand interaction. [1-6] 

Experimental Section  
Preparation of [(Et4N)WO2S2CuI(C3H4N2)] 
According to the reaction stoichiometry, the required 
mass of each, 0.1 g ( 0.136 mmol) of (Et4N)2 WO2S2CuI 
and 0.009 g (0.132 mmol) of pyrazole ligand poured into 
a 50 cc balloon and 15 ml of acetone is added to it and 
srirred 6 hours. The obtained dried sediment is the 
desired complex, which is investigated by 1HNMR, FT-IR, 
UV-Vis and elemental analysis (C.H.N) techniques. 

Results and Discussion 
Investigating the spectrum of [(Et4N)WO2S2CuI(C3H4N2)] 

FT-IR infrared spectrum 

In Figure 1 the strong vibrational band related to the W-S 
bond is in the range of 450/21 cm-1, the absorption in the 
range of 878/140 cm-1 is related to the W-O bond. 
2990.10 cm-1 is related to the C-H stretching vibration of 
tetraethylammonium and the peak has been observed. 
(Table 1) 

Table 1: Comparison of vibrations of [(Et4N)WO2S2CuI(C3H4N2)]   
complex with ligand 

1-cmVibration type  )]2N4H3CuI(C2S2N)WO4[(Et 2N4H3C 

N-H 3143.1 3124 

W-S 450.21 - 

W-O 878.4 - 

Fig. 1: FT-IR spectrum of [(Et4N)WO2S2CuI(C3H4N2)] 

 

 UV-Vis spectrum   

In Figure 2 an absorption band appears at 380 nm, which 
is related to electron  transfers in the anion (WO2S2)-2, 
which is relative to (NH4)2WO2S2 has increased by 35 nm. 
This increase in the UV-Vis spectrum is a sign of the 
coordination of Cu ion to (WO2S2)-2. 

550 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 

Fig. 2: UV-ViS spectrum of [(Et4N)WO2S2CuI(C3H4N2)] in DMSO 
solvent 

1HNMR spectrum 

In Fig.3 the 6.710 ppm peak corresponds to the N-H 
proton, which appeared in the low field due to the 
electronegativity of N (high chemical shift). 

 

Fig. 3: 1HNMR spectrum of [(Et4N)WO2S2CuI(C3H4N2)] in DMSO 
solvent 

Elemental analysis( C.H.N) of  [(Et4N)WO2S2CuI(C3H4N2)] 

According to the (C.H.N) and the IR results along with 
UV-Vis and 1HNMR, the following complex structure is 
proposed.  

Table 2: Results of elemental analysis of the 
[(Et4N)WO2S2CuI(C3H4N2)] 

C.H.N C% N% H% 

Experimental 
percentage 

17.1 5.05 3 

Theory 
percentage 

17.64 5.25 3.2 

 

Fig. 4:  Structure of  [(Et4N)WO2S2CuI(C3H4N2)] (Pz = C3H4N2) 

Conclusions 
These compounds have attracted a lot of attention due 
to their important medicinal activities such as antiviral, 
analgesic, antimicrobial, antidepressant and antifungal. 

In this regard, complexes of metal ions (II) Cu(I), Ag(I), 
Au(I), Hg(II), Cd, etc. with these ligands have been 
extensively studied and investigated in recent years. 
Heterocyclic ligands have been used in the synthesis of 
our desired compounds due to their similarity with the 
enzymes in the body system of living organisms. 
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Abstract: Reaction of thiometallite dioxodithiotungstate anion, [WO2S2]2-   with metal ion Cu(I) with valence 
arrangement d10 and heterocycle pyrazole ligand, a compound is prepared which is biologically similar to the 
coordination active site of copper enzymes from are of particular importance. The reaction of this thiometal 
with CuI together with tetraethylammonium bromide and the heterocycle ligand imidazoline-2-thione (Imt) in 
acetone solvent results in the cluster complex [Et4N][WO2S2Cu2I(Imt)], which is obtained through the spectrum 
FT-IR, UV-Vis and 1HNMR measurements as well as elemental analysis (C.H.N) have been investigated and 
identified. 

Keywords: Cluster Complexes; Dioxo dithiotungstate; Elemental Analysis; Pyrazole; Imidazoline-2-thione 

 

Introduction 
The compounds of all heterothiometallic complexes are 
an important group of cluster compounds whose 
constituent units are [MXnS4-n]2-  anionsIn this general 
formula, it is (M=Mo, W, Re, X=0, S, Se, n=0-2). These ions 
are combined with M'X compounds, which are mostly 
X=Cl-,Br-,I- ,CN-, SCN- ,M'=Cu+ ,Ag+ and they form two-
eleven nuclear pairs, cluster compounds Molybdenum or 
tungsten/copper or silver derived from molybdenum(VI) 
or tungsten(VI) thioanions intermediates have many 
applications in biochemical systems due to their 
remarkable structural chemistry, interesting physical 
chemical properties and structural diversity. [1-6] 

Experimental Section  

Preparation of [Et4N][WO2S2Cu2I(C3H6N2S)] 
0.1 g (0.136 mmol) of [NEt4]2[WO2SCuI]and 0.014 g (0.137 
mmol) of the ligand (imidazoline-2-thione) Imt poured 
into a 50 ml   balloon and 15 ml of acetone is added to it 
and stirred for 6 hours. The product is analyzed by 
1HNMR, FT-IR, UV-Vis and elemental analysis (C.H.N) 
techniques. 

Results and Discussion 
Spectra of [Et4N][WO2S2Cu2I(C3H6N2S)] 
FT-IR infrared spectrum 
In Figure(1) the strong vibrational band related to the W-
S bond is in the range of 450/17 cm1-, the absorption in 
the range of 904/164 cm1- is related to the W-O bond, and 
the peak related to N-H is seen in the range of 3147 cm1- 

corresponds to The C-H stretching vibration is 
tetraethylammonium and the peak is observed. 
 

Table (1): Comparison of vibrations of [Et4N][WO2S2Cu(Imt)] 
complex with ligand 

-1cm  Vibration type S)]2N6H3I(C2Cu2S2N][WO4[[Et ((Imt) 

C=S 832.74  - 

N-H 3147 3247.93 

W-S 450.17  - 

W-O 904.62  - 

  

 

 

Fig.1: FT-IR spectrum of [[Et4N][WO2S2Cu2I(C3H6N2S)] 

UV-Vis spectrum   

In Figure (2) an absorption band at 380 nm, is related to 
(WO2S2)-2 anion, which is relative to free [(NH4)2 WO2S2] 
has increased by 35 nm. This increase in the UV-Vis 
spectrum is a sign of coordination of Cu ion to (WO2S2)-2. 

 

Fig.2: UV-ViS spectrum of [[Et4N][WO2S2Cu2I(C3H6N2S)] in 
DMSO solvent 
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1HNMR spectrum 

In Figure (3), the 48.6ppm peak corresponds to the N-H 
proton, which appeared in the low field due to the 
electronegativity of N. Also, the peaks in the range from 
one to four are related to C-Hs of ethyl and C-Hs of the 
ligand ring. Because the chemical changes are close to 
each other, they cannot be separated.  

 

Fig.3: 1HNMR spectrum of [Et4N][WO2S2Cu2I(C3H6N2S)] in DMSO 
solvent 

Elemental analysis( C.H.N) of  [(Et4N)WO2S2CuI(C3H4N2)] 

According to the C.H.N data (elemental analysis) along 
with IR, UV-Vis and 1HNMR results, the structure of the 
following complex is suggested.  

Table2: Results of elemental analysis of the 
[Et4N][WO2S2Cu2I(C3H6N2S)] 

C.H.N C% N% H% 

Experimental 
percentage 

16.68 5.94 3.54 

Theory 
percentage 

16.78 5.36 3.32 

 

 

 

Fig.4:  The structure of the complex 
[Et4N][WO2S2Cu2I(C3H6N2S)] and its comparison with the 

complex [Et4N][WOS3Cu2I(C3H4N2)] 

Conclusions 
These compounds have attracted a lot of attention due to 
their important medicinal activities such as antiviral, 
analgesic, antimicrobial, antidepressant and antifungal. In 
this regard, complexes of metal ions (II) Cu(I), Ag(I), Au(I), 

Hg(II), Cd, etc. with these ligands have been extensively 
studied and investigated in recent years.  
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Abstract: This study explores how to improve the adsorption performance of zirconium MOFs by using a mixed-
linker approach. By synthesizing mixed-linker MOFs using two different linkers, the functionality of the resulting 
frameworks was significantly improved. The resulting MOFs exhibited excellent selective sorption of heavy metal 
ions in aqueous medium. 
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Introduction 
Metal-organic frameworks (MOFs) are porous materials 
composed of metal nodes and organic linkers that can 
form various structures and shapes[1]. One of the most 
important and challenging applications of MOFs is the 
removal of metal ions from water, which pose serious 
threats to human and environmental health. Metal ions 
can contaminate water sources from natural or 
anthropogenic activities, such as mining, industry, 
agriculture, and nuclear power plants. Therefore, there is 
a great demand for efficient and selective adsorbents that 
can capture and remove metal ions from water[2]. 
Moreover, MOFs have very high surface areas and pore 
volumes, which enable them to adsorb large amounts of 
metal ions[3]. Second, MOFs have modifiable frameworks 
and functional groups, which provide them with various 
interactions and binding sites for metal ions[5]. In this 
paper, we synthesized new mixed-linker MOF and studied 

their application for metal ion removal from water. We 
focus on the design and optimization of MOF syntesis 
based on their structure, functionality, and adsorption 
mechanism.  

Experimental Section  
Mixed-linker MOF-802(FUM) was synthesized using 3,5-
pyrazoledicarboxylic (PZDC) acid and fumaric acid (FUM) 
linkers and ZrOCl2.8H2O. 0.03 mmol of ZrOCl2 (0.09 g) was 
dissolved in a solvent system of DMF and formic acid 
(6mL/8mL). Then, PZDC and FUM linkers were added to 
the solution. The mixture was sonicated at room 
temperature to complete dissolution of precursors. The 
mixture solution was then transferred into the vial and 
heated at 130°C oven for 72 h. Subsequently, the powders 
were centrifuged and washed with fresh DMF and 
acetone three times to obtain a white solid product. After 
full characterization of new synthesized MOF, we 
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performed metal adsorption tests at room temperature 
to evaluate the adsorption performance of the mixed-
linker MOF. 5 mg of the adsorbent was dispersed in 
different ion solutions with varying initial concentrations. 
After a certain time, we separated the solids by 
centrifugation and used the clear solution for ICP-OES 
analysis. We also used ICP-OES to study the effects of pH, 
adsorbent dose, and contact time on the Hg(II) removal 
and the stability test of the adsorbent by leaching 
experiment. 

Results and Discussion 
To study the effects of FUM linkers as secondary linkers 
the PXRD patterns of Zr-MOFs were investigated, which 
reveiled the PXRD patterns of MOF-802 and the mixed-
ligand Zr-MOFs. Also, we used FT-IR spectroscopy to 
evaluate their properties. 
Moreover, the consistency of the powder X-ray patterns 
before and after adsorption indicates that the zirconium 
MOF’s structure remained intact. Furthermore, based on 
XPS analysis Zr-MOF exhibited typical peaks for N 1s, O 1s, 
and Zr 3d. Post adsorption samples shoews new peaks at 
101.00 and 105.07 eV, which correspond to the binding 
energy of Hg 4f 7/2 and Hg 4f 5/2, respectively.  
Based on results, the metal removal eficiency of Zr MOFs 
using different ratios of linkers, including MOF-801, MOF-
802 and MOF-802(FUM), indicates the suporior 
performance of mixed-linker MOF in removal of heavy 
metal ions. (fig. 1) 
Furthermore, selectivity adsorption tests were conducted 
for different heavy metal ions, which include Zn(II), Co(II), 
Cd(II), Ni(II), Hg(II), and Pd(II) to investigate the adsorption 
ability and selectivity of the adsorbent using ICP 
spectrometry. Also, the results, demonstrate that the 
adsorption capacity of mixed-linker MOF for M(II) ions did 
not change markedly even upon completion of five 
adsorption−desorption cycles. 
 

 
Fig.1: Metal removal efficiency of three Zr-based MOFs 

Conclusions 
The mixed-ligand strategy can be a promising method for 
improving the performance of zirconium MOFs. The 
researchers synthesized a series of mixed-ligand MOFs 

using a simple solvothermal method that involved 
employing two kinds of linkers as precursors in the 
synthesis of mixed-linker zirconium MOF. It was 
confirmed that a regulated addition of a second ligand 
could concurrently improve the functionality of the 
resulting framework. The results indicate that this 
framework exhibits great performance in the selective 
sorption of heavy metal ions. 
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Abstract: The efficient removal of organic cationic dyes from aqueous media is a pressing environmental 
concern. In this study, we present a novel composite catalyst composed of MIL-101(Fe)/Fe3O4/Bi2O3. The 
synthesis involved magnetically decorating the well-known metal-organic framework (MOF) MIL-101(Fe) with 
iron oxide nanoparticles (Fe3O4) and bismuth oxide (Bi2O3). The resulting MIL-101(Fe)/Fe3O4/Bi2O3 composite 
exhibited remarkable photocatalytic activity for the degradation of cationic dyes. 
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Introduction 
Water pollution caused by organic contaminants, 
including dyes which is released from different industries, 
poses a global risk to both human health and the 
environment [1]. Industries such as dye manufacturing, 
pulp and paper, tannery, and textiles discharge 
substantial quantities of dyes into the environment. To 
address this challenge, we synthesized a composite 
catalyst based on MIL-101(Fe), a highly porous metal-
organic framework. By incorporating iron oxide and 
bismuth oxide, we enhanced the structural and catalytic 
properties of MIL-101(Fe) [2], resulting in an effective 
photocatalyst for the removal of organic cationic dyes 
from aqueous solutions. Our study sheds light on the 
potential of this composite material for sustainable water 
treatment applications [3].  

Experimental Section  
MIL-101(Fe)-Fe3O4-Bi2O3 was synthesized according to 
reported procedure. Typicaly, terephthalic acid and FeCl3 

were dissolved in DMF solvent and heated at 110⁰C for 
24h using Teflon-sealed autoclave. Then, presynthesized 
Fe3O4/Bi2O3 composite were sonicated with MIL-101(Fe) 
for 30min. synthesized materials were fully characterized 
and used as photocatalyst to remove cathionic dyes [4]. 

To perform photocatalytic removal of cationic dyes, 5mg 
of catalyst were dispersed in aqueous solution of dye with 
varying concentration. After short period of time in 
darkness, especific amount of H2O2 as oxidizer were 
introduced to the solution and then the beaker were 
placed under light. Finally, the concentration of organic 
dye were evaluated via UV-Vis spectroscopy. 

Results and Discussion 
In order to get better insight of structural properties of 
syntheiszed materilas, we conducted a comprehensive 
characterization of a novel composite catalyst composed 
of MIL-101(Fe)/Fe3O4/Bi2O3. By comparing the simulated 
XRD pattern of MIL-101 with that of the synthesized 
composites [5], we assessed the purity of the samples and 
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identified the presence of oxidized iron and bismuth. 
Additionally, we employed FT-IR, BET, XPS, and ICP 
analyses to study the composition of MIL-Fe-Bi. Notably, 
the incorporation of photoactive species, Bi2O3, alongside 
the iron active sites within MIL significantly enhanced the 
photocatalytic efficiency of the composite material for the 
removal of cationic dyes from aqueous solutions. As can 
be seen in Fig.1 after short period of time significat 
removal of organic dye (Rhodamine b) obtained, which is 
not noticed in other control reactions. 
The DRS analysis of the composite reveals a broader 
wavelength absorption region for MIL- MIL-
101(Fe)/Fe3O4/Bi2O3, resulting in enhanced 
photocatalytic activity. 

 
 

Fig.1: UV-Vis adsorption spectra of Rhodamine b after 
different time. 

Conclusions 
Water pollution, driven by organic dyes from industrial 
sources, threatens both the environment and human 
health. Our novel composite catalyst, MIL-
101(Fe)/Fe3O4/Bi2O3, demonstrates remarkable 
photocatalytic activity for cationic dye removal. Through 
comprehensive characterization, we confirmed the 
presence of oxidized iron and bismuth, enhancing the 
material’s efficiency. The broader wavelength absorption 
region observed in the composite further supports its 
superior performance. This study highlights the potential 
of MIL-101(Fe)/Fe3O4/Bi2O3 as a sustainable solution for 
water treatment applications. 
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Abstract:  A series of copper (II) complexes with azo and azomethine dyes derived from benzimidazole and 
benzothiazole coupled with β-naphthol and 2-hydroxy-naphthaldehyde were synthesized and characterized by 
IR, NMR and MS. To evaluate the photophysical and electrochemical properties of the complexes in comparison 
to the ligands, absorption and emission spectroscopy along with cyclic voltammetry were utilized. 
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Introduction 
Recently, there has been a growing interest in the 
coordination chemistry of heterocyclic azo and especially 
azomethine dyes as ligands, due to their good donor 
properties, preparative accessibility and structural 
variety. The complexation of metal ions with these ligands 
influences their optical feature, solubility, thermal and 
light stability [1]. Mutually, coordination of organic 
ligands tunes the redox potentials of central metals 
allowing their application in biological systems [2]. 
Additionally, complexes involving a heterocyclic fragment 
as a part of the chelating system have received great 
attention, because the heterocyclic ring provides 
opportunity for structural modifications, allowing for 
design of extended conjugated systems [3, 4].  
Herein, we have designed and synthesized heterocyclic 
azo and schiff-base ligands from bezimidazole and 
benzothiazole and their N, O-coordinated copper 
complexes. Electrochemical and photophysical properties 
of the complexes toward the ligands were investigated for 
potential photoelectronic applications. Computational 
calculations were performed to evaluate the molecular 
orbital features along with the optimized structures of the 
complexes. 

Experimental Section  
1- Sodium nitrite was dissolved in sulfuric acid (conc.) at 
65°C, and then 2-aminobenzimidazole (ABI) was added to 
the above solution in a mixture of acetic and propionic 
acids and cooled to 0-5°C in an ice bath. β-naphthol in 
NaOH solution was slowly added dropwise to the freshly 
prepared diazonium salt. After stirring for 24h, the 
precipitate azo dye L1 was filtered, washed twice with 
cold water and dried under vacuum, (85%). The same 

route was used for the synthesis of L2 starting with 2-
aminobenzothiazole (ABT), (85%). 
2- a solution of 2-hydroxy-1-naphtaldehyde (HNA) in 
glacial acetic acid, was added to a stirring solution of ABI 
in dry methanol. The mixture was refluxed for 6h. The 
product was filtered and washed cold EtOH and dried 
under vacuum to afford L3 (90%). The same pathway was 
used to synthesize L4 starting with ABT, (90%). 
Finally, Cu-complexes were synthesized by addition of the 
CuCl2 salts in ethanol (95%) to a hot solution of the ligands 
in ethanol with the stoichiometric ratio of 1:2. After 
stirring under reflux conditions at 75°C for 4h, the brown 
precipitate was filtered, washed with ethanol and dried 
under vacuum, ˃90%. 

Results and Discussion 
Scheme 1 outlines the reaction sequences for the 
synthesis of the azo and schiff-base dyes based on 
heterocyclic amines (L1-L4) and their target copper 
complexes. The chemical structure of the synthesized 
compounds were characterized by IR, H and C NMR and 
Mass spectroscopies. In the IR spectra, the characteristic 
peaks of phenolic hydroxyl and azo N=N groups of ligands 
disappeared and relocated, respectively, on coordination 
to metal cation, indicating the formation of corresponding 
complexes. Mass spectra declared the L2Cu structure and 
the lack of counter anion in the complexes. The synthesis 
of complexes by different copper salts resulted in the 
same products. In order to evaluate variations in optical 
and electronic properties of azo and schiff-base 
compounds due to coordination on Cu(II) cation, 
absorption and emission spectra along with cyclic 
voltammetry (CV) experiments were performed 
comparatively on the ligands and complexes. 
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Schem.1: Synthesis route of the prepared ligands and Cu-
complexes. 

The ligands showed two absorption peaks between 300-
500 nm, related to the n-π* and π- π* transitions which 
after coordination to cu (II) underwent a change in 
absorption intensity, Figs., 1, 2. Furthermore, a relatively 
wide new absorption peak appeared around 450 nm 
which assigned to a ligand to metal charge transfer 
transition. Investigation of the UV-Vis spectra in various 
solvents displayed that in an acidic solvent, HOAc, and a 
basic one, DMF, the absorption peaks of both ligands and 
Cu-L complexes varied in view of intensity and wavelength 
in comparison to DMSO or other neutral solvents. 
On the other hand, emission behavior of the synthesized 
compounds was comparatively studied in solution and 
solid state. The emissions were observed in solution with 
high stocks shift with a maximum emission at 630 nm for 
the all compounds and further another peak above 700 
nm for the complexes. Perchance, the first common peak 
originated from intra-ligand excited state and the second 
red shifted one emanated from LMCT state. 
At the solid state, the ligands did not show emissions like 
solution and instead, only a new peak located around 380 
nm was appeared. While the complexes displayed two 
emissions at 530 and 630 nm which the first peak had a 
higher intensity. 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1: UV-Vis spectra of L1-L4 in DMSO (0.04 mmol). 

 

 

 

 

 

 

 

 

Fig. 2: UV-Vis spectra of the complexes in DMSO (0.04 mmol). 

CV measurements are under construction to investigate  
the redox properties of CuL2. Also, molecular orbital 
features along with optimized structurs of the complexes 
were evaluated using computational calculations. 

Conclusions 
Based on benzothiazole and benzimidazole heterocycles, 
four ligands as azo and shiff-base structure were 
synthesized and characterized. Then their copper 
complexes were prepared using Cu (II) salts. 
Spectroscopic characterizations such as IR, MS and NMR 
showed O-naphthol and N-linker chelation with L2Cu 
stoichiometry, indicated the bidentate 6-membered 
chelation. Photophysical properties of the complexes in 
comparison to the ligands were studied which declared 
that molecular absorptions in aicidic or basic solvents 
were different from neutral ones, indicated the 
interaction between the both ligands and complexes. 
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Abstract:  Azo and azomethine dyes were synthesized from benzimidazole and benzothiazole and utilized for 
construction of mononuclear boron complexes. The products were fully specified by IR, NMR and MS for 
structural assessment. Opto-electrochemical features of the boron complexes were assessed comparatively with 
the ligands using UV-Vis and fluorescence spectroscopy along with cyclic voltammetry. 

Keywords: Boron complexe; Azomethine dye; Benzimidazole; Benzothiazole; cyclic voltammetry 

 

Introduction 
Coordination chemistry of heterocyclic azo and 
azomethine dyes have gained more attention due to 
applications in a wide range of chemistry and material 
science such as catalysis, biology and opto-electronic 
areas. Additionally, heterocyclic ring provides opportunity 
for structural modifications, allowing for design of 
extended conjugated systems. [1, 2]. Organoboron 
complexes have emerged as promising luminescent 
materials due to their enhanced stabilities, high electron 
affinities, and tunable fluorescence properties [3]. So, 
demands focusing on obtaining new boron fluorescent 
dyes with promising optical properties like large stokes 
shift is a very important feature of fluorophore design 
research [4]. For this purpose, we have designed and 
synthesized heterocyclic azo and azomethine dyes from 
benziimidazole and benzothiazole as ligands for N, O- 
coordinated BF2 complexes. The electrochemical and 
photophysical properties of these compounds as well as 
computational calculations were investigated to evaluate 
the molecular orbital features and the optimized 
structures of the complexes. 

Experimental Section  
1- Sodium nitrite was dissolved in sulfuric acid (conc.) at 
65°C, and then 2-aminobenzimidazole (ABI) was added to 
the above solution in a mixture of acetic and propionic 
acids and cooled to 0-5°C in an ice bath. β-naphthol in 
NaOH solution was slowly added dropwise to the freshly 
prepared diazonium salt. After stirring for 24h, the 
precipitate azo dye L1 was filtered, washed twice with 
cold water and dried under vacuum, (85%). The same 
route was used for the synthesis of L2 starting with 2-
aminobenzothiazole (ABT), (85%). 

2- A solution of 2-hydroxy-1-naphtaldehyde (HNA) in 
glacial acetic acid, was added to a stirring solution of ABI 
in dry methanol. The mixture was refluxed for 6h. The 
product was filtered and washed with cold EtOH and dried 
under vacuum to afford L3 (90%). The same pathway was 
used to synthesize L4 starting with ABT, (90%). 
In order to synthesize the BF2– complexes, we were slowly 
added BF3/Et2O to a solution of the ligands and Et3N in dry 
CHCl3 under Ar-atmosphere. The resulting solution was 
refluxed for 3h and then evaporated to dryness. The 
crimson precipitates were filtered and dried under 
vacuum, ˃80%. 

Results and Discussion 
The reaction pathway to obtain the ligands (L1-L4) and 
their boron complexes was illustrated as Scheme 1. IR, H 
and C NMR and Mass spectroscopies were utilized to 
approve the chemical structure of the synthesized 
compounds. In the IR spectra, the characteristic peaks of 
phenolic hydroxyl and azo N=N groups of ligands vanished 
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Scheme1: Synthesis pathway of the prepared ligands and 
boron complexes. 

560 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

0

0.4

0.8

1.2

1.6

200 300 400 500 600 700 800

A
b

so
rb

an
ce

 (
a.

u
.)

Wavelength (nm)

a L1
L2
L3
L4

and relocated, respectively, on coordination to boron, 
indicating the formation of corresponding complexes. 
Mass spectra declared the LBF2 structure of the 
complexes. In order to investigate and compare the 
optical and electronic properties of the LBF2 complexes to 
the pristine ligands, absorption and emission spectra 
along with cyclic voltammetry (CV) experiments were 
performed. 
Two absorption peaks between 300-500 nm, related to 
the n-π* and π- π* transitions were observed for the 
ligands which after linking to boron underwent a 
considerable change in absorption intensity, Figs., 1a, b. 
Moreover, a relatively wide new absorption peak 
appeared above 500 nm which assigned to a ligand to 
boron transition. Investigation of the UV-Vis spectra in 
various solvents displayed that in an acidic solvent, HOAc, 
and a basic one, DMF, the absorption peaks of both 
ligands and LBF2 complexes varied in view of intensity and 
wavelength in comparison to DMSO or other neutral 
solvents. 
The cyclic voltammograms recorded for L1-BF2 as a 
sample with varying scan rate were showed in Fig.2. As 
shown in the CV curves, it was clear that the oxidation and 
reduction peaks were independent processes occurred at 
different parts of the molecule. Hence, it was postulated 
that the oxidation and reduction processes were occurred 
in the phenolic and benzimidazole moieties, respectively. 
As the phenolic compounds are oxidized at relatively 
positive potentials and the use of faster scan rates did not 
lead to the detection of any chemical reversibility in the 
oxidation process. 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

Fig.1: UV-Vis spectra of a. L1-L4, b. LBF2 in DMSO (0.04 mmol). 

 

 
 

Fig.2: CVs of L1-BF2 with 0.1 M TBAB in DMSO, at scan rates = 

100, 300, 600 and 900 mVs-1. (a) Oxidative, (b) Reductive. 

 
The absence of a clearly defined reverse peak close to the 
main oxidation peak indicated that the probable formed 
phenolic cation-radical species possessed a short-live 
time and quickly reacted to form other products. 

Conclusions 
Benzothiazole and benzimidazole heterocycles were 
utilized to prepare some boron complexes. IR, MS and 
NMR spectroscopic methods showed O-naphthol and N-
linker chelation with LBF2 mononuclear 6-membered 
structure. Photophysical properties of the complexes in 
comparison to the ligands were studied which declared 
that the boron complexes displayed a good emission with 
a high stocks shift. 
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Abstract: This study presents a metronidazole-loaded hydrogel for gastroretentive drug delivery. Utilizing 
DMAEMA as the monomer and TEGDA/MBA as cross-linkers, the hydrogel exhibited an amorphous 
morphology. Investigation of cross-linking agents revealed the superior drug release profile of the hydrogel 
containing 0.5% TEGDA, prepared through freeze-drying. This promising hydrogel demonstrates potential for 
localized drug delivery, emphasizing the crucial role of physicochemical properties in governing drug release. 
Keywords: Hydrogel, Gastroretentive drug delivery, Metronidazole, Radical polymerization 

 

Introduction 
Experimental Section  
The oral route remains the preferred method of drug 

delivery due to its ease of administration, patient 

compliance, and cost-effectiveness. Controlled-release 

oral dosage forms have gained prominence for their 

therapeutic advantages. This study focuses on hydrogels 

as a drug delivery system, specifically designed for 

gastroretentive applications. Hydrogels, known for their 

water-absorbing capacity, were synthesized using 

DMAEMA as a monomer and TEGDA or MBA as cross-

linkers.[1,2] 

Results and Discussion 
FTIR analysis confirmed the absence of interactions 

between hydrogel polymers and metronidazole, 

indicating drug release dependence on hydrogel 

physicochemical characteristics. XRD and DSC analyses 

demonstrated the amorphous nature of metronidazole in 

the hydrogel, essential for sustained drug release. The 

study evaluated the impact of cross-linking agents on drug 

release, with TEGDA-cross-linked hydrogels exhibiting 

superior sustained release compared to MBA-cross-linked 

counterparts. 

 

 
 

⁜Overlay diagrams of XRD (top) and DSC (down) of: a metro-

nidazole, b drug-free MBA formulation, c optimum F10 formulation, d 

drug-free TEGDA formulation, and e optimum F9 formulation 
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Scanning electron micrographs of: a oven-dried, and b freezedried 
hydrogels 

Conclusions 
The developed hydrogel, particularly the formulation 
containing 0.5% TEGDA, displayed promising 
characteristics for gastroretentive drug delivery. The 
study emphasized the importance of cross-linking agents 
and drying methods in achieving desired hydrogel 
properties. The hydrogel's potential for sustained drug 
release makes it a viable candidate for localized antibiotic 
delivery in the treatment of Helicobacter pylori infection. 
The findings contribute valuable insights into the design 
and optimization of hydrogel-based drug delivery 
systems, opening new possibilities for the treatment of 
gastrointestinal conditions 
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FTIR XRD 

Fe-O at 580 cm-1 30.1: (220) 

Si-OH  at 950 cm-1 35.5: (311) 

Si-O-Si at 1090 cm-1 43.1: (400) 

C–O–C at 1030 cm-1 53.4: (422) 

C=N at 1640 cm-1 57: (511) 

C=O at 1700 cm-1 62.2: (440) 
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Abstract: In this study, we have developed a superparamagnetic iron oxide (IONPs) nanocarrier bi- 
functionalized using β-cyclodextrin (CD) and chitosan (CS) molecules. The loading of drug on the surface of the 
nano-sorbent as hydrophobic drug model were evaluated as the function of temperature and pH values. 

Keywords: Drug delivery; nanocarrier; biocompatibility 
 

Introduction 
It has been over half a century since the first illustration 
of nano-systems for drug delivery applications and 
nowadays we can evidence the rapid pace of targeted 
drug delivery systems [1]. In this regard, the 
biocompatibility of the drug delivery systems is highly 
important as the success of the delivering process is 
significantly relies on the interaction of nanocarrier with 
the living cells. Studies have shown that the interaction 
of a biological system with the nanostructured materials 
is a function of their size, morphology, surface charge, 
surface functional groups, and composition [2]. There is 
a significant attention on proper surface modification of 
magnetic  nanostructures for  drug  delivery  systems  to 
sustain both cargo ability of the nanostructures and to 
regulate their interactions with the living cells  [3]. 

 

Experimental Section 
Iron  oxide  nanoparticles  were  prepared  using  a  co- 

precipitation method as described before with a minor 
modification.  In the second step, the black resulting 
product was dispersed in dried toluene and stirred for. 
After  that,  (3-Glycidoxypropyl) trimethoxysilane added 
drop by drop to the above solution and kept stirring in N2 

atmosphere.  After  adding  β-CD,  the  reaction  mixture 
was stirred in order to yield -CH2O- group After the 
reaction completion, the solid phase was separated, 
washed and dried under vacuum. Finally, chitosan and 
glutaraldehyde as a cross linker was added, followed by 
stirring at ambient temperature and nano sorbent was 
synthesized. The schematic of synthesized nano-sorbent 
is shown in Fig.1. 
To  study  the  loading  and  release  behaviour,  several 
batches    of     drugs    were     prepared    in     different 
concentrations and transferred to tubes to adjust the pH 
value, then the loading and release of drugs from nano- 
sorbent was determined in two different pH values of 1.2 
and 7.4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: Schematic of the synthesized iron oxide nanoparticles 
with β-cyclodextrin (CD) and chitosan (CS) molecules as 

hydrophobic drugs carrier. 

Results and Discussion 
In order to chactrise the synthesized nano-sorbent, FTIR 
and  X-ray  diffraction  techniques  were  used  to 
verification. According to FTIR results, the surface 
chemistry of iron oxide nano-particles after each surface 
modification were confirmed. Based on the obtained 
results of  X-ray diffraction. the location of  mentioned 
peaks were corresponding to the standard data for the 
Fe3O4 structure (JCPDS card file NO. 85-1436). The 
additional  peaks  were  not  observed  confirming  the 
purity of Fe3O4 NPs. The results were gathered in Table 
1. 

 
Table1: Chracterization of nano-sorbent
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The   most   important   factor   in   the   evaluation   of 
adsorption parameters is the effect of the solution pH 
because any changes in pH value can result in variation 
of the structure of the ionized substance. The impact of 
pH value on electrostatic interactions is the main factor 
because can be affected by any changes in the pH 
amount. The effect of pH was examined in the range of 
2.0–9.0. pH values above 9.0 were not studied since the 
iron oxide nano-particles dissolved in alkaline pH. 
The pKa value of hydrfobic drug is in the range of 4.2–4. 
so in pH 6 part of drug molecule is deprotonated to an 
ionic form. On the other hands, the nano-sorbent has 
NH2 groups in its structure and in lower pH can be 
converted to NH3 groups on the surface of nano-sorbent 
. A strong electrostatic interaction occurred between 
negative charges of drug and positive charges of nano- 
carrier leads to achieve maximum loading, because the 
amino group of drug is an ideal functional group linked 
to carboxyl group. 
The highest value of loaded drug was yielded in pH 6 
with loaded of drug onto nano-sorbent. Volume of each 
microtube 1 mL containing 20 mg mL-1 of drug. Their pH 
values were adjusted with buffer solutions. The 0.01 g of 
nano-sorbent was added to each solution. The maximum 
loaded was 89.1 mgg-1 after 4h loading. 
The drug release profiles from nano-sorbent in offered 
drug delivery systems showed fast release in the first 5h 
and the most drug were released from the closest inner 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Conclusions 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: Drug loading on nano-sorbent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3: Drug release on nano-sorbent

absorbent layers. After that the release continued with a 
milder slope between 5 to 48h. Almost 77.9% of drug 
released in pH 1.2 and 56.67% in pH 7.4. The release 
profile was found to be increased at pH 1.2 more than 
pH 7.4 consequently. The results of loading and reslease 
are shown in Fig.2 and Fig.3. 

In sum up, the developed β-CD and chitosan grafted- 
iron oxide nanocarrier showed enhanced drug release 
kinetics       which   can   be   ideal   for   drug   delivery 
applications, especially for hydrophobic drugs. 
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Abstract: The MnO2@tea polyphenols used as a sorbent in dispersive solid-phase extraction (DSPE) of methyl, 
ethyl, propyl, and butyl parabens from wastewater and cosmetic samples followed by HPLC-UV. After 
optimization using response surface methodology, the linearity and limits of detection were in the range of 0.1-
500 μg/L and 0.08-0.3 μg/L, respectively. 
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Introduction 
Preservatives are a group of materials added to various 
products such as pharmaceuticals, cosmetics, and foods 
[1]. Methyl, ethyl, propyl and butyl paraben (MP, EP, PP, 
and BP) manufactured esters of p-hydroxybenzoic acid, 
are one of the most widely used preservatives because 
they are colorless and odorless, have chemical stability, 
and have antifungal and antibacterial properties [2]. 
These compounds, as endocrine-disrupting chemicals, 
have serious risks to human health, the most important of 
which is breast cancer in females and sperm DNA damage 
in men. Among them, methyl, ethyl, propyl, and butyl 
parabens are commonly used in personal care products, 
cosmetics, and toiletries. According to European 
Community, the permissible concentration of total 
parabens in cosmetics should not exceed 0.8% (w/w) [3]. 
Recently dispersive solid-phase extraction (DSPE) based 
on nanomaterial sorbents has been widely used to 
simplify the complexity of matrices and enhancement the 
accuracy and sensitivity of the method. The present study 
used tea polyphenols as a biocompatible surface modifier. 
At first, inexpensive, safe, and environmentally friendly 
MnO2 nanoparticles were synthesized. MnO2 
nanoparticles were in-situ functionalized by polymerized 
tea polyphenols via adding lysine and formaldehyde into 
the tea infusion. As far as we know, no application of 
MnO2@tea polyphenols to DSPE of parabens has been 
reported. Response surface methodology (RSM) based on 
Box-Behnken design (BBD) and analysis of variance 
(ANOVA) was used for studying the influential factors 
after being screened by Hunter&Hunter Design (HHD). 

Experimental Section  
Methyl, ethyl, propyl, and butyl parabens (MP, EP, PP, and 
BP) with a purity of >98% were prepared by Sigma-Aldrich 
(Germany). All HPLC grade solvents, sodium chloride 
(NaCl), hydrochloric acid (HCl), sodium hydroxide (NaOH), 

lysine and formaldehyde in water were supplied by Merck 
(Darmstadt, Germany).  
The analysis of MP, EP, PP, and BP was performed by an 
HPLC system of Shimadzu with an SCL 10Avp system 
controller, SPD 10Avp UV detector, LC 10Avp pump, 
injector valve with a 20 μL loop, and Class-VP software. 
The separation was achieved on a Eurospher 100-5 C8 
KNAUER column (4.6 i.d. ×150 mm; 5 μm bead size) 
maintained at an ambient temperature of 25 °C. The 
compounds were eluted isocratically using a mobile phase 
consisting of acetonitrile: water (50:50; v/v) at a flow rate 
of 0.5 mL/min. To monitor the effluent, the wavelength of 
the UV detector was set at 254 nm. 
MnO2@tea polyphenols were prepared through the in-
situ polymerization of tea polyphenols in the presence of 
lysine (an amino acid) and formaldehyde. For this 
purpose, MnO2 nanoparticles were dispersed to 40 mL of 
green tea infusion. Then, 20 μL formaldehyde and 1 mL 
lysine solution (10 mg/mL prepared in ultrapure water) 
were dropped into the previous mixture under 
continuous stirring for 2 h at room temperature. During 
the reaction process, functional groups of polymerized 
polyphenols interact with surface hydroxyl groups of 
MnO2 nanoparticles and coat the surface of it. After that, 
the mixture was submitted to a centrifuge for collecting 
the composite. The untreated reagents were removed by 
washing the composites with ultrapure water. The final 
product dried at room temperature under an N2 
atmosphere. 
For DSPE procedure, 10 mg MnO2@tea polyphenols were 
added to a 2 mL Eppendorf tube containing a solution of 
parabens at a concentration of 250 µg/L and NaCl (6 % 
w/v). The pH of the sample solution was controlled at a 
level of 7 using HCl and/or NaOH (0.1 mol/L). The 
MnO2@tea polyphenols sorbent was dispersed with the 
help of an ultrasonic bath for 6 min. In the following, the 
content of the Eppendorf tube was centrifuged, and the 
aqueous phase was discarded. Next, 100 µL of desorption 
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solvent (methanol) was added to the sorbent settled in 
the bottom of the Eppendorf tube, and the mixture was 
vortexed for 5 min. The eluent solvent was collected 
through centrifugation. A 25 µL-Hamilton microsyringe 
was filled with the analyte-enriched eluent solvent and 
injected into the HPLC-UV. 

Results and Discussion 
Field emission scanning electronic microscope (FE-SEM; 
Fig. 1), and X-ray powder diffraction (XRD; Fig. 2) were 
used to characterize the prepared sorbent. It is evident 
that MnO2 possesses a nanorod structure with a smooth 
surface, and MnO2@tea polyphenols display a much 
rougher surface than MnO2, confirming that monomers of 
tea polyphenols were polymerized on the surface of 
MnO2. The XRD patterns of MnO2 and MnO2@tea 
polyphenols are depicted in Fig. 2. The existence of sharp 
and narrow peaks at 2θ angles of 13.1° (110), 18.4° (200), 
29.0° (310), 37.9° (211), 42.2° (301), 50.1° (411), 56.4° (600), 
60.4° (521), 65.5° (002), and 69.8° (541) indicated the high 
crystallite of pure tetragonal MnO2. In the XRD 
diffractogram of MnO2@tea polyphenols, the crystalline 
structure of the composite is preserved. However, 
integrating natural tea polyphenols on the MnO2 

nanoparticles reduces the intensity of the peaks and 
slightly shifts their 2θ positions toward lower angles. 
Proper selection and optimization of effective factors will 
significantly increase the efficiency of the extraction 
process. Variables that generally need to be optimized in 
the DSPE method are the type and dosage of sorbent, pH 
and ionic strength of sample solution, type and volume of 
eluent solvent, and extraction and desorption times. The 
type of sorbent and eluent solvent was selected based on 
a one-factor at-a-time optimization strategy. After that, 
the multivariate RSM was applied to save time and 
minimize the number of experimental tests. The 
significant factors were first screened by HHD from 
among the six aforementioned quantitative factors. 
Finally, the optimal value of screened factors was 
obtained by analysis of BBD data and desirability function. 
 

 
Fig.1: FE-SEM images. 

 
Fig.2: XRD patterns. 

 
To evaluate the established method, linear range, LOD, 
precision, and accuracy were calculated. Satisfactory 
linearity for MP, PP, and BP was explored in the range of 
0.5-500 μg/L with R2≥0.9978, and 0.1-500 μg/L for EP 
with R2=0.9994. The LODs using the definitions S/N=3 
were in the range of 0.08-0.3 μg/L. The results of intra-day 
repeatability and inter-day reproducibility for three 
successive assays were evaluated by extracting parabens 
from pure standard solution at a concentration of 250 
μg/L. The results of these experiments show that the 
calculated RSDs were less than 5.1%. 

Conclusions 
In brief, a simple and environmentally friendly 
polymerization method has prepared high-effective, 
greener, and low-cost MnO2@tea polyphenols sorbent. 
The sorbent had acceptable extraction efficiency for 
target parabens with good repeatability and 
reproducibility.  
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Abstract: Carbon quantum dots (CQDs) have received tremendous attention as fluorescent probes for detection 
of diverse heavy metal ions (HMIs). Nevertheless, the fluorescence sensing mechanisms of versatile CQDs with 
respect to different HMIs remain elusive. Herein, the fluorescence sensing behaviors of GQDs with amino and 
carboxyl groups toward commonly encountered Cr6+, Fe3+and Cr3+ under different conditions are systemically 
explored. The results show that the fluorescence of CQDs can be enhanced by Cr6+/Fe3+ and Cr3+ at pH 5.8. The 
elucidating of the fluorescence sensing mechanisms of GQDs toward different HMIs paves the way for 
developing versatile sensing platforms for monitoring of HMI contamination. 

Keywords: Carbon cuantum dots; Fluorescence Sensing; Heavy metal ions.   

 

Introduction 
Quantum dots (QDs) are semiconductor nanoparticles 
which exhibit size and composition-dependent optical 
and electronic (optoelectronic) properties. QDs are 
ultrasmall, typically falling in the size range between 1.5 
and 10.0 nm. QDs have been demonstrated successfully 
due to their unique properties including superior 
photostability, size-dependent optical properties, high 
extinction coefficient and brightness, and large Stokes 
shift [1]. 
QDs are excellent fluorophores and can be used as 
sensors with high sensitivity and selectivity. It is all due to 
their interesting optical properties. In addition, emission 
profiles of QDs are symmetric and have relatively narrow 
bandwidths compared to organic dyes. These can be used 
as different types of sensors such as chemical sensors, 
biosensors, temperature sensors, humidity sensors, etc 
[2]. 
Carbon quantum dots (CQDs) have received tremendous 
attention as fluorescent probes for detection of diverse 
heavy metal ions (HMIs).  
In this study, the fluorescence sensing behaviours of CQDs 
that contain both amino and carboxyl groups were 
thoroughly examined for the detection of frequently 
encountered ions such as Cr6+, Fe3+, and Cr3+. 

Experimental Section  

Materials 
Urea, citric acid and solvents (ethanol and 
dimethylforamide) was purchased from Merck.  

Instrument 
The photoluminescence emission (PL) spectra were 
obtained by Shimadzu Spectrofluorophotometer RF-
5000 equipped with xenon lamp as the excitation source. 
  
Synthesis of CQD 

CQD was preparated accirding to the reported method 
[3]. Typically, 1 gr citric acid (CA) and 0.50 gr urea were 
mixed into 10 ml DMF solvent for 20 min. The solution in 
hydrothermal reactor was then heated at 180 oC for 10 h. 

Results and Discussion 
  
Fluorescence Sensing Behavior of CQDs toward Cr6+/Fe3+: 
To evaluate the applicability of CQDs to fluorescence 
based Cr6+/Fe3+ sensing, the PL emission spectra of CQDs 
(pH 5.8) were detected by adding different amounts of 
Cr6+/Fe3+. As illustrated in Fig.1 and Fig.2 the PL intensity of 
CQDs was gradually enhanced with the addition of 
Cr6+/Fe3+. It implies that CQDs (pH 5.8) could be used as a 
fluorescent turn-on probe to quantitatively detect 
Cr6+/Fe3+ in a relatively wide concentration range. 
  
Fluorescence Sensing Behavior of CQDs toward Cr3+: 
To evaluate the applicability of CQDs to fluorescence 
based Cr3+ sensing, the PL emission spectra of CQDs (pH 
5.8) were detected by adding different amounts of Cr3+. 
As illustrated in Fig.3 the PL intensity of CQDs was 
gradually enhanced with the addition of Cr6+/Fe3+. It 
implies that CQDs (pH 5.8) could be used as a fluorescent 
turn-on probe to quantitatively detect Cr3+  in a relatively 
wide concentration range. 
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Fig.1: PL emission spectra (Ex = 349 nm) of CQDs (pH 5.8) with 

various concentrations of Cr6+. 

 

 
Fig.2: PL emission spectra (Ex = 349 nm) of CQDs (pH 5.8) with 

various concentrations of Fe3+. 
 

 
Fig.3: PL emission spectra (Ex = 259 nm) of CQDs (pH 5.8) with 

various concentrations of Cr3+. 

Conclusion 
In summary, we have systemically investigated and 
clarified the fluorescence sensing behaviors and 
mechanisms of versatile CQDs with respect to different 
commonly encountered HMIs.  The results show that the 
fluorescence of CQDs can be enhanced by Cr6+, Fe3+and 
Cr3+at pH=5.8. 
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Abstract: In this work, the CO2 uptake by porous organic polymers was predicted using the group method of data 
handing (GMDH) neural network. Using CO2 uptake experimental data and 5 descriptors, the model was 
constructed. After training and optimization, the performance of the model confirmed using validation and 
external test sets.  
Keywords: group method of data handling (GMDH); carbon dioxide; porous polymers  

 

Introduction 
Since 1980, with the increase in world economic growth, 
the combustion of fossil fuels and petroleum products has 
increased. As a result, the emission of carbon dioxide as 
the main component of greenhouse gases in the 
atmosphere has increased and caused global warming. 
Therefore, it is very important to effectively reduce CO2 
emissions from large sources, which are one of the main 
causes of climate changes. In the last decade, many 
chemical and physical sorption processes have been 
developed for the efficient capture and sequestration of 
CO2 (CCS) from the flue gas as a short-term strategy to 
reduce global warming [1]. CO2 absorbents based on 
chemical absorption method are aqueos solution of 
alkanolamines, soluble carbonates, or ionic liquids, and 
those based on physical adsorption methods are solid 
porous absorbents such as nanoporous polymers with 
high surface area [2]. These polymers can overcome the 
problems of the traditional washing method with 
alkylamine solutions, such as high cost of absorbent 
recycling, and corrosion. Many studies have been done 
for the synthesis of porous polymers and their ability to 
absorb CO2 in litratures [3]. Although experimental data 
are accurate, measuring them is usually difficult, 
expensive, and time-consuming.  On the other hand, 
researchers are constantly investigating to prepare new 
solid absorbents for which experimental data have not 
been measured. Therefore, predictive methods are of 
particular importance in this situation. 
One of the effective methods for predicting the 
physicochemical properties of materials is the use of 
artificial neural networks (ANNs), which has also been 
used to predict the amount of CO2 adsorption by porous 
polymers. Most of the models obtained using ANNs 
method are part of the black box algorithm. Unlike 

traditional ANNs, recently, a new ANN model based on 
group method of data handling (GMDH) have been 
introduced which provide a clear mathematical 
relationship between the independent and dependent 
variables [4]. In 2021, this method has been used to 
predict the CO2 solubility in ionic liquids [5] but so far this 
method has not been used to predict CO2 adsorption by 
porous polymers. In the present work, a GMDH approach 
was used to predict the amount of CO2 uptake by different 
porous polymers over a wide range of temperatures and 
pressures. 

Experimental Section  
A dataset containing 946 points for CO2 uptake by 53 
different porous polymers (0.0526- 20.9197mmol/g) in 5 
categories including covalent organic polymers (COPs), 
porous aromatic framework (PAFs), mesoporous organic 
polymers (MOPs), covalent organic frameworks (COFs 
and prous organic polymers (POPs) at different 
tempratures and pressures are obtained from the 
literature. 130 data points of 5 different types of porous 
polymers were set aside as the external test set, and the 
remaining points were randomly divided into 2 groups, in 
the ratio of 70:30; namely, training and validation sets, 
respectively. 
The amount of CO2 adsorption by porous polymers 
depends on the pore size (Å) and the BET surface area 
(m2/g) of polymers. Therefore, these two quantities along 
with temperature and pressure as well as polymer 
molecular weight were selected as model descriptors.  
To train the network by GMDH approach, a program was 
written using MATLAB software based on GMDH 
principles. This program contains 5 inputs corresponding 
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Fig.1: Cross plot for (a) validation and (b) external test sets  

 

to five selected descriptors. In training of GMDH neural 
network, the best neurons areselected based on the root 
mean squared error (RMSE) in each layer and the 
remaining neurons will be removed. Selected neurons are 
processed and forwarded in the network structure and 
this process is repeated in all layers. By increasing the 
number of layers, the number of neurons becomes less 
until finally one neuron in the last layer remains as the 
winning neuron. In fact, the output layer contains only 
one neuron that corresponds to the desired output. 

Results and Discussion 
In the GMDH neural network, the parameters of the 
network including the number of layers, the number of 
neurons In each hidden layer and alpha parameter, must 
be optimized simultaneously. The optimal value of these 
parameters is obtained when the network has the lowest 
root mean square error for prediction of training set. After 
training and optimizing, the performance of optimized 
network was evaluated using validation and external test 
sets. Figures 1a and 1b shows the cross plots for validation 
and external test sets, respectively. These plots show that 
all the data points are accumulated around the 45◦line. 
Therefore, the predicted values are in good agreement 
with experimental values. This result is particularly 
important for the external test set because the network 
has never seen this data at any stage of training. The 
values of R2 , mean absolute error (MAE)and RMSE for 
validation and external test sets are reported in Table 1. 
The value of R2 for both sets is close to 1, which indicates 
the excellent ability of the model to predict CO2 uptake in 
porous polymers. 

Conclusions 
In the present work, the neural network modeling was  

Table1: The statistical parameters for validation and 
external test sets using optimized GMDH neural network 

Statistical parameters R2 MAE RMSE 

Validation set 0.9970 0.0953 0.1637 

External test set 0.9899 0.2262 0.4728 

studied to predict the amount of CO2 uptake by 53 porous 
organic polymers in 5 categories has been studied using 
GMDH approch. A dataset containing 946 points over 
wide range of pressures (0.15-199.9 atm) and 
tempratures (273-338 K) was gathered from litratures. At 
first, 130 data points from 5 different types of porous 
polymers were considered as external test series and the 
remaining data points were divided into training and 
validation sets (70:30). Then, CO2 uptake by these 
polymers was modeled using GMDH approch. Trend of 
statistical results with R2, RMSE and MAE of 0.9970, 
0.1637 and 0.0953 for validation set and 0.9899, 0.4728 
and 0.2262 for external set, respectively show the 
excellent performance of the model. Therefore, GMDH 
neural network can used as an efficient prediction 
method for manual calculations. 
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Abstract: Today, wound dressings are primarily composed of synthetic polymer materials. Electrospinning 
proves to be a suitable method for producing nanocomposites for medical purposes. A nanocomposite of 
polyvinyl alcohol and Zein-containing chitosan nanoparticles was synthesized using electrospinning and 
subsequently examined through infrared spectrometry (FT-IR), scanning electron microscopy (SEM), and 
cytotoxicity testing (MTT). 
Keywords: Electrospinning; Polyvinyl alcohol; Zein; chitosan.  

 

Introduction 
In vitro or animal models have been used to test 
biodegradable scaffolds for tissue regeneration and 
wound healing, stimulating the production of essential 
matrix proteins, preventing the formation of scar tissue, 
and facilitating active skin restoration [1]. The skin 
significantly influences the production of vitamin D, 
humoral balance, and temperature regulation [2]. The 
distinctive characteristics of nanofiber scaffolds, such as 
their high surface area, interrelated porosity, beneficial 
breathability, absorption of water, and spatial 
arrangement that resembles the extracellular matrix, 
have made them an innovative drug delivery platform for 
accelerating wound healing. Tissue engineering and 
wound dressing are two biomedical applications that 
extensively use electrospinning nanofiber [3]. 
Because poly (vinyl alcohol) (PVA) has strong resistance to 
chemicals, hydrophilicity, water-soluble, good fiber 
forming ability, biological compatibility, and thermal 
stability, combining these properties to make a nanofiber 
composite is a promising option for wound dressing 
applications [4]. Zein was selected for this investigation 
since it is a benign, non-toxic protein that is usually 
biodegradable and biocompatible. Zein's accessibility and 
affordability are other benefits [5]. Due to their small size 
and large surface-to-volume ratio, Chitosan nanoparticles 
have better physicochemical, antibacterial, and biological 
properties than the analogous bulk state. 
Nanocomposites with chitosan have received much 
attention for wound healing [6]. 
Electrospinning is crucial for producing nanofibers with 
favorable physical and chemical properties. A 
nanocomposite of polyvinyl alcohol and Zein, containing 
chitosan nanoparticles, was synthesized using an 
electrospinning machine. Infrared spectroscopy and 
cytotoxicity analysis were conducted, followed by  
 

Scanning electron microscopy (SEM) is used to assess the 
physical and biological properties of the fibers. The results 
indicate the nanocomposite's non-toxicity, supported by 
appropriate cell growth on its surface, and SEM 
microscopy confirms the fibers' nanometer size and non-
spherule morphology. 
 
Experimental Section  
Materials 
Zine corn and PVA (99% hydrolyzed, Mw 5130,000 g/mol) 
from Sigma Aldrich were purchased. Acetic acid 98% and 
ethanol from Merc company were prepared. Chitosan 
nanoparticles from an Iranian company were purchased.  
First, in a 100 mL beaker, 0.5 g of Zein polymer was 
dissolved in 1 M acetic acid at 40 oC and stirred for 1 hour. 
After the Zein protein was utterly dissolved, chitosan 
nanoparticles were added to the solution and dispersed 
under ultrasound for 30 minutes. Then, in a 100 mL 
beaker, 0.5 g of PVA was dissolved in 1 M acetic acid at 60 
oC and stirred for 2 hours. Polymer solutions were added 
and placed on a heater stirrer at 40 oC for 12 hours. 
Aluminum foil was placed on the drum of the machine. 
The prepared solution was entered into the 
electrospinning machine using a special syringe. The 
distance between the tip of the syringe and the drum was 
set to 12 cm (120 mm), and the voltage was set to 9.3 kV. 
It was electrospun for two hours. 
 
Results and Discussion 
Infrared spectroscopy was performed to identify 
functional groups and determine the type of reaction or 
bonding established in electrospinning nanofiber. There is 
stretching vibrations of OH at 3440 cm-1, an absorbance 
bond CH aliphatic at 2920 cm-1, a peak of amine (O=C-NH2) 
1 related to the carbonyl group (C=O) at 1641 cm-1 and 
peak amide 2 related to CN at 1533 cm-1, bending 
vibration C=C at 1443 cm-1, bending vibration CH3 at 1376 
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cm-1, vibration CO ether at 1100 cm-1, CO vibration at 1250 
cm-1, and neutral CH at 700 and 845 cm-1. 

 
Fig. 1: FT IR spectra of nanocomposite itself (a) and 

nanocomposite containing nano chitosan (b) 
 

Figure 2 shows the scanning electron microscopy (SEM) of 
the sample electrospinning of the nanocomposite. The 
results indicate that they are in good electrospun 
conditions. The obtained data showed that the voltage 
applied in this study is a uniform fiber and non-spherule, 
which is acceptable in terms of fiber diameter, uniformity, 
and Reticular.  
The MTT cytotoxicity test was performed twice, at 24 and 
48 hours, on polyvinyl alcohol Zein samples containing 
chitosan nanoparticles. Figure 3 illustrates a significantly 
higher absorption rate of the wound dressing within 24 
hours. Not only does the nanofiber wound dressing 
exhibit non-toxic effects, but it also fosters a conducive 
environment for the growth of fibroblast cells. The 
increased absorption percentage correlates with higher 
cell viability and activity. 
 

 
Fig. 2: SEM image of nanofiber. 

 

Fig. 3: The cytotoxicity test using MTT for 24 and 48 hours for 
wound dressing and negative control. 

Conclusions 
Experimental results indicate that nanofibers of a 
composite containing the Zein/chitosan@PVA can be a 
suitable choice for wound healing and will facilitate the 
wound healing process; in addition, wounded nanofiber 
contains effective material can reduce the cost of 
treatment, in addition to being effective in wound 
healing. 
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Abstract: In the realm of flexible energy devices, we present a supercapacitor design featuring a CoNiMn-OH 
(CNM-OH) positive electrode on nickel porous substrate. The trimetallic CNM-OH structure provides a high 
surface area, short pathway for ion diffusion and low contact resistance between electroactive materials and 
electrode. The asymmetric supercapacitor based on CNM-OH/Ni and reduced graphene oxide exhibited a 
maximum energy density of 61.7 μWh/cm² and a power density of 1.04 mW/cm². 
Keywords: Supercapacitor; Porous structure; Metallic nickel  
  

Introduction 
Lately, many research efforts have been devoted to the 
development of flexible electronics, due to their potential 
uses in biomedical implants, smart textiles sensors, 
energy harvesting and etc. With the rapid development of 
next-generation portable electronics, it becomes 
essential to develop flexible energy storage system. 
Compared with batteries and traditional capacitors, 
supercapacitors are considered as desired flexible energy 
storage devices due to their excellent cycling stability, 
high power outputs, fast charge/discharge rates, and 
safety.[1] 
Layered double hydroxides (LDHs) are currently receiving 
significant research attention as a new kind of 
pseudocapacitive material. This interest stems from their 
attractive features, including high redox activity, 
customizable composition, cost-effectiveness, and 
environmentally friendly nature. LDHs consist of 
positively charged layers resembling brucite, interspersed 
with anions and water molecules within the interlayer 
space. They exhibit rich redox reactions between metal 
ions and exchangeable anions, resulting in strong 
synergistic effects and a notable specific capacitance. As a 
result, LDHs, along with other transition metal 
compounds, are emerging as promising electrode 
materials for supercapacitors, offering abundant redox 
reactions, high theoretical specific capacitance, and a 
unique layered structure. However, bimetallic LDHs are 
found to have certain disadvantages, such as a tendency 
to agglomerate easily and exhibit poor electrical 
conductivity [2]. Here, we design and synthesize CoNiMn-
OH (CNM-OH) on nickel substrate using hydrothermal 
method. The electrochemical performance of the 
electrode was evaluated in three-electrode system using 
cyclic voltammetry and galvanostatic charge discharge 
techniques. 
   

Experimental Section  
The electrolyte solution containing NH4Cl and NiCl2 was 
used for deposition of nickel nanoparticles on copper 
substate at current 2.5 A, then immersed in mixed 
solution containing cobalt and C4H6N2. In the next step, 
resulting electrode converted to CNM-OH using 
hydrothermal method in aqueous solution containing 
salts of nickel and manganese.    

Results and Discussion 
The surface morphologies of electrode were 
characterized using a FE-SEM and exhibited in Fig. 1. As 
can be seen, trimetallic hydroxide nanoarrays were 
formed on porous substrate. Fig.1B. illustrates a uniform 
distribution of elements Co, Mn, Ni, and O, indicating the 
successful fabrication of the trimetal CNM-OH. 
 

 
Fig.1: A: The FE-SEM images of CNM-OH. B: The elemental 

mapping of

 

CNM-OH. 

The as-fabricated CNM-OH on porous substate was 
further studied via CV and GCD tests. Fig.2 shows the CV 
curve and GCD curve of trimetallic hydroxide sample at 
the different scan rates and current densities. The 
faradaic redox peaks observable on the CV curves 
illustrates the pseudo-capacitive nature of the fabricated 
electrode. The as-prepared electrode exhibits a longer 
charge and discharge time that displays it has a higher 

10 µm

574 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

charge storage capacity. This could be attributed to the 
synergistic effect of cobalt, nickel, and manganese. The 
specific capacitance of the CNM-OH on porous substate at 
the current density of 4 mA cm-2 are 3.52 F cm-2. By 
increasing the current density from 4 to 120 mA cm-2, this 
electrode can still maintaine approximately 72.16% of its 
initial capacitance at 4 mA cm−2. 

 

Fig.2: CV curve and GCD curve of CNM-OH on porous substate 

 

The CNM-OH electrode was used as the positive electrode 
and the rGO was used as the negative electrode to 
fabricate the asymmetric supercapacitor [3]. The CV curve 
of supercapacitor at different scan rates in the potential 
range of 0.0 to 1.5 V are shown in Fig.3A. This curve shows 
the quasi-capacitive behavior. As the scan rate increases, 
the area under the curve increases as a result of the 
current density of this supercapacitor. 

Fig.3: A: CV curve of assembled supercapacitor at different 
scan rates. B: GCD curve of supercapacitor at different currernt 

densities. 

The GCD curves of the prepared asymmetric 
supercapacitor in different current densities are shown in 
Fig.3B. The areal and volumetric capacitances were 
calculated from the GCD curves. The specific areal and 
volumetric capacitance at the current density of 1.4 
mA/cm2 were obtained as 197.45 mF/cm2 and 13.56 
F/cm3. The highest areal and volumetric energy densities 
in the current density of 1.4 mA/cm2, respectively 61.7 
μWh/cm2 and 4.4 mWh/cm3 at the areal and volumetric 
power densities 1.04 mW/cm2 and 71.3 mW/cm3. 

The cyclic stability of this asymmetric supercapacitor was 
evaluated during 3000 consecutive GCD cycles. After 3000 
cycles, this micro supercapacitor retained 100% of its 
initial capacity. 

 

Fig.4: Cycling performance of the asymmetric supercapacitor. 

Conclusions 
In summary, trimetallic CNM-OH was synthesized using 
hydrothermal method on porous substrate. The 
experimental findings shows that electrode rendered high 
areal capacitance of 3.52 F/cm2 at a current density of 4 
mA/cm2, excellent cyclic stability and good rate capability. 
The asymmetric supercapacitor was fabricated based on 
CNM-OH and rGO, which represented areal capacitance 
of 197.45 mF/cm2 at 1.4 mA/cm2. The maximum energy 
density for the prepared asymmetric supercapacitor, was 
obtained 61.7 µWh/cm2 at a power density of 1.04 
mW/cm2. 
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Abstract: The neutralized heteropolynuclear complexes, [{Pt(bzq)(C6F5)(CN)}Tl(THF)], 1, with one-dimensional 
heterometallic zigzag chain in crysal structure and [{Pt(dfppy)(C6F5)(CN)}Tl], 2, with discrete closed hereroocta-
metallic Pt4Tl4 cluster with Pt(II)-Tl(I) bonds were synthesized. Both 1 and 2 exhibit a reversible mechanochromic 
and solvatochromic behavior with color/luminescence changes in solid state.  

Keywords: Pt(II)-Tl(I) backbones; photoluminescence; heterometallic assemblies  

 

Introduction 
The study of metal-metal dative covalent bonds between 
two closed-shell metal ions like platinum metal (donor 
centre) and monovalent Tl (acceptor centre) as a 
molecular design approach have been of significant 
research interest in the field of inorganic and 
organometallic chemistry with marvelous molecular 
architectures and interesting rich spectroscopic 
functionalities [1]. In many cases, the presence of metal-
metal interactions is associated with a luminescent 
behavior and this can be influenced by the metal-metal 
distances, the number and type of metals or ligands, the 
geometry, the orientation between the units and even the 
secondary contacts in the solid state [2]. A striking feature 
of many heteropolynuclear Pt(II)–M(I) clusters is 
exhibition of reversible color and luminescence changes 
that act as multi-stimuli-responsive chromic compounds 
including solvatochromism, vapochromic/ 
vapoluminescence, mechanochromism and 
thermochromism. It is attributed to the presence of 
metallophilic interactions [3]. In this context, we decided 
to expand our study on the anionic metalloligands 
[Pt(C^N)(p-MeC6H4)(CN)]¯ as a prime candidate reported 
by the our group with modifying the ancillary ligand from 
p-MeC6H4 to pentafluorophenyl (as a valuable precursors) 
for stability of final compounds in the reaction with 
thallium salt for the fabrication of clusters containing 
Pt→Tl bonds with functional properties and interesting 
molecular architectures. Accordingly, The C^N moiety 
have a profound effect on the final structures and 
photoluminescent behaviors which is confirmed by their 
crystallographic characterization [4].  

Experimental Section  
Synthesis of [{Pt(C^N)(C6F5)(CN)}Tl] (C^N = bzq 1, dfppy 2). 
KCN (23.5 mg, 0.361 mmol) was added to a suspension of 
[Pt(bzq)(C6F5)(DMSO)] (223 mg, 0.361 mmol) in a mixture 

of Me2CO/H2O (15/5 mL). After 30 minutes stirring at 
room temperature, TlPF6 (126 mg, 0.361 mmol) was 
added. Immediately, the yellow solution changed to 
yellow suspension and stirred for 20 minutes. Me2CO 
solvent was evaporated under vacuum, then the aqueous 
suspension was filtered and washed with H2O and n-
hexane, and vacuum-dried to obtain orange (1) or yellow 
(2) solid. 

Results and Discussion 
The structures of {[Pt(bzq)(C6F5)(CN)Tl]·THF}n (1·THF)n and 
[{Pt(dfppy)(C6F5)(CN)}Tl]4·Dioxane [2]4·Dioxane, 
determined by X-ray crystallography, confirm the 
presence of Pt(II)-Tl(I) bonds [2.9795(6)-3.0736(3) Å], but 
in the dfppy complex, the incorporation of dioxane, 
causes a significant structural change. Thus, whereas 
[1·THF]n  achieves a bent-ladder shape extended double 
chain Tl··[·Pt···Tl·]n··Pt supported by lateral bridging 

[Pt](-CN)[Tl] ligands,  [2]4·Dioxane is formed by discrete 
Pt4Tl4 rectangular aggregates (Fig. 1). The solid state 
emissions have been assigned, with the support of 
theoretical calculations on Pt4Tl4 models, to metal-metal’-

to-ligand charge transfer (3MM’LCT [d/s *(Pt, 

Tl)→*(C^N)]) for 1 and mixed 3MM’LCT/ 3IL for 2. In fluid 
THF solution, the complexes are not emissive. At 77 K, 1 
and 2 exhibit bright emissions attributed to the formation 
of bimetallic [{Pt(C^N)(C6F5)CN}Tl(THF)x], and anionic 
[Pt(C^N)(C6F5)CN]- fragments. Furthermore, both 1 and 2 
exhibit a reversible mechanochromism with a red shift of 
the emissions upon crushing, suggesting some degree of 
shortening of metal-metal separation. Finally, complex 1 
shows solvatochromic behavior with color/luminescence 
changes by treatment with a drop of MeOH, CH2Cl2, THF 
or Et2O, with shifts from 583 in 1-MeOH to 639 nm in 1-
THF. However, 2 only demonstrates a batochromic 
response to MeOH (Fig. 2).  
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Fig.1: a) View of the molecular structure of (1·THF)n. b) 
[2]4·C4H8O2. 
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Fig.2: Normalized emission spectra at 298 K of a) the orange 
solids 1, 1-ground and the solvates (1-solvent), b) the orange 

solid 2, 2-MeOH and 2-ground. 

Conclusions 
The new heterometallic [{Pt(C^N)(C6F5)(CN)}Tl] (C^N = bzq 
1, dfppy 2) compounds have been prepared and their 
photophysical properties investigated. Structures of 
(1·THF)n and [2]4·Dioxane contain Pt(II)-Tl(I) bonds, but 
they show different arrangements. The complexes 1 and 
2 show a reversible mechanochromic behavior with red 
shifted color and luminescence changes. In addition, 1 
displays strong solvatochromism in the solid state with 
MeOH, CH2Cl2, THF or Et2O, which can be attributed to 
modulation of the Pt-Tl separations resulting from the 
effect of the solvent molecules. However, 2 only 
demonstrates response to MeOH.  
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Abstract: In this project, a nano-scale Zn-Al LDHs, (LDH = Layered Double Hydroxide) were synthesized by co-
precipitation and characterized by general techniques, such as FTIR, XRD, FESEM. Zn-Al LDHs was used as drug 
carrier for diclofenac and ibuprofen, which adsorption and release percentages of drugs by it were studied and 
compared. The results showed that this LDHs including are suitable for drug delivery purposes. As Zn-Al LDHs is 
more efficient drug carrier for both drugs. 
Keywords: Nanomaterial; Drug delivery; Diclofenac; Ibuprofen; Layered double hydroxides; Transition metal  
 

Introduction 
Drug delivery is the method or process of administering 
a pharmaceutical compound to achieve a therapeutic 
effect in humans or animals.1 Drug carriers or delivery 
systems (DDS) are important research subjects as 
attracted the attention of many scientists, because, by 
DDS the release of drugs is controlled. Therefore this 
controlled release, provides prolonged delivery of a drug, 
and it also has the following advantages: affected the 
pharmacological activity, increases patient agreement, 
reduced local and systemic side-effects, and thus a 
reduced toxicity profile. Drug delivery systems (DDS) 
were commonly categorized in 3 groups, such as organic, 
inorganic, and organic-inorganic hybrids DDS.3 Organic-
based DDS include polymers such as Chitosan, 
amphiphilic copolymers, micelles, hydrogels, cellulose, 
polysaccharides, lipids and others (pathogens) [1]. 
Organic-inorganic hybrids DDS are as follows; silica-
based such as poly(butyl acrylate)/silicon dioxide, metal-
based (MOF: Metal-Organic Framework), and magnetite-
based such as Chitosan-Fe3O4, poly lactic acid-Fe3O4 
(PLA-Fe3O4). Organic-based and organic-inorganic 
hybrid DDS have got some disadvantages such as high 
toxicity, low loadings, and easy leakage of drugs  
which reduce their drug-delivering efficiency. Inorganic-
based DDSs are including silica, quantum dots, gold, 
carbon nanoparticles, metal, metal oxides-based 
nanostructures and layered double hydroxides (LDHs) [2, 
3].  
Inorganic based DDS show much better properties than 
organic-based DDS. They have stable mesopores 
structure, large surface area, good biocompatibility, and 
tailored size of mesopores. All these requisites exhibited 
promising application as an immediate and controlled 
drug delivery system. Also, the general advantages of 
inorganic DDS is easy to prepare with a defined size. 
More interestingly, they often exhibit multiple functions 
useful in medicine, for example as exothermic reactors 
and contrast agents, whereas organic DDS such as 

liposomes and microspheres serve only as drug 
reservoirs [4, 5].  
Among the inorganic DDS compounds, layered double 
hydroxides have received much attention in the past 
decade and are introduced as a new drug carrier, 
because of convenient synthesis, structural and 
morphological customizable, and their low toxicity and 
good biocompatibility. Layered Double Hydroxides 
(LDHs) are the hydrotalcite-type inorganic compounds. 
LDHs are famous as anionic clay. The general formula of 
the LDHs materials can be described as [MII1-
xMIIIx(OH)2x+(Am-)x/mnH2O] (x = 0.2-0.4; n = 0.5-1), 
where MII is a divalent metal cation such as Mg2+, Zn2+ 
or Ni2+, MIII a trivalent metal cation such as Al3+, Ga3+, 
Fe3+ or Mn3+, and Am- is an anion. Anions Am-, e.g., 
CO32-, NO3-, Cl-, SO42-, or RCO2-, located between two 
layers and balance the positive charge of cations via 
electrostatic interaction, and x is the mole fraction of 
M3+ [6].  

Diclofenac and ibuprofen belong to the family of non-
steroidal anti-inflammatory drugs or cyclo-oxygenase 
inhibitors. It is an effective anti-inflammatory, analgesic, 
and antipyretic agent. It is commonly used in the 
treatment of acute and chronic pain, rheumatoid and 
osteoarthritis. 
 

 
Fig. 1. General representation of the structure of LDHs. 

Experimental Section  
All chemicals were of reagent grade (Merck and/or 
Aldrich). All compounds were used without further 
purification. FTIR spectra were recorded as pressed KBr 
discs using a PerkinElmer RXI, FT-IR instrument. The XRD 
data of the synthesized nanoparticles were obtained 
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with PHILIPS PW 3830 X-ray diffractometer (Advanced-
D8) using Cu-Ka radiation. FESEM and EDS data were 
obtained by field emission SEM model Mira 3-XMU 
instrument. The Absorption data were collected by UV-
vis spectrophotometer Cintra 2020.  
Synthesis of Zn-Al LDHs  
Solution A was mixed with 0.045 mol (13.38 g) 
Zn(NO3)2·6H2O and 0.015 mol (5.62 g) Al(NO3)3·9H2O in 
60 mL of deionized water. Solution B was mixed with 
0.108 mol (4.32 g) NaOH and 0.008 mol (0.79 g) Na2CO3 
in 60 mL of deionized water. Solution B was added slowly 
to a 250 mL flask of solution A under vigorous stirring 
maintaining pH 10 at room temperature. The resulting 
white precipitate was aged for 24 h at 60 oC.  

Adsorption of drugs in the synthesized LDHs  
In the desired aqueous suspension of Zn-Al LDHs, and a 
solution of 0.5 g sodium diclofenac (1.42 × 10-3 M) 
and/or 1.0 g of ibuprofen (4.8 × 10-3 M) in a mixture of 
water/methanol solvents, was added slowly to 2 g Zn-Al 
LDHs suspension. The mixture was stirring for 4 h by 
magnetic stirring. The progress of the drug loading 
process was investigated by UV-Vis spectroscopy. The 
resulting white precipitate was aged for 24h at 60 oC. 

Release of Drugs  
Diclofenac and ibuprofen drugs were released from the 
synthesized LDHs-diclofenac and LDHs-ibuprofen carriers 
in two different conditions such as stomach (pH = 2) and 
blood (pH = 7.5) condition. The mixture was stirred at 
different time and then filtered off by centrifuge. In 
stomach condition: 20 mg of any desired LDHs were 
added to 10 mL of an aqueous solution of 0.03 M HCl. 
The absorption of diclofenac (at 276 nm) and ibuprofen 
(at 222 nm) were recorded by UV-Vis spectroscopy at 
different times. In blood condition: 20 mg of any desired 
LDHs were added to the 10 mL of 0.05 M phosphate 
buffer solution. The absorptions of diclofenac and 
ibuprofen were also recorded by UV-Vis spectroscopy at 
different times. 

Results and Discussion 
Characterization of LDHs carriers  
The synthesized LDHs in the present work were 
characterized by general techniques such as FT-IR, 
powder XRD, FESEM, and EDS. The adsorption 
percentage of the drugs on the LDHs shows in the Fig.2. 
At the 2 h after adsorption prossesse, the %adsorptin of 
diclofenac is more than (about 2 times to) ibuperofen. 

 

 
Fig.2: The adsorption percentage of diclofenac and ibupeofen 

on the synthesized LDHs over time. 

The kinetic data of adsorption reactions of both drugs on 
the synthesized Zn-Al LDHs are demonstrated that the 
adsorption process of both drugs on the LDHs is 
kinetically a pseudo-first-order reaction.  
The release of both drugs by all drug carriers, in stomach 
condition, is fast (less than 10 min) because LDHs are 
destructed rapidly in the acidic medium at pH = 2. But in 
blood condition (pH = 7.2), drug carriers behavior are 
different Efficiency release percentage (%R) for Zn-Al 
drug carrier, Ibuprofen is more than Diclofenac.  

Table 1: The %release of both drugs in the blood condition %R 

 1 (h) 2 (h) 3 (h) 4 (h) 5 (h) 6 (h) 

Zn-Al-Dic 10 19 25 31 35 39 

Zn-Al-Ibu 17 20 27 35 38 42 

Conclusions 
Based on reported results from this project Al-LDHs are 
suitable for drug delivery purposes in blood condition. 
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Abstract: In this paper, four modified chitosan compounds were prepared by reaction between chitosan (CS) 
and carbonyl groups such as salicylaldehyde (SA), benzaldehyde (BA), para-chloro benzaldehyde (PCBA) and 
acetanilide (A) as an amide compound. The corresponding Schiff-bases were characterized by FTIR, EDX, 
FESEM, BET and TGA-DTA techniques. The BET analysis on the prepared Schiff bases shows that the total 
volume of the pores and their specific surface area is different. The synthesized compounds have got less than 
10 nm in diameter. The adsorption of copper ion in the aqua medium by prepared Schiff bases was studied. A 
comparison of the adsorption percentage of prepared compounds indicates that Schiff-base CS-A has slightly 
better adsorption than CS-SA. The adsorption efficiency of Cu2+ per molar unit changes as: CS-A (92.5%) > CS-
SA (80.4%) > CS-BA (43.2%) > CS-PCBA (42.2%) > CS (30.5%). 
Keywords: Chitosan; Schiff-base; Adsorption; Copper(II);·Biopolymer 
 

Introduction 
Copper is the one of the essential elements for humans 
that is essential at low levels in diets, but higher 
concentrations can be toxic and have severe 
physiological effects. These heavy metals, in response to 
many applications, may enter the food chains directly or 
indirectly, affecting human health by infiltrating water 
and wastewater. The high concentrations of this metal 
can cause high blood pressure, severe mucus production, 
allergies, capillary damage, cancer, liver and kidney 
disease, Alzheimer’s and Parkinson’s disease [1]. 
Chitosan is a linear cationic polysaccharide that is 
prepared from the deacetylation of chitin. Chitin is 
abundantly present in the cell wall of fungi and 
crustaceans’ skeleton, such as crabs and shrimps, which 
are marine litter. The deacetylation processes of 
chitosan preparation from chitin are usually 
accomplished by hydrolysis under alkaline conditions 
and at high temperatures. Chitosan is widely used in 
pharmaceuticals and bio-medicals because of its 
remarkable biological properties. For example, it is used 
for drug delivery, tissue engineering, gene delivery, etc. 
The biological properties of chitosan include 
biocompatibility, biodegradability, immunity, and non-
toxicity [2]. A set of new scientific and technological 
concepts has been proposed by scientists for water 
purification. For example, for the use of adsorption 
methods, developing low-cost adsorbents with higher 
adsorption is more urgent [3]. In this paper, we are going 
to prepare various biopolymers based on Schiff-base 
compounds, from a reaction between chitosan and some 
Carbonyl compounds to remove copper and nickel metal 
cations in the aquatic environment by adsorption of 
cations. 

Experimental Section  
Synthesis of Chitosan-Schiff‑Bases 
The aromatic aldehydes were linked to chitosan via 
Schiff base reaction according to the method described 
in the literature, with a slight change [4].  
For this purpose, 1 g of CS was added to 100 mL 
methanol and the mixture was continuously stirred such 
that it is entirely diffused. Then 5 mL of salicylaldehyde 
dissolved in 2.5 mL of methanol (2:1, v/v) were added to 
the prior mixture. The reaction mixture was refluxed for 
48 h. After cooling to room temperature, the chitosan 
modified Schiff base (CS-SA) was obtained by high-speed 
centrifugation at 6000 rpm. The resulting precipitate was 
washed several times with Methanol and centrifuged. 
After dried in a vacuum oven at 50 °C for 24 h, a brown 
powder was obtained. Other chitosan-schiffe base were 
synthesized in the same method as above. 
Adsorption Experiments 
Five 100 mL solutions of Cu(II) with 100 ppm 
concentration were prepared at pH 5 Then any solution 
was transported to a 150 mL Erlenmeyer flasks, and 0.1 g 
of any absorbent (chitosan and modified Schiff bases 
chitosan) were separately added to the above solutions. 
All flasks were stirred at a constant speed (200 rpm) for 4 
h. After the preferred time, the concentration of the 
remaining metal ions was determined by atomic 
absorption spectrometry.  
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Fig. 1: The chemical structure of chitosan (CS) (up) and 

Reaction of chitosan with aldehydes group (down). 

Results and Discussion 
The adsorbents investigated in this paper included 
Schiffbases of CS-SA, CS-BA, CS-PCBA, and CS-A 
compared with CS as the standard or control. The 
chemical structure of CS is shown in Fig. 1, which has an 
active NH2 group. Upon the reaction between carbonyl 
compounds with chitosan, attributed Schiff-base CS is 
obtained as shown in Fig. 1. The FTIR spectra of chitosan 
and four chitosan Schiff bases are shown in Fig. 2. The 
figure shows the basic characteristics of chitosan. Broad 
band at 3200–3600 cm−1 corresponds to the stretching 
vibration of NH2 and OH groups. Bands at 2919 cm−1 (C–
H stretching on methyl), 2879 cm−1 (C–H stretching in 
methylene). The bands at 1150 and 900 cm−1 attributed 
to the glycosidic bondings. Absorption bands at 1200–
970 cm−1 are mainly due to C–C and C–O stretching in 
pyranose ring and to C–O–C stretching of glycosidic 
bonds. The FTIR spectra of all synthesized Schiff base 
chitosan are similar to chitosan. Two absorption bands 
are significant in the synthesized Schiff base compounds. 
First, appear the sharp band at around 1620 cm−1, 
corresponds to the stretching vibration of C=N (imine 
bond) and second, around at 750 cm−1, is attributed to 
the bonds of phenyl ring [5]. Hence, the adsorption 
process of Cu2+ ion in the aqueous medium at pH 5 will 
be as follows:  
CS-A(92.5%)> CS-SA(80.38%)> CS-BA(43.16%)> CS-
PCBA(42.22%)> CS(30.50%)  
 

 

  
Fig. 2: FTIR spectra of CS and attributed Schiff-bases. 

Conclusions 
According to the investigations in this paper, the 
following results have been obtained: 
1. The value of adsorption efficiency of Cu2+ per g of 
absorbent at pH 5 was as follows: 
CS-A(92.5%)> CS-SA(80.38%)> CS-BA(43.16%)> CS-
PCBA(42.22%)> CS(30.50%) 
2. The synthesized Schiff bases are generally suitable as 
an absorbent for Cu2+. 
3. Synthesized Schiff bases in this paper had greater 
adsorption compared to chitosan. 
4. The chitosan Schiff base with salicylic Aldehyde is 
more stable than chitosan but other synthesized Schiff 
base are more unstable than chitosan. 
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Abstract: Layered double hydroxides (LDHs) are a family of very promising photocatalysts that are widely used 
in the field of photodegradation of organic pollutants. In this research work, triple ZnCrCe-LDH was 
synthesized and then identified by XRD, FT-IR, and EDS analysis and used for photocatalytic degradation of 
methylene blue dye. The size and morphology of the particles were checked by FE-SEM analysis. 
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Introduction 
The expansion of urbanization and the increase of 
industrial units lead to the entry and penetration of 
many pollutants, including dyes, into the environment 
with harmful and possibly fatal results [1]. To remove 
these pollutants from water and the environment, 
several methods are used, including oxidation, filtration, 
photocatalysis, adsorption, coagulation, and ozonation 
which photocatalysis is among the most widely used 
methods [2]. LDHs with [M2+

1−x M3+
x(OH)2]x+(An−

x/n)·yH2O 
general formula (where M2+: Zn2+, Mg2+, Cu2+,..., M3+: 
Al3+, Cr3+, Fe3+, Ce3+,...), due to their layered structure, 
the wide band gap of their metal cations, absorption in 
the visible region, low preparation cost and ease of 
preparation, are a good option for photodegradation of 
organic pollutants [3].  

Experimental Section  
ZnCrCe-LDH were prepared through chemical co-
precipitation route using Zn(NO3)2·6H2O, Cr(NO3)3 ·9H2O, 
and Ce(NO3)3·6H2O as precursors with Zn/(Cr+Ce)=3 
ratio. The photocatalytic evaluation of materials was 
carried out using a solution of methylene blue dye with a 
concentration of 50 ppm and 20 mg of catalyst using 
Xenon lamp as a sunlight simulator. 

 Results and Discussion 
The XRD pattern of the synthesized ZnCr-LDH (Figure 1) 
consists of sharp and symmetrical peaks and is a 
confirmation of its correct synthesis. The d003 crystal 
plane and also, the reflections (006), (009), (110) and 
(113) were the characteristic for brucite-like LDHs 
materials. The analysis of SEM micrographs which shown 
in Figure 2 reveal that LDH materials are crystalline and 
with nanosheet-like morphology with an average 
thickness of about 20 nm. The crystallization of the 

samples,  layered morphology  are clear and the 
thickness of the layers is about 18 to 20 nm. 
 
 
 
 
 
 
 
 

  
Fig.1: X-ray diffraction patterns of ZnCrCe-LDH 

 

 
 

Fig.2: SEM image of ZnCrCe-LDH 
 

FT-IR spectra of LDH, was shown in Figure 3. The 
absorption bands below 1000 cm-1 were M–O vibration 
modes of LDH. The ʋH–O–HBending and ʋO–HSym bands in 
this compound appeared in the ranges 1610–1630 cm-1 
and 3440–3500 cm-1, respectively. 
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Fig.3: FT-IR of ZnCrCe-LDH 
 
According to the data in Table 1 and weight and atomic 
percents, which are obtained by EDS spectroscopy, the 
presence of all three Zn, Cr, and Ce metals in the 
synthesized LDH structure and Zn/(Cr+Ce)=3/1 ratio  is 
confirmed. 

Table1: Weight and atomic ratios of a cation to all cations 

M 
Weight percent 

(Wp%) 

Atomic percent 

(Ap%) 

Zn 72% 64% 

Cr 12% 13% 

Ce 9% 4% 

 

In Fig.4, which is related to the measurement of the 
amount of photodegradation of dye pollutant, we can 
see that by controlling the concentration of the pollutant 
by the UV-Vis Spectroscopy, the percentage of dye 
removal within 90 minitue in the presence of the 
sunlight simulating lamp is almost 100 % . 

 

Fig.4: The curves of photodegradation 

Conclusions 
In this study, the layered double hydroxide of zinc, 
chromium and cerium was synthesized by chemical co-
precipitation method and characterized by X-ray and FT-
IR methods, and it was used for the photocatalytic 

removal of methylene blue dye under visible light 
radiation, due to its layered structure and the thickness 
of the nano-scale layers and the presence of Zn, Cr, and 
Ce metal cations showed good results in this field. 
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Abstract: In this work, hierarchical core-shell nickel zinc cobalt sulfide sheet-like nanoarrays supported on Cu 
wire decorated with phosphide film were prepared using hydrogen bubble dynamic template and zeolite 
framework. Owing to unique architecture and complex composition, as-prepared microelectrode showed high 
capacitive performance for the next generation flexible energy storage microdevice.  
Keywords: Miniaturized supercapacitor; Sheet-like nanoarrays; Metal organic framework 

 

Introduction 
Developing high energy supercapacitors with small size is 
necessary owing to the enhancing requirement for 
portable and miniaturization energy storage device. 
Although, the volumetric specific capacitance of the 
current microsystems is very lower than envisage. The 
increasing the packing density of substances and 
incorporating with the performant nanomaterial is 
feasible way to obtain high volumetric energy density [1]. 
The binder and conductive agent are required to prepare 
powder electrodes, which reduces in capacitance value, 
complicated the procedure and restricts their use in high-
performance energy storage systems [2]. Thus, it is 
efficient to develop the binder-free microelectrodes and 
achieve micro-supercapacitor with high energy ability. 
Owing to large internal surface area, discretely ordered 
channel, and rich electroactive substances, metal-organic 
frameworks (MOFs) are an outstanding candidate in the 
field of high-performance supercapacitors [3]. 
Specifically, nanomaterial assisted by MOF usually 
preserve their primary porous architecture and possessed 
architectural properties of pore junction and surface 
hydrophilicity, which are beneficial to electron transport 
and ions penetration through the electrolyte, and provide 
abundant electroactive centers to achieve high energy 
storing performance [4]. Herein, a novel strategy 
employed for synthesizing NiZnCoS nanosheets by using 
MOF template on 3D phosphide skeleton decorated on Cu 
fiber substrate. The 3D skeleton effectively increased the 
whole microelectrode conductivity, and its porous 
architecture was favorable to charge conveying. 

Experimental Section  
In a typical process, sufate salts of copper, cobalt, and 
sodium phosphate salt were dissolved in deionized water. 
The electrochemically deposition of 3D phosphide film 
was performed at the potential of -4 V for 5 min. Then, as-
prepared phosphide film was placed in aqueous solution 

containing nitrate salts of cobalt, zinc and C4H6N2 for 3h at 
the room temperature. In the next step, resulting 
electrode was inserted into aqueous solution containing 
nickel nitrate and sodium thiosulfate  with total 
concentration 0.21 g, and rinsed and dried in an oven to 
prepare NiCoZnS arrays on phosphide film.   

Results and Discussion 
The morphology of the as- made electrodes was assessed 
by FE-SEM. Figure. 1A depicts the image of phosphide 
film, we can observe that the 3D structure with porous 
dendrite-like morphology are grown on the Cu fiber 
current collectror.From Fig 1B, the 2D structure with 
smooth surface of MOF are arranged on the phosphide 
backbone. Figure 1C exhebits FE-SEM image of NiCoZnS 
on phosphide film. The morphology of the bimetallic MOF 
is entirely retained, though surface of the MOF consists 
from many sheets and has become coarse and thicker. 
During ion exchange reaction, some zinc and cobalt ions 
substituted by nickel ions, simultanously, sulfur ions 
substituted some oxygen ions, causes alter in 
morphology. Such structure provides plentiful active 
center for redox processs. 
The electrochemical properties of NiCoZnS assisted by 
MOF on phosphide film is assessed using a three-
electrode cell in different scan rates from 5 to 50 mV s-1 
in 2M KOH electrolyte, as exhebited in Fig. 2A. At all scan 
rates, redox peaks can be observed in the prepared 
electrode,  which demonstrate that redox reaction occurs 
during electrochemical process. 
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Fig. 1. FE-SEM images of the porous film (A), MOF/phosphide 
film (B), and NiCoZnS assisted by MOF on phosphide film (C). 

 
Figure 2B is  the GCD curves of the ternary metal sulfide 
derived from MOF under various current densities. The 
microelectrode is seen with very symmetrical profiles 
indicating obvious plateaus at all current densities, 
cinfirming reversible electrochemical reaction of the  
microelectrode similar the CV plots. The areal capacitance 
value of the electrode was obtained 2.9 F cm-2 at current 
density of 4 mA cm-2. In addition, with a 25-fold increase 
in the current density, microelectrode still showed high 
rate capability of 65.5 % to its initial capacitance value. 

 
Fig. 2. CV curves (A) and GCD curves (B) of the NiCoZnS assisted 

by MOF on phosphide film 

 
One of the significant features of the supercapacitor is 
cyclic life, after 5,000 cycles, the value can still retain 
96.6% of the primary capacitance, demonstrating that the 
microelectrode has excellent cycle stability. 
Due to high capacitance and fast dynamic for NiCoZnS 
derived from MOF on phosphide film, the asymmetric 
device was fabricated using graphene hydrogel coated 
with polypyrrole and vanadium oxide as negative 
electrode. The fabricated device exhebited 
pseudocapacitance behavior in the potential window of 0 

- 1.6 V. the CV plots at different sweep rates from 5 to 80 
mV s−1 are exhibited in Fig. 3A. The energy density and 
power density of the device are achived from GCD plots 
at 2.3−36.7 mA cm-2 under potential of 0- 1.6 V. The 
device showed a maximum volummetric energy density 
of 9.73 mWh cm-3 at 140 mW cm-3, which is comparable 
with previously reported fiber supercapacitor. 
 

 
Fig. 3. CV (A) and GCD profiles (B) of the assembled device 

 
Conclusions 
In summary, NiCoZnS assisted by MOF on phosphide film 
were successfully fabricated. Due to high electrical 
conductivity, and large surface area, the as-made 
microelectrode exhibited high capacitive performance in 
terms of specific capacitance, rate capability and cycle 
stability. 
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Abstract: In this study, Porous Ni-Cu foam decorated with sphere-like structure of bimetallic Co-V selenide was 
prepared as pseudocapacitive electrode for miniaturized fiber supercapacitor. By taking advantage of the 
synergistic interaction, the fabricated electrode exhibits remarkable electrochemical performances in respect of 
superior specific capacitance, high-rate capability and long -life span. 
Keywords: Micro-supercapacitor; Bimetallic selenide; Sphere-like structure  

 

Introduction 
The exploitating advanced energy storage devices has 
become one of the most important duties of researchers 
due to he rapid developement of the global industrial 
economy, rapid utilization of non-renewable energy, and 
the decline of the environmental. Supercapacitors have 
attracted extensive regard due to their larger power 
output and longer cycle-life than batteries and higher 
energy storage capacity than traditional capacitors [1]. 
The proper electrode substances are important for 
supercapacitors to increase the charge storage capability. 
On account of high electro conductivity, highly metallic 
nature, high catalytic performance, lower band gaps and 
ability to binding with the transition metals, transition 
metal selenides have drawn significant attention as 
promising electrode substances for energy-related 
applications. Bimettalic selenides can offer ample 
electroactive centers and superior electrochemical 
properties than their monometallic selenides owing to 
synergistic interaction of various metal cations and 
different their valence states [2].  
Recently, vanadium-based electrode substances have 
gained a lot of regard becaous of they have many valance 
states, cost-effective, and abundant resources. 
Besides, increasing the electrode surface and reducing 
pathway for electrolyte penetration can be realized by 
engineering the surface and electronic structure, which 
plays very important role in enhancing the 
electrochemical perfromancrs of the supercapacitors [3, 
4]. Herein, NiCuSe (NCS) decorated with CoVSe (CVS) 
spheres was prepared as advanced electrode for flexible 
fiber micro-supercapacitor. The structure and 
electrochemical pefromance of the as-prepared 
electrodes were examined.  

Experimental Section  
First, the NC was synthesized on Cu wire in a two-
electrode system at high cathodic potential. he 

electrodeposition of the NC was performed in a mixture 
of salts of copper sulfate, nickel sulfate and acid sulfuric. 
In the next step, CV-double hydroxide was prepared by a 
facile hydrothermal process. In detail, cobalt nitrate, 
vanadium chloride, CH₄N₂O, and ammonium fluoride with 
molar ratio of 1:1:2.5:3 was mixed in DI water, followed 
by an ultrasonic treatment. The attained solution was 
transferred to Teflon-lined autoclave and heated for 12 h. 
Then, selenization of the sample was performed via anion 
exchange reaction.  

Results and Discussion 
The morphology of CVS/NCS were evaluated by the FE-
SEM technique. As seen in Fig. 1, NC grew on the Cu wire 
surface to form a porous three-dimensional (3D) 
structure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. FE-SEM images of NC (A), NC/CV-OH (B), NCS/CVS (C) 

Moreover, the sphere-like structure covered with thin 
nanosheets was observed for CVS/NCS sample. Such a 
structure provides more active centers for fast diffusion 
of ions and shorter path for electron transfer, enhancing 
the properties of the micro-supercapacitor. 
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The electrochemical performances of the NCS/CVS 
electrode were investigated in a three-electrode system. 
The CV plots of electrode at different scan rates within the 
voltage window of −0.2 to 0. 5 V are shown in Fig. 2A. The 
CV plots exhibit a pair of redox peaks that are related to 
the reversible Faradaic reactions with OH− ions, 
demonstrating pseudo-capacitive property. 
The GCD measurement was carried out at different 
current densities from 4 to 83 mA cm-2 and the as-made 
electrode had a nonlinear curve (Fig. 2B), which 
demonstrated that faradaic redox reaction was 
contributed in capacitance. The specific capacitance 
values of the NCS/CVS were computed to be 617.30 mF 
cm−1, 5.14 F cm−2, and 535.40 F cm−3 at current density of 
4 mA cm−2. With the increase in the current density, the 
capacitance gradually decreased due to the ever-
decreasing contact between the electrolyte ions and 
modified substrate. As the current density increased from 
4 to 83 mA cm−2, the NCS/CVS still maintained 52% 
(323.33 mF cm−1, 2.70 F cm−2, 281.25 F cm−3) of the 
capacitance values at 4 mA cm-2, which demonstrated the 
excellent rate capability. 

Fig. 2. CV curve (A) GCD curve of the NCS/CVS  

 
To further evaluate the practical applications of the as-
made NCS/CVS, an asymmetric micro-supercapacitor was 
fabricated, where NCS/CVS was the positive electrode 
and polypyrrole/rGO was the negative electrodes and 
PVA/KOH as solid-state electrolyte. Fig. 3A exhibits the CV 
curves of the supercapacitor at different scan rates with a 
voltage window of 0–1.6 V. The CV shapes remain almost 
unaltered even at a high scan rate of 70 mV s−1, indicating 
the excellent rate performance and high reversibility. The 
GCD curves (Fig. 3B) exhibit an almost symmetrical 
feature at different current densities and are consistent 
with the CV curves, revealing good charge storage 
properties. The assembled device had a high energy 
density of 111.4 μW h cm−2 at a power density of 3.87 mW 
cm−2, and attained 42.3 μW h cm−2 at 12.9 mW cm−2, 
suggesting the excellent capacitive performances. The 
long-term cycle stability of the device was checked at 6.4 
mA cm−2 for 5,000 consecutive GCD cycles. It is found that 
96.7% of the initial cell capacitance is maintain after 5,000 
cycles.  

 

Fig. 3. CV (A), GCD (B) curves of the assembled device  

Conclusions 
In summary, sphere-like NCS/CVS on Cu wire was 
prepared via a two-step hydrothermal and selenization 
method. Due to the high electro conductivity and 
abundant active sites, the prepared electrode shows a 
high capacitance of 5.14 F cm−2 at 4 mA cm-2 and excellent 
rate performance. The fabricated asymmetric device 
delivered maximum energy density of 111.4 μWh cm−2 at 
a power density of 3.87 mW cm−2 and high-capacity 
retention of 96.7% up to 5000 cycles. 
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Abstract: Melamine, despite its low acute oral toxicity, excessive intake can have harmful effects on human 
health. This study introduced a simple, highly responsive biosensor for rapid melamine identification using a 
nanocomposite material, g-C3N4/POPD/EDTA, a structurally advanced material. Melamine can be effectively 
detected with a minimum detectable concentration of 9.0 nanomolars. 
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Introduction 
Melamine, a compound with a similar structure to 
triazine, has little acute oral toxicity but can lead to kidney 
pathology in babies and children. The FDA and the 
European Community have established regulations on 
permissible levels of melamine residue in food items [1-
3]. To detect melamine in dairy products, a precise and 
reliable technique was developed using a g-
C3N4/POPD/EDTA nanocomposite. Melamine can be fixed 
onto the modified electrode via electrostatic contact and 
hydrogen bonding, and the electrochemical probe 
ferrocyanide was used to explore the interaction between 
melamine and the nanocomposite. This method 
effectively ascertains melamine presence in dairy 
products (LDR= 0.01-1.0 μM and LOD= 0.009 μM). 
 

Experimental Section                                                          
A carbon paste electrode was created by mixing graphite 
powder and paraffin in a 70:30 ratio. Carbon nitride was 
synthesized using a single-step electrochemical 
technique. The electrodeposition of g-C3N4 on the CPE 
surface was achieved using cyclic voltammetry (CV) and 
electropolymerization of OPD on g-C3N4. The modified 
electrode was designated as CPE/g-C3N4/POPD. The g-
C3N4/POPD nanocomposite was further modified with 
EDTA using the dip-coating process. The nanocomposite 
was submerged in a phosphate buffer with a pH of 7, 
creating covalent links between the carboxyl groups of 
EDTA and the amino groups of the g-C3N4/POPD 
nanocomposite. The alteration was carried out with 
constant agitation at ambient temperature. The electrode 
was then washed with distilled water and dried in the air. 
 
 
 

Results and Discussion 
The FE-SEM method was used to examine the morphology 
of CPE/g-C3N4, CPE/g-C3N4/POPD, and CPE/g-
C3N4/POPD/EDTA nanocomposites. The lamellar structure 
of g-C3N4 shows a significant surface-to-volume ratio and 
flexibility. The electropolymerization of POPD 
transformed the surface morphology, resulting in a 
spherical granular structure with a diameter of 20 nm. The 
EDTA-bonded g-C3N4/POPD structure shows a distinct 
granular structure due to the buildup of EDTA molecules. 
This fine structure has potential for substance collection 
or retention (Fig 1.). 

 
Fig.1: The FE-SEM images of (A): CPE/ CPE/g-C3N4 (B): CPE/ 
CPE/g-C3N4/POPD and (C): CPE/ CPE/g-C3N4/POPD/EDTA. 
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Fig. 2. Shows the calibration curve of melamine: 

 

Fig.2: (A) DPVs of 1.0 mM K3Fe(CN)6 in different concentrations 
of melamine from 0.01 µM to 1.0 µM in 0.1 M PBS (pH = 7.0) at 
CPE/g-C3N4/POPD/EDTA; (B) Linear relation between the peak 

current and the concentration of melamine. Error bars indicate 
the standard deviations of three repeated measurements. 

  
In order to evaluate its suitability, the CPE/g-
C3N4/POPD/EDTA composite was used for the 
measurement of melamine in two liquid milk samples 
purchased from supermarkets, as well as a dried milk 
sample. 

Table1: Determination of melamine in milk samples by 
modified electrode (n=3) 

Sample Added (μM) Found (μM) Recovery (%) 

Milk powder 
0.4 

0.8 

0.401 

0.804 

100.25 

100.5 

Liquid milk 1 
0.4 

0.8 

0.379 

0.799 

94.78 

99.85 

Liquid milk 2 
0.4 

0.8 

0.387 

0.819 

96.82 

102.37 

Conclusions 
The current investigation included the synthesis of a novel 
nanocomposite consisting of g-C3N4/POPD/EDTA, which 

was used for the inaugural electrochemical detection of 
melamine. The composition of the g-C3N4/POPD/EDTA 
nanocomposite was analysed using FE-AEM, AFM, BET, 
ATR, Raman, and EIS techniques to examine its structure. 
The sensor fabrication process was straightforward, fast, 
and dependable. The electrochemical sensor that was 
created has high sensitivity and selectivity in detecting 
melamine. The peak current of K3Fe(CN)6 shows a linear 
rise when the concentration of melamine increases within 
the range of 0.01 to 0.1 µM. The sensor demonstrated a 
detection limit of 9.0 nanomolar, which is rather low. The 
sensor was successfully used to determine the presence 
of melamine in milk products. 
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Abstract: The electrospun nanofibers using gelatin, soybean oil, fumed silica, silver nanoparticles and activated 
carbon were fabricated prior to were used as a sorbent in the spin column-micro solid phase extraction to isolate 
minute quantities of toluene, n-octane, p-xylene, o-xylene and aniline. These contaminants were quantified in 
water samples using GC-FID. 
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Introduction 
Petroleum-based pollutants pose significant threats to 
land and marine ecosystems, causing health risks, 
disrupting ecosystems, and harming aquatic life [1]. To 
accurately quantify these contaminants, sample 
pretreatment is crucial [2]. Researchers have used solid 
phase extraction (SPE) techniques to prepare samples 
with intricate compositions [3]. In this study, a novel 
sorbent made of electrospun nanofibers (SO, GLA, FS, Ag 
NPs, and powdered AC to enhance adsorption efficiency, 
mechanical performance, active surface area, stability, 
and porosity) was used to prepare and enrich five 
petroleum pollutants: toluene, octane, p-xylene, o-
xylene, and aniline. The SC-µSPE method was used for 
both adsorption and desorption processes, and the 
resulting solution was analyzed using a gas 
chromatograph equipped with a flame ionization 
detector. 
 

Experimental Section                                                          
The adsorption procedure involved dissolving 10% NaCl 
salt in 10 mL of deionized water, then dissolved 5 µg mL-1 
of TLU, 10 µg mL-1 of OCT, 7.5 µg mL-1 of p-XY, 5 µg mL-1 of 
o-XY, and 10 µg mL-1 of AN in asolution set to 7.0. The 
solution was transferred into a dropper bottle with 
electrospun nanofibers embedded on the cap. The 
dropper bottle was placed into a 50 mL centrifuge tube, 
centrifuged at 1750 rpm for 5.5 minutes, and collected 
again. The adsorption cycle number was optimized, and 
the cycle was repeated three times. For the desorption 
process, the electrospun nanofibers adsorbed five 
petroleum pollutants, and 450 µL of HPLC-grade 
methanolwas added to the dropper bottle. The solution  
was centrifuged at 550 rpm for 3.5 minutes, and the cycle  
number was optimized. 

Results and Discussion 
The ribbon-like structure of the GLA/SO/FS/Ag NPS/AC 
electrospun nanofibers is visible in some parts of Fig 1. 
The nanofiber diameter values have a mean value of 
600.0 ± 47.1 nm. This demonstrates that the porosity of 
these electrospun nanofibers was well-suited for this 
investigation given their diameters. 

 
Fig.1: The FE-SEM images of GLA/SO/FS/Ag NPs/AC 

electrospun nanofibers (500 nm and 5 μm). 

 
The LODs and EFs of the SC-μSPE method based on 
GLA/SO/FS/Ag NPs/AC electrospun nanofibers as a 
sorbent for TLU, OCT, p-XY, o-XY, and AN were evaluated 
in this section. (Table 1). Also the real sample analysis is 
shown in the Fig 2. 

Table1: LODs and EFs for TLU, OCT, p-XY, o-XY 
and AN under the optimum conditions. 

 

Analyte LOD EF 

TLU 1.08 23.2 

n-OCT 6.8 20.1 

p-XY 2.1 22.8 

o-XY 3.5 21.4 

AN 4.3 20.9 
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Fig 2. The real sample analysis. 

Conclusions 
The sorbent composite successfully exploits the features 
of GLA, SO, FS, Ag NPs, and AC nanofibers, rendering it 
appropriate for the extraction of petroleum pollutants. 
The SC-μSPE approach, developed employing 
GLA/SO/FS/Ag NPs/AC, consistently showed excellent 
analytical performance in terms of limit of detection 
(LOD), relative standard deviation (RSD%), and lower 
detection limit (LDR). 
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Abstract: In this study, the Si/Al ratio in the structure of the SAPO-34 catalyst was varied in the initial synthesis 
gel, and its effect on the amount of light olefins and alkanes produced in the MTO process was investigated. The 
catalyst with Si/Al ratio = 0.4 was selected as the optimal catalyst. 
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Introduction  
Conversion of methanol to light olefins (MTO) is 
considered to be a promising method for producing light 
olefins from natural gas or coal. The catalyst commonly 
used for MTO is the SAPO-34. In order to improve the 
performance of this catalyst, various parameters have 

been investigated, including adjusting the Si/Al ratio in 
the initial synthesis gel. This approach represents one of 
the simplest and most cost-effective methods to control 
the acidity of the SAPO-34 catalyst. The acid properties of 
SAPO-34 have an effective role on its catalytic 
performances. The Brønsted acid sites of SAPO-34 are due 
to the substitution of Si atoms to the neutral AlPO4-34 
framework. Based on references, Si atoms can 
incorporate into AlPO4-34 by three different substitution 
mechanisms: The first mechanism (SM1) involves the 
substitution of Al by Si. This mechanism rarely occurs due 

to the formation of a positive charge within the structure. 
The second mechanism (SM2) includes the substitution of 
phosphorus by silicon and the formation of Si(4Al). This 
mechanism affects the number of Brønsted acid sites. The 
third mechanism ( SM3) involves the substitution of two 
neighboring Al and P atoms by two Si atoms. This 
mechanism affects the strength of Brønsted acid sites[1].  
Bakhtiar et al. [2] found that increasing the Si/Al ratio 
resulted in a transition from SAPO-5 to SAPO-5/SAPO-34 
and finally to SAPO-34. Also, the SAPO-5/SAPO-34 
mixture exhibits greater acidity as compared to SAPO-5 
and SAPO-34 in their pure form. Dos Anjos et al. [3] 
studied the effect of Si/Al ratio on structural properties of 

SAPO-34 catalysts with different templates. The Si/Al 
ratio affects the amount of SAPO-34 and the absence of 

SAPO-18, irrespective of the template used. In addition 
to, the fraction of mesopores in the solids increased with 
Si/Al ratio above 0.6. In many studies in this field, the 
comparison between the quantities of light olefins (main 
products) and alkanes (by products) has not been 
discussed. This study incorporates a discussion of this 
comparison, along with an examination of the properties 
and performance of the synthesized catalysts.  

Experimental Section 
In this study, catalyst samples with the primary sources of 
pseudoboehmite, aerosil, and phosphoric acid have been 
synthesized using the new hydrothermal method and 
with the following ratio: 

xSiO2: 1 Al2O3: 0.8P2O5: 0.6TEAOH: 0.6Morpholin: 
50H2O 

Two samples with Si/Al ratio of o.2 and 0.4 were 
synthesized for comparison.  

Results and Discussion 
The XRD patterns of the synthesized SAPO-34 shows that 
Both samples have a chabazite (CHA) structure, 
characterized by Principal peaks at 2θ = 9.6, 13, 15.9, 17.7, 
20.7, 24.9, 26, 31. A lower silicon content leads to a 
decrease in relative crystallinity due to inadequate 
substitution of silicon in the alumina phosphate structure, 
thus causing the formation of impurities such as AlPO4. In 
addition, as the silicon content increased, the crystal size 
decreased from 40.2 to 36.9 nm.  
 

N2 adsorption–desorption isotherms of samples in Fig.1 
indicate that both samples follow the type Ⅰ and Ⅳ 
isotherms. The H3-type hysteresis loop in sample 1 is not 
typically considered as favourable mesopore, while the 
H4-type hysteresis loop in sample 2 is related to 
mesopores within the crystal structure. Increasing the 
silicon content has enhanced the catalyst's Specific BET 
surface area from 309.7 to 448 m2/g. This is due to 
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Fig 1: N2 adsorption–desorption isotherms of samples 
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adequate silicon in the structure of alumina phosphate, 
which results the formation of pure SAPO-34.  The high 
specific surface area facilitates the access of the reactant 
molecules to the acidic sites and increase selectivity 
towards light olefins. FTIR spectra of the synthesized 
catalysts reveals characteristic peaks of SAPO-34 in 
samples. Increasing the Si content in the synthesis gel 
raised the O–H bending (absorption peak at 3620 cm-1 and 
indicating the concentration of acidic sites) and 
concentration of acid sites of the catalyst, while low Si 
content reduced the O–H bending and concentration of 
acid sites. The TPD profiles of ammonia desorption for the 
prepared samples indicate that when the ratio of Si/Al 
increases from 0.2 to 0.4, the number and strength of 
acidic sites also increase. This is likely because when the 
initial synthesis gel has low Si content, only SM2 occurs. 
As the silica content in the initial synthesis gel increases, 
both SM2 and SM3 occur simultaneously. The catalytic 
performances of the prepared SAPO-34 samples were 
tested in the MTO process using a 70% methanol/water 
feed at 425°C. Selectivity to light olefins over time on 
stream (TOS) for prepared samples are presented in Fig. 
1. As it mentioned Sample 2 has a smaller crystal size and 
more surface area, resulting in a shorter induction time 
than sample 1. 
 

 

 
Sample 2 exhibits higher selectivity to light olefins (%88) 
than Sample 1 (%78) due to its higher specific surface 
area, crystallinity, and smaller crystal size. The lifetime of 
Sample 2 is 203 minutes (Selectivity above 50%), while 
Sample 1 has a lifetime of 171 minutes. This is due to the 
presence of favourable mesopores in Sample 2, which 
makes the diffusion path easier and prevents rapid 
deactivation of the catalyst. 
 
Table.1 shows the amount of product moles yielded by 
the synthesized catalysts. Sample 2 produced a higher 
amount of light olefins due to greater selectivity to light 
olefins than sample 1. In sample 1, the amount of alkanes 
produced is higher than in sample 2. This difference could 
be attributed to the balance between the number and 
strength of acid sites in sample 2, resulting from the 

occurrence of SM2 and SM3 mechanisms in this sample, 
while in sample 1, this balance does not exist due to the 
occurrence of only mechanism 2, and as a result, some 
protons are transferred to light olefins. This caused the 
formation of saturated hydrocarbons, including alkanes 
and heavier molecules. eventually causes the formation 
of coke on the surface of the catalyst. The shorter lifetime 
of sample 1 can also be attributed to this. 

 

Conclusions 
The Si/Al ratio in the initial synthesis gel has a crucial role 
on the catalytic performance of SAPO-34. In the recent 
study, by increasing this ratio from 0.2 to 0.4, in addition 
to improving the crystallinity and BET surface area, an 
improvement in the acidic properties of the catalyst and 
as a result, more produced olefins than alkanes were 
observed.  
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Table1: The amount of moles produced 

Sample 
C1-4 

(Alkane) 
Light Olefins C6+ 

Sample 1 8.5 31.02 0.14 

Sample 2 4.5 42.77 0.01 

Fig 2: Selectivity to light olefins 
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Abstract: Natural gas may encompass diverse non-hydrocarbon impurities such as nitrogen, carbon dioxide, 
hydrogen sulfide, hydrogen, and argon. The performance of the natural gas pipeline is notably influenced by 
these impurities, affecting both physical properties and operational conditions. This study delves into the 
maximum presence of these impurities in typical natural gas, examining their impact on pipeline performance 
in both dense and supercritical phases. Additionally, a comparative analysis between the dense and supercritical 
phases and the vapor phase was conducted. The findings reveal that a 10% presence of nitrogen in natural gas 
exerts the most significant impact, while 0.02% hydrogen and 0.05% argon have the least influence on pipeline 
performance in dense and supercritical phases. 

Keywords: Natural gas pipeline, Dense phase, Supercritical phase, Effect of impurities 

 

Introduction 
Natural gas, a crucial and environmentally friendly energy 
source, plays a pivotal role in global sustainable 
development and stands among the foremost energy 
resources globally [1-4]. The natural gas pipeline system, 
renowned for its stability and cost-effectiveness, is 
integral to the development and distribution of this 
essential energy source [5, 6]. A recent development in 
natural gas transmission involves the exploration of dense 
phase transportation as a method to mitigate pressure 
drop and velocity in gas pipelines. Figure 1 illustrates the 
regions of the dense and supercritical phases on the 
phase envelope for a representative sample of natural 
gas. 
 
For efficient transport in dense phase conditions, the gas 
temperature should fall within the critical temperature 
and cricondentherm temperature range, while the gas 
pressure must surpass the cricondenbar pressure. In the 
supercritical phase, the pressure should exceed the 
cricondenbar pressure, and the temperature must 
surpass the cricondentherm temperature [7]. The 
observed reduction in pressure drop and velocity under 
dense phase and supercritical conditions is attributed to 
the heightened gas density in comparison to two-phase or 
vapor phases [8, 9]. 
 
The presence of non-hydrocarbon impurities can 
significantly impact the physical properties, critical 
properties, and overall performance of pipelines. 
Recognizing the advantages of dense phase natural gas 

transportation, this study delves into the influence of non-
hydrocarbon impurities on the performance of natural 
gas pipelines in this phase. Utilizing pipeline specifications 
from the American Gas Association (AGA), our 
investigation incorporates typical natural gas (TNG) 
components with the maximum percentage of non-
hydrocarbon impurities, as outlined in Table 1. Table 2 
presents the pipeline specifications employed in this 
study. The simulations were conducted using Aspen Plus 
Version 12.1 software under various conditions to 
comprehensively analyze pipeline behavior. 

 

 
Fig. 1. Dense phase and supercritical phase regions on phase 

envelope. 
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Table 1. Typical natural gas (TNG) pipeline with maximum 
impurity [10, 11]. 

Hydrocarbons 

components 

Mole 

% 

Non-hydrocarbons 

components 
Mole% 

Methane 85.84 Argon 0.05 

Ethane 8.32 Nitrogen 10.00 

Propane 3.45 Hydrogen sulfide 5.00 

Isobutane 0.59 Carbon dioxide 5.00 

n-butane 0.87 Hydrogen 0.02 

Isopentane 0.28 
 

n-Pentane 0.21 

Hexane 0.18  

Heptane 0.12  

Octane 0.05 
 

Nonane 0.04 

Decane 0.05  

 
Table 2. Pipeline specifications (AGA) [10] 

Specifications Value 

Length (km) 15.90 

Inside Diameter (cm) 64.60 

Elevation Gain (m) 0.00 

Mass flow rate (kg/s) 129.00 

Ground Temperature (K) 288.70 

Heat Transfer Coef. (W/m2K) 3.69 

Wall Thickness (cm) 0.48 

Roughness (µm) 45.72 

Method 
In this study, the Aspen Plus simulation software version 
12.1 is used to simulate the natural gas transmission 
pipeline in the dense phase, supercritical phase, and 
vapor phase. The simulation includes the calculation of 
physical properties, temperature drop and pressure drop 
along the pipeline for all conditions. The Aspen Plus 
software offers various correlation for simulating single-
phase (dense phase, supercritical phase and vapor phase) 
and two-phase (vapor-liquid) flows. The Biggs-Brill 
correlations have the capability to calculate pressure drop 
in both single-phase and two-phase conditions, as well as 
the ability to determine liquid holdup in two-phase flow. 
In this research, the Biggs-Brill equations are employed 
for simulating natural gas in single-phase. 

 Results and Discussion 
To compare the density values for each phase, the 
average densities for each state are shown in Fig.2. For all 
states, the density in the dense phase is greater than that 
in the supercritical phase, and the density in the 

supercritical phase is greater than that in the vapor phase. 
With the presence of all impurities except hydrogen, the 
density has increased in all three phases. In the presence 
of 10% nitrogen in TNG, density increased by 9.09%, 
11.87%, and 17.03% in the dense, supercritical, and vapor 
phases, respectively. Similarly, with 5% carbon dioxide in 
TNG, density increased by 3.70%, 3.43%, and 1.75%. For 
5% hydrogen sulfide in TNG, density increased by 5.05%, 
3.31%, and 1.64%. With 0.02% hydrogen, density 
decreased by -0.10%, -0.08%, and -0.07%, and with 0.05% 
argon, density increased by 0.03%, 0.04%, and 0.05%. The 
reason for higher density in the dense phase compared to 
the other two phases is due to the higher pressure and 
lower temperature in this phase. Furthermore, the reason 
for higher density in the supercritical phase compared to 
the vapor phase is the higher pressure. 
 

 
Fig. 2. Average density for each natural gas in the three phases 

Fig. 3 displays the pressure drop values for all scenarios 
and the three phases. As evident, the presence of all 
impurities except hydrogen has led to a decrease in 
pressure drop. The most significant reduction in pressure 
drop is associated with the presence of 10% nitrogen in 
natural gas. In this case, the pressure drop has decreased 
by 8.22%, 10.53%, and 14.48% in the dense, supercritical, 
and vapor phases, respectively.  The reason for the lower 
pressure drop in this case is associated with changes in 
density. 

 

Fig. 3. Pressure drop for each natural gas in the three phases 

Fig. 4 displays the temperature drops for all scenarios in 
the three phases. As evident, with the presence of all 
impurities in natural gas, the increase in temperature drop 
in the dense phase is lower compared to the other two 
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phases. According to the figure, the impact of the presence 
of hydrogen and argon on temperature reduction is 
negligible.  Furthermore, the presence of nitrogen, 
hydrogen sulfide, and carbon dioxide in natural gas leads 
to an increase in temperature reduction. 

 

Fig. 4. Temperature drop for each natural gas in the three phases 

Conclusions 
This study explored the impact of non-hydrocarbon 
impurities, including nitrogen, carbon dioxide, hydrogen 
sulfide, hydrogen, and argon, on the natural gas pipeline's 
performance, encompassing physical properties and 
operational conditions across dense, supercritical, and 
vapor phases. Results indicated that 10% nitrogen had the 
most significant effect, while 0.02% hydrogen and 0.05% 
argon had the least impact on pipeline performance. 
Density increased by 9.09%, 11.87%, and 17.03% in the 
dense, supercritical, and vapor phases, respectively. 
Pressure and temperature drop studies revealed 
consistently lower values in the dense phase compared to 
the supercritical and vapor phases. In all scenarios, the 
presence of impurities, excluding hydrogen, resulted in 
reduced pressure drop across all three phases. Notably, 
the presence of 10% nitrogen demonstrated the greatest 
impact, leading to an 8.22%, 10.53%, and 14.48% 
reduction in pressure drop in the dense, supercritical, and 
vapor phases, respectively. 
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Introduction 
Quinazoline derivatives are important heterocyclic 
compounds with diverse pharmaceutical activities [1]. 
The development of efficient catalysts for the synthesis 
of these compounds is of utmost importance. The 
synthesis of catalysts for triazoloquinazoline derivatives 
provides valuable tools for the efficient construction of 
these important compounds. Organic catalysts offer 
diverse strategies for the synthesis of triazoloquinazoline 
derivatives through multicomponent reactions and 
functional group transformations. This study focuses on 
the synthesis of an acidic ionic catalyst based on 4-
dimethylaminopyridine (DMAP) and its potential 
applications in organic synthesis. The synthesis of the 
acidic ionic catalyst involves the combination of 4-
dimethylaminopyridine with an appropriate acid 
source[2].  

Experimental Section  
In a 25 mL round-bottom flask, a mixture of aromatic 
aldehyde (1.0 mmol), 1H-1,2,4-triazol-3-amine (1.0 
mmol), Dimedone (1.0 mmol) and DAMP-based catalyst 
(5.5 mol%) was stirred at 90 ˚C for an appropriate time. 
After completion of the reaction, which was monitored 
by TLC [n-hexane-EtOAc (7:3)], the mixture was cooled to 
room temperature and the solid product was filtered, 
washed several times with cold distilled water to obtain 
the corresponding pure product (Scheme 1). 

Results and Discussion 
After the optimization of the conditions and amounts of 
the catalyst, a series of aromatic aldehydes containing 
either electron-donating or electron-withdrawing 
substituents were successfully used for the reactions. 
The reaction rates and yields under the selected 
conditions were excellent. The nature and electronic 
properties of the substituents had no obvious effect on 
the rate and yield of the reaction. 

 
Scheme 1. Preparation of  [1,2,4] triazolo-quinazoline 
derivatives using DMAP-based ionic liquid as a catalyst. 

 
Table1: Synthesis of [1,2,4] triazolo-quinazoline 

derivatives 
Entry Aldehyde Time (min.) Yield (%) 

1 4-BrC6H4CHO 45 95 
2 3-ClC6H4CHO 40 90 
3 3-NO2C6H4CHO 60 89 
4 2-CH3C6H4CHO 70 88 
5 3-OCH3C6H4CHO 80 90 
6 4-OHC6H4CHO 25 90 

Conclusions 
In this work, the intr  oduced catalyst which based on 4-
DMAP offers high catalytic activity, reusability, 
selectivity, and operates under mild reaction conditions. 
These advantages make it a promising candidate for the 
development of new synthetic methodologies and the 
production of diverse quinazoline-based compounds 
with potential pharmaceutical applications. Further 
research and exploration of its application potential are 
warranted to harness the full benefits of this acidic ionic 
liquid catalyst in organic synthesis. 
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Introduction 
The increasing worry about greenhouse gas emissions 
means we need to find sustainable energy sources for a 
cleaner future. We must adopt new approaches to reduce 
environmental pollution and secure a sustainable future 
for generations to come [1]. Hydrogen (H2) is a promising 
energy carrier due to its clean properties, abondance, 
efficiency, eco-friendliness, and economic sustainable [2]. 
Developing a compact and efficient storage system for H2 
under ambient pressure conditions is a challenge that 
needs to be overcome to achieve energy-efficient 
generation with hydrogen [3]. 
In this study, we examined the impact of individual 
sodium (Na) atom decorating on the electronic and 
structural characteristics of GDY. Additionally, we 
investigated the behavior of H2 adsorption on both 
pristine and modified GDY sheets. We explored various 
adsorption sites within the GDY framework to identify the 
optimal positions for Na decorating. Subsequently, we 
systematically added H2 molecules to these stable 
structures and analyze the mean adsorption energy. Our 
findings demonstrated that the presence of Na atoms can 
enhance the hydrogen storage capacity of GDY. 

Computational methods  
We examine H2 adsorption properties and electronic and 
structural characteristics of pure and Na-decorated GDY 
structures. Using the spin-polarized DFT approach, we 
created various Na-decorated GDY initial configurations 
and relaxed them to determine the most stable geometry. 
We employed the GGA level of theory with the PBE and 
the DNP basis set. We utilized the DFT-D2 approach 
developed by Grimme to account for dispersive inter-
molecular interactions and long-range Van der Walls 
forces. A 2×2×1 supercell of GDY unit cell with a vacuum 
space of 20 Å in the z-direction was used to avoid the 
interactions between layers. We presented different 
parameters and diagrams for qualitative and quantitative 
interpretations of results. The stability of Na-decorated 

GDY structures was determined by adsorption energy 
(Eads) that can be calculated by Eq. 1 [4]: 

Na
E E E Eads pristine GDY NaNa decorated GDY

= − −
−

 (1) 

Then, the average adsorption energy (Eads), the adsorption 
energy (Es) per H2 molecule of each step and H2 capture 
capacity was calculated. 
 

Table1: Adsorption energy of Na-decorated GDY at different 
sites. 

Str. Adsorption Energy (eV) 

Na-
GDY 

H1(Å) H2(Å) H3(Å) B(Å) 

0 1.5 0 1.5 0 1.5 1.5 

-
2.98

6 
-2.963 

-
3.80

3 
-3.802 -3.804 

-
3.7
97 

-
3.50

2 

 

  

  

Fig.1: The optimized structures of pristine GDY with various 
site  and Na-decorated GDY 

Results and Discussion 
In Fig.2, pure GDY is a direct semiconductor (0.445eV), 
which is consistent with other previous studies, Na-
decorated affected the electron band structure, causing 
the conduction bands to cross the Fermi energy level 
entirely. Also, the Fermi line has been cut by the 
conduction bands. This also indicates that the modified 
structure has a semi-metallic electronic character with 
zero band gap. Moreover, the Fermi level is set to zero [5]. 
illustrates the most stable configurations of H2 adsorption 
on the pristine GDY and modified GDY structure. (Fig. 3). 
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(a) (b) 

Fig.2: Band structure of diagrams: (a) GDY, (b) Na-decorated 
GDY 

 

  

  
(a) (b) 

Fig.3: Top and side views of the most stable site and 
orientation of the adsorbed H2 onto of pristine GDY (a) and 

modified GDY(b) 

Initially, the bond length of the H2 molecule is 0.748. 
However, during the process of hydrogen uptake and 
storage, the bond lengths of all H2 molecules increase, 
ranging between 0.750 and 0.752. The adsorption 
capacity of the H2 molecule for structures GDY and Na-
decorated GDY are determined as 4, and 19, respectively. 
In Fig. 4, the GDY and Na-decorated GDY structures with 
maximum H2 absorption are given. The introduction of Na 
atoms within the structure creates an electron 
accumulation zone, enhancing the electric field in 
addition to the pristine structure's existing field. This 
phenomenon affects the H2 molecules during storage, 
resulting in a higher accumulation of H2 in the adsorption 
region. 

  

 
 

(a) (b) 

Fig.4: Top and side views of the H2 storage of (a) GDY-4H2, 
(b) Na-decorated GDY-19H2 

Conclusions 
In this study, we investigated the H2 adsorption capacity 
of a carbon structure by introducing modifications and 
examining their effects on the electrical and structural 
properties. Specifically, we performed discrete 
modifications such as Na decoration at various sites on 
the GDY nanosheet. The introduction of the Na atom 
altered the charge distribution within the structure. We 
explored the optimal sites for H2 adsorption on both 
pristine and modified GDY structures. The modified 
structures exhibited higher H2 adsorption energies 
compared to the pristine structure. Furthermore, we 
investigated the maximum H2 adsorption capacity for 
each structure by sequentially adding H2 molecules. (a) 
and (b)  structures (Fig. 4) can hold up to 4 and 19  H2 
molecules with average adsorption energies of -0.159, 
and -0.156  eV/H2. As a result, the Na-GDY structure 
exhibited the highest H2 storage capacity, reaching 13.8 
wt%. This theoretical investigation showcases the 
potential of modified GDY nanosheets in H2 storage and 
indicates that carbon structure modifications hold 
promise as a viable strategy for the development of 
efficient H2 adsorbents and the improvement of H2 
adsorption capacity. 
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Introduction 
Modern industries need to develop systems to capture 
and store greenhouse gases, including CO2, CO, CH4, and 
NO2 due to increasing levels of CO2 in the atmosphere [1]. 
CO2 capturing systems have utilized two-dimensional (2D) 
carbon-based materials such as graphene and graphyne 
[2]. Like the other members of the 2D carbon family, GDY 
has fascinating physicochemical features and is frequently 
employed in academic research [3]. The structure of GDY 
involves carbon hexagonal rings connected by diacetylene 
bridges (-C≡C-C≡C-), where the active sites consist of sp–
sp2 hybridized carbon atoms. GDY is more effective and 
selective than graphene, making it an ideal material for 
developing techniques to capture CO2 [4]. 
In this study, we made some changes to the GDY structure 
to propose a candidate technology for capturing and 
storing CO2. The results were quite exciting. We 
experimented with various GDY atoms and sites to find 
the best location for adding an N atom. We also analyzed 
how these structures interacted with single and multiple 
CO2 molecules. 

Computational methods  
We examine CO2 adsorption properties, electronic and 
structural characteristics of pure and N-doped GDY 
structures. Using spin-polarized DFT approach, we 
created various N-doped GDY initial configurations and 
relaxed them to determine the most stable geometry. We 
employed the GGA level of theory with the PBE and the 
DNP basis set. We utilized the DFT-D2 approach 
developed by Grimme to account for dispersive inter-
molecular interactions and long-range Van der Walls 
forces. A 2×2×1 supercell of GDY unit cell with a vacuum 
space of 20 Å in the z-direction was used to avoid the 
interactions between layers. We presented different 
parameters and diagrams for qualitative and quantitative 
interpretations of results. The stability of N-doped GDY 
structures was determined by cohesive energy (Ecoh) that 
can be calculated by Eq. 1 [5]: 

E n E n EN dopedGDY C C N N
Ecoh n nC N

− −
−

=
+

 (1) 

Then, the average adsorption energy (Eads), the adsorption 
energy (Es) per CO2 molecule of each step and CO2 capture 
capacity was calculated. 

Table1: Cohesive energies of N-doped GDY at different sites. 

Structure Cohesive Energy (eV) 

N-doped 
GDY 

C1 C2 C3 

-7.216 -7.231 -7.226 

 

  
  

Fig.1: The optimized structures of pristine GDY with various 
C types  and N-doped GDY 

Results and Discussion 
In Fig.2, pure GDY is a direct semiconductor (0.445eV), 
which is consistent with other previous studies [5], N-
doping affected the electron band structure, causing the 
conduction bands to cross the Fermi energy level entirely. 
Also, the Fermi line has been cut by the conduction bands. 
This also indicates that the modified structure has a semi-
metallic electronic character with zero band gap. 
Moreover, the Fermi level is set to zero [6]. 

  
(a) (b) 

Fig.2: Band structure of diagrams: (a) GDY, (b) N-dope GDY 
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The CO2 molecule is horizontal in its most stable state on 
structure GDY; however, it is tilted with respect to the 
adsorbent structure in the modified system(Fig. 3). 

  

  
(a) (b) 

Fig.3: Top and side views of the most stable site and 
orientation of the adsorbed CO2 onto of pristine GDY (a) 

and modified GDY(b) 

As reported, the bond length and angle of the free CO2 
molecule are determined to be 1.175Å and 179.66°, 
respectively. However, as seen during CO2 absorption, the 
bond lengths and angles of each CO2 molecule are 
different and vary around the values observed for free 
CO2. In the Fig.6, the number of CO2 molecules adsorbed 
in each of the GDY and N-doped GDY structures is 4 and 
11 corresponding to about 44.87 and 68.92 wt%, 
respectively. 

 

  

  
(a) (b) 

Fig.4: Top and side views of the CO2 storage of (a) GDY-
4CO2, (b) N-doped GDY-11CO2, 

Doping N atoms inside the structure increases the CO2 
capture capacity of the system by up to 1.5 times that of 
pure GDY. 

Conclusions 
The DFT-D2 approach was used to investigate the impacts 
of modifications such as N-doping, on the structural and 
electronic properties of GDY as well as the adsorption 
behavior of single CO2. By substituting N for the C2 atom, 
the best N-doped GDY is obtained (Ecoh =-7.231eV). To 
explore single CO2 capture, CO2 molecules were initially 
positioned horizontally and vertically in the pristine and 
best-modified GDY structure at H1, H2, H3, B, and M 
locations. The results indicated that for GDY, N-doped 
GDY H3 is the optimal site. Finally, each structure's 

maximal CO2 capture capacity was determined by 
bringing CO2 molecules close to the adsorbent and 
optimizing the resulting system. The results of this section 
indicate that N-doped GDY has almost threefold the CO2 
capturing capability of pristine GDY; thus, it is a candidate 
for future CO2 capture, storage, detection, and removal 
applications. 
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Abstract: Three novel mercury (II) coordination polymers were synthesized, incorporating the ditopic urea-
based ligand (4,4-bu). These coordination polymers, namely {[Hg(4,4-bu)Cl2](DMSO)3}n (1), {[Hg(4,4-
bu)Br2](DMSO)3}n (2), and {[Hg(4,4-bu)I2](DMSO)4}n (3), were characterized using infrared analysis, elemental 
analysis, thermogravimetric analysis (TGA), and powder X-ray diffraction (PXRD). Single-crystal X-ray diffraction 
analysis revealed that all these compounds form 1D zig-zag chains, which further self-assembled into higher-
dimensional structures through diverse hydrogen-bonding interactions involving the urea functional group and 
several DMSO solvent molecules. 

Keywords: Coordination polymer; mercury; urea-based ligand, pseudo-polymorph. 

 
Introduction 
Coordination polymers (CPs) defined as coordination 
compounds with extended bonding in one, two, or three 
dimensions have become one of the main objects of study 
in crystal engineering due to their potential applications 
in sensing, catalyst, gas storage and separation, drug 
delivery, and so on [1, 2]. Coordination polymers based on 
urea have emerged as a forefront research area in 
coordination polymer chemistry, primarily attributed to 
their distinctive properties [3]. In recent years, the design 
approach for urea-based coordination polymers and their 
metal-organic frameworks has been established, utilizing 
specific intermolecular interactions as supramolecular 
synthons [4].  
Inspired by the above-mentioned results, we performed 
the syntheses and characterization of three pseudo-
polymorphic mercury (II) coordination polymers, namely; 
{[Hg(4,4-bu)Cl2](DMSO)3}n (1), {[Hg(4,4-bu)Br2](DMSO)3}n 
(2) and {[Hg(4,4-bu)I2](DMSO)4}n (3). 

Experimental Section  
Synthesis of {[Hg(4,4-bu)Cl2](DMSO)3}n (1)  
A total of 0.0174 g (0.05 mmol) of 4,4-bu was completely 
dissolved in 2.5 mL of dimethyl sulfoxide (DMSO) and 
transferred to a glass test tube suitable for a layering 
method. Then 1ml DMSO as a buffer layer was added to 
the tube. A total of 0.0273 g (0.1 mmol) of HgCl2, 
completely dissolved in 2.5 mL of DMSO, was slowly 
added to the tube as the third layer. After two weeks, 
colorless needle shaped single crystals of 1 were 
obtained. Single crystals of 1 were unstable after 
extraction from the mother solvent at room temperature 
because of the loss of lattice solvent molecules. Yield 
based on Hg: 65%. m.p: >260 °C. Elemental analysis for 1: 
anal. calcd for C20H22Cl2HgN6O3S: C, 34.42; H, 3.18; N, 

12.04; S, 4.59; found: C, 33.01; H, 3.238; N, 11.30; S, 4.055. 
IR data (KBr pellet, cm−1): 3533(m), 3353(m), 3331(m), 
3003(w), 2915(w), 1925(w), 1711(m), 1670(s), 1591(s), 
1550(s), 1515(s), 1437(m), 1418(m), 1333(m), 1298(m), 
1251(m), 1207(m), 1021(s), 954(s), 907(m), 857(m), 
825(s), 749(m), 708(m), 658(s), 592(m), 579(s), 541(s), 
507(m). 
Synthesis of {[Hg(4,4-bu)Br2](DMSO)3}n (2)  
The synthetic procedure was similar to that of 1, except 
0.0360 g (0.1 mmol) of HgBr2, was used instead of HgCl2. 
After two weeks, colorless needle shaped single crystals 
of 2 were obtained. Single crystals of 2 were unstable 
after extraction from the mother solvent at room 
temperature because of the loss of lattice solvent 
molecules. Yield based on Hg: 74%. m.p: >260 °C. 
Elemental analysis for 2: anal. calcd for 
C24H34Br2HgN6O5S3: C, 30.56; H, 3.63; N, 8.91; S, 10.20; 
found: C, 29.96; H, 3.607; N, 7.990; S, 10.94. IR data (KBr 
pellet, cm−1): 3464(m), 3322(m), 3029(w), 3003(w), 
2912(w), 1925(w), 1708(m), 1670(s), 1607(s), 1591(s), 
1550(s), 1512(s), 1440(m), 1418(s), 1336(m), 1292(s), 
1251(m), 1210(s), 1024(s), 989(m), 954(s), 904(w), 
855(m), 822(s), 800(m), 753(m), 705(m), 661(m), 579(m), 
541(s), 510(m). 
Synthesis of {[Hg(4,4-bu)I2](DMSO)4}n (3) 
The synthetic procedure was similar to that of 1, except 
0.0454 g (0.1 mmol) of HgI2, was used instead of HgCl2. 
After two weeks, colorless needle shaped single crystals 
of 3 were obtained. Single crystals of 3 were unstable 
after extraction from the mother solvent at room 
temperature because of the loss of lattice solvent 
molecules. Yield based on Hg: 66%. m.p: >260 °C. 
Elemental analysis for 3: anal. calcd for C24H34I2HgN6O5S3: 
C, 27.79; H, 3.30; N, 8.10; S, 9.27; found: C, 27.67; H, 
3.245; N, 7.391; S, 9.777. IR data (KBr pellet, cm−1): 
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3525(m), 2909(w), 1720(s), 1705(s), 1673(s), 1588(s), 
1588(s), 1553(s), 1509(s), 1415(m), 1336(m), 1292(m), 
1251(m), 1207(s), 1024(s), 957(s), 857(m), 825(s), 749(m), 
735(m), 705(m), 661(m), 585(m), 579(s), 529(s), 507(m).  
 
Results and Discussion  
Compounds 1 and 2 are isostructural; they both crystallize 
in the monoclinic P21/c space group and the unit cell 
dimensions are very similar (Table 1) and the disposition 
of atoms is almost identical (with exchange Cl↔Br). 
Compound 3 crystallizes also in the monoclinic crystal 
system and P21/c space group, but is not isostructural 
with Cl and Br analogues. Each HgII center shows a four-
coordinate environment, with two 

chloride/bromide/iodide ions and two nitrogen atoms 
from two different 4,4-bu ligands acting as coordination 
sites.  
 

Table 1 Crystallographic data for compounds 1-3. 

 
The DMSO molecules are not coordinated to the metal 
centers. Figs. 1a illustrate the locations of DMSO guest 
molecules in the structures of compounds 1 and 2. The 
lattice-occluded DMSO molecules are involved in 
hydrogen bonding resulting in connecting the chains into 
2D hydrogen-bonded networks. As shown in Fig. 1b, the 
adjacent 1D chains of compound 3 are interconnected by 
different hydrogen bond motifs of compounds 1 and 2.  

Comparison of the PXRD patterns for each product with 
the simulated pattern confirmed that each isolated 
product is phase pure. As shown in Fig. 2, 2D fingerprint 
plots for each coordination polymer were generated by 
CrystalExplorer and were used to fully elucidate the 
similarities and differences of the structure's 
intermolecular interactions. In addition, the relative 
contribution of intermolecular interaction of these 
compounds illustrates that they have different 
interactions in the crystal packing.  
 

 
Conclusion 
In conclusion, solvated urea-based coordination polymers 
have been synthesized by the self-assembly of 4,4-bu with 
mercury (II) halides in DMSO solvent. Characterization and 
crystal structure analysis of CPs have been described. The 
crystal structure determination by SC-XRD revealed that 1D 
zig-zag chain formed in 1-3. 
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 1 2 3 

a (Å) 27.3822(6) 27.8834(12) 5.55696(9) 

b (Å) 5.36939(11) 5.3776(2) 33.2718(6) 

c (Å) 25.8726(6) 26.0063(11) 22.0194(5) 

β (°) 102.224(2) 103.308(4) 94.9947(15) 

V (Å3) 3717.69(14) 3794.8(3) 4055.71(13) 
Fig. 2 Full fingerprint plots of 1(up-left), 2(up-middle) and 

3(up-right). The relative contribution of different 
intermolecular interactions to the Hirshfeld surface area in 1-

3 (down). 

Fig. 1 Representation of intermolecular hydrogen bonds in the 
crystal packing of (a) compounds 1 and 2 and (b) compound 3. 
Color codes: Hg (orange), C (grey), N (blue), O (red), S (yellow), 

X= Cl or Br (olive) and I (violet). 
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Abstract: In this study, graphene quantum dots and nanocomposite of manganese dioxide /Graphene quantum 

dots (MnO2/GQD) were synthesized by thermal decomposition method and used to degradation of dye, The 
Product structure was confirmed by FT-IR, PL, UV-Vis, EDX, SEM, and XRD analysis. The kinetic of dye degradation 
follow the first-order model. 
Keywords: graphene quantum dots; photocatalytic degradation of dye; nanocomposite of MnO2/GQD; kinetics. 
 

Introduction 
The wastewater pollutants of industries are the one of the 
biggest challenges in the world as it endangers life [1-3]. 
Synthetic organic dyes have been used in various 
industries such as plastics, textile cosmetics, dyeing, and 
Stationery [4,5]. Nano-semiconductor photocatalysts 
have been investigated for utilizing solar energy to control 
environment pollution and/or generate hydrogen energy 
[6]. Recently, the use of QDs for photocatalytic 
degradation of organic pollutants such as dyes has been 
suggested [7]. In this research, graphene quantum dots 
and nanocomposite of MnO2/GQD were synthesized and 
used as a photocatalyst to photocatalytic degradation of 
Malachite green. The efficiency of the photocatalytic 
reaction is 100%. The effect of various parameters such 
as, temperature, initial dye concentration, dose of 
photocatalysts, and pH, on efficiency of the reaction were 
also examined and optimal condition was determined.  

Experimental Section  
In the first, 2 g of crystalline citric acid was poured into a 
10 ml beaker and heated up to 200 °C. After 5 minutes, 
citric acid was melted then changed from colorless to 
yellow and finally was orange. The graphene quantum dot 
was synthesized. At this stage, 1 M sodium hydroxide was 
added drop by drop to neutralize the solution. Finally, the 
product was dried at 70 °C for 48 hours in the oven. The 
dried GQD were dissolved in 225 ml of distilled water and 
a yellow solution was obtained. Then, under the 
ultrasonic device, 3 g of MnO2 was added to the yellow 
solution and placed under ultrasonic radiation for 30 
minutes. After the completion of the reaction, the 
resulting mixture was centrifuged and the precipitate was 
separated, washed with ethanol several times, finally 
dried at 70 °C for 72 hours in the oven. To perform dye 
degradation tests by MnO2/GQD, malachite green was 
used, and the amount of dye remaining after dye 

degradation in the presence of photocatalyst was 
measured by UV-vis spectrometer. The effect of various 
parameters such as pH, Temperature, dosage of 
photocatalyst, initial dye concentration, and contact time 
on photocatalytic dye degradation were studied. 

Results and Discussion 
Characterization of GQD and MnO2/GQD  

Figure 1 shows the UV-Vis spectrum and the fluorescence 
emission spectrum of GQD, the maximum PL emission is 
observed in the region of 470 nm and the maximum UV 
absorption is 240 nm. The UV-Vis spectrum shows two 
transitions π → π* (240 nm) (sp2 domain within 
the carbon) and n → π* (360 nm) (functional group 
contain O). The XRD pattern of the nanocomposite shown 
in Figure (1) corresponds to the data in the standard card 
JCPDS-PDF NO.050-0866. According to the observed 
pattern and its sharp peaks, it can be concluded that the 
MnO2/GQD has a good crystal structure. Figure 2a shows 
the infrared spectra for citric acid, graphene quantum 
dots, manganese oxide and nanocomposite manganese 
oxide/graphene quantum dots. In Fig(2b), photocatalytic 
activity of GQDs, MnO2, and MnO2/GQD were compared. 
The best photocatalyst with efficiency of 100% was 
MnO2/GQD nanocomposite. The GQDs and MnO2 could 
be photocatalyst but their efficiency is not high. These 
experiments were done at T=25°C, amount of 
photocatalyst=0.1 g, concentration of dye= 10ppm. 
Volume= 50 ml, pH=6. The effects of dosage of 
photocatalyst and temperature on removal of dye were 
investigated in Fig. (3). With increasing the dose of 
photocatalyst, the number of available active sites 
increases which leads to an increase dye degradation 
percent. The results show that the higher temperature, 
leads to the higher photocatalytic degradation of dye. 
Kinetics of dye degradation was investigated. zero order, 
pseudo first order, pseudo second order and intra-particle 
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diffusion models were studied, the best model fitted to 
experimental data was pseudo first order. Correlation 
coefficients and constant of rates for these models were 
calculated (table1). 

  
Fig.1:  UV-Vis and PL spectra of GQDs, XRD spectrum of 

MnO2/GQD 
 

  
Fig.2: (a)FT-IR of citric acid, GQDs, MnO2, MnO2/GQD, (b) 

comparison between photocatalytic performance of GQDs, 
MnO2, MnO2/GQD 

 

  
Fig.3: The effects of dosage of photocatalyst and 

temperature on removal of dye 
 

Table1: The kinetic parameters for Malachite green 
photocatalytic degradation 

Kinetic models 
Reaction rate 

constant 
Correlation coefficient 

Zero order 0.026 0.7444 

Pseudo first order 0.0137 0.988 

Pseudo second order 1.40⨯10-3 0.5871 

Intra-particle diffusion 0.55 0.9598 

Conclusions 
The synthesis of GQDs and MnO2/GQD 
nanocomposite were successfully performed and the 
structure of products were characterized by 

techniques such as FT-IR spectroscopy, XRD, EDX, 
Map analysis, SEM, UV-vis spectroscopy and PL 
analysis. Then, MnO2/GQD as a photocatalyst was 
used to degradation of Malachite green in aqueous 
solutions. The results show that the photocatalyst has 
an excellent performance and has the efficiency of 
100%. The experiments confirm that the 
nanocomposite has excellent photocatalytic activity 
in comparison with individual GQD and MnO2. The 
kinetic study of the reaction depict that this 
photocatalytic degradation obeys to first order 
model. 
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Abstract: In this research, nanocomposite Hydrogel based on κ-carrageenan /Nickel glyoxymate (NCHC/NiG) 

was synthesized by radical polymerization method and as a catalyst was used to generate hydrogen by hydrolysis 
of NaBH4. The structure of nanocomposite was confirmed by FT-IR, TEM, TGA, SEM, BET and XRD analysis. Also, 
the kinetic of hydrogen generation was studied. 
Keywords: nanocomposite Hydrogel; Nickel glyoximate; Hydrogen generation; kinetics. 
 

Introduction 
With the increase of population and the emission of 
greenhouse gases in the world, and due to the growing 
demand for environmentally friendly energy, renewable 
energies have received much attention. One of the 
valuable sources of energy is hydrogen gas. The common 
industrial process for the generation of hydrogen gas is 
hydrogen obtained from the reformation of natural gas 
steam, which is not suitable for the feed of PEMFC devices 
due to the inevitable poisoning of the proton exchange 
membrane and the production of byproducts of this 
process, such as carbon monoxide [1]. Among the various 
hydrogen storage systems, chemical hydrides are the 
candidates with the greatest potential for success in 
terms of performance at low pressure, lower cost, and 
less energy loss. Among these chemical hydrides, sodium 
borohydride (NaBH4) is one of the promising compounds, 
which is relatively safer due to its non-flammability and 
higher hydrogen content (10.8% by weight). Furthermore, 
NaBH4 is stable in air and alkaline solutions. In the 
presence of suitable catalysts, NaBH4 dehydration 
reaction is easily initiated and terminated. Even the 
amount of hydrogen generation can be well controlled 
[2,3]. Since catalysts play an important role in hydrogen 
generation from NaBH4 hydrolysis, many materials have 
been tested that are effective in increasing the rate of 
hydrogen generation but do not reduce the amount of 
this reaction. These catalysts include precious metals such 
as Ru and Pt, as well as alloys such as Pt-Ru alloys, which 
are used in various reactions. In terms of cost savings, 
non-noble metal catalysts such as cobalt and nickel should 
replace with Pt and Ru in production [1]. However, due to 
the high cost of noble metal catalysts, there is a need to 
produce alternative catalysts based on cheaper transition 
metals. In this research, catalysts that were loaded into 
the hydrogel as a complex were used to generate 
hydrogen.  

Experimental Section  
To prepare κ-carrageenan based hydrogel, first, 2g of κ-
carrageenan was homogenized in 30 ml of distilled water 
at a temperature of 80 ̊C with a mechanical stirrer. Then, 
with certain time intervals, solutions of acrylamide, 
sodium hydroxide, acetic acid, methylene bis acrylamide 
and ammonium persulfate were added to the reaction 
vessel. After 40 minutes, the hydrogel was put in ethanol 
and after the water was removed, it was cut into pieces 
and placed in ethanol for 12 hours and in an oven at 50 ̊C 
for 12 hours and dried. In order to prepare 
nanocomposite hydrogel, first, 0.1 g of dried hydrogel was 
placed in 100 ml of distilled water for 24 hours until it 
swells completely. It was added to 50 ml of aqueous 
solution containing 0.1 g of Nickel (II) nitrate hexahydrate 
so that nickel ions are loaded in the hydrogel bed within 
24 hours. Then, the hydrogel containing Ni(II)  was added 
to 50 ml of aqueous solution containing 0.05 g of 
dimethylglyoxime ligand. The change in the colour of the 
hydrogel from colourless to red indicates the synthesis of 
Nickel bis-dimethylglyoxymate nanocomplex. Then, 
nanocomposite hydrogel was dried. Finally, NCHC/NiG 
was used as a catalyst for hydrolysis of NaBH4. 

Results and Discussion 
According to the placement and distribution of bis-
dimethylglyoximato nickel (II) [Ni(dmg)2] complex 
nanostructure in the porous structure of hydrogel, the 
shape, size and structure of nanoparticles were 
investigated using transmission electron microscope. In 
Figure (1), it is evident that the particles have a semi-
spherical morphology with a relatively wide size 
distribution and homogeneous shape. From the TEM 
micrographs, it is possible to measure the particle size 
distribution, which is in the range of 200-30 nm. Also, the 
average particle diameter is about 62.5 nm. In fig.1, a 
homogeneous structure can be seen in the SEM images of 
the nanocomposite hydrogel. It is possible to observe the 
presence of nanoparticles in the hydrogel network which 
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is uniformly distributed in the form of bright dots. The FT-
IR spectra of κ-carrageenan, hydrogel and nanocomposite 
hydrogel, confirmed their structures and bonds.  The 
optimal amount of catalyst in terms of rate of reaction 
and the volume of hydrogen was 0.04 g. The reaction was 
studied in different solvents and water was chosen as the 
most suitable solvent. The effect of the amount of sodium 
borohydride on the rate and amount of hydrogen 
generation in water solvent was investigated. By 
increasing the amount of sodium borohydride, the rate 
and amount of hydrogen generation increased.  The effect 
of pH on the rate and amount of hydrogen generation in 
water solvent was investigated. The most rate of reaction 
and the highest amount of hydrogen generation were 
obtained at pH =6.  To obtain the optimal temperature for 
hydrogen generation in the water solvent, different 
temperatures were investigated (Figure 2). The rate of 
hydrogen generation as well as the amount of hydrogen 
increased with increasing temperature.    
In this experiment, the reusability of nanocomposite 
hydrogel as a catalyst in the hydrogen generation reaction 
was investigated and the experiment was repeated 
eleven times, and the results can be seen in Figure 2. 
Kinetic of catalytic hydrolysis of NaBH4 was investigated 
and rate equation of hydrogen generation was derived as 
follows: 
r = A exp(−Ea/RT) [catalyst]1.77[NaBH4]0.65 

  To obtain the activation energy, the reaction was 
performed at 6 different temperatures with the same 
conditions for other reactants: Ea = 55.346 kJ/mol. 
 

  
Fig.1:  TEM image of Nickel glyoximate in Hydrogel, SEM of 

NCHC/NiG (100kx) 
 

  
Fig.2: The effect of temperature on amount of hydrogen 

generation, the reusability of nanocomposite hydrogel as a 
catalyst in the hydrogen generation reaction 

Conclusions 
In this research, nanocomposite hydrogel was used as 
a catalyst to generate hydrogen gas from sodium 
borohydride hydrolysis reaction. First, a hydrogel 
based on κ-carrageenan was synthesized as a 
substrate for loading nanoparticles. Then, first, the 
nickel ion and second, the dimethylglyoxime ligand 
were loaded into the hydrogel and forms a complex. 
The nanocomposite hydrogel was used as the 
catalyst. As can be shown in the images of the MAP 
that the nanoparticles inside the hydrogel were 
homogeneously loaded. Transmission electron 
microscope images also show the placement of 
nanoparticles inside the porous structure of the 
hydrogel. XRD analysis also confirms the presence of 
these nanoparticles. The effect of various 
parameters, including the amount of nickel (II) nitrate 
in the nanocomposite hydrogel, temperature, type of 
solvent, dosage of catalyst, amount of sodium 
borohydride and pH in the hydrogen generation was 
investigated. Also, the reusability of nanocomposite 
hydrogel for hydrogen generation was investigated 
and it was found that nanocomposite hydrogel can be 
used many times and will maintain its efficiency. 
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Abstract: This study aims to synthesize a highly efficient and reusable catalyst via a step-by-step post-synthesis 
modification of Metal Organic Frameworks (UiO-66-NH2)/ metal-organic framework UiO-66-(COOH)2 with 
nitrogen-rich organic ligand such as 5-Aminotetrazole and hired as support for the preparation of (UiO-66-NH2)/ 
UiO-66-COOH @ 5-aminotetrazole/Pd-NPs. This research is motivated to identify newly synthesized MOF-On-
MOF nano-catalyst as an efficient MOF/MOF functionalized 5-aminotetrazole via decoration of Palladium - 
nanoparticles. Moreover, the addition of N-rich organic ligands through post-synthesis modification alters the 
structure of the final composite in favour of the progress of the A3-coupling reaction. 
Keywords: Metal Organic Framework; 5-Aminotetrazole; Palladium Nanoparticles; A3-coupling 

 

Introduction 
These days, porous structures such as metal-organic 
frameworks or (MOF) have an important and effective 
role in today's society, especially in the fields of chemistry, 
biology, biomedicine, genetics, drug delivery and 
Nanotechnology. Nanocatalytic structures of the type 
MOF (structures of metal-organic frameworks on metal-
organic frameworks) can have different and unique 
applications due to their specific type of porosity and 
especially their special surface [1,2]. Therefore, due to the 
structure and selection of different and novel coatings 
such as nitrogen-rich compounds and consolidation of 
organic metal frameworks synthesized with Palladium 
nanoparticles, this type of compounds has been of great 
interest to scientists and has been able to create a very 
new and extensive field in various nanotechnology fields. 
In this research work, metal-organic frameworks of 
zirconium type will be designed and synthesized on metal-
organic frameworks by coating porous compounds with 
organic heterocyclic compounds full of nitrogen, and 
choosing the best coating type as surface as surface 
modification we will reach very new porous nanocatalysts 
[3,4,5]. 

Experimental Section  
In this project, we used 1,2,4-Benzene tri-carboxylic acid, 
2-Aminoterephthalic acid, ZrCl4, Acetic acid, 5-
Aminotetrazole, 2-Aminopyrimidine, Palladium 
nanoparticles for the synthesis of nano porous catalyst of 
UiO-66(COOH)2, UiO-66-NH2. 

Results and Discussion 
Examining the FT-IR spectrum of the synthesized Metal-
Organic Framework of UiO-66-COOH, UiO-66-NH2, 

compared to each other and source FT-IR spectrum of 
UiO-66-COOH has confirmed the structure of the 
synthesized MOF. Carboxylic groups are combined with 
metal ions that are used as metal probes. 
 

 

 
Fig.1: Comparison of FT-IR related to the analysis of the  
synthesized UiO-66-(COOH)2 (a), and original sample (b) 

 

 
 

Fig.2: FT-IR of the analysis of the synthesized UiO-66-NH2 
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Fig.3: The EDS and mapping of new synthesized composite 
 

Table1: The results acquired for A3-Coupling Reactions 

 

Conclusions 
In this research, structural properties, synthesis methods, 
post-synthetic modification, challenging nanocatalysts 
with unique structures containing metal-organic 
frameworks on metal-organic frameworks are 
investigated in various fields. One of the most challenging 
aspects of structural engineering in the field of 
nanocomposites and porous catalysts is the creation of 
polymer couplings, alloys/MOF compounds. Also, due to 
the special and unique structure of metal-organic 
frameworks on metal-organic frameworks, affordability, 

porosity and particularly high cross-sectional area and 
suitable biocompatibility, polymeric metal-organic 
framework composites stabilized with noble metal 
nanoparticles, including high-yield Palladium, can be used 
for applications in the field of biology.  
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Abstract: Hollow silica nanoparticles (HSNPs) are used in various fields of application due to their unique 
properties. In this study, HSNPs were prepared using polystyrene nanoparticles as a polymeric template. The 
silica shell was formed via hydrolysis and condensation reactions of an alkoxysilane in the presence of a basic 
catalyst. The reaction parameters were optimized according to one-factor-at-a-time methodology.  

Keywords: Hollow silica nanoparticles (HSNPs); Polystyrene nanoparticles; Template, Condensation, Hydrolysis. 

 

Introduction 
The interest in unique properties of silica nanoparticles 
(SNs), e.g. chemical stability, favorable mechanical 
properties, high porosity and surface area, and more 
importantly biocompatibility, has never diminished and 
turned its synthesis a viable field to obtain particles with 
different morphologies [1]. HSNPs having a macro cavity 
in center in addition to micro- or mesocavities in the 
surrounding shell offer improved properties in various 
fields of application including biomedicine [2], energy 
storage [3], coating [4], and thermal insulation [5]. Here, 
interfacial synthesis of HSNPs on a solid template 
interface, i.e. surface modified, polystyrene (PS) 
nanoparticles is investigated here to understand their 
final properties as a function of the 
hydrolysis/condensation reactions parameters involved. 

Experimental Section  
PS nanoparticles were synthesized firstly according to a 
previous art through emulsion polymerization using 
potassium persulfate as a free-radical initiator [6]. 
Secondly, the PS nanoparticles were surface-modified 
using an 80:20 mixture of styrene monomer and 3-
(trimethoxysilyl)propyl methacrylate according to a free 
radical reaction mechanism using AIBN as an initiator. 
Thirdly, a silica shell was formed by adding a mixture of 
tetraethyl orthosilicate (TEOS) and ethanol (50:50 Vol%) 
to the reaction mixture containing ammonia as a catalyst 
in a dropwise manner at a rate of 0.5 mL.min-1. The 
parameters including TEOS  concentration, ammonia 
concentration, and the reaction time were optimized 
according to Table 1. 

Table 1. Parameters considered for optimizing HSNPs synthesis 
along with their corresponding range. 

Parameter (Unit) Range (Levels) 

TEOS Conc. (mM) 33-166 (33, 55, 111, & 166) 

Time (h) 24-48 (24 & 48) 

Ammonia Conc. (M) 0.17-1.32 (0.17, 0.33, 0.66, & 1.32 M) 

Temperature (C) 
Ambient temp.-60℃ (Ambient, 40, & 

60℃) 

Finally, HSNPs were obtained by removing the PS 
templates through calcination at 550°C for 5 h. 

Results and Discussion 
FESEM micrographs supported formation of 
homogeneously spherical PS nanoparticles (d=65 nm) as 
shown in Fig. 1a. The particles were colloidally stable due 
to the presence of sodium dodecyl sulfate (SDS), an 
anionic surfactant used for the emulsion polymerization 
reaction. In the next step, surface modification of the PS 
nanoparticles was helpful to form an active silica shell 
later on. The surface-modified PS nanoparticles (Fig. 1b) 
benefit from the presence of silicon on their surface 
according to the EDXA (Fig. 1c).  

   
Fig. 1: FESEM micrographs of PS nanoparticles (a), surface-
modified PS nanoparticles (b), and EDS analysis of surface-

modified PS nanoparticles (c) 

a) b) c) 
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Silica shell formation on the template surface was 
accomplished through a pair reaction mechanism 
consisting of hydrolysis and condensation of alkoxysilanes 
in the presence of ammonia as a catalyst. Produced from 
dissociation of water molecules to nucleophilic hydroxyl 
ions and hydronium ions; hydroxyl ions attack the silicon 
atoms in alkoxysilane. The hydrolysis reaction occurs via 
an SN2 reaction mechanism passing through a pentavalent 
transition state shown in Fig. 2. Finally, siloxane polymers 
are formed via the condensation reaction of silicic acid. 

 
Fig. 2: Mechanism of hydrolysis of alkoxysilane catalysed by 

hydroxyl ions in aqueous media. 

Adding different concentrations of TEOS (33, 55, 111, and 
166 mM) to the reaction media, silica nanoparticles were 
prepared at constant levels of the other factors including 
ammonia conc. (0.17 M), the reaction time (24 h) in 
ambient temperature. Fig. 3 shows FESEM micrographs of 
the aggregated silica nanoparticles at optimized TEOS 
concentration, i.e. 55 mM. The unfavourable morphology 
of the particles can be due to the imbalance between the 
kinetics of the hydrolysis and condensation reactions.  

    

Fig. 3: FESEM of SNs prepared at 33 (a), 55 (b), 11 (c), and 166 
Mm (d) TEOS concentrations. 

Formation of the SNs was then investigated after 24 and 
48 h reaction time at the optimized level of TEOS conc., 
i.e. 55 Mm. The resulting particles are shown in Fig. 4a and 
b supporting 24 h as optimal reaction time. 
In the same way, the optimal concentration of ammonia 
(0.17, 0.66, and 1.32 M) and the reaction temperature 
(ambient, 40 and 60℃) were investigated. Fig. 4 (b-d) 
shows the FESEM images of nanoparticles prepared in 
different concentrations of ammonia after 24 h reaction 
time. No significant difference was observed between 
different temperatures hence; the ambient temperature 
was selected as the optimal temperature. 

    
Fig. 4: FESEM micrographs of SNs prepared after 48 (a) and 24 

h reaction time and at 0.17 (b), 0.66 (c), and 1.32 M (d) 
ammonia concentration after 24 h reaction time 

PS template was removed by calcination to obtain HSNPs 
from surface modified polystyrene nanoparticles. Fig. 5 
shows FESEM and TEM images of HSNPs prepared under 
optimal conditions showing particles less than 100 nm in 
size with a central hollow cavity inside. 

  
Fig. 5: FESEM (a) and TEM (b) micrographs of HSNPs 

Conclusions 
PS nanoparticles were synthesized as a template and its 
surface was modified with compounds that contain silica 
groups. Then, by optimizing the four effective parameters 
of hydrolysis and condensation kinetics, a silica shell was 
formed on the template. The best morphology was 
obtained at 55 mM TEOS concentration, 24 h reaction 
time, 1.32 M ammonia concentration, and ambient 
temperature. 
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Abstract:  In this work, a new macrocyclic cadmium complex, [Cd(ACE)I]2[CdI4] (1); ACE: 1,3,6,10,12,15-
hexaazatricyclo[13.3.1.16,10]eicosane, was prepared by template method and characterized by elemental 
analysis, FT-IR spectroscopy and single-crystal X-ray diffraction. 

Keywords: 14-Membered macrocycle, Cadmium, Diazacyclam 
 

Introduction  
Macrocyclic complexes have attracted much attention for 
unique properties offered by the macrocyclic 
environment. They can provide chemical stability and 
store reduction equivalents and/or protons, forming 
unique units as the electrochemically active sites [1]. 
Numerous macrocycles have as of late been explored 
which demonstrated fundamentally improved 
electrocatalytic activity towards oxygen reduction 
response (ORR) [2]. Other applications such as CO2-
fixation catalysts, optical sensors for metal ions, metal 
ion-selective reagents, models for metalloenzyme active 
sites and applications in biology and medicine have been 
reported for this class of  compounds [3]. 

Experimental Section   
Liquid 2-amino-2-ethyl-1,3-propanediamine (3.41 mmol, 
0.40 g) was added to a solution of CdI2 (1.69 mmol, 0.62 
g) in EtOH (20 mL) and the reaction mixture was refluxed 
for 15 min with stirring. Then 2 mL of aqueous 
formaldehyde (36%) was added to reaction mixture and 
refluxed for 5 hours. A white precipitate was formed and 
filtrated. Then this compound was dissolved in DMF (20 
mL). Colorless crystals suitable for X-ray diffraction were 
obtained by slow evaporation of the solution and 
collected by filtration. Yield (0.64 g) 68%; m.p. 190 °C. 
Anal. Calcd for C28H60Cd3I6N12 (%): C, 20.22; H, 3.64; N, 
10.10. Found: C, 20.26; H, 3.73; N, 10.08. IR (KBr, cm−1): 
3200 s (ν NH), 2937 s (νas CH2), 2830 s (νs CH2), 1447 m (δas 

CH2), 1380 m (δs CH2), 1116 m (ν CN), 486 w (ν CdN).  

Results and Discussion 
Template condensation involving amine and 
formaldehyde using the cadmium(II) iodide as collector 
was employed for synthesis of 1. Study of the literature 
revealed that to assemble polyazamacrocyclic systems, 3d 
cations with either filled or incomplete electron shells are 
suitable. Synthesis of macrocycles by template method 
have been reported for scandium, chromium, iron, 
vanadium, manganese, cobalt, nickel, copper and zinc. 
Based on these data we can conclude that the copper 

atom and then cobalt, nickel and iron atoms can act as 
collector in template reactions better than the other 
metals. Based on this study, the cadmium atom was not 
observed among the most common metals of the 
macrocyclic complexes and have been reported rarely [4]. 

 
Fig.1: The structure of the complex in the structure of the 

crystal network of the complex. 

Conclusions 
In this work, a new complex of 1,3,6,10,12,15-
hexaazatricyclo[13.3.1.16,10]eicosane (ACE), 
[Cd(ACE)I]2[CdI4] (1), was synthesized by template 
method and its spectral and structural properties was 
investigated. In the ionic structure of 1, there are two 
cadmium atoms with different geometries. In cationic 
unit, the ACE ligand acts as N4-donor by forming two five- 
and two six-membered chelate rings around the cadmium 
atom with CdN4I environment and a square-pyramidal 
geometry. In anionic unit, the cadmium atom with CdI4 
environment has a tetrahedral geometry. 
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Abstract: In the present study, disodium hydrogen phosphate dodecahydrate (Na2HPO4 .12H2O) was 
microencapsulated using the interfacial polymerization method combined with the sol-gel process. Tetraethyl 
silicate (TEOS) and (3-Glycidyloxypropyl) trimethoxysilane (GPTMS) precursors were used to form the silica shell. 
SEM results confirm the microcapsule formation. DSC results showed that the synthesized microcapsules have 
melting temperature and enthalpy of 53.57 °C and 56.69 J/gr, and crystallization temperature and enthalpy of 
9.82 °C and 24.71 J/gr, respectively.  
Keywords: Phase change material; hydrated salt; Microencapsulation; silica  
 

Introduction 
Due to the increase in energy demand and population 
growth in the world in recent years, thermal energy 
storage has been developed as one of the most valuable 
ways to use heat more effectively [1]. Among various heat 
storage methods, latent heat storage is attractive due to 
its ability to provide high storage density under near 
isothermal conditions [2, 3]. Phase change materials 
(PCM) can absorb or release a large amount of energy in 
the form of latent heat (ΔH) and  are used for thermal 
management in various industries such as building, solar 
energy storage, blood and food transportation, air 
conditioning, thermal regulating textiles, etc. [4,5]. 
Generally, PCMs are divided into organic, inorganic, and 
eutectic groups. Eutectic PCMs are designed using unique 
engineering materials with the required thermophysical 
properties through mixing materials at the eutectic point 
[6].  
Two prominent features always followed in phase change 
materials are suitable phase change temperature and 
high melting enthalpy. To control the volume changes of 
the PCM during the phase change period, it is necessary 
to encapsulate liquid-solid PCMs with suitable shell 
materials. Microencapsulation also prevents leakage of 
PCMs during melting, isolates them from the effects of 
the external environment, and increases their thermal 
conductivity [7, 8]. In the past, various phase change 
materials have been used for thermal energy storage, 
such as paraffin wax [9], hydrated salts [10,  11], fatty 
acids [12, 13], and eutectic compounds [14, 15]. 

In this study, the hydrated salt Na2HPO4·12H2O were used 
as phase change material. The PCM was encapsulated, 
while tetraethyl silicate (TEOS) and (3-Glycidyloxypropyl) 
trimethoxysilane (GPTMS) were used as silica precursors. 

The obtained microcapsules can be used for potential 
applications in the thermal energy management of 
polymers, textiles, solar energy systems, and packaging 
and building materials. 

Experimental Section 
Material  
Disodium hydrogen phosphate dodecahydrate 
(Na2HPO4·12H2O) from Merck were used as inorganic 
phase change material. Tetraethyl silicate (TEOS) and (3-
Glycidyloxypropyl) trimethoxysilane (GPTMS) purchased 
from Merck were used to form the silica shell. Liquid 
paraffin provided by Merck is employed as the solvent. 
Tween80 and Span80 were also obtained as emulsifiers 
from Merck. For washing, ethanol was obtained from 
Merck. 

Method 
In the first step, the hydrated salt Na2HPO4·12H2O was 
melted in a 55°C water bath until a clear liquid was 
reached.  
In the second step, the molten hydrated salt was 
microencapsulated through inverse emulsion interfacial 
polymerization. To synthesis of microcapsules, 20 gr of 
molten hydrated salt was mixed with 6 gr of deionized 
water and 0.36 gr of Tween 80 emulsifier and stirred to 
obtain the aqueous phase. To prepare the oil phase, 30 gr 
of liquid paraffin was mixed with 1.44 gr of span 80 
emulsifier. Then, the aqueous phase was added to the oil 
phase, and stirred for 30 minutes at 40°C to reach a stable 
water in oil emulsion. After the formation of the emulsion, 
4 gr of TEOS and 1 gr of GPTMS were slowly added to the 
emulsion, and the synthesis continued for 8 hours at 40°C. 
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Finally, the synthesis product was washed five times with 
a solution of 50% water and ethanol. 

 

Fig.1: SEM image of microcapsule. 

Characterization 
The surface morphology of the microcapsule were studied 
by scanning electron microscope (SEM) model: MIRA3 
(TESCAN). 

To study the phase change behavior of hydrated salt and 
microcapsule, differential scanning calorimetry (DSC) 
(DSC, METTLER) was used at the heating rate of 10 °C/min 
in the range 0-70 °C. The encapsulation rate (R) and 
encapsulation efficiency (E) of synthesized microcapsule 
is calculated through the following equations: 

𝑅 =
Δ𝐻𝑚,𝑚𝑖𝑐𝑟𝑜𝑐𝑎𝑝𝑠𝑢𝑙𝑒

Δ𝐻𝑚,ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑑 𝑠𝑎𝑙𝑡
 (1) 

𝐸 =
Δ𝐻𝑚,𝑚𝑖𝑐𝑟𝑜𝑐𝑎𝑝𝑠𝑢𝑙𝑒+𝛥𝐻𝑐,𝑚𝑖𝑐𝑟𝑜𝑐𝑎𝑝𝑠𝑢𝑙𝑒

Δ𝐻𝑚,ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑑 𝑠𝑎𝑙𝑡+𝛥𝐻𝑐,ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑑 𝑠𝑎𝑙𝑡
 (2) 

Results and Discussion 
The SEM image of microcapsule is demonstrated in figure 
1. 
Figure 2 (a) and (b) show the DSC results of hydrated salt 
and synthesized microcapsule, respectivey. The melting 
temperature of the hydrated salt and microcapsule is 
41.59 °C and 53.57 °C, respectivly. Also, 
microencapsulation of hydrated salt reduces its melting 
enthalpy from 167.66 J/g to 56.69 J/g. Therefore, the 
encapsation rate is 34%. According to the results of DSC 
analysis, the solidifying temperature and enthalpy of 
microcapsules were 9.82 °C and 24.71 J/gr, respectively. 
Table 1 demonstrats thermal properties of hydrated salt 
and microcapsle. 

Table1: Thermal properties of hydrated salt and microcapsle. 

Sample 
Tm 

(°C) 
ΔHm 

(J/gr) 
Tc 

(°C) 
ΔHc 

(J/gr) 
R 

(%) 
E 

(%) 

Na2HPO4·12H2O 41.59 167.66 13.47 145.84 - - 

Microcapsle 53.57 56.69 9.82 24.71 34 26 
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Fig.2: The DSC curves of eutectic salt and microcapsule. 

Conclusions 
The hydrated salt Na2HPO4·12H2O was employed as 
inorganic phase change material. It was encapsulated by 
silica precursors by interfacial polymerization combined 
with sol-gel process. The synthesised microcapsule 
demonstrated encapsulation rate and encapsulation 
efficiency of 34 and 26, respectivly. 
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Abstract: The research utilizes quantum mechanics calculations with the B3LYP/6-311+G computational method 
to assess the structural and electronic features of Berotralstat. A thorough investigation offers valuable 
information about its chemical attributes, which can assist in the development of medications for hereditary 
angioedema, an uncommon genetic condition that leads to repeated and intense inflammation. 
Keywords: Hereditary angioedema; Berotralstat; B3LYP; Density Functional Theory  
 

Introduction 
Angioedema, a localized swelling of mucosal and 
subcutaneous tissue, is the result of an increase in 
vasoactive substances like bradykinin. This condition 
often resolves on its own as there is a temporary rise in 
blood vessel permeability. However, it can be life-
threatening, especially if the throat is affected, with a 
mortality rate reported as high as 30%. There are two 
types of angioedema: acquired angioedema (AAE) and 
hereditary angioedema (HAE). Hereditary angioedema 
typically stems from a lack of C1-inhibitor, but can also be 
caused by a mutation in FXII or, rarely, have no known 
cause. The C1-inhibitor is crucial in controlling the 
production of bradykinin by inhibiting kallikrein, factor 
XIIa, and factor XIIf. Therefore, not having enough C1-
inhibitor can lead to an accumulation of bradykinin, 
resulting in blood vessel dilation and inflammation. A 
deficiency in C1-inhibitor is usually identified through a 
mutation in the SERPING1 gene on chromosome 11q. 
Type 1 HAE involves low levels of C1-inhibitor, while type 
2 HAE is characterized by non-functional C1-inhibitor. HAE 
presents with recurrent swelling and inflammation that 
tends to occur more frequently and at an earlier age than 
AAE [1,2]. 
      Berotralstat, an oral preventative treatment, provides 
a safe and effective long-term option for individuals with 
HAE, particularly beneficial for those who cannot tolerate 
injectable therapies. When deciding on a long-term 
preventative treatment for HAE, patient preference and 
shared decision-making are crucial factors to consider. Its 
chemical formula is C30H26F4N6O, with an average 
molecular weight of 562.573 grams per mole.[3] 
 
Methods 
In the initial stage, the molecular structure of Berotralstat 
was designed using GaussView software, followed by 
quantum mechanical calculations at the B3LYP/6‒311+G 
theoretical level using Gaussian09 software. 
Results and Discussion 
Molecular calculations of the drug Berotralstat were 
performed using the GaussView software at the B3LYP/6‒

311+G theoretical level, and the structural parameters 
were reported. Using the GaussView software, the 
molecular structure of interest was initially designed in 
this software (Fig.1). 

 

Fig. 1. The optimized structure of Berotralstat at the 
B3LYP/6‒311+G level. 

 
Table 1. Calculated Bond Length Values for Berotralstat 
Molecule using B3LYP/6-311+G Computational Method. 

C
6

4
-F

66
 

C
2

3
-O

3
5 

C
2

3
-N

3
3 

C
1

8
-N

1
7 

C
5

3
-N

5
4 

N
5

5
-C

4
0 

1.35226 1.21975 1.37362 1.37836 1.15570 1.46892 

 
Table 2. Calculated Bond Angles Values for Berotralstat 

Molecule using B3LYP/6-311+G Computational. 
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Table 3. Calculated Dihedral Angle Values for Berotralstat 
Molecule using B3LYP/6-311+G Computational. 
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Table 4. Calculated Dipole Moments Values for Berotralstat 
Molecule using B3LYP/6-311+G Computational. 

 µx  µy  µz  µtot 

 -0.3251  -5.3205  4.0823  6.7141 

Table 5. Calculated Mulliken Charge Values for Berotralstat 
Molecule using B3LYP/6-311+G Computational Method. 
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Table 6. Calculated HOMO-LUMO Energy Gap Values (ev) for 

Berotralstat Molecule using B3LYP/6-311+G Computational. 

EHOMO  HLG  ELUMO  

-0.23741 0.28 -0.04652 

 

 

 

The molecular orbital shapes of the HOMO and LUMO of the 

Berotralstat molecule at the B3LYP/6‒311+G level have also 

been presented. 

Figure 2 depicts the simulated infrared spectra of 
Berotralstat conducted using the B3LYP/6-311+G 
theoretical approach. 

 

Fig. 2. The simulated IR spectra of the Berotralstat 
generated using the B3LYP/6-311+G level of theory. 

Conclusions 
our study utilized quantum mechanical calculations to 
analyze the structural and electronic properties of 
Berotralstat, a potential treatment for Rett syndrome. By 
examining molecular geometry, vibrational frequencies, 
and electronic structure, we gained valuable insights into 
its chemical properties. Our findings contribute to drug 
discovery efforts for neurological disorders like Rett 
syndrome. Additionally, exploring innovative delivery 
methods such as C60 fullerene nanocarriers holds 
promise for advancing therapeutic options in this field. 
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Abstract: The analytical and electrochemical performance of nickel acetate hydroxide prisms (Ni-prism) modified 
carbon paste electrode was investigated for the oxidation of ethanol in alkaline media. The electrochemical 
characterizations were carried out using cyclic voltammetry (CV) and chronoamperometry techniques. The 
results show that the modified electrode for ethanol oxidation has excellent electrocatalytic characteristics such 
as stability, high catalytic activity, and very good current density, and it is an appropriate choice for the 
application in ethanol fuel cells. 

Keywords: Ethanol oxidation reaction; Fuel cells; Modified carbon paste electrode; Ni-prism 
 

Introduction 
Energy is so important in our daily lives because it is a 
basic human need. The exponential growth of the world's 
population and the progress of civilization have led to the 
progressive growth of the demand for energy. Fossil fuels 
are unstable and they cause many environmental 
problems. Direct alcohol fuel cells (DAFCs) are a kind of 
direct liquid fuel cells that have attracted much attention 
as one of the most viable entrants to replace non-
renewable energy sources [1]. Generally, direct ethanol 
fuel cells (DEFCs) are divided into two groups, acidic and 
alkaline. Today, due to the toxicity of the acidic 
environment and the corrosion of many metals and 
catalysts, an alkaline environment is preferred in many 
cases. The alkaline environment is preferred due to 
advantages such as lower toxicity, and better and higher 
rate of anodic and cathodic reactions. Also in alkaline 
media, hydroxide ions can be more easily transferred 
from the cathode to the anode, which facilitates and 
makes easier the ethanol oxidation reaction [2]. Choosing 
a suitable and effective electrocatalyst is one of the 
important parameters for ethanol oxidation. In this work, 
Ni-prism particles consisting of nickel and 
polyvinylpyrrolidone were prepared and used in carbon 
paste electrodes (CPEs) as modifier for ethanol oxidation 
reaction in alkaline media. The results show that the Ni-
prism provides high electrocatalytic activity and has 
excellent stability for the oxidation of ethanol in an 
alkaline media. The electrochemical behavior of Ni-
prism/CPE was investigated using cyclic voltammetry (CV) 
and chronoamperometry techniques. 
 
Experimental Section  
To prepare a bare carbon paste electrode, graphite 
powder, and nujol oil were mixed in a weight ratio of 70 

to 30%.  A Ni-prism modified carbon paste electrode (Ni-
prism/CPE) was fabricated by mixing a certain amount of 
Ni-prism with constant amounts of graphite powder and 
nujol oil. The composed materials were also mixed as well 
and packed onto a plastic tube with an inner diameter of 
1.0 mm and a stainless steel rod was used for the 
electrochemical connection. The cyclic voltammetry (CV) 
technique was used to study the electrochemical 
properties of the modified electrode in the ethanol 
oxidation process. 

Results and Discussion 
The synthesized Ni-prism catalyst was characterized by x-
ray diffraction (XRD), Fourier transform infrared 
spectroscopy (FT-IR), and scanning electron microscopy 
(SEM). The morphology of the synthesized Ni-prism was 
investigated and the SEM images are shown in Fig.1. It is 
obvious that the synthesized nickel has a smooth surface 
and a prism-like structure [3]. 
 

  
 

Fig.1: SEM images of the prepared Ni-prism 
 

To investigate whether the modifier affects the ethanol 
oxidation process or not, a bare CPE and a modified one 
(Ni-prism/CPE 5%) were tasted in KOH (1.0M) solution 
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and KOH (1.0M) containing ethanol (0.5M). As shown in 
Fig. 2, the current of the modified electrode is more than 
the bare CPE. This shows that the suggested modifier 
improves the ethanol oxidation process. According to the 
following equations, it can be seen that in alkaline media 
in the absence of ethanol, Ni(OH)2 oxidizes to NiOOH in 
the forward scan. Also, a reduction peak can be seen in 
backward scans that is attributed to NiOOH reduction to 
Ni(OH)2 again in the presence of ethanol, Ni-prism plays a 
catalytic role well. 
 
𝑁𝑖(𝑂𝐻)2 + 𝑂𝐻− ↔ 𝑁𝑖𝑂𝑂𝐻 + 𝐻2𝑂 + 𝑒− 

 
12𝑁𝑖𝑂𝑂𝐻 + 𝐶𝐻3𝐶𝐻2OH+ 2𝐻2O → 12𝑁𝑖(𝑂𝐻)2 + 2𝐶𝑂2 

 
According to these equations, we conclude that Ni in the 
process of ethanol oxidation and plays a catalytic role 
well.  

 
Fig.2: Cyclic voltammograms recorded for CPE and Ni-

prism/CPE in KOH (1.0 M) in the absence and the presence of 
ethanol (0.5 M). Conditions: scan rate, 50 mV/s. b) Nyquist 

plots of CPE, and Ni-prism/CPE during ethanol oxidation 
reaction in KCl (0.1 M) containing Fe(CN)6-3/-4 (5.0 mM) 

solution. 

Conclusions 
In this study, a prismatic nickel electrocatalyst was 
synthesized by a solvothermal method. Electrochemical 
measurements showed that this catalyst exhibits good 
activity for ethanol oxidation in an alkaline environment. 
The obtained current density under optimum conditions 
was calculated to be about 111.83 mA/cm2. Also, the 
stability of the electrode in ethanol solution was studied 
by chronoamperometry method and the obtained result 
showed that this modified electrode has good  stablity in 
a long period of time. 
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Abstract: In this research, ethyl 2-hydroxycinnamate derivatives were synthesized during several reaction steps. 
First, tetraarylimidazole derivatives were prepared through a multicomponent reaction. Next, their ortho-
formylation was done using hexamethylenetetramine via Duff reaction. After that, ethyl trans-2-hydroxy-
cinnamates were synthesized through Wittig reaction between synthetic salicylaldehyde compounds, and the 
ethyl bromoacetate.  

Keywords: Ethyl 2-hydroxycinnamate; Duff reaction; Wittig reaction; Salicylaldehyde 
 

Introduction 
Cinnamic acid esters are widely used as flavors in the 
food, perfumery, cosmetic hygiene, and pharmaceutical 
industries. Derivatives of ethyl cinnamate, are often used 
in cosmetic products such as face creams, hair sprays, 
shampoos, and soaps [1]. Also, ethyl 2-
hydroxycinnamates are important intermediates among 
organic substances that are used to prepare heterocyclic 
compounds such as coumarin, benzofuran, and 2-
quinolones [2-4]. In this regard, For the sensitive 
detection of a catalytic amount of cyanides, which is very 
toxic, catalyzed cinnamate to coumarin transformation 
reaction has utilized [5]. On the other hand, 
polysubstituted imidazoles have attracted the attention 
of many chemists due to their medicinal and 
luminescence properties [6]. These types of compounds 
are used in the preparation of organic light-emitting 
diodes (OLEDs), fluorescence probes, biological imaging, 
and also in the synthesis of drugs that act as anti-cancer, 
anti-allergic, anti-pain, and anti-fungal drugs. In addition, 
fluorescent organic compounds have many advantages, 
especially emission properties with high quantum yields 
due to the extensive π-conjugated system [7]. 

Experimental Section   

General procedure for the synthesis of 4-
(triarylimidazolyl)salicylaldehydes 
After refluxing a solution of 4-(triarylimidazolyl)phenols 
and HMTA (3.0 mmol) in 20 mL of acetic acid for 
approximately 36 hours, allowing it to cool to room 
temperature, and then adding added HCl (5M, 10 mL). The 
reaction mixture was heated to 115 oC durring 2h. 
Following cooling, distilled water was added to dilute the 
reaction mixture, and the precipitates that formed were 
filtered, washed with water, and allowed to dry in the 
open. Using EtOAc:Hexane (3:7) as the eluent, the crude 

product was purified by column chromatography to yield 
4-(triarylimidazolyl)salicylaldehydes. 
 
General procedure for the Synthesis of ethyl 2-
hydroxycinnamate 
The mixture of salicylaldehyde (1 mmol) and ethyl 
bromoacetate phosphonium salt (1.5 eq), Potassium 
carbonate (1.5 eq) in DMF (2 mL) was stirred at 60 oC for 
2h. After cooling the reaction mixture was diluted with 
distilled water, and the precipitates formed were filtered, 
washed with water  then Then to purification of 
compound was washed with ethanol.   

Results and Discussion 
In order to synthesis ethyl 2-hydroxycinnamate, which is 
based on 2-hydroxy-5-(2,4,5-triphenyl-1H-imidazol-1-
yl)benzaldehyde, 4-(triaryl imidazole)phenol must first be 
prepared through a four-component reaction involving 
benzil, 1,4-phenylenediamine, ammonium acetate, and 
aryl aldehydes, with p-toluene sulfonic acid acting as the 
catalyst. Subsequently, under HMTA in acetic acid at 115 
oC, ortho-formilation of 1a via Duff reaction synthesized 
the desired salicylaldehyde derivatives 2a. Next, the 
Wittig reaction proceeds using synthetic salicyl aldehyde 
and phosphonium salt obtained from ethyl bromoacetate 
in the presence of potassium carbonate in 
dimethylformamide solvent  (Table 1, Scheme 1). 

 

Fig.1: Synthesis of imidazolyl-based salicylaldehyde derivatives 

(2a) and corresponding ethyl 2-hydroxycinnamate (3a) 
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Table1: The synthesized imidazolyl-based salicylaldehydes (2a) 
and  corresponding ethyl 2-hydroxycinnamate (3a) 

En
tr

y 

P
h

e
n

o
l 

Ar 
Salicylaldehyde 

(yield %) 

ethyl 2-
hydroxycinnamate 

(yield %) 

1 1a C6H5 2a (61) 3a (66) 

2 1b 4-ClC6H4 2b (43) 3b (74) 

3 1c 3-thienyl 2c (39) 3c (62) 

4 1d 
3-

NO2C6H4 
2d (50) 3d (69) 

5 1e 
4-

MeC6H4 
2e (63) 3e (87) 

6 1f 4-FC6H4 2f (55) 3f (79) 

7 1g 
4-

OMeC6H4 
2g (70) 3g (90) 

Conclusions                                                                            
In conclusion we present the synthesis Through the wittig 
reaction, the obtained salicylaldehyde derivatives were 
transformed to the novel polysubstituted imidazole-
based ethyl 2-hydroxycinnamate  compounds. 
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Abstract: One-pot tandem reaction of unsymmetrical 1-methy barbituric acid (1-MBA), BrCN, various 
dialdehydes in the presence of N-methyl morpholine afforded diastereomeric mixtures of a series of stable N-
methyl morpholinium bis-(1-methyl barbiturates) containing charge-separated intermolecular and eight 
membered intramolecular H-bonds. 
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Introduction 
Many of the barbituric acid based heterocyclic furo [2,3-
d] pyrimidines [1], spirobarbituric acids [2] are well known 
of their wide varieties of biological and pharmaceutical 
effects. Recently, some bis-barbiturates exhibited anti-
cancer effect by the evaluation of their cytotoxic effect on 
HeLa and MCF-7 cell lines by MTT assay [3]. 
BrCN is a very useful reagent in organic synthesis; e.g. 
selective cleavage of the methionyl peptide bonds in 
ribonuclease [4], for the synthesis of cyanates [5], 
cyanamides [6] and so on.  
Herein, we have investigated the reaction of one-pot 
tandem reaction of N-methyl barbituric acid with 
aldehydes in the presence of cyanogen bromide and N-
methyl morpholine. 

Experimental section 
In a 10 mL tube with Teflon-faced screw cap equipped 
with a magnetic stirrer was dissolved 0.06 g (0.48 mmol) 
of cyanogen bromide (BrCN), 0.15 g (0.96 mmol) of 1-
methyl barbituric acid, and 0.06 g (0.48 mmol) of 
benzaldehyde in 10 mL of methanol, and then 0.06 g (0.6 
mmol, 0.8 mL) of 4-methylmorpholine was added to the 
solution at 0 °C. The reaction mixture was stirred for 3 h 
at 0 °C to room temperature. (Caution! The cyanogen 
bromide is highly toxic. Reactions should be carried out in 
a well-ventilated hood). The Teflon-faced screw cap tube 
prevents the vaporization of cyanogen bromide during 
the reaction. The progression of the reaction was 
monitored by thin layer chromatography (TLC). After the 
completion of the reaction, a crystalline white solid 
precipitate, which was filtered off, washed with a few 
milliliters of methanol, and dried (0.12 g). 

Results and Discussion 
This paper descrides the tondem reaction of 
unsymmetrical N-methyl barbituric acid with aldehydes in 
the presence of cyanogen bromide and N-methyl 
morpholine (4-MM) under mild condition (Scheme 1). 

 
Scheme 1. One pot reaction of undsymmetrical 1-methyl BA (2) 

with various aldehydes and BrCN in the presence of 4-MM 

Based on ongoing to our previous works on symmetical 
barbituric acids, in the present research, our aim is 
focused on the competition reaction of N-methyl BA as 
unsymmetrical barbituric acid with various aromatic 
aldehydes, BrCN and 4-MM through pathes a and b. 

 
Fig.1: FT IR spectrum of spirodihydrofuran derivative 
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Abstract: we synthesized  the Mn complex. We characterized the complex with FT-IR, UV-Vis spectroscopy, x-
ray crystallography. Then, we investigated interaction of complex with bovine serum albumin(BSA).  
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Introduction 
one of the main cellular targets for anti-cancer drugs are 
proteins. Thus, the study of protein-drug interactions is of 
great importance The interactions between drugs and 
proteins may affect the activity, toxicity, distribution and 
absorption of the drugs [1]. Catecholase activity is one of 
the biocatalytic properties of the compounds. Complexes 
containing mangenese could mimic the catechol oxidase 
enzyme, in which an active site for a type III protein is 
present and catalyzes the oxidation reaction of various o-
diphenols (catechols) to the related o-quinones [2,3].   

Experimental Section  
 Synthesis of Mn complexes 

Aquese solution of MnCL2.4H2O(0.538g,1mmol)(10mL) 
was added to solution of 4-hydroxy-4-phenylbut-3-en-2-
one(HPEO)(0.152g,1mmol)in methanol (10 mL) then 
stirred for 1 h.The resulting mixure was filtered and dried 
in vacuum. The resulting solid recrystalized with acetone 
and diethyl ether(scheme 1).Anal.calc. for C30H27 
MnO6:C,66.99;H,5.05;O,17.83;Mn,10.20%.Found:C,66.9
2;H,4.99;Mn,10;O,17.81%.FT-IR(KBr,cm-1):3452(𝞶O-

H),1505(𝞶C=O),773(𝞶M-O).UV-Vis(MeOH):λmax,nm(ε,M-1cm-

1)=310(3100),250(2500). 

 

Scheme1: the path for synthesis of Mn complex 

Results and Discussion 
x-ray crystallography of Mn complex  
single crystal x-ray diffraction was performed for 
structural charactrization of the  complex.the crystal 
data structure refinement for the Mn complex are listed 
in table1. 

The Mn complex crystalized in monoclinic space group 
P21/c. as shown in figure1, MnII ion coordinated to six 
oxygen groups of ligands. 
 

 
Fig.1: single x-ray structure of Mn complex 

Table1: crystal data of complex 

Chemical formula C30H27MnO6 

Temp(K) 95 

Wavelength(A) 1.54184 

M(g/mol) 538 

Space group P21/c 

Z 4 

a 10.1956(2) 

b 18.5768(4) 

c 13.7145(3) 

α 90 

β 92.2970(19) 

γ 90 
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Bovin serum albomin (BSA) Binding experiment 
the buffer solution of Tris-HCl (TBS, 1 mM Tris-HCl/5mM 
NaCl buffer, pH 7.3) was used for the preparation of the 
BSA stock solution and complex solution, which were 
stored in a dark environment at 4  ˚C. Quenching of the 
fluorescence intensity of the BSA solution (1µM) was 
measured after the addition of the complex solution (5 µL 
of 100 µM in each injection), (excitation wavelength at 
280 nm and emission wavelengths in 300–500 nm region). 
Fluorescence spectroscopy is a convenient, accurate, 
sensitive, and rapid method in investigating the binding 
mode, binding constant and binding sites of proteins 
which interact with drugs . BSA solution reveals a strong 
fluorescence emission at 343 nm due to the excitation of 
tryptophan residue at 280 nm. In this study, different 
concentrations of the Cu-Gd complex (5 µL of 100 µM in 
each injection) were added to the BSA solution and the 
quenching of the spectra was followed at 343 
nm(figure2). 
The Stern-Volmer quenching constant (Ksv=2.4*105) was 
obtained(Eq1). 

F0/F=1+Ksv[Q]                       (1) 

 

 

Fig.2: Emission spectra of BSA(1µM) upen titration with Mn 
complex(5 µL of 100 µM of each injection) 

Conclusions 
In this work, we synthesized  the Mn complex. We 
characterized the complex with FT-IR, UV-Vis 
spectroscopy, x-ray crystallography. Then, we 

investigated interaction of complex with bovine serum 
albumin(BSA).  
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 Abstract: Microwave-assisted hydrodistillation (MWHD) , hydrodistillation (HD)  techniques  were carried out for the 
analysis of volatile components  of Stachys lavandulifolia Vahl from Iran. The oils obtained were analyzed by GC–MS. 
The extraction time  while using the MWHD is no more than 24 min using a microwave power of 300 W. Different 
experimental parameters such as, sonication time, extraction time and temperature, and desorption time were 
investigated. The major components by two methods of HD, MWHD were carvacrol and thymol.   In the present work 
we have isolated essential oils of plant by   HD, MWHD methods from the aerial part of the plant and then compared 
essential oil contents and discussed types of extraction methods 
Keywords: Stachys lavandulifolia Vahl Volatile compounds; Medicinal plants; Gas chromatography–mass spectrometry  

Introduction 
The genus StachyL.comprises more than 270 species [1] 
and is justifiably considered as one of the largest genera 
of the Labiatae. In the old World area there are two main 
centres of diversity for the genus, as assessed by the 
number and distribution of the species. One is confined 
to South and East Antolia, Caucasia, North West Iran and 
North Iraq, the  other to the Balkan Peninsula[2]. In Iran, 
34 species of the this genus are present,among which, 13 
are endemic [3] .The plant is known as Chaye-kuhi in Iran 
and is a nativeplant, which has been used as an anxiolytic 
and sedative in Iranian folk medicine [4] . However, the 
genus Stachys has been the subject of some 
phytochemical studies. Flavonoids, phenyl ethanoid 
glycosides, phenolic acids, iridoids, monoterpenes, 
sesquiterpenes, diterpenes, and triterpene saponins 
have been reported to be present in different Stachys 
species [5], [6], [7], [8] , [9] and [10]. Stachys 
lavandulifolia has also been reported to contain volatile 
oil and a phenyl propanoid glycoside [11] and [12]. 

Matrial and Methods 

2.1. Plant materials 
       About1 kg of fresh aerial part  of Stachys 
lavandulifolia Vahl at maturity were collected from 
agriculture college garden of  Iylam university,  on june 
2020. The dried aerial parts were stored in a dark place 
at 4°C.  A voucher specimen has been deposited in the 
Herbarium of the Faculty of Pharmacy, Shaheed Beheshti 
University of Medical Sciences (herbarium no. 0783).  
2.2 Chemicals and Reagents 
Helium, 99.999%, used as carrier gas, was purchased 
from Roham Gas Company (Tehran, Iran). Alkane mixture 

consisting of the C8-C20 alkanes (concentration of 40 
mg/mL in hexane) was purchased from Fluka. All other 
chemicals were of the highest purity available from 
Merck or Fluka. Doubly distilled deionized water was 
used 

2.3 Instruments and GC/MS Operating Conditions and 
procedure, Gas chromatography was performed with a 
Shimadzu model GC-17A (Kyoto, Japan) instrument 
equipped with a Shimadzu Quadropole-MS (QMS) model 
QP5050 detector. Separation was performed using a 30 
m × 0.25 mm I.D capillary fused silica column 6 coated 
with a 0.25 μm film of DB5-MS (5% Phenyl-95% 
Polydimethyl Siloxane), and a split/splitless injector with 
a 1 mm internal diameter glass liner.  
 2.5 MWHD apparatus and procedure 
       MAHD was carried out with a Samsung microwave 
apparatus. The multimode microwave reactor has a twin 
magnetron (1000 W, 2455MHz) with a maximum 
delivered power of 1000W variable in 10W increments. A 
rotating microwave diffuser ensures homogeneous 
microwave distribution throughout the plasma coated 
cavity are35 cm × 35 cm × 35cm. Temperature was 
controlled by feedback to the microwave power 
regulator. The experimental MADH variables have been 
optimized by the university method in Order to maximize  
the yield of essential oil. In a typical SFME procedure 
performed at atmospheric pressure, 60 g of fresh plant 
material was heated using a fixed power of 600 W for 
24 min without added any solvent or water. A cooling 
system outside the microwave cavity condensed the 
distillate continuously. Condensed water was refluxed to 
the extraction vessel in order to provide uniform 
conditions of temperature and humidity for extraction. 
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The extraction was continued at 100 °C until no more 
essential oil was obtained.  
2. Optimization of microwave power 
An appropriate microwave   irradiation power is 
important to ensure the essential oil is extracted quickly; 
however, the power should not be too high otherwise 
loss of volatile compounds would result. Different   
microwave irradiation power, 180, 300, 450,  600, 800, 
and 1000 W, were examined for MAHD  extraction of 
essential oils. The total extraction time (it was until no 
more essential oil was obtained) in relation with the 
microwave irradiation power was studied. A   microwave   
irradiation power of 600 W for 60 g of plant material was 
the optimum microwave power density because this 
power permits in only 24  min to extract the essential oil 
completely and avoid loss of volatile compound. 
2.2. Hydro-distillation 
     The sample (100 g of dried material was charged with 
a particle size of about 500 μm) was submitted to hydro-
distillation for 1.5 h, using a Clevenger-type apparatus, 
according to the European Pharmacopoeia (1975). The 
volatile distillate was collected over anhydrous sodium 
sulphate and refrigerated until time of analysis. The yield 
of the oil was 3.1% v/w based on dry plant weight.  
2.5. Qualitative and quantitative analyses 
      Most constituents were identified by gas 
chromatography through comparison of their retention 
indices (RIs) with those of the literature or with those of 
authentic compounds available in our laboratories. The 
retention indices (RIs)   were determined in relation to a 
homologous series of n-alkanes (C8–C24) under the 
same operating conditions. Further identification was 
made by comparison of their mass spectra on both 
columns with those stored in NIST 98 and Wiley 5 
Libraries or with mass spectra from literature . 
Component relative concentrations were calculated 
based on GC peak areas without using correction factors.  

Results and Discussion 
The yield of the oils obtained from S. lavandulifoila by 
three methods of extraction   were 0.82%, 0.61% and 
0.45%. The yield of the oils extracted from other species 
were, 0.18% from S. setifera ssp. iranica 0.18% from S. 
chrysantha, and 0.12% from S.candida . The S. 
lavandulifolia oil was examined by GC and GC-MS. The 
list of compounds identified in the oil of S. lavandulifolia 
can be seen in Table 1.  Fifty five compounds were 
identified, representing  93.50%, 89.58% and 92.49% by 
HD,SPME and MWHD   of the essential oils respectively , 
in which the major components were germacrene-D , β-
phellandrene, β-pinene , myrcene , α-pinene  and Z-β-
ocimene . In a previous study the main components of 
the oil were reported to be spathulenol (35.0%) and 
caryophyllene oxide (25.6%), this finding was completely 

different from our study.  The major component of the S. 
obliqua oil was germacrene-D, which was also one of the 
main components of the S. lavandulifolia oil [7]. The 
main components of the oils of S. aegiptica (α-pinene) 
and S. glutinosa (α-pinene and β-phellandrene) were 
presented as the major components of the S. 
lavandulifolia oil [11].  β-Pinene, one of the main 
components of S. recta and S. balansae oils, was present 
at an amount of 8.4% in S. lavandulifolia oil . A 
qualitative comparison of the oil constituents of S. 
schtschegleevii with those of other Stachys species 
reported in the literature showed varying compositions 
[12] and [14]. The oil of S. Corsica from France consisted 
of carvacryl acetate (37.5%), Iinalool (13.4%), [alpha]-
terpinyl acetate (7.7%) and [alpha]-terpineol (7.8%) (6). 
1-Octen-3-ol (18.7%), linalool (11.0%), [alpha]-pinene 
(8.3%), [delta]-cadinene (5.0%), eugenol (4.3%), [beta]-
selinene (4.3%), limonene (4.2%) and [beta]-pinene 
(4.1%) were reported as major components of S. 
athorecaltjx from Turkey . Also, the oil of S. recta from 
Turkey contained 1-octen-3-ol (33.8%), linalool (13.0%) 
and [beta]-pinene (7.5%) [28]. 1-Octen-3-ol was absent 
in the oil of S. balansae, but [beta]-caryophyllene 
(24.3%), [beta]-pinene (24.1%) and [alpha]-pinene 
(16.0%) were the major components [29]. The same 
group also found that the oil of S. obliqua contains 
germacrene D (25.4%), thymol (16.4%), limonene (6.2%), 
borneol (4.9%), [alpha]-pinene (4.7%) and isomenthol 
(3.4%) (9). S. glutinosa oil from Corsica, France, 
contained terpinen-4-ol (13.1%), [alpha]-pinene (10.1%), 
[alpha]-terpineol (8.4%), [beta]-phellanderene (6.8%) 
and [alpha]-terpinene (6.1%) as major compounds [23]. 
The major components of the oil of S. aegyptiaca from 
Egypt were [alpha]-pinene (54.46%), [beta]-
caryophyllene (6.61%), limonene (5.35%) and myrcene 
(3.75%) [23].In order to get access to the absolute mass 
percentage of the identified compounds, the essential oil 
of Stachys lavandulifolia Vahl was analyzed after 
extraction by hydro-distillation (HD) and MAHD 
extracting of compounds which are more volatile [9]. The 
results showed  that the 26 compounds identified by HD 
were almost same with those by MWHD different 
methods, the obtained relative contents for individual 
compounds (such as carvacrol) were very different. In 
the previous literatures, it has been demonstrated that 
microwave can much improve the extraction efficiencies 
of plant essential oil compounds [8]. This leads to the 
differences of the relative contents for individual 
compounds. Obviously, the HD method had good 
extraction efficiency. Moreover, HD required 3 h to 
isolate the essential oil . In microwave-assisted 
hydrodisti, distillation time was shorter than classical 
hydrodistillation and also the sample reached boiling 
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stage more rapidly. This is an advantage of MWHD when 
it is compared to classical HD In conclusion; the present 
method is simple, rapid and effective and can be used for 
the analysis of volatile compounds in medicinal plants  

Conclusions 
In the work, extraction and determination of essential oil 
of  Stachys lavandulifolia Vahl   by HD ,MWHD extraction  
methods were successfully performed. It has been 
shown that isolation; extraction and concentration of 
essential oil in fresh Stachys lavandulifolia Vahl  can be 
done by two methods separately. Forty seven 
compounds were identified in the Stachys lavandulifolia 
Vahl by using the proposed methods.  . The major 
component by three methods were carvacrol and thymol 
in which (1.43, 2.63%), (13.78, 7.70%) and (10.80, 8.14% 
) respectively . The major advantages of MWHD with HD 
and reported HD are the low cost and highest extraction 
efficiency. 
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Abstract: This paper is devoted to an investigation carried out on the essential oils of air-dried leaves of four 
species of Thymus Sp.: Thymus. Persicus, Thymus Eriocalyx, Thymus daenensis subsp. Daenensis, and Thymus 
serpyllum L growing wild in the western part of Iran. The essential oil of species were obtained through hydro-
distillation process and   analyzed by using GC and GC/MS methods.  The four species were compared to 
determine the similarities and differences among their volatile chemical compositions. Sixty-five compounds 
representing 98.05%, 89.70%, 96.45% and    93.08% of essential oils were identified respectively. The major 
constituents noted were as Thymus daenensis subsp. Daenensis: Trans Ocimene (6.62%), 1, 8 Cineole (6.17%), 
cis sabinene hydrate (9.2%), (13.18%), Thymol (5%), Caervacrol (12.38%), β-Carryophyllene (4.26%). 
Th.Eriocalyx: 1-Borneol (10.46%), Thymol (66.34%), Carvacrol (7.5%) Th.Percicus: 1,8-Cineole (5.24%), 
Limonene (11.62%), γ-Terpinene (5.63%), trans_Sabinene hydrate (7.78%), Thymol (10.38%), Carvacrol 
(25.71%) .Th.Serpyllium: α-Pinene (12.2%), Thymol (7.39%), Carvacrol (14.94%).   

Keywords: Thymus Essential oil; Thymol; Carvacrol, Labiatae gc/ms. 

 

Introduction  
The genus Thymus L. is a well-known aromatic 
perennial herb originated from Mediterranean 
region. Among 215 species of this genus grown in 
the world, 14 species are distributed in Iranian 
flora ([1], [2] and [3].  Thymus species are well 
known as medicinal plants because of their 
biological and pharmacological properties. In 
traditional medicine, the leaves and flowering 
parts of Thymus species are widely used as tonic 
and herbal tea, antiseptic, antitussive and 
carminative as well as treating colds [4] and  [5].   
Thymus oils and extracts are widely used in 
pharmaceutical, cosmetic and perfume industry as 
well as  for the purpose of flavoring and 
preservation of several food products [6].   The 
genus Thymus L. (Labiatae) consists of about 11 
species in west of Iran which (Thymus Fallaxs, 
Thymus daenensis subsp. daenensis, Thymus  
Transcaneasicus, Thymus persicus,  Thymus 
Kotschyamus, Thymus Fedtschenjoi, Thymus 
Migricus, Thymus Caucasicus, Thymus Eriocalyx, 
Thymus Tranutvetteri and Thymus Kotshyanus) are 
endemic [5]. The Iranian popular name for the 
genus is "Avishan" [1] and [7]. Thymus species are 
commonly used as flavoring agents, spice and 
medicinal plants.  Recent studies have showed 
that Thymus species have strong antibacterial, 
antifungal, antiviral, antiparasitic, spasmolytic and 
antioxidant activities [5]. 

The genus Thymus has made it one of the most 
popular plants throughout the entire world due to 
its volatile constituents. Therefore, there is a 
considerable research interest in the 
compositional analysis of Thymus essential oils [5] 
obtained from the aerial parts of the plant. The 
essential oil substances are thymol, carvacrol, p-

cymene,  - pinene, -terpinene, -
caryophyllene, 1-borneol, 1, 8-cineole, etc [7].   
Many studies on composition of essential oils from 
different Thymus species have been carried out, 
one of which is T. kotschyanus. The published 
results reveal that major volatile constituents 
obtained from the aerial parts of the plant are 
thymol, carvacrol, p-cymene, γ-terpinene, β-
caryophyllene, etc.  Contrary to T. kotschyanus, 
the study concerning the composition of T. 
daenensis oil is very limited. In a previous 
investigation on T. daenensis Celak. subsp. 
lancifolius (Celak.) Jalas oil are reported thymol 
(73.9%), carvacrol (6.7%), p-cymene (4.6%), β-
bisabolene (1.5%), terpinen-4-ol (1.4%), borneol 
(1.1%) and spathulenol (1.0%) as the main 
constituents [8]. (Other studies on its oils 
demonstrated a literature survey showed that the 
analysis of the leaf oil growing in the Lorstan 
region of west of Iran had not been done). Thus it 
was thought that it is worthwhile to identify the 
chemical constituents of the essential oil from this 
region. This work focuses on four species of the 
Thymus genus (such as Thymus. Persicus, Thymus 
Eriocalyx Thymus daenensis subsp. Daenensis, and 
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Thymus serpyllum L) detailed analysis of the 
essential oils of leaves growing wild in Lorestan 
state in the south west of Iran by GC-MS.  

2. Material and methods 

2.1. Plant materials 
The fresh leaves of all spices of thymus were 
collected from 1600-2200 m (above sea level) 
Highland of Zagros Mountain in the West of Iran. 
Voucher specimens were deposited in the 
Herbarium of Research Institute of Forest and 
Rangeland Tehran.  

 Extraction  of the essential oil 
The essential oil of all air-dried samples (100 g) 
was isolated by hydro-distillation for 2-4 h, using a 
Clevenger-type apparatus according to the 
method recommended in British Pharmacopoeia 
(British Pharmacopoeia, 1988). The distillated oils 
were dried over anhydrous sodium sulfate and 
stored in tightly closed dark vials at 4 °C until 
analysis. The oils were yellow in color and had 
distinct sharp odor.  GC analyses were carried out 
on a Shimutzu 17A gas chromatograph equipped 
with a FID and a BP-10 (non-polar) capillary 
column (30 m × 0.32 mm; 0.25 m film thickness). 
The oven temperature was held at 60 °C for 3 min 
then programmed at 5°C /min to 260 °C.  

 3.  Results and discussion                                         
The hydro-distillation of the leaves of Thymus Sp. 
gave pale yellow and green oil with a yield of 
3.1% ± 0.1, 1.3±06, 2.00± 0.7, and 1.2±0.8 (v/w) 
respectively on dry weight basis. The general 
chemical profiles of the tested oils, the percentage 
content of the individual components and 
retention indices are given in  the oil of T. Persicus  
26 Thymus eriocalyx  15, Thymus daenensis subsp. 
Daenensis, 42 and Thymus serpyllum L  20  
components were identified representing  about 
98.05%, 89.70%, 96.45% and  93.08%  of the total 
detected constituents. The most abundant 
components of Thymus daenensis subsp. 
Daenensis, were: Trans Ocimene (6.62%), 1,8-
Cineole (6.17%), cis sabinenehydrate (9.2%), 
Linalool (5.15%), α-Terpineol (13.18%), Thymol 
(5%), Caervacrol (12.38%), β-arryophyllene 
(4.26%), Monoterpene hydrocarbons (10.48%) and 
oxygenated monoterpenoids (61.15%),  
oxygenated sesquiterpenoids (2.75%), and 

sesquiterpene hydrocarbons (12%). Th. daenensis 
is similar to other members of the genus in that 
the major component is carvacrol.   The leaf 
essential oil of Thymus eryocalyx was composed 
mostly of oxygenated monoterpenoids (91.87%), 
and oxygenated sesquiterpenoids (3.63%) with a 
smaller quantity of sesquiterpene hydrocarbons 
(2,68%). The most abundant compounds in 
Th.eriocalyx are: 1-Borneol (10.46%), Thymol 
(66.34%), Carvacrol (7.5%). The most abundant 
components of Thymus percicus: are are: 1, 8-
Cineole (5.24%), Limonene (11.62%), γ-Terpinene 
(5.63%), trans_Sabinene, hydrate (7.78%) Thymol 
(10.38%), Carvacrol (25.71%). The bulk of the leaf 
oil of Thymus percicus  was made up of 
sesquiterpene hydrocarbons (4.05%) and 
monoterpene hydrocarbons (61.04%) with 
oxygenated sesquiterpenoids (5.12%) making up 
the remainder. Thymus percicus also differs from 
other Thymus species reported in the literature 
because of the presence of carvacrol. 

References 

[1] Naghdi Badi, H., & Makkizadeh, MIranian 
Journal of Medicinal plants 2, 1-12 , 2003 

[2] Jalas, J. Thymus. In: K.H. Rechinger, Editor, 
Flora Iranica No. 150, Springer, New york, pp. 536–
538. 1982 

[3] Stahl-Biskup, E.,& Saez, F. Essential oil 
polymorphism in the genus Thymus.  Francis, 
London, pp. 126–143, 2002    

[4] Amin, G. (2005). Popular medicinal plants of 
Iran, Tehran University of Medical Sciences Press, 
Tehran, Iran. 

[5] Zargari, A.  Medicinal plants, Tehran University 
Press, Tehran 4 pp.38-45.1990 

[6]  Mojab F and. Nickavar B,  Composition of the 
essential oils from three species from Labiatae 
from Iran, Planta Medica 72 pp 45 2006 

[7] Mozaffaian, V.A. Dictionary of Iranian plants 
names, Farhang  Moaser  Publishers,. Tehran p.451   
1998 

[8] Sefidkon, F. Askari, F. & Mirmostafa, S.A. The 
essential oil of Thymus carnosus Boiss. from Iran, 
Journal Essential Oil Research 13, pp. 192–193, 
2001 

 

628 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

Synthesis and application of spinel ferrite nanostructures based on ZIF-67 for removal of 
furazolidone from water 

 

Arezou Sadat Hadi Ghazvinia, Alireza Khataee ⃰ a,b, Mehrangiz Fathiniac, Hamideh Haghighatc  

Corresponding Author E-mail: a_khataee@tabrizu.ac.ir 

a Research Laboratory of Advanced Water and Wastewater Treatment Processes, Department of Applied Chemistry, 
Faculty of Chemistry, University of Tabriz, PO Box 51666- 16471 Tabriz, Iran. 

b Department of Chemical Engineering, Istanbul Technical University, Maslak, 34469 Istanbul, Turkey. 

c Department of Chemistry Education, Farhangian University, PO Box 14665-889, Tehran, Iran. 

 
Abstract: ZnFe2O4@ZIF-67 nanocomposite was successfully synthesized as a heterogeneous platform to activate 
persulfate during sonocatalytic degradation of furazolidone (FZN) from water sources. The structure of prepared 
nanocomposite was confirmed by the instrumental analysis. Investigations showed that this nanocomposite is 
able to remove 94% of pollutants (FZN) under the optimal operating conditions. 

Keywords: Emerging pharmaceutical contaminants (EPC); ZnFe2O4@ZIF-67 nanocomposite; heterogeneous 
catalyst; sonocatalytic; persulfate 

 

Introduction 
Pharmaceuticals in natural waters are considered 
emerging pollutants due to their low concentrations and 
the negative effects on the environment. Common 
sources of such pollutants include untreated wastewater 
from hospitals, residential, industrial, and agricultural 
sources.That's why today's environmental issues such as 
air and water pollution have become increasingly 
important, and many technologies have been developed 
to solve or reduce environmental problems such as 
degradation and absorption of pollutants using advanced 
oxidation processes (AOPs), including sonocatalysis, 
photocatalysis, ozonation, Fenton, and 
sonophotocatalysis [1, 2]  . In the sonocatalysis technique, 
high frequency ultrasound waves (US) and a suitable 
heterogeneous catalyst can be used. In these conditions, 
the cavitation bubbles produced in the ultrasonic field 
collapse and "hot spots" are produced at temperature 
(5000 K) and high pressure (1000 atm), chemical bonds 
are broken, and free radicals are generated [1]. The 
presence of solid catalysts in ultrasonic systems can 
increase the formation of free radicals by heterogeneous 
nucleation of the bubbles. On the other hand, when this 
system is activated by SO4-. radicals many advantages, 
such as higher redox potential, a broader pH and longer 
half-life than .OH- radicals are produced [3]. In this study, 
a new generation of mesoporouse spinel ferrite (ZnFe2O4) 
nanocomposite based on asuperior metal-organic 
compound (ZIF-67) was prepared (ZnFe2O4@ZIF-67). 
Some chemical and physical  properties of the prepared 
nanocomposite was characterized by X-ray diffraction 
(XRD), scanning electron microscope (SEM). In continue, 
the efficiency of the nanocomposite was evaluated as  a 
heterogenouse platform for activation of peroxydisulfate 

(PDS)  during the sonocatalytic degradation of the 
furazolidone from water sourcess.   

Experimental Section  
In this research work, the ZnFe2O4  spinel was produced by 
the hydrothermal method [4]. Then, for the synthesis of 
the ZnFe2O4@ZIF-67 nanocomposite, 80 ml of methanol 
solution containing 0.04 mol (12 g) of Co (NO3)2.6H2O and 
90 ml of methanol containing 0.485 mol (39.9 g) of 2-
methylimidazole  with 30 ml of methanol containing 0.004 
mol (1 g) of ZnFe2O4 were mixed under stirring condition. 
Then it was kept constant for 24 hours. Finally, the sample 
was collected by centrifugation, washed thrice with 
ethanol and dried at 60°C for 24 hours. X-ray diffraction 
(XRD) was used to identify the crystalline phase of the 
synthesized composite and scanning electron microscopy 
was used to investigate the morphology of the composite. 
Next, to investigate the catalytic activity of the 
synthesized nanocomposite, a specific dose of catalyst 
powder (0.4 g/L) and 20 mmol of potassium persulfate 
was added to FZD solution (60 mg/L, 250 mL), in a 250 mL 
Pyrex glass flask was added and placed in an ultrasonic 
bath (305 W). Then, a small amount of the reactant 
solution (5 ml) was taken out at certain time intervals and 
added to ethanol containing test tube. The residual 
concentration of FZD was analyzed using UV-Vis 
spectrophotometry. 
 
Results and Discussion 
Fig. 1a shows all the XRD patterns of ZnFe2O4, ZIF-67 and 
ZnFe2O4@ZIF-67.   The Sharp peaks indicated in the figure 
demonstrate the successful synthesis of nanocomposite 
[5, 6].  As shown in figure 1b, the BET surface area of the 
ZnFe2O4@ZIF-67 calculated to be 1295.2 m2/g. This 
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shows that it had a higher specific surface area and causes 
more absorption of ultrasonic waves. 

  

Fig.1: (a) XRD pattern and (b) N2 adsorption–desorption 
isotherm of the ZnFe2O4@ZIF-67. 

The SEM images in Figure 2(a-b) illustrate the morphology 
of ZnFe2O4@ZIF-67, the small spheroidal crystals 
correspond to the ZnFe2O4 spinel and the rhombic 
dodecahedron morphology is related to the ZIF-67 
structure confirming the successful synthesis of the 
ZnFe2O4@ZIF-67 nanostructures[5, 6]. 
 

  

Fig. 2: SEM images of ZnFe2O4@ZIF-67 Nss (a) in microscale; 

(b) in nanoscale. 

FZD was considered as a model of an emerging 
pharmaceutical contaminant due to its severe toxic 
effects in this research study. Fig. 3 presents the 
sonocatalytic removal efficiency of FZD in various 
systems, inclusive of US, US/PS, ZnFe2O4@ZIF-67/US/PS, 
and adsorption ZnFe2O4@ZIF-67 within 60 min of reaction 
time. The degradation efficiency of FZD was only (23%, 
30% respectively) for US and US/PS systems.  
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Fig.3: Evolution of FZD sonocatalytic removal efficiency (%) in 
different processes. 

Therefore, the aforesaid systems are inefficient  due to 
the low removal efficiencies. The significant efficiency of 
94 % for FZD removal is achieved in the ternary system 

(ZnFe2O4@ZIF-67/US/PS). In light of this, the adsorption 
capability of ZnFe2O4@ZIF-67 for FZD removal was only 
4.57%. All these removal efficiencies were obtained for 
the initial pollutant concentration (60mg/L) in the 
presence of 20 mmol/L PDS with 0.4 g/L catalyst dosage 
under ultrasonic irradiation. 

Conclusions 
ZnFe2O4@ZIF-67 nanostructure was synthesized for the 
first time as a suitable heterogenouse platform for 
activation of PDS during sonocatalytic degradation of 
furazolidone from polluted water sources. The 
sonocatalytic result showed almost a complete 
degradation of 60 mg/L FZD within 60 min (94%), in the 
presence of 0.4 g/L ZnFe2O4@ZIF-67 and 20 Mm 
peroxydisulfate under sonication. 
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Abstract: In this research, the electrocatalytic properties of ternary CuOx-CeO2-rGO nanocamposites were 
investigated with binary CeO2-rGO and CuOx-rGO samples, as well as CeO2 and CuOx nanoparticles for oxygen 
evolution reaction. The best electrocatalytic performance related to CuOx-rGO nanocomposite, which has 
overpotential of 224 mV at 2.5 mA.cm-2 and a Tofel slope of 299mV/dec in 1M KOH electrolyte. 
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Introduction 
Today's societal concern includes addressing increasing 

pollution, energy and fuel shortages and global warming 

crisis. The main reason for these problems is the excessive 

use of fossil fuels. Developing alternative ways to produce 

energy can help reduce carbon dioxide footprint [1]. 

Welcome candidate for this purpose is hydrogen (H2), a 

clean and renewable energy source which can power 

future industrial applications and transportation. 

Electricity-driven water splitting is a promising strategy 

for producing both hydrogen and oxygen [2], [3]. The 

development of highly active, stable, and inexpensive 

oxygen evolution reaction electrocatalysts is a crucial step 

towards implementing a high-efficiency water splitting 

process. Compared to HER, OER is kinetically slower 

because OER is a four-electron transfer reaction while 

HER only requires two electrons. Therefore, OER is the key 

process that determines the overall efficiency of 

electrochemical water splitting. Currently, noble metals 

oxides (e.g., RuO2) are considered the benchmark for 

highly active OER electrocatalysts, but the high cost and 

scarcity of these noble metals have hindered their 

widespread commercial application [4]. In this work, we 

attempted to decorate the rGO substrate using CuOx and 

CeO2 as a new noble metal-free electrocatalyst for OER. 

Experimental Section  

Graphene oxide, copper oxide, and cerium oxide 

nanoparticles have been synthesized based on the 

conducted studies [5-7]. Furthermore, the binary CeO2-

rGO and CuOx-rGO and various ternary CuOx-CeO2-rGO 

nanocamposites were synthesized. 

 
 
 
 
 

Results and Discussion 
 

 

Fig.1: FE-SEM images of (a,b) CuOx , (c-e) CuOx-rGO 

The FE-SEM images indicate needle-like CuOx 
nanoparticles that connecting each other form beautiful 
spherical microstructures (Figure 1a and 1b). In addition 
the copper oxide nanoparticles are placed in the shape of 
cubic sheets on the graphene oxide thin (Figure c-e).   
In addition, cyclic voltammetry (CV) and linear sweep 
voltammetry (LSV) were employed to consider the 
electrocatalytic activity of synthesised samples. 
Significant current changes of CuOx-GO compared to 
other samples were shown by CV curves for both KOH and 
[FeCN6]3-/4- electrolytes from Figures 2 and 3, respectively. 
The binary CuOx-rGO nanocomposite and CuOx 
nanoparticles exhibit high current and also 
distinguishable curves. 

 
Fig.2: CV curves of synthesized nanoparticles and various 

nanocamposites in [FeCN6]3-/4- electrolyte + 0.1 M KCl as the 
supporting electrolyte at a scan rate of 50 mV/sec. 

(b) 
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Fig.3: CV curves of synthesized nanoparticles and various 
nanocamposites in 1 M KOH electrolyte at a scan rate of 50 

mV/s at two different potential windows. 

Furthermore, compared to other synthetic samples the 
binary CuOx-GO composites and CuOx nanoparticles have 
appropriate Tafel slope and also exhibited high current 
density. 

 
Fig.3: a) LSV curves of synthesized nanoparticles and various 

nanocamposites of OER HER in 1 M KOH electrolyte and a scan 
rate of 5 mV/s and b) Tafel slope of CuOx and CuOx-rGO. 

 
The obtained overpotentials from Figure 3 are given in 
Table 1. The overpotential of CuOx-rGO nanocomposite 
for OER is much lower than that of CuOx and shows 
improved electrocatalytic properties with added GO. 
Although the ternary nanocomposites did not show 
sufficient current, camposites 1 and 2 exhibit acceptable 
overpotential. 

Table1: The overpotential values of the synthesized 
electrocatalysts for OER in 1 M KOH solution at two different 

current densities. 

Electrocatalyst OER Overpotential 
(mV vs. RHE) 

CuOx 400@0.5mA.cm−2 

CuOx 479@2.5mA.cm−2 

CeO2 705@0.5mA.cm−2 

CuOx-GO 20@0.5mA.cm−2 

CuOx-GO 224@2.5mA.cm−2 

CeO2-GO 700@0.5mA.cm−2 

Camposite 1 - 

Camposite 2 520@0.5mA.cm−2 

Camposite 3 550@0.5mA.cm−2 

Conclusions 
In this study, the electrocatalytic performance of CuOx- 
GO, CeO2-GO and CuOx-CeO2-GO was investigated. CuOx- 

GO binary composites show the lowest overpotential 
among synthesized samples at current densities of 0.5 
and 2.5 mA/cm2 in alkaline media, according to 
electrochemical tests. The synthesis of extremely 
effective OER electrocatalysts is suggested in this work as 
a useful strategy. 
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Abstract: Here, the LaCoO3 and 5% Cu-LaCoO3 nano-perovskites were synthesized using the sol-gel method. The 
electrochemical results indicate that the presence of Cu2+ in LaCoO3 leads to an increase in the hydrogen storage 
capacity, which is due to the positive effect of lattice distortion on the hydrogen adsorption and desorption 
processes. 
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Introduction 
Hydrogen possesses notable attributes such as a high 
energy density, a high heat of combustion (287 kJ/mol), an 
abundant supply, zero carbon emissions, and 
environmental friendliness that make it an ideal 
renewable, clean energy source in place of fossil fuels [1–
4]. But one of the biggest challenges in using this 
renewable energy source is figuring out a safe and 
affordable method with high efficiency to store hydrogen. 
The best and safest method among the other methods is 
the electrochemical technique because of its performance 
at room temperature [5]. In this method, after the 
chemical decomposition of water, the generated atomic 
hydrogen is adsorbed on the surface of the solid-state 
material [6]. The unique physical and chemical properties 
of perovskite-type semiconductors (ABO3), like superior 
redox activity, structure flexibility, high ionic/electronic 
conductivity, and excellent thermal and chemical stability, 
have made them stand out as suitable solid-state 
materials for efficient hydrogen conversion and storage. 
Examples of these semiconductors include DyFeO3, 
LaCrO3, and LaFeO3 [7, 8]. 

In this research, at first, LaCoO3 and 5% Cu-LaCoO3 were 
synthesized by the sol-gel method as active materials for 
hydrogen storage. Then, the electrochemical hydrogen 
storage performance of the as-synthesized perovskite 
structures was studied via electrochemical techniques. 

Experimental Section  
For the synthesis of LaCoO3 and 5% Cu-LaCoO3 samples, 
La(NO3)3.6H2O and Co(NO3)2.6H2O with the molar ratio of 
1:1, Cu(NO3)2.3H2O (for Cu-LaCoO3, with the molar 
percentage of 5% (0.025 M)), and C6H8O7, with an equal 
amount of nitrate ions in solution, were dissolved in 20 ml 
ultrapure deionized (DI) water under magnetic stirring. 
After 2 h, the resulting solution was kept at different 

temperatures, 60, 80, 150, and 200 ˚C, respectively, for 24 
h, and then calcined at 900 ˚C for 5 h. 

Results and Discussion 
Fig. 1 (a, b) shows the field-emission scanning electron 
microscope (FE-SEM; MIRA3 TESCAN) images, with low 
and high magnification, of the LaCoO3 nanocrystals (NCs) 
calcined at a temperature of 900 ˚C for 5 h. As observed in 
these images, this sample has a nanodimensional 
morphology with a regular and porous structure, though 
with various particles and pore diameters. In the 
following, to study the crystal structure of as-synthesized 
samples, initial powder X-ray diffraction (P-XRD; Rigaku 
Ultima IV (Japan), equipped with a Cu Kα radiation source 
(λ = 1.54187 Å)) analysis was carried out, and the 
corresponding results are shown in Fig. 1 (c). In the P-XRD 
patterns, diffraction peaks appeared at 2θ values of 23.0˚, 
32.9˚, 33.3˚, 40.6˚, 41.3˚, 47.5˚, 53.0˚ [58.7˚, 59.0˚], 59.7˚, 
69.0˚, 70.0˚, 78.8˚, 79.5˚, and 88˚ which are matched with 
the (110), (1-10), (211), (200), (222), (220), (2-11), [(1-
21),(310)], (332), (2-20), (422), (3-12), (431), and (400) 
lattice planes of the rhombohedral structure of LaCoO3, 
respectively (JCPDS Card No. 01–084-0848; space group of 
R-3c). Fig. 1 (d) shows that after the addition of Cu2+ to 
LaCoO3, the diffraction peaks at 2θ of 32.9˚ and 33.3˚, 
which are attributed to the (1-10) and (211) planes, are 
slightly shifted to a higher angle when compared to the 
LaCoO3-bare peaks. These results suggest the successful 
doping of copper into the perovskite lattice of LaCoO3. 

The measurement of hydrogen storage capacity (HSC) of 
as-synthesized samples was investigated using the 
galvanostatic charge-discharge (GCD; Sama 500 (Iran)) 
technique in a three-electrode cell consisting of a Pt as 
counter electrode (CE), chloride/mercury chloride 
(calomel) as reference electrode (RE), and a working 
electrode (WE), which were immersed in a 2 M KOH 
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solution. In electrochemical tests, the WE is composed of 
LaCoO3 and 5% Cu-LaCoO3 NCs deposited over a copper 
plate, with a surface area of 1.0 cm2, as substrate. During 
the charge process, the general reaction that occurs at the 
WE (LaCoO3 or 5% Cu-LaCoO3) is as follows: 

WE + nH2O + ne− ↔ WE. nHads  + nOH−                (1)                                       

Fig. 1 (e, f) shows the discharge capacity profiles of the 
LaCoO3 and 5% Cu-LaCoO3 electrodes. Table 1 lists the 
calculated discharge capacitance (Cm) or hydrogen storage 
capacity (based on Eq. (2)) for bare copper plate and the 
two mentioned electrodes.  

Cm =  I(mA) × ∆t(h)/m(g)                              (2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 

Fig. 1. (a, b) FE-SEM images of the LaCoO3 NCs. (c, d) P-XRD 
patterns of the LaCoO3 and 5% Cu-LaCoO3 samples. Discharge 
capacity profiles of the (e) LaCoO3 and (f) 5% Cu-LaCoO3 WEs 

under 1 mA current. 

 

Table 1. Calculated Cm of bare-Cu electrode and WEs 
containing LaCoO3 and 5% Cu-LaCoO3 NCs. 

Sample Cycle number Cm (mAh/g) 

Cu bare 1 0.1 

LaCoO3 15 1863 

5% Cu-LaCoO3 15 3120 

Conclusions 
In summary, we have successfully synthesized samples of 
LaCoO3 and 5% Cu-LaCoO3 via a simple facile synthesis 

without any impurity, and then the electrochemical 
properties of these perovskite-structured materials were 
comparatively studied using various electrochemical 
techniques. The outcomes showed that the 5% Cu-LaCoO3 
sample in a 2 M KOH alkaline electrolyte, after 15 cycles at 
1.0 mA current, had better hydrogen storage performance 
compared to the LaCoO3-bare sample, almost 1.7 times. 
Hence, after the doping of Cu2+ ions to LaCoO3, a 
significant improvement in the hydrogen storage capacity 
of the LaCoO3 nano-perovskites was observed, which is 
due to the positive effect of lattice distortion on the 
hydrogen adsorption and desorption processes and the 
electron transfer kinetics. The obtained results 
demonstrate for the first time that the use of copper metal 
ions can improve the electrocatalytic activity of the 
LaCoO3 NCs.  
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Abstract: CoFe2O4@Tricine.Ni, was synthesized via the grafting of tricine on the CoFe2O4 surface, followed by 
reaction of the nanocomposite with Nickel(II) nitrate. The main advantages of this catalyst are gentle reaction 
conditions, high efficiency and shorter reaction time. 
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Introduction 
Over the recent years, the design and preparation of 
magnetic nanoparticle which will lead to the new 
nanocomposites have attracted much attention in both 
academic area and pharmaceutical industry [1]. N-
[tris(hydroxymethyl)methyl]glycine which is also known 
as (tricine) was first prepared by Good for use as a 
biological buffer. Tricine compound is an interesting 
chelating agent due to their flexibility to bind with metal 
ions forming unidentate, bidentate, and tridentate 
structures. This flexibility is established from the fact that 
the ligand contains various chelating centers; namely, 
carboxylate oxygen and amido nitrogen as well as 
alcoholic oxygen [2]. 

Experimental Section  
First, cobalt ferrite magnetic nanoparticles were prepared 
by a co-precipitation method. Tricine was dissolved in 
ethanol solution and then magnetic nanoparticles was 
added to the reaction mixture and stirred for 48 h.  In the 
final stage, the above mixture in was sonicated in 
deionized water for 30 min. Then, solution Nickel(II) 
nitrate was added to the suspension of CoFe2O4@Tricine 
and was reflux for 24 h. In this work, reduction of various 
nitro groups to the corresponding amines with NaBH4 as 
reducing agent in the presence of CoFe2O4@Tricine.Ni 
catalyst investigated. 

 
Scheme 1. A general procedure for reduction of nitro 

compounds with NaBH4 

Results and Discussion 
The resulting nanocomposite was studied by FESEM and 
VSM techniques. Based on SEM images, the samples have 
a uniform and are less than 30 nm with spherical shapes. 
(Fig. 1a). 

Also, Considering the results, saturated magnetization 
value of 16.4 emu g−1 is recorded for CoFe2O4@Tricine.Ni. 
magnetic catalyst it can be easily separated from the 
reaction solution with an external magnet. 
 

  

Fig.1: FESEM images and Magnetization curves of 
CoFe2O4@Tricine.Ni 

Conclusions 
The key features of this method are mild conditions, 
efficiency and proper reaction time and reusability of the 
catalyst. Owing to high catalytic activity, stability and 
good substrate of CoFe2O4@Tricine.Ni catalyst, it achieves 
good results in the reduction of nitro compounds to 
amines. 
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Abstract: A green method was applied for the synthesis of the first chiral Zr-fumarate framework, CMOF(ASP) 
through replacement of fumaric acid in MOF-801 with L-aspartic acid. The results show that CMOF-801(ASP) can 
reach maximum conversions and enantiomeric excess (ee%) in ring opening, nitroaldol, and solvent-free 
cycloaddition reactions at mildest conditions.   

Keywords: Cluster-defect engineering; Sustainable CO2 utilization; asymmetric catalysis. 

 

Introduction 
Recently, synthesis and development of defective MOFs 

has gained significant attentions among scientists in 

research and industry [1–3]. Generally, depending on the 

synthetic condition, three general categories are known 

in defective MOFs, which are linker-defect, cluster-defect, 

and co-presence of the linker and cluster defect. Herein, 

by taking into account the potential properties of L-

aspartic acid as an inexpensive organic ligand and its 

similar molecular lengths of it to fumaric acid, we 

introduced a new mixed-linker MOF. CMOF-801(ASP) was 

prepared by using an equal ratio of fumaric acid and L-

aspartic acid in an environmental-friendly synthesis 

condition. CMOF-801(ASP), as the first example of MOF-

801 in cluster defect and mixed-linker form to the best of 

our knowledge, shows higher degree of cluster defect 

sites compared to MOF-801 (P) and even to MOF-801 (D) 

which makes it a suitable asymmetric catalyst with 

defective and chiral structure for the promotion of various 

C-O, C-C and C-N bond formation in mild and green 

conditions. 

Experimental Section  

Preparation of MOF-801(D, defective) 

MOF-801(D) was prepared by mixing ZrCl4 (25.85 mmol) 
and fumaric acid (77.50 mmol) in 500 mL of deionized (DI) 
water in a 1 L Teflon-lined autoclave reactor and the 
addition of formic acid (2.585 mol). In the following  

 
 

Fig.1: (Left) Powder X-ray diffraction (PXRD) patterns of 
MOF-801 samples, (Right) Full range XPS-survey for MOF-

801(P), MOF-801(D) and CMOF-801(ASP). 

 

stirring for 30 min at RT, the reactor was heated at 120 °C 
for 18 h in a convection oven.  

Preparation of CMOF-801(ASP) 
CMOF-801(ASP) was prepared by mixing ZrCl4 (25.85 
mmol), fumaric acid (38.75mmol), and L-aspartic acid 
(38.75mmol) in 500 mL of deionized (DI) water in 1 L 
Teflon-lined autoclave reactor and addition of formic acid 
(2.585 mol). In the following stirring for 30 min at RT, the 
reactor was heated at 120 °C for 18 h in a convection 
oven.  

Results and Discussion 
For evaluation of the crystallinity and structure of the as-
synthesized samples, we compared the (PXRD) spectra of 
them with the theoretical single crystal spectrum, 
confirming their successful synthesis (Figure 1). 
The BET area of MOF-801(P), MOF-801(D), and CMOF-
801(ASP) was found to be 840, 980, and 467 m2/g.  The 
dominance of missing cluster vacancies and the presence 
of amine groups are the main reasons for this 
observation. 
The XPS-survey spectra peaks indicated Zr 3d, C 1s and O 
1s in all three samples, and confirmed their unchanged 
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valence states. For CMOF-801(ASP), new peaks which are 
associated with N1s are revealed (Figure 1). 
As represented in (Figure 2), unlike the defect free MOF-
801(P) structure, MOF-801(D) provide unsaturated Zr 
sites as Lewis acid along with hydrogen-bond donating 
group (-OH/H2O) as Brønsted acid sites owing to 
elimination of linker and preparation in water. On the 
other hand, it is expected in addition to the above 
features, CMOF-801(ASP) exposed NH2 group as Lewis 
basic sites in its local coordination environments, along 
with high concentration of NH3

+ as Brønsted acid sites. 
Because complete removal of water molecules is not 
possible, and on the other hand, the hydroxyl groups on 
the zirconium nodes and NH3

+ could interact with H2O 
molecules via the Coulombic potential based on the 
Monte Carlo calculations, there is a possibility of 
disruption of hydrogen bond formation with guest 
molecules in the catalytic reaction. Accordingly, we 
suppose that such an arrangement is not necessarily 
unfavorable for the interaction with guest molecules. To 
explore the relationship between the catalytic 
performance and the role of these three active sites in the 
as-prepared MOFs, we investigate three asymmetric 
catalytic reactions including: ring opening of epoxide, 
nitroaldol, and CO2 fixation to oxazolidinone. 
In the ring-opening reaction, under the same reaction 
conditions (5mg of catalyst, 5 minutes, room 
temperature), styrene epoxide conversion over CMOF-
801(ASP) was 100% compared to 83% for MOF-801(D). 
For Henry's reaction, employing MOF-801(P) as catalyst 
provided only 15% conversion of benzaldehyde even 
prolonging the reaction time to 24h, while CMOF-
801(ASP) can catalyze this reaction with 100% conversion 
and 99 ee% in 15 minutes at room temperature. 
In CO2 fixation to oxazolidinone formation, unlike MOF-
801(D) and MOF-801(P) without any product formation, 
90% conversion and and 98% ee was achevied, in solvent-
free conditions at 12 h, 90 ºC in the presence of 50 mg of 
CMOF-801(ASP) and CO2 (1 atm) 

Table1: Catalytic performance of CMOF-801(ASP) in three 
reactions 

Reaction Conversion (%) Ee (%) 

Ring opening 100 100 

Nitroaldol 100 100 

CO2-Fixation 90 98 

 

 
Fig.2: Schematic Crystal structures of MOF-801(P), MOF-
801(D), and MOF-801(ASP) showing the probable cluster 

defect sites and their difference in Zr6 cluster 

Conclusions 
In this work, we synthesized the novel hierarchical 
mesoporous CMOF-801(ASP) as the first defective chiral 
MOF. Considering the multiple catalytic sites of CMOF-
801(ASP), including Zr(IV) sites as Lewis acid sites, free OH 
and NH3

+ sites as Bronsted acid/hydrogen bond donor 
sites, and amine of aspartic as Lewis base sites, this MOF 
was applied for cooperative asymmetric catalysis.  This 
work opens a new avenue to defect engineering and the 
creation of chiral cluster defects along with providing 
multifunctionally for expanding the application of inert 
microporous MOFs. 
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Abstract:  In this study, the effectiveness of three green evaluation tools, namely Analytical GREEnness (AGREE), 
Green Analytical Procedure Index (GAPI), and Analytical Eco-Scale, was investigated for the evaluation of the 
PDMS/UiO-66-SBSE-HPLC-UV method. The use of organic solvents and waste generation are important 
parameters that need to be improved in this method. 
Keywords: Stir bar sorptive extraction; Greenness evaluation tools; High-Performance liquid chromatography 

 

Introduction 
Green chemistry has led to the development of new 
analytical methods, intending to reduce the risks caused 
by chemicals for human health and the environment. 
Green Analytical Chemistry (GAC) principles create the 
necessary balance between the results obtained from 
analytical methods and the reduction of environmental 
risks. Greenness assessment tools are such as the 
National Environmental Methods Index (NEMI), Analytical 
Eco-Scale [1], Green Analytical Procedure Index (GAPI) [2], 
and Analytical Greenness metric (AGREE) [3], which 
principles of the tools are explained in detail in the 
references. New analytical methods have been developed 
that aim to minimize sample size, reduce the use of 
organic solvents, and decrease production waste. Solid 
phase microextraction (SPME)-based methods are one 
such example that fulfills these objectives. Similarly, the 
stir bar sorptive extraction (SBSE) method has gained 
considerable attention due to its unique configuration 
and high extraction efficiency across different 
applications.  The high porosity of metal-organic 
framework (MOF) coatings, particularly UiO-66, makes it 
a popular absorption phase in SBSE [6-8]. The main 
purpose of this study is to evaluate the environmental 
effects of PDMS/UiO-66-SBSE-HPLC-UV based on three 
commonly used tools, AGREE, GAPI, and Analytical Eco-
Scale. This method has been used to determine the 
analytes of benzene, toluene, ethyl benzene, o-xylene, m-
xylene, p-xylene, phenol, nitrobenzene, 4-nitroaniline, 
styrene, naphthalene, and pyridine in water samples. 

Experimental Section  
Reagents and Materials 
Hydroxyl-terminated polydimethylsiloxane (PDMS-OH), 
poly (methylhydrosiloxane) (PMHS), trifluoroacetic acid 
(TFA), methyl trimethoxysilane (MTMS), zirconium 
chloride (ZrCl4), terephthalic acid, dichloromethane 

(CH2Cl2), N, N-dimethylformamide (DMF), were 
purchased from Sigma–Aldrich (Milwaukee, WI, USA).  
Preparation of PDMS/UiO-66 
Based on our previous study, a glass tube (1 cm × 1.4 mm) 
containing a small magnetic strip was prepared [4]. UiO-
66 powder was synthesized according to the method 
reported by Kavka et al. (with slight modification) [9]. The 
sol-gel method was used to make PDMS/UiO-66 
composite coating. The treated bare glass rods were 
placed in molds containing PDMS/UiO-66 solution and 
then in an oven at 60°C for 26 hours. The removal of 
organic pollutants in the coating before the SBSE method 
was done by placing the PDMS/UiO-66 coated stirring 
rods in methanol for only 30 minutes.  
Into a vial, a 50 mL aqueous sample of each analyte at a 
concentration of 1 μg mL-1 was poured. The stir bar was 
immersed for 30 min into the sample stirring at 1000 rpm. 
After extraction, the stir bar was taken into a glass tube 
containing 250 μL methanol as a desorption solvent and 
sonicated for 15 min. Finally, 20 μL of desorption solution 
was injected into HPLC. Separation was performed on a 
4.6 mm × 150 mm C18 column. Simultaneous 
determination of the selected analytes was performed 
using methanol and water (60:40 v/v) as mobile phase, 
flow rate 1 mL/min, column temperature 35°C, and UV 
detection 210 nm.  

Results and Discussion 
The results of AGREE, GAPI, and Analytical Eco-Scale of 
PDMS/UiO-66-SBSE are presented in Table 1. The AGREE 
tool converts the 12 principles of GAC into scores of 0 to 
1. The color of each section and the middle area varies 
from red to green depending on the score received. The 
final score is the result of the evaluation of each of the 
principles, which is shown in the middle area in the range 
of zero to one. In the AGREE evaluation (Table 1), the 
greenness score of several parameters, such as sample 
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amount, sample preparation stages, derivatization, 
analysis throughput, toxicity, and operator's safety was 
maximum. Since sampling, cleanup, and pre-
concentration in PDMS/UiO-66-SBSE are done in one 
step, also the analytical technique used was HPLC, in 
terms of sample preparation stages and operator's safety 
parameters have gained a high score. In the preparation 
process of PDMS/UiO-66-SBSE, derivatizing agents and 
special toxic reagents were not used, resulting in the 
highest score in the greenness evaluation for 
derivatization and toxicity. The small amount of sample to 
be analyzed, as well as the determination of 12 analytes 
simultaneously in the running time of 7.2 minutes, are 
other parameters that played an effective role in the final 
score. However, since there is no possibility of in situ 
analysis in this method and the analysis is done offline, it 
has not received points in device positioning. 
GAPI evaluates each step of the analytical procedure, 
from sample collection to the end of the analysis, by 
presenting an image with five pentagrams. This green tool 
identifies the method with green, yellow, or red, 
representing low, medium, or high environmental 
impacts. The GAPI pictogram can be seen in Table 1. As 
this procedure doesn't involve any special preservation 
methods (chemical, physical, or physicochemical), or 
additional treatments (cleaning, solvent removal, and 
derivatization), the amount of solvents and reagents used 
is also low, these parameters are marked green. However, 
the use of organic solvents in the HPLC technique and the 
requirement of an extraction process in the method have 
caused two parameters, type of method and 
solvents/reagents used, to be marked with red. 
 

Table 1: Evaluation of greenness values for PDMS/UiO-66-
SBSE-HPLC-UV with AGREE, GAPI, and Analytical Eco-Scale 

approaches. 

AGREE GAPI Analytical Eco-Scale 

    

 
The Analytical Eco-Scale tool is a quantitative method 
used to evaluate how environmentally friendly a 
technique is. It assigns a numerical score of 100 to 
represent the ideal green method. The score is reduced 
for chemicals used, waste produced, and energy 
consumption resulting in penalty points. If the final score 
is higher than 75, the method is considered an excellent 
green analytical, between 50 and 75 is acceptable green 

analysis, and for the results below 50, it is inadequate 
green analysis. The studied method has scored higher 
than 75 (Table 1), which indicates an excellent green 
analytical method.  However, the use of organic solvents 
such as methanol and the amount of waste produced has 
resulted in penalty points and a reduction in the Eco-Scale 
score. 

Conclusions 
Three different tools were used to evaluate the greenness 
of the PDMS/UiO-66-SBSE-HPLC-UV method. The results 
from all three tools identified this method as being 
environmentally friendly. The results indicate that solid-
phase microextraction-based methods can adhere to the 
principles of green analytical chemistry (GAC). The AGREE 
tool considered all principles of GAC in the evaluation 
process and identified this method as green. The tool 
further highlights the weakest points of the analysis 
technique that require further improvement in terms of 
environmental friendliness. The GAPI tool identified 
specific parameters that require improvement in each 
step of the analytical method. The Analytical Eco-Scale 
tool evaluated the method based on the toxicity of 
solvents, energy consumption, and waste produced. This 
tool also identified the method as green. Using more than 
one tool for evaluating the environmental friendliness of 
a method is crucial for obtaining reliable results. 
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Abstract: A direct, low-cost, efficient, and fast electrodeposition method was used to grow CuCoP nanosheets 
on Cu(OH)2 nanoarrays. The designed sensor showed unique analytical properties such as high sensitivity, low 
detection limit, selectivity, stability, and excellent reproducibility. As a result, it can be used to measure glucose 
in real samples. 
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Introduction 
A high amount of glucose in human blood causes many 

diseases such as heart attack, blindness, kidney failure, 

and stroke, and glucose measurement plays an important 

role in diabetes. Among the various methods used to 

measure glucose, electrochemical methods are used as an 

appropriate method for glucose measurement due to 

their advantages such as excellent sensitivity and 

selectivity, fast response time, ease of use, and low cost. 

However enzymatic electrochemical sensors have 

disadvantages such as sensitive to pH, temperature, 

chemical instability, poor reproducibility, and high cost, 

while sensors without enzymes do not have these 

problems. In non-enzymatic sensors, nanostructured 

materials directly catalysed the oxidation of glucose [1]. 

Among these materials, the activity of catalysts based on 

noble metals is limited due to their low abundance, high 

cost and inactivation by halides. Recently, the metals such 

as Co, Cu, Ni, Zn, etc are used as electrocatalyst material 

due to their high catalytic activity, low cost, stability, etc 

[2]. Meanwhile, transition metal phosphides have 

attracted much attention in the sensor field of due to their 

good electrical conductivity, metalloid properties, tunable 

structures, and high thermal and chemical stability [3]. In 

addition, bimetallic phosphides show better performance 

due to the synergistic effect of different metals. For the 

synthesis of metal phosphides, methods such as 

hydrothermal have been widely used, which are multi-

step and time-consuming, hence, the low-cost, fast, 

single-step and environmentally friendly 

electrodeposition method is suitable [4]. Besides of, core-

shell structures combine the properties of core and shell, 

creating many active sites in reactions. Copper hydroxide 

nanoarrays as the core in these structures guide the 

structure of the subsequent modifying material [5]. 

In this work, we designed core-shell nanostructures of 

CuCoP@Cu(OH)2 on glassy carbon electrode (GCE) as a 

non-enzymatic platform for glucose measurement.  

Experimental Section  

In the first stage, using a constant cathodic potential in 

optimal time, a layer of copper clusters was placed on the 

surface of GCE, and the colour of the substrate was 

changed to rose gold. Then, in the second step, to convert 

the copper particles into copper hydroxide nanotubes, 

the Cu/GCE was immersed in an aqueous solution of 

(NH4)2SO4 and CuSO4. After a certain time, the glassy 

surface changed to blue. Finally, using Cyclic 

voltammetry, CuCoP nanosheets were deposited on 

Cu(OH)2 nanoarrays in a electrolyte solution containing  

CoCl2.6H2O, NaH2PO4.H2O, CuCl2.2H2O, and NH4Cl under 

several consecutively cycles.  

 

Results and Discussion 

Fig.1A-B shows FE-SEM images of Cu(OH)2 and 

CuCoP@Cu(OH)2 samples. As can be seen, copper 

hydroxide nanoarrays are uniformly placed on the glassy 

surface, and in the next step, CuCoP nanosheets cover the 

surface of the Cu(OH)2 nanoarrays as a shell, and a core-

shell structure is obtained, which has many electroactive 

sites. 

The cyclic voltammetry technique was used to evaluate 

the behaviour of the fabricated sensor toward glucose 

oxidation. As can be seen in the fig.2A, the anodic current 

response increased 99 μA after the addition of 0.4 mM 

glucose. Also, the effect of scanning speed on the current 

answers was investigated. Fig.2B shows the graphs of 

CuCoP@Cu(OH)2 at different sweeping rates, that the 

anodic and cathodic peak currents increase with 

increasing sweeping rates. 

640 

mailto:shahrokhian@sharif.edu


            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 
Fig.1: The FE-SEM images of Cu(OH)2 nanoarrays (A) and 

CuCoP@Cu(OH)2 nanocomposite (B) on the surface of GCE 
 
The linearly relationship between current response of the 
CuCoP@Cu(OH)2 and sweeping rate is demonstrated 
absorption mechanism for glucose oxidation.  
The amperometry technique was employed to examine 
the electrocatalytic capability of CuCoP@Cu(OH)2/GCE as 
a glucose sensor. After choosing the optimal potential to 
improve the sensitivity and selectivity of the current 
response, various concentrations of glucose were injected 
into alkaline media each 50 s. The calibration curve gained 
from the amperometric measurements is shown in Fig.2C. 
The calibration curve shows two linear ranges from 1 μM 
to 0.105 mM and another from 0.105 to 2.5 mM as a 
function of glucose concentration (Fig.2D). The 
sensitivities of the fabricated sensor for the low and high 
concentration ranges in terms of the geometric surface 
area were achieved as 8351 μA mM-1 cm-2 and 3932 μA 
mM-1 cm-2, respectively. The limit of detection of the 
CuCoP@Cu(OH)2 nanocomposite was gained to be 2.3 μM  
(S/N = 3). 

 
 

Fig.2: CV plots of the CuCoP@Cu(OH)2 /GCE in the presence 
and absence of glucose (A); CV plots of the CuCoP@Cu(OH)2 

/GCE in the presence of the 0.25 mM glucose at the scan rates 
of 5-120 mV s-1 (B); amperogram of the CuCoP@Cu(OH)2/GCE 
for successive addition of glucose solutions from 1 μM to 10 
mM to 0.1 M NaOH, (inset: response time after injection of 

glucose) (C); the linear calibration curve (D). 
 

To measure the ability of the CuCoP@Cu(OH)2 sensor, 
glucose was measured in human blood serum and 
beverage samples. 
The recovery values for human blood serum, Fruit juice, 
milk, soft drink, and Tea samples were 94.7-98.8%,102.2 
– 99.0%, 104.3-99.7%, 93.8-95.5%, and 88.0-98.6% 
respectively. as a result, CuCoP@Cu(OH)2 sensor has a 
promising capability for utilizing in biological and 
beverage samples. 
 

Conclusions 
In this work, we used a simple and facile method for the 
preparation of CuCoP@Cu(OH)2 core-shell 
nanostructures on GCE. In addition, the method was 
environmentally friendly, rapid, and low-cost as 
compared to other techniques such as hydrothermal 
methods. Using core and shell properties and 
combination properties of bimetallic phosphides led to 
excellent catalytic results as a glucose sensor. The 
fabricated electrode with very high sensitivity, fast 
response, high selectivity, and good detection limit can be 
used as a non-enzymatic sensor to measure glucose. 
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Abstract: Ethanol-amine based ionic liquids have emerged as cost-effective and environmentally friendly green materials 
with a wide diversity of applications. Extensive researches around these materials were focused on improving 
pharmaceutical products, leading to the discovery of novel drug formulations and delivery systems containing. 
Understanding intermolecular interactions between drugs and biological compounds is crucial for designing effective 
processes. Thermodynamic investigations provide insights into these interactions and aid in selecting suitable compounds 
for pharmaceutical production. The density and speed of sound of mixtures containing gabapentin in (water + 
monoethanolamine laurate, diethanolamine laurate, and triethanolamine laurate) were determined over a temperature 
range of 288.15 K to 318.15 K for first time.  
Keywords: Surface-active ionic liquids; Gabapentin; Density; Speed of sound; Redlich-Meyer equation.  

 

Introduction 
Ionic Liquids (ILs) have undergone extensive research due 
to their potential applications as solvents, catalysts in 
organic synthesis, electrolytes in batteries, and media for 
metal ion isolation and extraction [1–10]. Surfactant Ionic 
Liquids (SAILS) are a class of ILs containing lengthy 
aliphatic chains that can function as surfactants. They are 
well-known for their self-assembled structures in water 
and their strong drug-binding properties. Self-assembled 
structures, such as micelles, vesicles, or other organized 
aggregates, can be formed by surfactant-like amphiphilic 
molecules (SAILs) through intermolecular interactions. 
These interactions include electrostatic forces, hydrogen 
bonding, and hydrophobic interactions, which enable the 
formed micelle structures to remain stable [11–15].  
In addition to their self-assembly capabilities, surface 
active ionic liquids (SAILs) are renowned for their 
exceptional drug-binding properties. SAILs contain 
hydrophobic regions, which possess an affinity for 
hydrophobic drugs. This allows SAILs to effectively 
enclose and encapsulate hydrophobic drugs within their 
self-assembled structures. Upon entrapment within the 
hydrophobic domains of SAILs, drug molecules become 
more soluble and stable, and can be released in a 
controlled manner. SAILs (Protic ionic liquids) are 
currently gaining significant attention in academia, 
medicinal, and industrial research as nontoxic chemical 
compounds due to their exceptional physicochemical and 
biological properties. Ethanolamine-base SAILs including 
fatty acids are a class of non-toxic green materials. These 
SAILs have are non-toxic that are used as cryoprotectant 
agent of mammalian cell line. Ethanolamine is an organic 
chemical compound that can be used as a starting 
material for the production of surfactants, chelating 
agents, and even pharmaceuticals [16–20]. 

Gabapentin is a  common prescription for relieving some 
of the symptoms associated with shingles16–19 
Consuming drugs on a regular basis may led to damage in 
liver. In this respect, some advanced materials including 
protic ionic liquids have been introduced. They illustrate 
surface activity behavior enhancing medications 
processing such as solubility and utilization such as 
controlled release of the medication23–25. Ethanol 
amine based ionic liquids have not been investigated in 
the presence of gabapentin while there is significant 
advancement in the utilization of these classes of 
materials for different skin care medication 
circumstances.  

Experimental Section  
The SAILs can be easily synthesized by neutralization 
reaction of mono, di, and triethanolamines with an acid. 
In the case of this project lauric acid was used. 

Aqueous gabapentin solutions containing different 
molality of  SAILs were prepared and their 
physicochemical and micellar  properties such as electrical 
conductivity, density and speed of sound were measured 
in temperature range of 288.15 to 318.15 K. then 
accordingly their apparent molar properties were derived 
using lcCM, Redlich-Mayer equation. 

Results and Discussion 
The densities of the examined solutions (Gabapentin + 
water) and (Gabapentin + water + SAILs) decrease with 
temperature and increase as the SAILs content increases. 
Increasing temperature led to decrease density of the 

solutions generally. The apparent molar volumes (V ) of 

gabapentin in the examined solutions were calculated 
using the following equation: 
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where M is the molar mass of gabapentin, m is the 
molality of gabapentin in aqueous SAILs solutions, and   

, and  0   are the densities of (gabapentin + water + SAIL) 

and (water + SAIL) solutions, respectively.  The V  values 

and gabapentin molality (m) have a strong linear 
relationship. As a result, the apparent molar volumes at 

infinite dilution (standard partial molar volume, 0V ) 

values are determined using least-squares fitting to 
Redlich-Mayer equation: 

(2) 
0 1/ 2

v v
V V S m b m

 
= + +  

where Sv and bv are empirical parameters. Since solute-
solute interactions at infinite dilution are negligible, 
important information on solute-solvent interactions is 
provided by standard partial molar volumes. . It is 

noteworthy that the all values of 0V  as a criterion of the 

solute-solvent interactions are positive and increase with 
an increase in each PIL concentrations and temperature. 
This is due to the lower electrostriction of water and 
stronger interactions between solute and solvent 
molecules. The larger values at high temperature are 
probably referred to the release of the solvent molecules 
to the bulk. The larger values for ternary systems are 
probably referred to the release of the solvent molecules 
to the bulk. It also has been mentioned in the literature. 
The positive bv values are indicative of dominance of 
hydrophobic interactions over hydrophilic interactions. 

Temperature dependence of 0V  values can be defined by 

following equation: 
0 2

V A BT CT

= + +      (3) 

where A, B and C are empirical constants which are 
calculated by the least-square fitting of standard partial 
molar volume at studied temperatures. On the basis of 

the derivative of standard partial molar volume 0V  from 

Eq. 3 as function of temperature and at constant pressure, 

the standard apparent molar expansibilities 0E  were 

computed. The thermal expansion coefficient,  , was 
calculated by the values of the standard partial molar 
volume, using Eq. (4): 

0

0

E

V





 =              (4) 

The values of thermal expansion coefficients,  , for the 

investigated systems are listed in Table 4. This parameter 
is basically a balance to evaluate the reaction of the 
solutions to temperature variations. The transfer volumes 

( 0
trV ) of lithium bromide at infinite dilution from water 

to aqueous PIL solutions have been calculated as: 

(5) 0 0

tr
V V (ternary)

0
V (binary)  

 

The 0V
tr  readings are clearly positive and increase as 

the PIL molality increases. According to the co-sphere 
overlap model of ternary mixtures., the cosphere and PILs 
species in water can interact in the following ways: (a) 
hydrophilic-ionic group interactions, (b) hydrophilic-
hydrophilic group interactions, (c) hydrophilic-
hydrophobic group interactions, and (d) hydrophobic-
hydrophobic group interactions. Using this model as a 
guideline, (a) and (b) forms of interactions would result in 

positive 0
trV  values, whereas the remaining types of 

interactions would result in negative 0
trV  values. In this 

situation, 0
trV  values indicate that the (a) and (b) forms 

of interactions between co-sphere molecules' hydrophilic 
groups and the ions and polar groups of PIL are prominent 
between co-solvent and lithium bromide. Furthermore, 
the increase in their values at high PIL concentrations 
implies that these sorts of interactions are strengthened 
in the concentration range investigated. As a result, there 
is competition among the numerous interactions that 
occur between solute (lithium bromide) and co-solvent 
(PIL) species. 
1H-NMR and FT-IR characterization of synthesized SAILs 
reveals a high purity yield of 98%. SAILs exhibit stronger 
interactions with gabapentin molecules than water in 
aqueous media, leading to concentration- and 
temperature-dependent variations in their apparent 
molar properties. The number of hydroxyethyl groups and 
the length of the alkyl chain in SAILs determine their 
ability to form micelles and bind to gabapentin. [21]. 
The cation size increment might lead to decrease the 
charging of the surfactant from anionic to an amphoteric 
property. It implies gabapentin neutral molecular 
structure interacts with triethanolamine stearate more 
effectively. In this respect hydrophilic-hydrophilic 
interactions might be the main intermolecular 
interactions between studied SAILs and gabapentin. 
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Fig.1: apparent molar volume for gabapentin in aqueous 
systems of SAILs solution with laurate anion at a 298.15 K 

under concentration of 0.01 mol/kg. 

Table1: partial molar volume for SAILs in gabapentin 
aqueous solutions at 298.15 K and concentration of 0.02 

molality. 

SAILs V
0 (cm3·mol-1) 

Bis(2-hydroxyethylammonium) Octanoate([bis-
2-HEA][Oc]) 

139.179 

Bis(2-hydroxyethylammonium) Laurate ([bis-2-
HEA][Lau]) 

139.249 

Bis(2-hydroxyethylammonium) Stearate ([bis-
2-HEA][St]) 

139.652 

Conclusions 
In this study, we conducted an investigation into the 
intermolecular interactions between gabapentin, a drug, 
and nine ionic liquids ([HEA], [BHEA] and [THEA])([Oc], 
[Lau] and [Ste]) in aqueous media. To determine 
gabapentin's apparent molar volume and apparent molar 
isentropic compressibility in the aqueous ionic liquid 
solutions, we used volumetric and compressibility 
measurements. These observations were used to 
calculate the solutions' standard partial molar and 
transfer partial molar characteristics. According to our 
findings, the strength of the interactions between the 
ionic liquids and gabapentin grew as their concentration 
did. This information is critical in understanding 
gabapentin's behavior and properties in these solvent 
systems, which may have implications for its 
pharmaceutical characteristics such as solubility and 
stability. Therefore, determining the Helper's constant 
could be beneficial in gaining a deeper understanding of 
the impact of ionic liquids on gabapentin. Overall, our 
findings suggest that the addition of P-IL to aqueous 
solutions of gabapentin results in the release of water 
molecules from the solute's hydration layer, ultimately 

leading to stronger interactions between gabapentin and 
SAILs. 
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Abstract: Bougainvillea spectabilis Willd. of Nyctaginaceae family is one such plant which exhibits various 
medicinal properties. The aim of the project, investigation of effective secondary metabolites derived from the 
methanolic extract of flowers of Bougainvillea spectabilis Willd. from Rafsanjan – Kerman – Iran. 

 

Introduction 
Plants are a significant source of various health-beneficial 
phytochemicals such as flavonoids, phenols, saponins, 
alkaloids, vitamins, minerals, and carbohydrates. Besides, 
many medicinal plants, bananas included, are popular and 
essential fruits or vegetables. Secondary metabolites 
obtained from medicinal plants exhibit noteworthy 
biological properties, encompassing hypoglycemic, anti-
diabetic, antioxidant, anti-microbial, anti-inflammatory, 
anti-carcinogenic, antimalarial, anticholinergic, and anti-
leprosy activities [1]. As a result, the active compounds 
found in medicinal plants have garnered significant 
attention for their multifaceted applications. These 
secondary metabolites not only serve as precursors and 
prototypes for drug development but also act as valuable 
pharmacological probes. They play a pivotal role in global 
drug discovery efforts and can even serve as foundational 
blueprints for the development of synthetic drugs or as 
essential building blocks for semi-synthetic drug 
production. The genus Bougainvillea is a very widespread 
group throughout the world. It belongs to the family 
Nyctaginaceae and, according to the “The Plant List”, 
contains approximately 18 species. Only four species (B. 
buttiana, B. glabra, B. spectabilis, and B. peruviana) are 
commercially exploited. Species of the Bougainvillea 
genus are frequently explored for their nutritional and 
therapeutic properties. as phytopharmacological studies 
have reported, including anti-inflammatory and 
antipyretic, antidiarrheal, pain ailments and antiulcer, 
antimicrobial, antidiabetic, immunomodulatory, 
hypoglycaemic, antihyperlipidemic, anti-cough, sore 
throat, blood vessel troubles, leucorrhoea, hepatitis, anti-
skin problems (tyrosinase), analgesic, antiviral, antifungal, 
neuroprotective, and anthelmintic. Various parts of the 
Bougainvillea plants are used to treat various ailments [2-
3]. Therefore, the aim of this project, Investigation of 
effective secondary metabolites derived from the 
methanolic extract of flowers of Bougainvillea spectabilis 
Willd. from rafsanjan, Kerman – Iran. 

Experimental Section  
Plant material and collection 
The flowers of Bougainvillea spectabilis were collected 
from Rafsanjan, Kerman province – Iran.  

Extraction 
In this method, 20 gram of powder of flowers of 
Bougainvillea spectabilis Willd. was mixed with 
methanolic exposed to microwave irradition at 100 W in 
microwave (model GE 280 S) oven with regular at 
intervals 10 minute irradiation during 5 minutes. After 
extracting, the solvent was removed under the vacuum at 
temperature below 450C and the extracts were freeze 
dried. 

Phytochemical studies 
Preliminary phytochemical screening was carried out by 
using standard procedures described by Trease and 
Evans. 

Test for phenols 
2ml of ferric chloride solution was added in 2ml of solvent 
extract. Formation of deep bluish green solution indicated 
the presence of phenols.  

Test for terpenoids 
In 5ml of solvent extract, 2ml of chloroform was added 
and then3ml of concentrated sulfuric acid was added 
carefully. A reddishbrown coloration of the interface was 
regarded as positive for thepresence of terpenoids. 

Test for coumarins  
To 1 ml of extract, 1 ml of 10% sodium hydroxide was 
added. The presence of coumarins is indicated by the 
formation of yellow colour. 

Test for di-terpenes  
In copper acetate test, 2 ml of the extract was mixed with 
1 ml of aqueous copper acetate solution and observed for 
the formation of emerald green indicating the presence of 
diterpenes.  
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Test for flavonoids 
2ml of sodium hydroxide was added in 2ml of solvent 
extract. Appearance of yellow colour was regarded as the 
presence of flavonoids. 

Test for phlobatannins 
Few drops of 1% hydrochloric acid was added in 1ml of 
solvent extract and boiled. Red precipitate was formed 
indicated the presence of phlobatannins. 

Test for saponins 
About 1ml of solvent extract was introduced into a tube 
containing1 ml of distilled water, the mixture was 
vigorously shaken for 2 min, and formation of froth 
indicated the presence of saponins. 

Test for quinones 
To 1 ml of the extract, 1 ml of concentrated sulphuric acid 
was added. Formation of red color shows the presence of 
quinones. 

Results and Discussion 
The result of the phytochemical screening of methanolic 
extract of flowers of Bougainvillea spectabilis Willd. were 
coumarins, phenols and di-terpenes presented. 

Table1: Preliminary phytochemical analysis of methanolic 
extract of flowers of Bougainvillea spectabilis Willd. 

Phytochemical Result 

Terpenoids - 

Coumarins + 

Favonoids - 

Phlobatannins - 

Phenols + 

Saponins - 

Quinones - 

Di-terpenes + 

 

Medicinal plants have been a source of diverse secondary 
metabolites, many of which exhibit valuable biological 
activities with therapeutic potential. 

Conclusions 
The results of the phytochemical test carried out on the 
methanolic extract, were the preliminary photochemical 
screening revealed the presence of coumarins, phenols 
and di-terpene. In general, this project showed that 
flowers of Bougainvillea spectabilis Willd. has the 
potential to be used in the medicine industry due to its 
antioxidant, anticancer, and antimicrobial properties. 
However, the methanolic extract of flowers of 
Bougainvillea spectabilis Willd. should be subjected to 
bio-guided fractionation in order to isolate the active 

ingredients responsible for the corresponding biological 
activity. Thus the bioactive natural products in flower 
extracts of Bougainvillea spectabilis Willd. can be used in 
the development of new pharmaceuticals that address 
unmet therapeutic use. 
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hybrid. 
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Introduction 
Plants contain numerous antioxidants which help to 
confer protection against free radicals associated 
diseases. The antioxidant compounds are mostly 
produced in plants in the form of secondary metabolites.  
Of these secondary constituents, phenolics are seen to be 
the most numerous consisting of 45% of the secondary 
phytochemical constituents of plants, terpenoids and 
steroids 27%, alkaloids 18% and others 10%. 
Phytochemicals possess nutraceutical importance. They 
are the bioactive constituents that maintain health and 
serve as a bridge between the food and pharmaceutical 
industries. Phytochemicals perform numerous functions. 
They possess unique pharmacological effects such as anti-
inflammatory, antiplasmodic, anti-allergic, antioxidants, 
antibacterial, antifungals, chemopreventive, 
neuroprotective, hypotensive, antiaging, etc [1]. They 
stimulate the immune system, block the formation of 
carcinogens, reduce oxidation, slow the growth rate of 
cancer cells, reduce inflammation, trigger apoptosis, 
prevent DNA damage, regulate hormones such as 
estrogen and inulin which excess levels are linked with 
increased risk of breast and colon cancer. The genus 
petunia belongs to the family Solanaceae and is 
essentially distributed in South America. Petunia hybrida 
is a hybrid of various species of petunia produced by 
hybridization P. axillaris and P. integrifolia.  The plant is 
known to contain some acylated anthocyanins which are 
cinnamic acid, coumaryl rutinoside glycosides and 
rutinoside glucosides acylated with caffeic acid. 
Anthocyanins are known to be associated with 
antioxidant, anti-inflammatory and anti-amnesic actions. 
Various parts of the Bougainvillea plants are used to treat 
various ailments .The literature reviewed led us to the 
conclusion that Petunia hyrbida has been investigated for 
its medicinal properties. In a previous study at our 
institute the leaf extract of the plant was found to be 
possessing estrogenic activity [2]. Therefore, the aim of 
this project, Evaluation phytobioactive compounds of the 

methanolic extract of the flowers of Petunia hybrida  from 
Rafsanjan, Kerman – Iran. 

Experimental Section  
Plant material and collection 
The flowers of Bougainvillea spectabilis were collected 
from Rafsanjan, Kerman province – Iran.  

Extraction 
In this method, 20 gram of powder of flowers of Petunia 
hybrida was mixed with methanolic exposed to 
microwave irradition at 100 W in microwave (model GE 
280 S) oven with regular at intervals 10 minute irradiation 
during 5 minutes. After extracting, the solvent was 
removed under the vacuum at temperature below 450C 
and the extract were freeze dried. 

Phytochemical studies 
Preliminary phytochemical screening was carried out by 
using standard procedures described by Trease and 
Evans. 

Test for phenols  
2ml of ferric chloride solution was added in 2ml of solvent 
extract. Formation of deep bluish green solution indicated 
the presence of phenols.  

Test for terpenoids 
In 5ml of solvent extract, 2ml of chloroform was added 
and then3ml of concentrated sulfuric acid was added 
carefully. A reddishbrown coloration of the interface was 
regarded as positive for thepresence of terpenoids. 

Test for coumarins  
To 1 ml of extract, 1 ml of 10% sodium hydroxide was 
added. The presence of coumarins is indicated by the 
formation of yellow colour. 

Test for di-terpenes  
In copper acetate test, 2 ml of the extract was mixed with 
1 ml of aqueous copper acetate solution and observed for 
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the formation of emerald green indicating the presence of 
diterpenes.  

Test for flavonoids 
2ml of sodium hydroxide was added in 2ml of solvent 
extract. Appearance of yellow colour was regarded as the 
presence of flavonoids. 

Test for phlobatannins 
Few drops of 1% hydrochloric acid was added in 1ml of 
solvent extract and boiled. Red precipitate was formed 
indicated the presence of phlobatannins. 

Test for saponins 
About 1ml of solvent extract was introduced into a tube 
containing1 ml of distilled water, the mixture was 
vigorously shaken for 2 min, and formation of froth 
indicated the presence of saponins. 

Results and Discussion 
The result of the phytochemical screening of methanolic 
extract of flowers of Petunia hybrida were coumarins, di-
terpenes, flavonoids, Phlobatannins and quinones 
presented. 

Table1: Preliminary phytochemical analysis of methanolic 
extract of flowers of Petunia hybrida   

Phytochemical Result 

Coumarins  + 

Di-terpenes + 

Flavonoids + 

Phlobatannins + 

Phenols - 

Quinones + 

Saponins - 

Terpenoids - 

 

Exploration of natural phytobioactive compounds to cure 
present-day diseases is necessary. Polyphenols, alkaloids, 
and terpenoids have the potential to treat cancer, 
oxidative stress, inflammation, ulcers, diabetes, platelet 
aggregation, microbial resistance, and tumors. 

Conclusions 
The results of the phytochemical test carried out on the 
methanolic extract, were the preliminary photochemical 
screening revealed the presence of coumarins, di-
terpenes, flavonoids, phlobatannins and quinones. 
findings suggest that the Petunia hybrida  may represent 
potential sources of bioactive compounds with 
therapeutic potentials. 
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Abstract: Plants are rich in bioactive phytochemicals that often display medicinal properties. Mentha pulegium 
L. and Rosmarinus officinalis L. belonging to the Lamiaceae family. The aim of the project, Identification of 
bioactive compounds in hydroethanolic Extracts of (Mentha pulegium L. and Rosmarinus officinalis L.) harvested 
from Rafsanjan, Kerman - Iran. 
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Introduction 
Plant-derived phytochemicals have emerged as novel 
agents for protecting against chronic disorders. As 
phytochemicals are so diverse, they cover a wide 
spectrum of therapeutic indications against various 
inflammation-related diseases, such as cancer, 
inflammation, cardiovascular, rheumatoid, autoimmune, 
and neurological disease, and have been a productive 
source of lead compounds for the development of novel 
medications. These can play an important role in the 
production of health-promoting food additives and the 
replacement of artificial ones [1].  Rosmarinus officinalis 
L. contains a number of phytochemicals, including 
rosmarinic acid, camphor, caffeic acid, ursolic acid, 
betulinic acid, carnosic acid, and carnosol. Rosemary 
essential oil contains 10–20% camphor. Rosmarinus 
officinalis L. extract, specifically the type mainly consisting 
of carnosic acid and carnosol, is approved as a food 
antioxidant preservative in several countries [2]. The 
active chemical in Mentha pulegium L. is pulegone. 
Pulegone is a ketone and on the cellular level, ketones can 
act as enzyme inhibitors. The carbonyl center of the 
pulegone structure acts as a strong electrophile, causing 
active sites on enzymes to bind with pulegone instead of 
the target protein. There is no known antidote for Mentha 
pulegium L. toxicity. Case studies involving Mentha 
pulegium L. poisonings have reported the use of gastric 
lavages and administration of emetics or vomiting 
inducing agents, or absorbents like activated charcoal. In 
this sense, this project aimed to characterise the bioactive 
compounds of hydroethanolic extracts of two plants: 
(Mentha pulegium L.) and (Rosmarinus officinalis L.). 
Therefore, the aim of this project, Identification of 
bioactive compounds in hydroethanolic Extracts of 
(Mentha pulegium L. and Rosmarinus officinalis L.) 
harvested from Rafsanjan, Kerman – Iran. 

 

 

Experimental Section  
Plant material and collection 
The leaves of (Mentha pulegium L.) and (Rosmarinus 
officinalis L.) were collected from Rafsanjan, Kerman 
province – Iran.  

Extraction 
In this method, 20 gram of powder of leaves of (Mentha 
pulegium L.) and (Rosmarinus officinalis L.) sepratery  and 
was mixed with hydroethanolic (15:85) exposed to 
microwave irradition at 100 W in microwave (model GE 
280 S) oven with regular at intervals 10 minute irradiation 
during 5 minutes. After extracting, the solvent was 
removed under the vacuum at temperature below 450C 
and the extracts were freeze dried. 

Phytochemical studies 
Preliminary phytochemical screening was carried out by 
using standard procedures described by Trease and 
Evans. 

Test for phenols 
2ml of ferric chloride solution was added in 2ml of solvent 
extract. Formation of deep bluish green solution indicated 
the presence of phenols.  

Test for terpenoids 
In 5ml of solvent extract, 2ml of chloroform was added 
and then3ml of concentrated sulfuric acid was added 
carefully. A reddishbrown coloration of the interface was 
regarded as positive for thepresence of terpenoids. 

Test for coumarins  
To 1 ml of extract, 1 ml of 10% sodium hydroxide was 
added. The presence of coumarins is indicated by the 
formation of yellow colour. 

Test for di-terpenes  
In copper acetate test, 2 ml of the extract was mixed with 
1 ml of aqueous copper acetate solution and observed for 
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the formation of emerald green indicating the presence of 
diterpenes.  
 
Test for flavonoids 
2ml of sodium hydroxide was added in 2ml of solvent 
extract. Appearance of yellow colour was regarded as the 
presence of flavonoids. 
 
Test for phlobatannins 
Few drops of 1% hydrochloric acid was added in 1ml of 
solvent extract and boiled. Red precipitate was formed 
indicated the presence of phlobatannins. 
 
Test for saponins 
About 1ml of solvent extract was introduced into a tube 
containing1 ml of distilled water, the mixture was 
vigorously shaken for 2 min, and formation of froth 
indicated the presence of saponins. 
 
Test for quinones 
To 1 ml of the extract, 1 ml of concentrated sulphuric acid 
was added. Formation of red color shows the presence of 
quinones. 
 
Results and Discussion 
The result of the phytochemical screening of 
hydroethanolic extract hydroethanolic extract, were the 
preliminary phytochemical screening revealed the 
presence of  Mentha pulegium L. terpenoids and saponins 
and Rosmarinus officinalis L. coumarins, flavonoids, 
saponins and di-terpenes. 
 

Table1: Preliminary phytochemical analysis of hydroethanolic 
extract of leaves of Mentha pulegium L. and Rosmarinus 

officinalis L. 

Phytochemical 
Result 

Mentha pulegium L. 
Rosmarinus 
officinalis 

Terpenoids + - 

Coumarins - + 

Flavonoids - + 

Phlobatannins - - 

Phenols - - 

Saponins + + 

Quinones - - 

Di-terpenes - + 

 

These plants leaves contain various pharmacologically 
active compounds, which are good antioxidant, anti-
inflammatory, and protective. 

Conclusions 
The results of the phytochemical test carried out on the 
hydroethanolic extract, were the preliminary 

phytochemical screening revealed the presence of  
Mentha pulegium L. terpenoids and saponins and 
Rosmarinus officinalis L. coumarins, flavonoids, saponins   
and di-terpenes. It can be concluded that these plants 
contain different bioactive compounds and can be 
recommended as plants of phyto-pharmaceutical 
importance. 
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Abstract: In the present work using density functional theory (DFT) calculations, the electronic properties of the 

Triheptanoin molecule have been investigated. The optimized geometrical parameters bond length and bond 

angle, vibrational frequencies and infrared intensities of the molecule have been calculated by using DFT/B3LYP 

method applying the standard 6-311+G** basis set. 

Keywords: DFT; HOMO-LUMO gap; Triheptanoin 

 
Introduction 
Long-chain fatty acid diseases (LC-FAOD) are a group of rare, 
autosomal recessive genetic disorders that disrupt long-chain 
fatty acids for energy [1]. It can lead to challenges such as acute 
metabolic hypoglycemia, cardiomyopathy and rhabdomyolysis 
.Triheptanoin, whose brand name is Dojolvi, received FDA 
approval on June 30, 2020. This drug is a source of heptanoate 
fatty acids [2] , it is actually a medium chain synthetic 
triglyceride produced using a GMP compliant process [4], 
Triheptanoin is an anaplerotic drug that helps restore 
mitochondrial energy production without the use of enzymes 
and is a successful treatment option in acute and chronic 
management of long-chain fatty acid oxidation disorders . We 
chose this drug because DOJOLVI (Triheptanoin) is the first and 
only FDA-approved treatment for children and adults with long-
chain fatty acid oxidation disorders (LC-FAOD) [3], so it has a 
high therapeutic value. 

Experimental Section  
At first, we found the structure of Triheptanoin on the 
DrugBank website and drew it in the Gauss view graphic 
program, and then calculated the resulting structure in the 
Gaussian program with the input command B3LYP/6-311+G**. 
After the calculations were done in the Gauss view program, 
we opened the output file and with this program we were able 
to extract the bond length and the angle between the atom and 
the IR spectrum, etc. 

Results and Discussion  
Triheptanoin, as shown in (Fig 1), has the chemical formula 
C24H44O6. 

It means the bond length between two adjacent atoms in a 
molecule, its unit is Å. The strength of a specific bond is related 
to its bond length, as a result, the shorter the bond, the greater 
the electronegativity of the cation, the greater the strength and 

the higher the electron density [4]. The strongest bonds in the 
table above are the double bonds between C and O. 3 of the 
strongest bonds of this molecule are: C28-O66 ˃ C20-O24 ˃ 
C47-O65 

The bond angle is the angle that is formed between three 
atoms in at least two bonds, and it is measured in degrees and 
calculated using the spectroscopic method. The bond angle 
affects the polarity of the molecule. Molecules that have 
different bond angles have shapes. They are asymmetric, so 
they tend to be polar, the bond angle also has an effect on the 
overall shape of the molecule. The larger the bond angle, the 
more the shape of the molecule changes, and the smaller the 
angle, the more the shape of the molecule will resemble a line. 

A dihedral angle is an angle formed between two planes and is 
defined by four atoms. 

Table 1. B3LYP/6-311+G** optimized values of bond lengths (Å) 
for Triheptanoin 

Bond length 

C1-C5 1.53143 C5-C8 1.53297 C14-C17 1.52894 
C20-O24 1.20596 C28-O66 1.20424 C47-O65 1.20638 
C38-C41 1.53284 C41-C67 1.53141 C35-C38 1.53262 

1 2 

 
 

Fig 1. 3D (1) and 2D (2) structures obtained from B3LYP/6-
311+G** calculations. 

Table 2. B3LYP/6-311+G** optimized values of bond angles (°) for 
Triheptanoin. 

Bond angles 

C1-C5-C8 113.3 C5-C8-C11 113.6 
C17-C20-O24 126.2 C25-C21-C26 108.2 
C35-C38-C41 113.6 C38-C41-C67 113.3 

Table 3. B3LYP/6 -311+G** optimized values of bond dihedral for 
Triheptanoin. 

Bond dihedral 

C1-C5-C8-C11 -179.9 
C26-O64-C28-O66 -1.0 
C54-C57-C60-C71 179.9 
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Fig 2. The shape of charge distribution in Triheptanoin molecule 
and the relative amount of charge of each atom obtained from 

B3LYP/6-311+G** calculations. 

Baratomic means the electric charge of each atom, when an 
atom gains or loses electrons, as shown in (Table 4) and (Figure 
2), the central atom of C26 has the most negative charge, so It 
is the most energetic. And the carbon atoms at the end of each 
branch also have a large negative charge. 

The obtained spectrum shows which frequencies are absorbed 
by the sample, each chemical has vibrations at different 
frequencies, so the IR spectrum of each compound will be 
unique. This means that IR spectroscopy creates a "chemical 
fingerprint" that can be used to identify and quantify almost 
any chemical species. 

 
Fig 3. IR spectrum for triheptanoin obtained from B3LYP/6-

311+G**  calculations. 
 

   

 

  HLG : -0.27369 

 
 

E Lumo : -0.01230  E HOMO : -0.28599 
Fig 4. Molecular orbital energy spacing, including HOMO–LUMO 

gap (HLG), for Triheptanoin. 
HGL stands for HOMO-LUMO gap, which is the difference in 
energy between HOMO and LUMO and plays a role in 
identifying some characteristics of the molecule, such as the 

orbital gap The boundary helps to determine the chemical 
reactivity and kinetic stability of the molecule, and the 
reactivity is related to the HOMO-LUMO energy, so a molecule 
that has a large Homo and Lumo gap is hard and is expected to 
give less chemical reaction, that is, hardness is related to 
chemical stability. on the other hand, a small Homo-Lumo gap 
indicates that it is a soft molecule, so it is expected to give more 
chemical reaction. [5] 

conclusions 
Research has shown that Triheptanoin can be an effective 
treatment for LC-FAOD. At first, the structure of triheptanoin 
compound was modeled using Gaussian and View Gauss 
software, and then structure optimization was done using 
B3LYP/6-311+G**. The HOMO LUMO energy gap, which is 
critical for electronic, optical redox properties, had a value of -
0.27369. The bond length and bond angle were calculated and 
their effect on the molecule was investigated. Also, atomic 
charges, IR spectrum, frequency and intensity, different 
energies of the molecule were extracted and analyzed. 
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Table 4. B3LYP/6 –311+G** optimized values of atomic charge 
for Triheptanoin. 

Atomic Charges 

C1 -0.625 C11 -0.078 C20 0.075 
O24 -0.261 C26 -1.309 O64 0.154 
C47 0.222 C54 -0.192 C71 -0.626 

Table 5. B3LYP/6-311+G** calculated IR absorption frequencies 
in cm-1 (intensities in Km/mol) for Triheptanoin. 

Frequencies (IR Inten) 

30.1 (1.9) 499.6 (1.3) 588.6 (5.8) 923.5 (9.0) 
967.5 (10.1) 1063.1 (10.3) 1138.4 (10.8) 1150.5 (49.2) 

1195.0 (219.5) 1413.9 (5.6) 1799.6 (57.9) 3083.2 (43.0) 

Table 6. B3LYP/6 –311+G** calculated IR absorption frequencies 
in cm-1 (intensities in km/mol) for Triheptanoin. 

HF(Kcal/Mol) 
zero-point 

Energies(Kcal/Mol) 
Enthalpies(Kcal/Mol) 

-874046.773064 -873635.397777 -873610.864018 
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Abstract: In this study, the electronic characteristics and optimized molecular structure of the Elacestrant 
molecule drug were explored through QM-DFT calculations with the B3LYP method and the 6-311+G* basis set. 
The study also included an analysis of the molecular orbitals, with a focus on the HOMO and LUMO energy gaps. 
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Introduction  
Elacestrant is an innovative, non-steroidal, selective 
estrogen receptor antagonist (SERD) that has both 
antagonistic and bioactive properties. This compound 
effectively inhibits the degradation of estrogen receptor 
(ER) in a dose-dependent manner, as well as suppresses 
the induction of ER target gene transcription and cell 
proliferation triggered by estradiol in various breast 
cancer cell lines. Studies have demonstrated its 
effectiveness in ER-positive breast cancer cases. 
Furthermore, Elacestrant has displayed promising 
anticancer effects in models of ER-positive and HER2-
negative breast cancer, both in laboratory settings and in 
live subjects. The drug, marketed under the name 
Orserdu, was granted approval by the US Food and Drug 
Administration (FDA) on January 27, 2023, for the 
treatment of breast cancer. It also received approval from 
the European Union in September 2023 [1-3]. 

Methods   
Initially, we located the 2D configuration of Elacestrant on 
the DrugBank platform, illustrated it using the Gauss View 
v5.08 software, and subsequently analyzed the generated 
structure using the Gaussian 09W program utilizing the 
B3LYP/6-311+G* opt input command. Following the 
computation process in the GaussView application, we 
accessed the output document to retrieve details such as 
bond lengths, angles between atoms, the HOMO-LUMO 
gap, as well as HF energy. 

Results and Discussion 
Elacestrant, as shown in Fig. 1, has the chemical formula 
C30H38N2O2. The bond length that is the distance between 
two adjacent atoms, measured in Angstroms and 
displayed in Table 1. The strength of a bond is indicated 
by its length; therefore, a shorter bond signifies higher 
electronegativity, enhanced durability, and greater 
electron density [4]. 
 
 
 

(1) (2) 

 

 

 Fig. 1. 3D (1) and 2D (2) structures obtained from 

B3LYP/6-311+G* calculations for the Elacestrant. 
 
The most robust bond length in the molecular 
composition of the Elacestrant drug is the C5-O11 bond, 
measuring 1.36734 angstroms. 
 

Table 1. B3LYP/6-311+G* optimized values of bond lengths 
(Å) for Elacestrant. 

Bond length 

C12-O11 1.41834  C39-N42 1.46301 

C5-O11 1.36734  C33-C36 1.51127 

C2-N1 1.44236  C63-C65 1.39071 

 

The bond angle refers to the angle created by three atoms 
connected by at least two bonds, which is typically 
measured in degrees and determined using spectroscopic 
techniques. This angle significantly influences the polarity 
of a molecule, as well as its shape. Molecules with varied 
bond angles exhibit unique shapes due to their 
asymmetry, making them more likely to be polar in 
nature. Furthermore, the bond angle plays a crucial role 
in determining the overall structure of the molecule. A 
larger bond angle results in a more pronounced change in 
the molecule's shape, while a smaller angle tends to make 
the molecule appear more linear in structure. 
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Table 2. B3LYP/6-311+G* optimized values of bond angles 
(°) for Elacestrant. 

Bond angles 

C12-O11-C5 118.4  C2-N1-C16 117.3 

C65-C68-O71 122.7  N1-C16-C19 113.2 

C7-C4-C2 117.3  C16-N1-C23 115.1 

 

Table 3. B3LYP/6 -311+G* optimized values of bond dihedral 
for Elacestrant. 

Bond dihedral 

C2-N1-C16-C19 -58.6  C51-C52-C62-C63 161.1 

 

 

ΔE= 0.13979  

 

 
E-LUMO= -0.16626  E-HOMO= -0.30605 

   

 

ΔE= 0.14832 

 

 

E- LUMO-1= -0.16352  E-HOMO+1= -0.31184 
   

 

ΔE= 0.15329 

 

 

E- LUMO-2= -0.16255  E- HOMO+2= -0.31584 
   

Fig. 2. Molecular orbital energy (eV) spacing, including 
HOMO–LUMO gap (HLG), for Eacestrant calculated at the 

B3LYP/6 -311+G* level of theory. 
 

In Fig. 2 the green color indicates a low electron density, 
while the red color indicates an increased electron 
density. The HOMO and LUMO of a molecule together are 
called frontier molecular orbital (FMO). HOMO is the 
highest occupied molecular orbital while LUMO is termed 
as the lowest unoccupied molecular orbital. The energy 
difference between HOMO and LUMO gives us the 
HOMO-LUMO energy gap [5-8]. Also, The HOMO-LUMO 
energy gap plays a significant role in determining the 
bioactivity due to charge transfer within the molecule. A 
molecule with a high HOMO-LUMO energy gap is more 
stable and less reactive, while a low HOMO-LUMO energy 
gap indicates its reactivity. The reactivity of a molecule 
decreases with increasing HOMO-LUMO gap. Quantum 
chemical parameters such as hardness, chemical 
potential, electron affinity and ionization energy can be 

obtained and elucidated from the calculated HOMO-
LUMO energy. Homo and Lumo orbitals are mainly 
located in benzene rings, also N1 and O11 atoms have a 
great influence on Homo and Lumo orbitals. 
The energy of HF is calculated as -895039.50597 Kcal/mol. 

Conclusions 
In the present study, the molecule has been optimized by 
the DFT method at the B3LYP/6-311G* opt theory level. 
The structural analysis of the molecule was done by 
analyzing the bond length and bond angle of the 
molecule, the reactivity and stability of the molecule were 
also checked with Homo Lumo energies. 
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Abstract: In this theoretical study, structural and thermodynamic parameters such as enthalpy, entropy, 
electronic and Gibbs free energy, zero-point energy, heat capacity and approximate bond length of doxepin 
molecule as a drug used to treat depression and anxiety were studied. After that, by using density functional 
theory and the B3LYP method with 6-311++G(d,p) basis set, required information of doxepin molecule such as 
polarizability, dipole moment, atomic charge, HOMO-LUMO gaps and normal vibrational frequencies with their 
IR intensities and Raman scattering activities have been obtained. 
Keywords: DFT; Doxepin; Enthalpy; Entropy; HOMO-LUMO Gaps; Vibrational frequencies 
 

Introduction 
Doxepin is a medication used to treat major depressive 
disorder, anxiety disorders, chronic hives, and sleep 
problems. For urticaria, it is a less preferred alternative to 
antihistamines [1-3]. Doxepin is a tricyclic antidepressant 
(TCA). While its mode of action to treat depression 
remains an active area of research, it may involve 
increasing levels of norepinephrine, along with blocking 
histamine, acetylcholine, and serotonin [4,5]. There are 
significant drug interactions with doxepin which requires 
dose adjustment, frequency modification, or avoidance 
for a certain time. Allow 14 days between treatment with 
doxepin and MAO Inhibitors (selegiline, phenelzine, etc.) 
Doxepin is a tricyclic compound, specifically a 
dibenzoxepin, and possesses three rings fused with a side 
chain attached in its chemical structure. It is the only TCA 
with a dibenzoxepin ring system to have been marketed.   
Doxepin is a tertiary amine TCA, with its side chain-
demethylated metabolite nordoxepin being a secondary 
amine. Other tertiary amine TCAs include amitriptyline, 
imipramine, clomipramine, dosulepin (dothiepin), and 
trimipramine. Doxepin is a mixture of (E) and (Z) 
stereoisomers (the latter being known as cidoxepin or cis-
doxepin) and is used commercially in a ratio of 
approximately 85:15. The chemical name of doxepin is 
(E/Z)-3-(dibenzo[b,e]oxepin-11(6H)-ylidene)-N,N-
dimethylpropan-1-amine and its free base form has a 
chemical formula of C19H21NO with a molecular weight 
of 279.376 g/mol. The drug is used commercially almost 
exclusively as the hydrochloride salt; the free base has 
been used rarely. 
 
Methods 
In the initial stage, the molecular structure doxepin was 
designed using GaussView software, followed by 
quantum mechanical calculations at the B3LYP/6‒311++G 
theoretical level using Gaussian09 software. 
 

Results and Discussion 
Doxepin exact mechanism of action is not very clear. 
However, doxepin is known to be a selective histamine H1 
receptor blocker. This effect on histamine receptors 
indicates effectiveness in skin conditions. 
Doxepin is in the tricyclic antidepressants (TCA) drug class; 
these agents work by increasing the concentration of the 
neurotransmitter’s serotonin (5-HT) and norepinephrine 
(NE) in the brain. This action prolongs the availability of 
the neurotransmitters (5-HT and NE) within the synaptic 
cleft and enhances their neurotransmission by preventing 
their reuptake back into the presynaptic terminal. 

 

Fig.1: Atom numbering scheme adopted in the optimized 
structure of Doxepin. 

The information mentioned below are extracted by the  

Gaussian09 program. The optimized geometrical 

parameters, atomic charge, energy, HLG, vibrational 

frequencies and Raman scattering activities of the 

molecule were calculated by DFT method with the hybrid 

functional (B3LYP). 
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Table1: Energy (Hartree/Particle) 

ETotal(Hartree/particle) -866.8342269 

Zero-Point Energy (ZPE) 
(Hartree/particle) 

-866.478851 

Enthalpy(Hartree/particle) -866.459282 

Gibbs Free 
Energy(Hartree/particle) 

-866.526690 

Cv (cal/moleK) 73.688 

Entropy (cal/moleK) 141.873 

Table 2: Calculated Bond Length Values for Doxepin Molecule 

using B3LYP/6-311++G Computational Method. 

C1-C2 1.39 

C2-C3 1.40 

C6-C11 1.50 

C31-H32 1.10 

 
Table 3: Calculated Bond Angles Values for doxepin Molecule 

using B3LYP/6-311+G Computational. 

C1-C2-C3 119.17 ° 

C2-C3-C4 119.65 ° 

C31-N30-C35 110.80 ° 

H34-C31-N30 109.94° 

 
Table 4: Calculated Dihedral Angle Values for doxepin 

Molecule using B3LYP/6-311++G Computational. 

C2-C3-C4-C5 -0.12 ° 

C3-C4-C5-C6 0.07 ° 

H41-C39-042-C5 -171.31 ° 

H19-C15-C18-H21 0.032° 

 
Table5: Dipole moments (Debye) A dipole moment is the 
product of the magnitude of the charge and the distance 

between the centers of the positive and negative charges. It is 
denoted by the Greek letter ‘µ’. 

𝛍𝐱 𝛍𝐱 𝛍𝐱 𝛍𝐱 
1.6373 1.6373 1.6373 1.6373 

Table6: HLG (HOMO-LUMO gap, HOMO: Highest-occupied 
Molecular Orbital, LUMO: Lowest-unoccupied Molecular 

Orbital), eV 

EHOMO HLG ELUMO 

-0.22228 0.17896 -0.04332 

Fig.2: The molecular orbital extracted by using B3LYP/6-
311++G(d,p) method. 

Conclusions 
The B3LYP method with 6-311++G(d,p) basis set 
calculations have been carried out successfully to study 
the structural and thermodynamic properties of Doxepin 

drug molecule. Values of dipole moments, polarizabilities, 
atomic charge, electronic and Gibbs free energies, 
enthalpy and entropy have been calculated and analyzed. 
The IR and Raman spectra of Doxepin have also been 
produced and investigated. Frontier orbitals, the highest 
occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO), whit their HLG 
have been studied as well. 
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Abstract: Electronic properties of pure and hydrogenated BSb nanosheets were studied using DFT. Hydrogen 
was adsorbed on the BSb nanosheet with adsorption energy of -1.03 eV. Both structures exhibit direct band gap 
and semiconducting properties. But in the hydrogenated structure substantial changes were observed for the 
VBM and CBM. 
Keywords: BSb; Electronic; density functional theory; Hydrogen storage  
 

Introduction 
Nanosheets are one of the types of nanoparticles that are 
arranged as a two-dimensional single-layer or multi-layer 
array [1]. Hydrogen because of several advantages such 
as no CO2 emissions, abundance in nature, and high 
energy density is known as a unique and promising energy 
carrier [2]. Planar two-dimensional materials known from 
paired elements of groups III-V with a structure similar to 
honeycomb graphene, such as boron antimonide (h-BSb) 
nanosheets, have special electronic properties such as 
relative electron mobility, which make them suitable for 
field effect transistors (FET) [3]. In this study, the 
applicability of BSb nanosheet as H2 storage was studied 
using the quantum DFT methods. 
 

 
  

Fig. 1: The configuration of the (a) pure and (b) 
hydrogenated BSb nanosheets. 

 

Methods 
In  this study, the calculations are performed in the 
framework of density functional theory (DFT) and using 
the Quantum Espresso simulator (QE) by the Generalized 
Gradient Approximation (GGA) of Perdew, Burke, and 
Ernzerhof (PBE) functional for pseudopotentials. The 
kinetic energy cutoff  of the wave function was set to be 
80 RY and the charge density cutoff is 400 RY. Also, to 
optimize the network structure, the energy uncertainty of 

1x10-8 is consideed. The K-points considered for the pure 
(unit cell) and hydrogenated structur  were  chosen with a 
24x24x24 and 8x8x8 mesh, respectively. 

Results and Discussion 
Figure 1a shows a 3x3 structure of optimized pure single-
layer BSb nanosheet, and in Figure 1b, hydrogen 
absorption on both sides of the BSb nanosheet, on B 
atoms with 18 H2  molecules, was shown. The adsorption 
energy of -1.03 eV firms the potential applicability of BSb 
as a Hydrogen storage. The electronic properties of the 
both structures are shown in Figure 2 by examining the 
related band structure calculations. Symmetry  points  
(Γ→X→K→Γ)  are considered and the Fermi energy level is 
set at 0.0 eV. The band gap is about 0.331 eV for the pure 
structure in Fig. 2a and 0.326 eV for the hydrogenated 
structure in Fig.2 b. Both structures have a direct bandgap 
and are semiconducting, with the difference that in the 
pure structure, both energy bands (VBM, CBM) are 
located in the K vector, and in the hydrogenated 
structure, they are located in the Γ vector. 
  

Fig. 2: The calculated k-resolved atomistic  band structure of 
the, (a)  pure and (b) hydrogenated BSb nanosheets. 

Conclusions 
Hydrogen absorption on the BSb nanosheet with 
absorption energy of -1.03 eV shows that BSb nonosheet 
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can be used as a hydrogen storage, and the examination 
of the band structure shows that the pure and 
hydrogenated nanosheet  has semiconducting properties. 
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Abstract: The new Co(II) complex, {[Co(PZCA)2](NO3)2}n, containing pyrazine-2-carboxamide (PZCA) ligand have 
been synthesized. The complex characterized by elemental analysis, IR spectroscopy and single-crystal X-ray 
diffraction. According to the crystal data, this complex crystallizes in the space group P21/a of the monoclinic 
system and contains six molecules per unit cell. The unit cell dimensions are a=9.9211(17)Å, b=15.714(4)Å, 
c=10.506(2)Å and β=97.330(15)°. 
Keywords: Synthesis, Carboxamide, single-crystal, Co(II).  
 

Introduction 

The amide bond –C(O)NH– has long attracted much 
attention since it is an essential building unit in proteins 
[1]. Cobalt is a vital trace element that plays a key role in 
a variety of biological function is essential for making red 
blood cells (erythropoiesis) [2]. The first studies 
concerning the activities of cobalt complexes were 
reported in 1952. Many structurally characterized cobalt 
complexes have been involved in the binding of DNA and 
have antimicrobial, antifungal, antiviral, antioxidant and 
antiproliferative agents [3]. In 2020, synthesized and 
characterized Co(II)–carboxamide complex has been 
reported [4]. In this study carboxamide ligand and its 
Co(II) complex have been reported. 

Experimental Section  
A solution of (0.05 g, 0.41 mmol) pyrazine-2-
carboxamide in 2 mL CH3CN:CH3OH (3:1) was prepared 
and added to a solution of (0.06 g, 0.2 mmol) 
Co(NO3)2.4H2O in 2 mL of CH3CN:CH3OH (3:1). Its crystals 
were obtained by slow evaporation method and isolate 
after 3 days (m.p>300° (dec)). 

Results and Discussion 
The new Co(II) coordination was characterized by single-
crystal X-ray diffraction method, elemental analysis and 
IR spectroscopy. Also, the pyrazine-2-carboxamide was 
characterized by 1HNMR spectroscopy. 
 
X-ray structure analysis 
This complex (Fig.1) crystallizes in the space group P21/a 
of the monoclinic. Co(II) centers have an octahedral 
geometry formed by three nitrogen and two oxygen 
atoms of the pyrazine ligands and an oxygen atom of 

water molecule. Selected bond lengths and angles are 
presented in Table 1. 

 

Parameter Value 

Formula C10H12CoN8O9   
Formula 
weigh 

447.21   

Crystal 
system, 
space group 

Monoclinic 
P21/a  

a, Å 9.9211(17) 
b, Å 15.714(4) 
C, Å 10.506(2) 
β, ° 97.330(15) 
Volume, Å3 1624.5(6) 
Z 4 
D (calc.) 
[g/cm3] 

1.829 
 

Fig.1: ORTEP view with atom numbering scheme  and crystal 
data for Co(II) complex 

 

Table1: Selected bond distance (Å) and angles (°) for Co(II)–
carboxamide 

Bond distance (Å) Bond angles (º) 

Co1 - O1 2.086(14) Co1 - O1 - C1 117.8(12) 

Co1 - N2 2.143(19) Co1 - N2 - C2 117.5(14) 

O2 - C6 1.23(2) O3 - Co1 - N5 92.8(7) 

N2 - C5 1.37(3) O2 - Co1 - N5 76.7(7) 

N6 - C8 1.37(3) O1 - C1 - N1 120.4(17) 

C2 - C3 1.37(3) N1 - C1- C2 121.5(17) 

Also, there are several strong intermolecular N-H…O and 
O-H…O hydrogen bonding in the crystal packing of title 
complex (Table 2) 
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Table2: Hydrogen bond geometry (Å,°) 

D-H…X D-H H…X D…X DHX 
Symmetr

y code 

N1-H1A-O4 0.86 2.46 3.29(3) 162 1-x,-y,-z 

N4-H4B-O4 0.86 2.44 3.17(3) 143 1-x,-y,1-z 

O3-H3B-O4 0.84(7) 2.53(12) 3.09(3) 126(13) - 

O3-H3C-O8 0.84(4) 2.22(15) 2.80(3) 127(14) 1-x,-y,1-z 

Spectroscopic Data 

Fig. 2 shows the FTIR spectrum of Co(II)–carboxamide 
complex. The stretching vibrations of the NH2 appeared 
at 3427 and 3180 cm-1, and the band at 1722 cm-1 is 
related to stretching vibration of C=O and the band at 
1168 cm-1 is related to stretching vibration of C-N. 

 
Fig.2: IR spectrum of Co(II)–carboxamide Complex 

In the 1HNMR spectrum of ligand (See Fig.3), the signal at 
δ=9.19 ppm (s, 2H) is due to the  NH2, the proton of Ha of 
the pyrazine ring appear at δ=8.28 ppm (s, H) and 
protons of Hb and Hc of the pyrazine ring appear in the 
region of  δ=8.72-8.86 ppm (2H). 

 

Fig.3: 1HNMR spectrum of ligand 

 
 

Conclusions 
A new Co(II) complex of carboxamide ligand have been 
synthesized and characterized by elemental analysis, IR 
spectroscopy and single-crystal X-ray diffraction method. 
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Abstract: The new Mn(II) complex, [Mn(PZCA)(NO3)2]n, containing pyrazine-2-carboxamide (PZCA) ligand have 
been synthesized. The complex characterized by elemental analysis, IR spectroscopy and single-crystal X-ray 
diffraction. According to the crystal data, this complex crystallizes in the space group Fdd2 of the orthorhombic 
system and contains six molecules per unit cell. The unit cell dimensions are a=20.348(4)Å, b=27.186(5)Å and 
c=7.0642(14)Å  
Keywords: Synthesis, Carboxamide, Single Crystal, Mn(II).  
 

Introduction 
Manganese centres has function and applications in 
metalloenzymes, catalysis, imaging, neurotoxicity, and 
magnetic materials that cause to redox rich chemistry 
[1]. Carboxamide ligands have potential application in 
medicine, and has role as models for biologically 
important species from the standpoint of bioinorganic 
chemistry so these ligands and their metal complexes 
have been widely investigated [2]. The carboxamide 
linkage has attracted much attention because it can 
provide models from the standpoint of bioinorganic 
chemistry and it is an essential building unit in the 
primary structure of proteins [3]. In 2017, synthesized 
and characterized Mn(II)–carboxamide complex has 
been reported [4]. In this study a pyrazine carboxamide 
ligand and its Mn(II) complex have been reported. 

Experimental Section  
A solution of (0.05 g, 0.41 mmol) pyrazine-2-
carboxamide in 2 mL CH3CN:CH3OH (3:1) was prepared 
and added to a solution of (0.052 g, 0.2 mmol) 
Mn(NO3)2.4H2O in 2 mL of CH3CN:CH3OH (3:1). Its 
crystals were obtained by slow evaporation method and 
isolate after 2 h (m.p=133° (dec)). 

Results and Discussion 
The new Mn(II) coordination was characterized by 
elemental analysis and IR spectroscopy. Also, the 
pyrazine-2-carboxamide was characterized by 1HNMR 
spectroscopy. 
 
X-ray structure analysis 
This complex (Fig.1) crystallizes in the space group Fdd2 
of the orthorhombic system. Mn(II) centers have an 

octahedral geometry formed by two nitrogen and one 
oxygen atoms of the pyrazine groups and three oxygen 
atoms from two nitrate anions. Selective bond lengths 
and angles are presented in Table 1. 

 

Parameter Value 

Formula C5H5MnN5O7 
weigh 302.08 
Crystal 

system, space 
group 

Orthorhombic 
Fdd2 

a, Å 20.348(4) 
b, Å 27.186(5) 
C, Å 7.0642(14) 

Volume, Å3 3907.8(13) 
Z 16 

D (calc.) 
[g/cm3] 

2.054 
 

Fig.1: ORTEP view with atom numbering scheme  

(symmetry codes: (i) 1/4+x,3/4-y,3/4+z, (ii) 1/4-x,-1/4+y,-1/4+z  
and (iii) 1/4-x,1/4+y,1/4+z)  and crystal data for Mn(II) complex 

 Table1: Selected bond distance (Å) and angles (°) for 
Mn(II)–carboxamide 

Bond distance (Å) Bond angles (°) 

Mn1 - O1 2.202(2) Mn1 - O6 - N5 113.8(2) 

Mn1 - N3 2.279(2) O1 - Mn1 - O2 87.48(9) 

O4 - N4 1.263(3) Mn1 - N3 - C2 116.15(17) 

N3 - C2 1.341(3) O2 - N4 - O3 122.9(3) 

O1 - C1 1.240(3) O1 - Mn1 - O2 87.48(9) 

N1 - C1 1.319(4) O1 - C1 - N1 121.9(2) 

Also, there are several strong intermolecular N-H…O and 
O-H…O hydrogen bondings in the crystal packing of title 
complex (Table 2) 
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  Table2: Hydrogen bond geometry (Å, °) 

D-H…X D-H H…X D…X DHX 
Symmetry 

code 

N1-H1A-
O7 

0.87(5) 2.29(4) 3.022(5) 141(4) 
-1/4+x,1/4-

y,3/4+z 

N1-H1B-
O1 

0.90(5) 2.35(5) 3.172(3) 152(5) -x,-y, z 

 
Spectroscopic Data 

Fig. 2 shows the FTIR spectrum of Mn(II)–carboxamide 
complex. The stretching vibrations of the NH2 appeared 
at 3423 and 3180 cm-1, and the band at 1718 cm-1 is 
related to stretching vibration of C=O and the band at 
1166 cm-1 is related to stretching vibration of C-N. 

 
Fig.2: IR spectrum of Mn(II)–carboxamide complex 

In the 1HNMR spectrum of ligand (See Fig.3), the signal at 
δ=9.19 ppm (s, 2H) is due to the  NH2, the proton of Ha of 
the pyrazine ring appear at δ=8.28 ppm (s, H) and 
protons of Hb and Hc of the pyrazine ring appear in the 
region of  δ=8.72-8.86 ppm (2H). 

 
Fig.3: 1HNMR spectrum of Ligand 

 

 

Conclusions 
A new Mn(II) complex of carboxamide ligand have been 
synthesized and characterized by elemental analysis, IR 
spectroscopy and single-crystal X-ray diffraction method. 
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Abstract: The study explored tolterodine's potential as a therapeutic drug for urinary incontinence, employing 
Density Functional Theory (DFT) at the B3LYP/6-311+G level. Calculations included molecular optimization, force 
constants, and analyses of electronic energy, vibrational modes, and structural parameters, providing insights 
for drug-nanoparticle interactions in targeted drug delivery systems. 
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Introduction 
Multiple Sclerosis (MS): 
Nerve cells in the body are enveloped by myelin, a 
protective sheath produced by neuroglial cells [1]. This 
sheath, essential for signal transmission, also safeguards 
nerve cells [2], [3]. In multiple sclerosis (MS), the immune 
system mistakenly targets myelin sheaths, causing their 
destruction or affecting neuroglial cells and disrupting 
myelin production [4]. MS is fundamentally an 
autoimmune inflammatory disease [5]. Therapeutically, 
Tolterodine is considered, a muscarinic receptor 
antagonist discussed further in the article. 
Tolterodine: 
Ditropan, or Tolterodine, is a muscarinic receptor 
antagonist used for treating overactive bladder and 
urinary frequency [6]. Its chemical formula is C22H31NO, 
with an average molecular weight of 325.4876 grams per 
mole [7]. Tolterodine impacts M2 and M3 muscarinic 
receptor subtypes [8]. Post oral administration, liver 
metabolism produces 5-hydroxymethyl, a major active 
metabolite contributing significantly to the therapeutic 
effect [9]. Both Tolterodine and its metabolite exhibit high 
affinity for muscarinic receptors, with minimal activity on 
other neurotransmitter receptors or cellular targets like 
calcium channels [8], [9]. 

Experimental Section  
In the initial stage, the molecular structure of Tolterodine 
was designed using GaussView software, followed by 
quantum mechanical calculations at the B3LYP/6‒311+G 
theoretical level using Gaussian09 software. 

Results and Discussion 
Molecular calculations of the drug Tolterodine were 
performed using the GaussView software at the B3LYP/6‒
311+G theoretical level, and the structural parameters 
were reported.Using the GaussView software, the 
molecular structure of interest was initially designed in 
this software (Fig.1). 

 

 
Fig.1: The optimized structure of Tolterodine at the B3LYP/6‒

311+G level. 

Thermodynamic values for the structure of Tolterodine at 
the B3LYP/6‒311+G computational level are reported: 
Total Energy: 318.64 kcal/mol;Electronic Energy: 
-619507.84 kcal/mol;Zero-Point Energy: -619205.18 
kcal/mol;Enthalpy: -619188.60 kcal/mol;Gibbs Free 
Energy: -619241.32 kcal/mol;Specific Heat Capacity: 
97.78 cal/mol;Entropy: 176.80 cal/mol·K 
Table 1: Calculated Bond Length Values for Tolterodine 
Molecule using B3LYP/6-311+G Computational Method . 

Table 2: Calculated Bond Angles Values for Tolterodine 
Molecule using B3LYP/6-311+G Computational.  

Table 3: Calculated Dihedral Angle Values for Tolterodine 
Molecule using B3LYP/6-311+G Computational.  

Table1: Bond Lengths 

N20-

C17 

C44-

C50 

C42-

C44 

O54-

C43 

C43-

C41 

C21-

N20 

1.48 1.51 1.40 1.38 1.40 1.48 

Table 2: Bond Angles 

C17-N20-

C31 

C43-

O54-

C46 

C41-

C12-C3 

C23-

C27-

C21 

C4-C3-

C2 

C14-

C12-

C41 

113.90 121.27 111.57 108.41 118.01 113.67 
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Table 4: Calculated Dipole Moments Values for 
Tolterodine Molecule using B3LYP/6-311+G 
Computational. 

Table 4: Dipole Moments 

xµ yµ zµ totµ 

-0.17 1.79 0.47 1.86 

Table 5: Calculated HOMO-LUMO Energy Gap Values for 
Tolterodine Molecule using B3LYP/6-311+G 
Computational.. 

                                        HLG = -0/22 eV 

 

Fig2.The molecular orbital shapes of the HOMO and LUMO of 
the Tolterodine molecule at the B3LYP/6‒311+G level. 

 

Fig3. Atomic Charges for Tolterodine Molecule at B3LYP/6‒
311+G Level. 

IR Spectrum Vibrational Frequencies:The IR spectrum, 
known for its heightened sensitivity in discerning 
molecular chemical and structural traits, finds extensive 
applications in chemistry, physics, biochemistry, and 
pharmaceuticals. In the presented spectrum, the most 
prominent peak at 316.896 signifies oscillations per 
second, positioned on the left side of the chart. The value 
683.632 on the right denotes the dielectric constant. 
Notably, three distinct peaks are discernible in this IR 
spectrum. 

 

Fig 4.Vibrational Frequency in IR Spectrum for Tolterodine 
Molecule at B3LYP/6‒311+G Level. 

Conclusions 
Research indicates Tolterodine’s efficacy in treating 
multiple sclerosis (MS) and overactive bladder, with 
demonstrated effectiveness and tolerance in various age 
groups. Initial modeling of Tolterodine's structure used 
Gaussian and Gauss View software, followed by B3LYP/6-
311+G method optimization. Three-dimensional dipole 
moments and a total electric dipole vector (1.86 Debye) 
were determined. The HOMO-LUMO energy gap, vital for 
electronic, optical, and redox properties, was -0.22 eV. 
Thermodynamic values, bond lengths' impact on 
molecular behavior, and structural parameters were 
calculated using B3LYP/6-311+G. Atomic charges, bond 
angles, and lengths, alongside drug-nanoparticle 
interactions for targeted drug delivery, were discussed. 
The drug molecule's optimization yielded the lowest 
energy level without encountering negative frequencies. 
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Table 3: Dihedral Angle 

C3-C4-

C5-C6 

C46-

O54-

C43-

C41 

C17-

N20-

C31-

C37 

C41-

C12-

C14-C17 

C50-

C44-

C42-

C47 

O54-

C43-

C41-C42 

-0.01 179.49 61.67 63.66 179.04 179.32 

Table 5: HOMO-LUMO Energy Gap 

EHOMO HLG ELUMO 

-0.20 -0.22 -0.02 
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Abstract: Carbon nanotubes were used as drug carriers to increase curcumin's efficacy and bioavailability. The 
MTT colorimetric technique was used to evaluate the effects of pure MWCNT, pure CUR, and ƒ-MWCNT-CUR 
on cell division. The nanocarrier showed good efficiency and stability in drug loading and release, making it a 
smart and biocompatible drug delivery system for curcumin to cancer cells. 
Keywords: Drug Delivery; Breast Cancer; ƒ-MWCNT; Curcumin; MTT assay. 

 

Introduction 
Breast cancer is a common and deadly disease in women, 
with surgery being the most effective treatment. 
Chemotherapy is widely used as adjuvant therapy for 
women with tumors larger than 1cm, but it often causes 
severe side effects and is non-specific to cancer cells. 
Nanotechnology has been used to improve drug delivery 
by using nanoparticles, which have beneficial properties 
such as size, high surface area-to-volume ratio, and ability 
to permeate cells [1]. The development of novel 
chemotherapeutic drug delivery technologies is crucial. 
Carbon nanotube (CNT) is a synthetic nanomaterial 
composed of carbon atoms that has been explored for 
targeted drug delivery in cancer treatment, tissue 
engineering, and other applications. CNTs have a high 
aspect ratio, making them suitable for delivering 
therapeutically active molecules into a single cell [2, 3]. 
One of the drugs that is effective in the treatment of 
cancer is found in turmeric. 

Turmeric, a plant known for its medicinal properties, has 
been studied for its antioxidant, immunomodulatory, 
anti-inflammatory, antimicrobial, anti-carcinogenic, 
hypolipidaemic, antitumor, radioprotective, hepato-
protective, neuroprotective, nephroprotective, cardio-
protective, and vasoprotective activities. Curcumin, a 
polyphenol component in turmeric, has been shown to 
have anticancer activity due to its absence of side effects. 
However, its solubility in water is low, making it less 
applicable in other biomedical fields. Therefore, this 
problem can be solved by targeted drug delivery 
technology [4-6]. This research focuses on the 
functionalization of MWCNTS and the use of ƒ-MWCNT as 
a carrier of curcumin. The drug loading capability and 
release requirements of ƒ-MWCNTS were evaluated, and 
the anti-cancer properties of compounds on MCF-7 cells 
were evaluated using MTT. 

Experimental Section  
1. Cutting and oxidation of MWCNTs 
MWCNTs were stirred in a mixture of sulfuric acid and 
hydrogen peroxide for several hours at room 
temperature. Then it was diluted with distilled water and 
filtered with filter paper. After separation, it was washed 
with distilled water, distilled water, and sodium hydroxide 
solution, and finally, distilled water and hydrochloric acid 
until a neutral pH was reached. And finally, MWCNT-
COOH (ƒ-MWCNT) was obtained as a black solid. 

2. Physically loading of CUR on CNT 
First, ƒ-MWCNT and curcumin were dissolved separately 
in distilled water and DMSO, respectively. The solutions 
were combined and placed on a stirrer at room 
temperature for several hours. Then the resulting product 
was separated from the final solution by centrifugation. 

Results and Discussion 
The ƒ-MWCNT-CUR nanocomposite containing curcumin 
loading on carbon nanotubes at room temperature was 
evaluated by a UV-Vis spectrophotometer, which showed 
a broad absorption peak in three points. Carboxylated 
MWCNTs were purified and characterized, with FTIR 
spectra showing C-C stretching, graphite structure, and 
C=O stretching in the carboxylic acid group. A 
transmission electron microscope  was used to examine 
the size and  morphology  of nanotubes. Oxidized MWCNTs 
and ƒ  MWCNT-CUR consisted of a tubular structure and 
were in  the nanometer size range. The melting point of 
CUR was  indicated by an endothermic peak at 184.56 °C, 
while a  single endothermic peak at 163.4 °C was observed 
in the  DSC thermogram of ƒ-MWNT-CUR. Dynamic Light 
Scattering (DLS) technique was used to measure the  
particles and effective size of ƒ-MWCNT-CUR. The 
hydrodynamic diameter with the obtained polydispersity 

665 

mailto:nabitabarhasti@yahoo.com


            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

index (Table 1) makes it a suitable option for biological 
applications. DLS can  measure the ζ-potential of 
nanoparticles, which is an  important factor in determining 
their electrostatic  stability. Nanoparticle suspensions with 
high zeta  potential values usually show good stability. 
Positively  charged particles provide good physical stability 
to the  formulation.  The entrapment efficiency of 
Curcumin  (CUR) with Nanotubes (CNTs) was determined 
using  dialysis equilibrium diffusion in PBS with pH levels 
of 4.4  and 7.4. The release pattern of CUR from CUR-
MWCNTs  was studied in vitro, showing an initial rapid 
release  followed by a sustained pattern lasting up to a 
certain  number of hours.  Also, examined the impact of 
pure ƒ  MWCNT, pure CUR, and ƒ-MWCNT-CUR on cell 
division  using the MTT assay. The IC50 values showed 
that  combining curcumin with CNT can improve their 
effectiveness against cancer. The study found that ƒ  
MWCNT-CUR had a more significant impact on cancer 
treatment with minimal toxicity compared to pure 
curcumin and ƒ-MWCNT alone. 
 

 
(a) 

 
(b) 

Fig.1: The TEMs of ƒ-MWCNT-CUR (a), The release profiles 
of the CUR in different PH=4.4 and 7.4 (b) 

 

 

Table 1. DLS and Z-potential Obtained results. 

  
Size 

(d.nm) 
% Intensity 

St Dev 
(d.nm) 

Z-Average 
(d.nm): 58.1 

Peak 1: 169.4 95.4 82.5 

PDI: 9.95 Peak 2: 547 4.6 187 

Result quality: 
efficient 

    

 

Zeta Potential (mv): 34.6 PDl: 4.51 Conductivity (uS/cm): 49 

Result quality: efficient  

Conclusions 
This study presents a new approach for intracellular 
delivery of curcumin using a biodegradable 
nanostructure. The ƒ-MWCNT-CUR nanocarrier is 
designed to target tumors and has exceptional 
biocompatibility and stability. The drug delivery system 
specifically releases into the lysosomal compartment with 
remarkable controlled release capabilities for curcumin. 
Studies show that curcumin's anti-cancer properties are 
enhanced when administered by a drug delivery system. 
However, bioavailability is limited due to reduced 
solubility and poor drug absorption. This study aims to 
investigate the benefits of using ƒ-MWCNT-based 
nanocarrier for curcumin drug delivery and compare it 
with pure β-MWCNT and curcumin. 
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Abstract: Carbon nanotubes (CNTs) have shown potential as delivery systems for medicinal substances and gene 
treatments, particularly in cancer treatment. Co-delivery of curcumin and methotrexate has shown promise due 
to fewer drugs and side effects. CNTs' unique properties, including high specific surface area, chemical stability, 
and multiple drug loading, make them desirable for targeted drug delivery. 
Write your abstract here, not more than 50 words. 
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Introduction 
Cancer is a major cause of death, affecting 13% of all 
fatalities. Treatment includes radiation therapy, 
chemotherapy, and surgery. Chemotherapy faces 
challenges in distributing the drug evenly without 
harming healthy cells. Nanoparticles have gained focus 
due to their unique properties, addressing these 
challenges in cancer treatment [1]. Nanocrystalline 
semiconductor particles are considered for drug delivery 
due to their nontoxicity, high activity, strong magnetic 
conductivity, solubility, and high surface-to-volume ratio. 
CNTs have therapeutic potential, particularly in cancer 
treatment and development novel diagnostics, and 
nanosensors. Surface functionalizing CNTs to the 
appropriate dimensions can partially reduce negative side 
effects like inflammation, fibrosis, and carcinogenesis [2, 
3]. Cancer inhibitors are crucial for cancer treatment, and 
their efficacy in therapy is undeniable. One of the drugs 
that can be included in the targeted drug delivery system 
is methotrexate (MTX). MTX is a cancer treatment drug 
that inhibits the DHFR enzyme, suppressing thymidine 
production and affecting mitotic cell division. Its 
teratogenic effects vary based on dosage and duration [4]. 
Curcumin can also be used as an anti-cancer drug. 
Curcuma longa, the plant responsible for turmeric, 
produces curcumin (CUR), a substance with numerous 
biological properties that are effective for treating various 
illnesses [5]. However, CUR's low solubility in water-based 
solutions limits its effectiveness as a therapy. Two trials 
evaluated the effectiveness of combining CUR with 
gemcitabine for treating advanced pancreatic cancer [6]. 
The study developed a dual drug delivery system using 

multiwall carbon nanotubes (MWCNTs) to efficiently 
deliver methotrexate and curcumin to cancer cells. The 
nanoparticles were loaded onto MWCNTs, evaluated for 
loading capacity and drug release, and tested on MCF-7 
breast cancer cells, providing insights for cancer 
treatment. 

Experimental Section  
1. Functionalization of CNT 

MWCNTs were dissolved in a solution containing sulfuric 
acid and hydrogen peroxide. Then it was filtered. After 
separation, it was washed with sodium hydroxide solution 
and sulfuric acid to reach a neutral pH. Finally, MWCNT-
COOH was obtained as a black solid. 

2. Conjugation of MTX on BSA (BSA-MTX) 

The drug methotrexate (MTX) and bovine serum albumin 
(BSA) were conjugated to each other by (EDC) 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride and N-Hydroxysuccinimide (NHS) and the 
MTX-BSA compound was obtained. 

3. Physically loading of CUR and MTX-BSA on MWCNT 

ƒ-MWCNT, MTX-BSA, and curcumin were dissolved in 
distilled water and DMSO separately. The solutions were 
combined and placed on a stirrer at room temperature for 
several hours. Then the obtained product was separated 
from the final solution by centrifugation. 

Results and Discussion 
Dynamic Light  Scattering (DLS) technique measured the 
particles and effective size of ƒ-MWCNT-CUR. The 
hydrodynamic diameter with the obtained polydispersity 
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index (Table 1) makes it a suitable option for biological 
applications. DLS can  measure the ζ-potential of 
nanoparticles, which is an  important factor in determining 
their electrostatic  stability. Nanoparticle suspensions with 
high zeta  potential values usually show good stability. 
Positively  charged particles provide good physical stability 
to the formulation. 
The drug release study shows that the release of MTX 
occurs before a 12-hour interval and the enzymatic 
release is faster than the hydrolytic release. The release 
of MTX from ƒ-MWCNT-CUR-BSA-MTX was faster in the 
presence of the enzyme so 67% of MTX was released after 
12 h in the presence of the enzyme. This study also 
emphasizes the importance of the lysosomal 
compartment in drug release and the potential use of 
enzymes to enhance drug release. It also shows that the 
initial release of CUR from nanoparticles is pH sensitive, 
which can be useful for anticancer drug delivery. 
The effect of drugs and drug delivery systems on cell 
division was investigated using the MTT method. The IC50 
values obtained from the carbon nanotube-based drug 
delivery system indicate its potential as a cancer 
prevention and treatment strategy that can improve its 
effectiveness against MCF-7 cells. 
 

(a) (b) 

Fig.1: The release profiles of (a) the MTX with and without 
Proteinase K enzyme at pH 7.4, (b) The CUR in two PHs. 

Table 1. DLS and Z-potential Obtained results. 

  
Size 

(d.nm) 
% 

Intensity 
St Dev 
(d.nm) 

Z-Average (d.nm): 58.1 
Peak 

1: 
233 98.5 56.1 

PDl: 9.95 
Peak 

2: 
934 1.5 215.9 

Result quality: efficient     

Zeta Potential (mv): 34.1 PDl: 9.95 Conductivity (uS/cm): 48 
Result quality: efficient 

Conclusions 
Based on the obtained results, it can be concluded that a 
new method has been developed to distribute MTX and 
CUR in living cells using a biodegradable nanostructure 
that targets tumors.  The ƒ-MWCNT-based nanocarrier 
exhibits excellent biocompatibility and stability when 

used as a component of CNT. Studies show that a 
combination of CUR and BSA-MTX increases anti-cancer 
effects, potentially proving promising for breast cancer 
treatment and chemoprevention. Nanocarrier-based 
delivery systems offer advantages such as better 
pharmacokinetics, reduced drug interactions, and 
personalized drug release, making them a promising 
approach for advanced cancer treatments. They are 
valuable methods for minimizing side effects. 
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Abstract: The sol-gel method created MgFe2O4 magnetic nanoparticles to remove organic pollutants such as 
industrial dyes. The structure and properties of nanoceramics were investigated using XRD, SEM, and FTIR 
spectroscopy. Decolorization under visible and UV light showed high photocatalytic activity, which indicates the 
efficiency of the method in the decolorization of colored pollutants on a larger scale. 
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Introduction 
Industrialization has led to the introducing of pollutants 
into the environment, particularly paints, which are highly 
toxic due to their aromatic ring structure and double 
nitrogen bonds. Traditional treatment methods for these 
dyes are inefficient, leading researchers to propose 
biological and chemical methods for removing dye. 
Biological treatment involves decolorizing and 
mineralizing effluents [1-3], while chemical methods 
include advanced oxidation processes like photo-Fenton 
and photocatalytic processes. Photocatalytic processes 
involve excited electrons from a light source, forming 
hydroxyl radicals that can attack organic structures. 
Photocatalysts like TiO2, ZnO, ZrO2, CeO2, and ZNS are 
suitable for removing many azo dyes. Magnesium oxide 
(MgO) is a semiconductor compound known for its high 
light sensitivity, non-toxic nature, stability, wide energy 
gap, and high electron production efficiency [4-7]. This 
study aimed to determine the technical basis of the UVA 
/ MgO photocatalytic process using the bioactive dye Red 
198 as a model contaminant. 

Experimental Section 

2.1. Synthesis of MgFe2O4 magnetic nanoparticles 
Magnesium and iron nitrate salts were used to prepare 
MgFe2O4 magnetic nanoparticles. In such a way that each 
one was dissolved separately in deionized water and then 
the solutions were combined. Then the solution was 
heated at a high temperature for several hours. After that, 
it was dried and calcined. 

2.2. Method of performing photocatalytic reaction to 
remove dye 
To evaluate the photocatalytic activity, MgFe2O4 
nanoparticles were added to solutions with specific 
concentrations of Congo and Basic Red and dispersed in 
the solution using an ultrasonic device. Then, the final 
solution was subjected to a colorimetric test in time, 
concentration, and temperature parameters in three 
conditions darkness, UV lamp light, and visible light. A 
spectrophotometer was also used to measure the 
degradation of Congo and Basic Red. 

Results and Discussion 
X-ray diffraction patterns were used to analyze 
magnesium ferrite nanostructures, which were calcined 
at 700°C to obtain pure MgFe2O4 nanostructures. The 
crystal phases, size, and parameters of the crystal lattice 
were determined. Field emission electron microscopy 
(FESEM) analysis confirmed the reactivity and optical light 
absorption properties of the nanophotocatalyst. VSM 
technique was used to measure the magnetic properties 
of the prepared magnesium ferrite nanoparticles. Figure 
1(a) and Table 1 show the residual ring of the magnesium 
ferrite sample synthesized with a Fe/Mg molar ratio equal 
to 2:1 at 700°C. According to the residual loop, the 
synthesized compound has shown superparamagnetic 
properties. Figure 1(b) related to the UV-Vis spectrum 
showed that nanoparticles performed well in 
photocatalytic flow. 
 

(a) 
(b) 

Fig.1: VSM diagram of MgFe2O4 magnetic nanoparticles (a), 
UV-vis spectra recorded from dye absorption under UV and 

visible light (b) 

 

Table 1: Magnetic parameters of the MgFe2O4 nanoparticles 

Sample Ms (emu/g) Hc (Oe) Mr (emu/g) Mr/Ms 

Fe/Mg=2:1 10.84 1000 4.5 0.415 

 

It was also concluded that the decolorization of Basic Red 
occurred faster than Congo Red. The band gap value of 
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2.62 ev indicated that nanoparticles can act as 
photocatalysts in the wavelength range of 400-550 nm for 
Congo red and 400-600 nm for basic red in visible and UV 
light. 

Conclusions 
In this research, magnesium ferrite nanostructures were 
synthesized by the sol-gel method and then by the 
calcination process. The produced magnesium ferrite 
nanostructures are in the form of nanospheres and their 
single crystal diameter is approximately 11 nm. Using UV-
Vis analysis, the band gap value of 2.62 ev was obtained, 
and therefore this material can act as a photocatalyst in 
the range of visible wavelengths and UV lamps. Also, the 
magnetic properties of prepared nanoparticles increase 
the rate of degradation. Also, the results showed that due 
to the small size of the particles and the availability of 
more active areas on the surface of the catalyst, better 
light scattering and light coverage surface, color 
degradation in less time and with higher quality. 
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Abstract: In this study, the initial steps involve the preparation and characterization of a new Schiff base 
complex of copper(II) that is immobilized on CoFe2O4@SiO2 nanoparticles. This process is thoroughly examined 
using techniques such as FT-IR, VSM, TGA, and XRD. Subsequently, the application of the CoFe2O4@SiO2-Schiff 
base-Cu(II) complex as a recyclable catalyst for the synthesis of bis(6-amino-1,3-dimethyluracil-5-yl)methanes 
is detailed.  
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Introduction 
Uracil is widely recognized as a fundamental component 

in bioactive natural products and serves as a key building 

block for numerous bioactive nitrogen-rich heterocycles  

[1]. Uracil derivatives are known for their diverse medical 

and biological activities, which include antiviral, 

anticancer, adenosine receptor antagonism, antifungal, 

antibacterial, insecticidal, acaricidal, thymidylate 

synthase inhibition, and antiproliferative effects [2]. The 

synthesis of bis(6-amino-1,3-dimethyluracil-5-

yl)methanes can be achieved through the reaction of 6-

amino-1,3-dimethyluracil (2 equivalents) with aldehydes 

(1 equivalent), with several catalysts having been 

identified for this process [3-7]. Addressing these 

challenges, various metal complexes have been attached 

to inorganic supports, including magnetic nanoparticles, 

which offer enhanced catalytic performance, selectivity, 

and ease of separation [8]. 

in the present study, first, we synthesized and 

characterized copper(II) complex of tetradentate 

Schiffbase ligand immobilized onto CoFe2O4@SiO2 as a 

heterogeneous nanocatalyst and applied it for the 

synthesis of bis(6-amino-1,3-dimethyluracil-5-

yl)methanes. 

Experimental Section  

Anchoring of copper(II) Schiff-base complex onto 
CoFe2O4@SiO2 
CoFe2O4@SiO2-NH2 (1.0 g) was added to copper(II) Schiff-

base complexes (1.5 mmol) in ethanol solvent (10.0 mL) 

under stirring at room temperature for 24 h. The solid 

product was separated by centrifuging and washed three 

times with EtOH (3˟5 mL). Finally, the solid product was 

dried at 60  ̊C in a vacuum. 

General procedure for the synthesis of bis(6‑amino‑1,3

‑dimethyluracil‑5‑yl)methanes derivatives 

To begin the reaction, a mixture of 6-aminouracils  

(1mmol), aldehydes (0.5 mmol), and CoFe2O4@SiO2- 

Schiff base Cu(II) (0.05 g) as a catalyst in water (5 mL) 

were added. The reaction mixture was then stirred 

vigorously at room temperature. The progress of the 

reaction was monitored by thinlayer chromatography 

(TLC). After completion, the product separated by 

filtration and was dissolved in warm ethanol. The 

catalyst was then separated using an external magnet 

from the aqueous ethanol [9]. 

Results and Discussion 

The XRD patterns of CoFe2O4 (a) and CoFe2O4@SiO2 (b) 

CoFe2O4@SiO2-Schiff base- Cu(II) show characteristic 

peaks at 74.5, 63.0, 57.3, 53.9, 43.3, 35.8 and 30.4 ͦ, 

attributed to the 533, 440, 511, 422, 400, 311 and 220 

planes of CoFe2O4, respectively (Figure 2(a)). These data 

are according to the standard CoFe2O4 sample (standard 

JCPDS no. 22-1086) and confirm a cubic spinel structure 

for CoFe2O4 nanoparticles [13]. The broad peak at 

2θ=20-27̊ can be attributed to the amorphous SiO2 

coated on the surface of CoFe2O4 core in CoFe2O4@SiO2-

Schiff-base-Cu(II) nanostructure (Figure 2(b)). 
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Fig.1: XRD pattern for CoFe2O4 (a), CoFe2O4@SiO2 (b), 
CoFe2O4@SiO2- Schiff base Cu(II) (c). 

 

The FT-IR spectrum of magnetic CoFe2O4@SiO2 

nanoparticles show the characteristic Fe-O and Co-O 
absorption bands at 594 and 389 cm-1. Also, a broad 
band at 3380 cm-1 refers to stretching vibrations of H-O-
H groups on the surface of nanoparticles. Bands at 1084 
cm1, 798 cm1 and 457 cm1 which are attributed to the 
asymmetric stretch, symmetric stretch, in plane bending 
and rocking mode of the Si–O–Si group, respectively, 
that confirm the formation of the SiO2 shell (Figure 2(a)). 
FT-IR spectrum of CoFe2O4@SiO2-Schiff base the 
observed peaks at 1644 cm_1 represent the stretching 
band of imine (C═N) nitrogen groups of Schiff-base 
(Figure 2(b). The shift of the (C═N) stretching band to 
around 1604 cm_1 suggests the coordination of ligand to 
the copper ion (Figure 2(c). 
 

 
Fig.2: The IR spectra for CoFe2O4@SiO2 (a), CoFe2O4@SiO2- 

Schiff base (b) CoFe2O4@SiO2- Schiff base Cu(II) (c). 
 

Conclusions 
To conclude, the copper(II) complex featuring a 
tetradentate Schiff base ligand anchored to 
CoFe2O4@SiO2 [CoFe2O4@SiO2- Schiff base Cu(II)] was 
effectively synthesized and subjected to characterization 
using various methods, including FT-IR, FE-SEM, and XRD. 
The notable benefits of this approach encompass brief 
reaction durations, gentle conditions, yields ranging from 
good to excellent, and the minimal use of the 
nanocatalyst. 
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Abstract: One of the most common-colored pollutants in nature is methylene blue, which, due to its widespread 
use, has destructive effects on organisms and the environment. Among the metal oxides are titanate perovskites 
with the general formula MTiO3 (M = Ni, Co, ...). Nickel titanate is one of the perovskites that has high stability 
that have a band gap of 2.1 to 2.9 electron volts. But this compound also has weak points, which has been tried 
in this research by using the composite of this compound with nano Plasmonic particles, which have LSPR effect, 
such as: gold, silver, copper, etc. (in this research, silver nanoparticles were used.) to improve the properties of 
this photocatalyst. Finally, a photocatalytic test was performed to degrade the methylene blue pollutant, and 
during 180 minutes of visible light irradiation, we had 64.72% and 90.16% for NiTiO3 micro-rods and NiTiO3/Ag 
micro-composite, respectively, in the presence of 75 μl of H2O2, 33-35%. 

Keywords: NiTiO3 micro rods; LSPR effect; Photocatalyst  

 

Introduction 
Methylene blue (MB) is one of the most common colour 
pollutants in nature, wide of applications. One of the new 
methods of wastewater treatment is photodegradation, 
which is an advanced and economic technology [1]. A 
group of metal oxides are titanate perovskites, which are 
represented by the general formula MTiO3 (M = Ni, Co, Cd, 
Pb...), which among the advantages of these compounds 
can be Tunable optical properties, high corrosion 
resistance, high recovery cycle and more are mentioned. 
Nickel titanate (NiTiO3) is known for its narrow band gap 
(in the range of 2.1 to 2.9 ev). Despite the great advantages 
that nickel titanate has, it also has some disadvantages 
that can be largely overcome [2]. One of these methods is 
the use of plasmonic metals such as silver, which is called 
the LSPR effect. In this work, we intend to synthesize silver 
composite with nickel titanate because of the synergism of 
silver plasmonic nanoparticles (LSPR effect) with NiTiO3 
microrods, which provides a promising way to increase the 
photocatalytic [3]. 
Experimental section 
For the synthesis of NiTiO3 micro-rads, Ni(ac)2.4H2O is first 
dissolved in 36 ml of ethylene glycol. Then it was added 
drop by drop to the previous solution of tetra-n-butyl 
titanate (TNBT) and stirred. After that, the obtained 
precipitate was washed several times. Then at a 
temperature of 60°C, dry completely and calcined at 
600°C. The synthesized NiTiO3 was abbreviated as NTO [2]. 
Synthesis of NiTiO3/Ag composite: At first, the synthesized 
NiTiO3 micro-rods were dispersed in distilled water, which 
from now on we call solution A, then AgNO3 is dissolved in 
distilled water and a reducing agent (NaBH4) is added to 
the solution was stirred, from now on we will call this 
solution B solution. Next, solution B was added to solution 

A and the mixture of these two solutions was stirred and 
NiTiO3/Ag composites were separated from the solution. 
Then the sediment obtained was washed and dried at 
60°C, and the final product was named NTO/Ag [3]. 
Results and Discussion 
The crystal structures of NTO and synthesized NTO/Ag 
composites were investigated using XRD analysis. Figure 
(1a) shows the XRD patterns for NTO and NTO/Ag. XRD 
pattern of NTO microrods characteristic peaks in 2θ values 

(64.09⸰, 54.02⸰, 40.83⸰, 35.64⸰, 33.09⸰ and 24.14⸰) These 
peaks correspond to (024), (214), (1010), (220), (0210) and 
(134) are rhombohedral crystal planes. which confirms the 
rhombohedral crystal structure of NTO. XRD pattern of 
NTO/Ag micro composites It shows peaks which are 
consistent with the peaks of NTO, in addition, new peaks 

were observed in 2θ values at 38.30⸰, 44.50⸰, 64.77⸰, 

77.83⸰, 81.88⸰ corresponding to the planes (111), (002), 
(022), (113), (222) respectively. That these peaks can be 
attributed to the presence of Ag nanoparticles on the 
surface of NTO micro-rods. FT-IR technique was used to 
prove the presence of silver plasmonic metal nanoparticles 
on the surface of NTO micro-rods. Figure (1b) shows the 
FT-IR spectrum of NTO micro-rods and NTO/Ag micro-
composites. In the spectrum of NTO, two index peaks are 
observed at 451.26 cm-1 and 1557.32 cm-1, which are 
related to Ni-O and Ti-O stretching vibrations, respectively. 
These peaks have minor changes in NTO/Ag micro 
composites, which appeared at 458.97 cm-1 and 1559.25 
cm-1, respectively, which indicates of Ag plasmonic metal 
nanoparticles in the NTO matrix. Also, the broad peak you 
see at 3450.02 cm-1 is related to vibrations O-H stretching 
vibrations. Also, a sharp peak with low intensity at 1386.56 
cm-1, which is related to O-Ti-O stretching vibrations. In 
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addition, a new peak was observed in the NTO/Ag micro 
composite spectrum at 2339.23 cm-1, which is not 
observed in the NTO microrods, which indicates Ag-O 
stretching vibrations. 

  

Fig.1: (a) XRD pattern of pure NTO microrods and NTO/Ag 

microcomposites (b) FTIR spectrum of NTO microrods and 

NTO/Ag micro composites 

The FESEM image showed the formation of rhombohedral 
NTO microrods with an average length of 3.69 μm and an 
average diameter of 1.14 μm. (Figure 2a) These microrods 
show a distinct morphology and almost uniform size 
distribution. (Figure 2b) Spherical Ag plasmonic metal 
nanoparticles with a diameter ranging from 30 to 100 nm 
are observed. 

  

Fig.2: FESEM images (a) NTO micro-rods and (b) NTO/Ag 
micro composites 

UV-Vis’s spectroscopy was used to determine the optical 
properties of NTO microrods and NTO/Ag micro 
composites. NTO microrods showed an absorption edge at 
502 nm. While the absorption edge of NTO/Ag micro 
composites appeared at 582 nm, that indicates the 
decrease in energy between the valence band and the 
conduction band (Band Gap) of NTO/Ag micro composites 
compared to NTO microrods (Figure 3a). DRS analysis also 
showed that the band gap of NTO microrods and NTO/Ag 
micro composites is 2.45 ev and 2.12 ev respectively 
(Figure 3b). It can also indicate that Ag nanoparticles are 
well integrated with NTO microrods and have formed a 
heterogeneous connection. 

  

Fig.3: In figure )a) UV-Vis spectrum and absorption edges and 
)b) DRS and Band Gap obtained for NTO microrods and 

NTO/Ag micro composites 

The photocatalytic activity of NTO micro-rods and NTO/Ag 
micro-composites was investigated for the degradation of 
methylene blue (MB) dye in aqueous solution under visible 
light irradiation. (Figure 4a) Degradation rate of 50 ml, MB 
with a concentration of 10 ppm in the presence of 50 mg 
of NTO micro-rods and (Figure 4b) shows NTO/Ag micro 
composites in the presence of 50 mg for 180 minutes. 75 
μl H2O2 33-35% was added. The removal efficiency for 
methylene blue (MB) pollutant for NTO and NTO/Ag in the 
presence of 180 minutes of light was 64.72% and 90.16%, 
respectively. 

  

Fig.4: Absorption spectrum for photodegradation of 
methylene blue (MB) (a) for NTO microrods (b) for NTO/Ag 

micro composites 

Conclusion 
In general, this study reports the synthesis, 
characterization, and application of NTO/Ag micro 
composites. to give the morphological and structural 
properties of NTO/Ag micro composites were investigated 
and analysed using FESEM, XRD, FTIR, DRS, UV-Vis’s 
techniques and the successful synthesis of this compound 
was proved. Band gap of NTO and NTO/Ag is 2.45 ev and 
2.12 ev, respectively. Evaluating the results showed that 
NTO/Ag micro composites show more activities compared 
to pure NTO microrods. to give showed 90.16% and 
64.72% degradation of the pollutant in visible light 
radiation for 180 minutes, that the improvement of 
photocatalytic performance can be attributed to the 
formation of Ag-O-Ti bridges, which causes better charge 
transfer and production of more active species. 
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Abstract: With the increasing development of industries, water pollution by organic pollutants such as dyes has 
become a serious environmental crisis. The purpose of this research is to design and synthesize a nanocomposite 
based on LDH to enhance the separation of charge carriers and improve the photocatalytic performance for the 
decomposition of the MB dye under visible light irradiation. Nanocomposite prepared via hydrothermal and co-
precipitation methods. Various analyses including FT-IR, FE-SEM, TEM, XRD, EDX, UV-Vis DRS, DLS, Zeta 
Potential, PL, CV, EIS, TPC, and LSV were conducted to characterize and study the synthesized samples. The 
effect of adsorption, amount, and pH on the photocatalytic efficiency was investigated. Active agents were 
identified by scavengers, and a photocatalytic degradation mechanism was proposed. 

Keywords: Layered double hydroxides; Photocatalyst; Methylene blue 

 

Introduction 
The increase in urbanization and the rapid growth of 

industries, as well as the increase in population and the 

resulting increase in demand, have caused a severe 

shortage of clean water resources. Among the different 

methods of removing pollutants, AOPs have advantages 

such as fast reaction speed, decomposition of target 

compounds into harmless minerals such as CO2 and H2O, 

and providing different routes for generating OH., O2
.- and 

other reactive species.[1, 2] 

Layered double hydroxides (LDH) have the  structural 

formula [M1−x
2+Mx

3+ (OH)2]x+ (An−)x/n.mH2O. LDH-based 

photocatalysts are up-and-coming candidates for 

photocatalytic processes because of their layered 

structure, defects, adjustable band gap, durability, cost-

effectiveness, substantial specific surface area, simple 

and environmentally friendly synthesis, and ease of scale-

up. However, rapid electron-hole recombination and 

sluggish charge carrier mobility lower their photocatalytic 

efficiency.[3, 4] 

To obtain a nanocomposite with significant photocatalytic 

properties for the degradation of dyes, a ternary 

nanocomposite between Mg-Al LDH, g-C3N4, and Ag3PO4 

was designed and synthesized. The synthesized 

compound was named Mg-Al LDH@g-C3N4@Ag3PO4. 

Achieving 100% degradation of MB after 45 min of visible 

light irradiation is significantly better than previous 

literature reports. 

Experimental Section  

 

Scheme  1. The preparation steps of samples. 

 

Results and Discussion 

 
Fig.1: Investigation of photocatalytic activity. 
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Fig2. Percent photo−degradation of MB dye under visible−light 
irradiation. 

Conclusions 
In this work, the new nanocomposite of Mg-Al LDH@g-
C3N430@Ag3PO45 was synthesized using the 
hydrothermal method and showed enhanced 
photocatalysis in the decomposition of MB. This unique 
heterojunction facilitates rapid charge transfer processes, 
improving photocatalytic efficiency. Also, the reduced arc 
of the Nyquist plot indicates efficient charge separation 
and reduced charge recombination, contributing to the 
increased photocatalytic efficiency.  
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Abstract: Electrospinning creates fine fibers from polymer solutions using an electric field. These nanofibers 
have diverse applications like drug delivery and water treatment, influenced by their diameter. Optimizing 
parameters can enhance properties for specific uses. 
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Introduction 
Electrospinning is a process in which a viscous polymer 
solution is stretched in a single direction by electrostatic 
forces that are pushing against each other in an electric 
field. Different operating conditions and solution 
properties can change the process, like the rate of 
solution or melt feed, the set-up configuration, the 
voltage that is applied, the design of the collector, and so 
on. Optimizing parameters in electrospinning makes it 
easier to make a continuous network of fibres with the 
right physical properties and performance [1]. 

Standard drug formulations often come with unwanted 
side effects, antimicrobial tolerance, and a host immune 
system that isn't working well. Complex drug 
combinations can now be made thanks to advances in 
synthesizing technologies. About 60–70% of newly found 
drug molecules don't dissolve well in water and fail to 
pass through cells easily, which makes it hard for the body 
to absorb them in the gastrointestinal (GI) tract. So, new 
drug-delivery systems try to make drug delivery more 
patient-friendly by making it controllable, programmed or 
targeted. The most hopeful ones involve embedding 
drugs within nanocarriers fabricated from polymers [2].  

Nano-drug carriers, on the other hand, are mostly cleared 
in the GI system or by the first-pass hepatic metabolism 
because of their very small sizes and other surface 
properties. Nanofibers are different from other nano 
carriers because they have an interconnected shape and 
can strongly encapsulate drugs. They can also handle the 
harsh conditions in the GI system. 
 Nanofibers used as carriers usually have a diameter of 
50 to 1000 nm and are fabricated with electrospinning 
techniques. Their major advantage is being scalable since 
the process is easily programmable, it is continuous, and 
it is cost-effective. This type of carrier can be used in 
different ways, such as oral, transdermal, topical, buccal, 
and intravenous (injectable hydrogel). 

The lack of freshwater around the world is getting worse 
because of a growing population and rapid industrial 
progress. Desalinating seawater is a possible solution that 
can provide a steady supply of clean water. Along with 
traditional methods like reusing water, membrane-based 
desalination technology has shown huge promise. 
Electrospun membranes are being used more and more in 
different ways to treat water, like membrane distillation 
and pre-treatment of feed before reverse osmosis or 
nanofiltration. These membranes are effective at 
removing contaminants, like divalent metal ions, from 
water. [3] 

A study was made on using electrospinning to make filter 
media with threads of different sizes, from 300 nm to 900 
nm. Electrospun fibers and microglass fibers were mixed 
together to make screens with a composite structure. 
After the hybrid filters were made, they were put to use 
for liquid-liquid coalescing filtration. Some important 
factors, like the amount and size of electrospun 
polypropylene strands, were tested to see how they 
affected the blended filters' ability to hold water and filter 
it effectively. It was found that fiber density and fiber 
thickness were the most important factors in coalescing 
filtration and pressure drop. The researchers came to the 
conclusion that the separation worked better with fibers 
that were thinner than 300-nm-diameter. The pressure 
drop also tended to increase as the fibers's diameter 
increase [4]. 

Experimental Section  
Electrospinning was done using a standard 5 mL syringe 
to inject the spinning solution. The syringe needle tip, as 
an anode, was connected to the high-voltage power 
supply (18 kV), and the cathode was connected to a metal 
collector. The distance between the tip and collector was 
set at 15 cm, and at a rate of 0.7 mL per hour, the spinning 
solution was pumped through the needle tip. The 
electrospun fibers were then gathered on aluminum foil 
that was wrapped around an aluminum drum. 
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Results and Discussion 
According to precise observations, for an electrospinning 
distance of 15 cm and all polyvinylpyrrolidone solution 
concentrations, the minimum voltage needed to initiate 
electrospinning was found to be 10 kV. It can be 
concluded that the applied voltage of 18 kV was sufficient 
to overcome the surface tension at the tip of the Taylor 
cone and initiate the ejection of the charged jet. Fig. 1 
depicts the SEM image of fibers obtained from the 
prepared solution at an applied voltage of 18 kV. It reveals 
that fibers fabricated using low voltages are not uniform 
and contain lots of beads. An increase in voltage from 18 
kV is not favorable in this study as it causes multiple jets, 
which would provide a smaller diameter of electrospun 
fibers but non-uniform fiber morphology. By measuring 
the diameter of the produced nanofibers and drawing the 
distribution diagram using Image J software, it is clear that 
the diameter of most of the fibers produced is in the range 

of 0.1-0.15 m(100-150 nm)and there are much fewer 
fibers with a diameter greater than this range. Fig. 2 
shows the diameter distribution of produced nanofibers 
[5-7]. 
 

 

 

 

 

Fig.1: SEM images of fibres obtained from prepared solution at 
applied voltage of 18 kV. 

 

Fig.2: Diameter distribution of the nanofibers. 

Conclusions 
To sum up, with the selected operational condition, such 
as the applied voltage of 18 kV, the fabricated nanofibers 
had an average diameter of 0.1-0.15 mm and are usable 

for different applications such as drug delivery and water 
treatment. 
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Abstract: The leaves of Myrtus Communis L. plant from Mubarakeh village of Taft city in Yazd province, after 

receiving herbarium code 3062 from Jihad Agriculture of Yazd province، were collected and dried at room 

temperature (25°C) and in the shade. The dried powder was soaked in organic solvents in an equal ratio of 1:1:1 
for 48 hours and the solvent was separated from the extract by a smooth Buchner funnel and by a rotary device 
in a vacuum (rotary STRIK 102) with a rotation speed of 75 and for a period of 70 minutes. . Barosh column 
chromatography (Cc) flavonoids qurricetin-3-o-rhamnoside, myricetin-3-o-gluctoside present in the extract of 
Myrtus Communis L. leaves were purified. The structure of purified flavonoid compounds was identified by IR 
1CNMR and 13CNMR spectroscopic methods and the electrochemical behavior of flavonoids qurricetin-3-o-
rhamnoside, myricetin-3-o-gluctoside by cyclic voltammetry method with GPES 4.9 software and 
potentioacetate device. / Galvanoacetate Auto lab type ш in the experimental electrochemical measurement of 
PGSTAT 30 on the surface of two glassy carbon electrodes (GCE) and the modified electrode of multi-walled 
carbon nanotubes (MWCNT) with a degree of purity of 95% with an average outer diameter of 3-20 nm, which 
is from Nanolab company It was purchased from America, it was investigated in pH 4 with a concentration of 
0.005 g, scanning speed of 200 mv/s. 
Keywords: flavonoid, electrochemical behavior, redox reactions, cyclic voltammetry device, carbon nanotubes 
modified electrode. 
 

Introduction: 
Electrochemistry is a science in which various processes 
related to the electrode-electrolyte interface are 
discussed. One of the most important applications of this 
knowledge is investigating the electrochemical behavior 
and inventing different methods to detect the functioning 
of different compounds, determining kinetic and 
thermodynamic constants, determining small amounts of 
biological and environmental species using sensors and 
biosensors, separating and preparing organic compounds 
and Mineralization and their purification mentioned. In 
fact, the most fundamental part of all these cases is the 
investigation of processes at the electrode-electrolyte 
interface, which may be accompanied by charge transfer 
(dynamic methods) or not (static or equilibrium methods). 
Electrochemical reactions refer to processes during which 
electron exchange takes place at the interface between 
the electrode and the solution. Electrodes are conductive 
components that play the role of electron exchange 
substrate during electrochemical reactions. Therefore, in 
most cases, their nature plays an important role in how 
electrochemical reactions are carried out. Different types 
of electrodes are used in chemistry, and carbon 

electrodes, especially glassy carbon, are among the most 
widely used. 
Experimental Section. The leaves of Myrtus Communis L. 
plant from Mubarakeh village of Taft city in Yazd province, 
after receiving herbarium code 3062 from Jihad 
Agriculture of Yazd province, were collected and dried at 
room temperature (25°C) and in the shade. The dried 
powder was soaked in organic solvents in an equal ratio 
of 1:1:1 for 48 hours and the solvent was separated from 
the extract by a smooth Buchner funnel and by a rotary 
device in a vacuum (rotary STRIK 102) with a rotation 
speed of 75 and for a period of 70 minutes. . Barosh 
column chromatography (Cc) flavonoids qurricetin-3-o-
rhamnoside, myricetin-3-o-gluctoside present in the 
extract of Myrtus Communis L. leaves were purified. The 
structure of purified flavonoid compounds was identified 
by IR 1CNMR and 13CNMR spectroscopic methods and 
the electrochemical behavior of flavonoids qurricetin-3-o-
rhamnoside, myricetin-3-o-gluctoside by cyclic 
voltammetry method with GPES 4.9 software and 
potentioacetate device. / Galvanoacetate Auto lab type ш 
in the experimental electrochemical measurement of 
PGSTAT 30 on the surface of two glassy carbon electrodes 
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(GCE) and the modified electrode of multi-walled carbon 
nanotubes (MWCNT) with a degree of purity of 95% with 
an average outer diameter of 3-20 nm, which is from 
Nanolab company It was purchased from America, it was 
investigated in pH 4 with a concentration of 0.005 g, 
scanning speed of 200 mv/s. 

Results and Discussion: 
Figure 1- The response of the bare electrode and modified 
with multi-walled carbon nanotubes compared to species 
110 (concentration 0.005 g, scan speed 200 mv/s, 
phosphate buffer 0.1 M with pH = 4). Similarly, the 
electrochemical behavior of species 135, in the flavonoid 
extracted from Myrtus Communis L., was also 
investigated in the three-electrode system. The results of 
this study are shown in Figure 2- The voltammograms 
clearly show that the extracted flavonoid species 135 on 
the unmodified electrode in the potential range of -75-
75+V shows a pair of weak oxidation-reduction signals at 
+0.116V and -0.07V at the rate of 4 microamperes. This is 
despite the fact that due to modification of the electrode 
surface, oxidation-reduction signals have greatly 
increased (up to 10 times increase). This also indicates 
that the addition of multi-walled carbon nanotubes to the 
surface of glassy carbon electrodes has increased the 
oxidation and reduction signal. Therefore, it can be said 
that the proper properties of multi-walled carbon 
nanotubes, especially the extraordinary conductivity of 
these particles, play a significant role in increasing the 
surface conductivity and improving the electron transfer 
on the electrode surface. Figure 2- The response of the 
bare electrode and modified with multi-walled carbon 
nanotubes compared to species 135 (concentration 0.005 
g, scanning speed 200 mv/s, phosphate buffer 0.1 M with 
pH = 4). 
 

 

Fig.1: The response of the bare electrode and modified 
with multi-walled carbon nanotubes compared to 

species 110 (concentration 0.005 g, scanning speed 200 
mv/s, phosphate buffer 0.1 M with pH = 4) 

 

 
Fig.2: The response of the bare electrode and modified 

with multi-walled carbon nanotubes compared to 
species 135 (concentration 0.005 g, scanning speed 200 

mv/s, 0.1 M phosphate buffer with pH = 4). 

Conclusions 
Adding multi-walled carbon nanotubes to the surface of 
glassy carbon electrodes increases and decreases the 
oxidation signal, especially the extraordinary conductivity 
of these particles plays a significant role in increasing the 
conductivity of the electrode surface and improving 
electron transfer in the electrocatalytic surface of the 
electrode in the oxidation of both flavonoid 110 and 135 
samples. 
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Abstract: Nicotinamide adenine dinucleotide (NADH) is a central coenzyme for metabolism found in all living 
cells and involved in redox reactions in cellular metabolism. In this study, the electrochemical oxidation of NADH 
was investigated on a zeolite-modified electrode. The linear range 0.99 –29. 12 μM and the detection limit of  

0.5221 μM  was obtained with DPV for NADH . 

Keywords: Nicotinamide adenine dinucleotide; modified electrode; zeolite 

 

Introduction 
The reduced form of beta nicotinamide adenine 
dinucleotide (NADH) and its oxidized form (NAD⁺) are the 
main cofactors involved in more than 300 dehydrogenase 
reactions. NADH detection is of great importance because 
NADH present in mitochondria facilitates the electron 
transfer process and helps in the synthesis of adenosine 
triphosphate [1]. Intracellular concentrations of NAD⁺ and 
NADH can indicate various cellular diseases. For example, 
because metabolism is dynamically regulated to 
accompany immune cell function, altered immune 
metabolism can lead to impaired immune responses [2]. 
Therefore, the determination of nicotinamide adenine 
dinucleotide is very important in the pharmaceutical, 
biotechnology, and medical industries. 

Various techniques have been reported for the 
determination of nicotinamide adenine dinucleotide; 
among them, electrochemical methods show many 
advantages such as high sensitivity, simplicity, less time 
consumption, and cheapness for the determination of 
nicotinamide adenine dinucleotide in different matrices 
[3]. Modifying the electrode means covering the 
electrode surface with a layer of a chemical compound to 
change the electrochemical behavior of the electrode, 
improve the detection limit, and amplify the signals [4]. 

In this study, a sensing assay was developed regarding the 
zeolite as an effective modifier agent. Zeolites are a large 
group of natural or synthetic hydrated silicates and are 
classic representatives of nanoporous materials. The 
value of zeolite is due to its aluminosilicate framework 
that forms the system of pores and cavities, and the size 
of the pores is such that molecules and ions  of many 
organic and inorganic compounds can penetrate them 
and they are good matrices for hosting nano-sized 
particles. Based on this assumption, the electric current 
and ionic conduction in zeolites is caused by the release 
of positive metal ions that enter the pores of the 

nanostructure through ion exchange and improve the 
mechanism of electron conduction in zeolites [5]. The 
ability to perform the ion exchange process makes it 
possible to include different electroactive species in the 
zeolite structure to develop new electrochemical sensors 
[6]. 

Experimental Section  
The hydrothermal and incipient wetness  impregnation 
synthesis approach was used for the synthesis of zeolite. 
Aluminosilicate zeolites are usually synthesized under 
hydrothermal conditions from the formation of reactive 
gels in alkaline environments at temperatures between 
80 and 200 °C. After 48 h, the prepared gel is transferred 
to a stainless steel autoclave Teflon container and placed 
under hydrothermal conditions. The calcination process is 
carried out under the temperature of 550 °C for 8 h to 
remove the pattern-making materials. In the incipient 
wetness impregnation method, in addition to exchanging 
ions and replacing metal cations in the ion exchange sites, 
the non-exchanged metal is deposited as oxide on the 
outer surface of the base. 

Results and Discussion 
In this research work, after ensuring the correct synthesis 
of nanostructure zeolite, Various parameters, including 
buffer type, buffer concentration, supporting electrolyte 
type, supporting electrolyte concentration, pH, and scan 
rate effect were optimized. Then electrochemical 
behavior NADH was investigated using cyclic voltammetry 
techniques. the measurement of  NADH was done using 
differential pulse voltammetry and the calibration plot 
has a linear range in concentrations of 0.99 –29. 12 μM 
and the detection limit of the method was 0.5221 μM. To 
calculate the effective level of the electrode the cyclic 
voltammetric technique at different scan rates was used 
as a carrier electrolyte for a solution containing 5 mM 
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potassium hexacyanate (II) and 0.1 M KCl and it was 
calculated as  
0.040454 which has increased by 25.84182٪ compared to 
the geometric area of the electrode, which is 0.0314 cm2. 
Also, according to chronoamperometric studies, the 
emission coefficient was obtained to be 5.43747×106  
cm2 /s. 
 

 

 

Fig.1: A) Cyclic voltammograms of NADH at the bare and  
modified electrodes and B) DPV voltammograms obtained 

for different concentrations of NADH 

 

Conclusions 
In this research work, an electrochemical platform was 
developed using zeolite for highly sensitive and selective 
determination of nicotinamide adenine dinucleotide 
(NADH). At first for this purpose, the desired zeolite was 
synthesized by hydrothermal method, and then the metal 
cation was introduced into the pores of the 
nanostructured zeolite by an incipient wet impregnation 
to enhance the performance of the catalyst. The proposed 
sensor enhances the oxidation potential of NADH by 
shifting to less positive potentials and also effectively 
increases the anodic peak current and the calibration plot 
has a linear range in concentrations of 0.99 –29. 12 μM 
and the detection limit of the method was 0.5221 μM.  

References 
[1] Viswamitra, M. Molecular structure of nicotinamide 

adenine dinucleotide. Nature 1975, 258, 540-542. 
[2] Navarro, M. N.; Gomez de las Heras, M. M.; 

Mittelbrunn, M. Nicotinamide adenine dinucleotide 
metabolism in the immune response, autoimmunity 
and inflammageing. British Journal of Pharmacology 
2022, 179, 1839-1856. 

[3] Rębiś, T.;Kuznowicz, M.;Jędrzak, A.;Milczarek, G.; 
Jesionowski, T. Design and fabrication of low 
potential NADH-sensor based on poly (caffeic 
acid)@ multi-walled carbon nanotubes. 
Electrochimica Acta 2021, 386, 138384. 

[4] Santos, A. M.;Wong, A.;Almeida, A. A.; Fatibello-
Filho, O. Simultaneous determination of 
paracetamol and ciprofloxacin in biological fluid 
samples using a glassy carbon electrode modified 
with graphene oxide and nickel oxide nanoparticles. 
Talanta 2017, 174, 610-618. 

[5] Orbukh, V.;Lebedeva, N.;Ozturk, S.; Salamov, B. 
Electrical properties of the zeolite composites 
prepared by using zeolite and copper powders. 
Superlattices and Microstructures 2013, 54, 16-25. 

[6] Porada, R.;Fendrych, K.; Baś, B. The Mn‐
zeolite/Graphite Modified Glassy Carbon Electrode: 
Fabrication, Characterization and Analytical 
Applications. Electroanalysis 2020, 32, 1208-1219. 

 

0

5

10

15

20

25

30

35

1.4 1.5 1.6 1.7 1.8

I(
μ

A
)

E(V)SCE

B

0

100

200

300

400

500

600

700

0.4 0.9 1.4 1.9

C
u

rr
en

t(
µ

A
)

E (V) vs. SCE

Bare

zeolite

metal dopped
zeolite

A 

682 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

 
 

IROST 03231-97589 

Zinc ion supercapacitors based on V2O5 nanostructures 

 

Fereshteh Matinrad a, Sayed Habib Kazemi ⃰ a, Mohammad Ali Kiani b  

Corresponding Author E-mail: habibkazemi@iasbs.ac.ir 
a Department of Chemistry, Institute for Advanced Studies in Basic Sciences (IASBS), 45137-66731 Zanjan, Iran. 

b Chemistry and Chemical Engineering Research Center of Iran (CCERCI), 14335-186, Tehran, Iran. 

 
Abstract: The unstable structure of cathode materials in Zn ion-based energy storage systems provides 
challenges for further development. Here, we propose a zinc-doped vanadium oxide nanostructure as a cathode 
material for a zinc ion supercapacitor, which exhibits high capacity and good cycling stability. 

Keywords: Aqueous supercapacitors; Zinc ion; V2O5 nanostructures  

 

Introduction 
Energy Consumption and production, which depend on 
fossil fuel combustion, will severely affect the world 
economy and ecology. So, there have been a lot of 
requests for environment-friendly, high-performance 
renewable energy storage devices. Lithium-ion batteries 
are the most promising energy storage devices due to 
their high energy density. However, they are limited due 
to problems such as cost, safety, lack of resources, and 
environmental pollution. Aqueous energy storage 
systems have received attention due to their low cost, 
operational safety, and higher ionic conductivity than 
organic electrolytes. Zinc ion supercapacitors are suitable 
candidates due to their abundant resources, non-toxicity, 
low cost, and relatively high-capacity density [1, 2]. 
Developing high-capacity and stable cathodes is key to 
successfully commercializing aqueous Zn-ion 
supercapacitors. Vanadium pentoxide (V2O5) is a 
promising electrochemical redox-active material with 
abundant resources, layered structure, and high 
theoretical capacity, but they have little cyclic stability. 
Herein, we report the synthesis of a new cathode 
material, zinc vanadium oxide, and our results confirmed 
the substantially long-term stable electrode material 
during the electrochemical application [3, 4].  

Experimental Section  
Zinc vanadium oxide nanostructures were synthesized by 
sol-gel method and their structural properties were 
studied by XRD and SEM. Electrochemical tests were 
performed by an Autolab101 electrochemical workstation 
and a Zahner/Zennium. 

 

  

Fig.1: SEM image a) V2O5 and b) ZnxV2-xO5 

Results and Discussion 
Microstructure studies of pure V2O5 and ZnxV2-xO5 

nanostructures were done by SEM microscopy. The SEM 
micrograph (Fig. 1) shows that the V2O5 is formed with 
nanosheet architecture even after some zinc enters its 
structure. 
The X-ray diffraction technique was performed on the 
V2O5 and ZnxV2-xO5 compounds to confirm the Zn 
incorporation in the V2O5 structure (Fig. 2). Our results 
confirmed small changes in peak positions confirming the 
effective interaction appeared due to zinc incorporation.  
To investigate the electrochemical behavior of the V2O5 
and ZnxV2-xO5 nanostructures, cyclic voltammetry, 
galvanostatic charge/discharge, and electrochemical 
impedance spectroscopy methods were used. Figure 3 
exhibits a comparison of the voltammograms for V2O5,  
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Fig. 2: XRD patterns of V2O5 and Zn-doped V2O5 

nanostructures. 
 

and ZnxV2-xO5 at a scan rate of 50 mV s−1 within a potential 
range of 0.0 to 2.0 V. 
Moreover, Figure 4 compares the galvanostatic 
charge/discharge (GCD plots) for the V2O5 and ZnxV2-
xO5 at a current of 0.55 A g-1. Specific capacity is 
considerably increased after the incorporation of zinc in 
the nanostructure.  
Also, our complimentary tests revealed the long-term 
operational stability of the ZnxV2-xO5 nanostructure. 
The results show that the presence of pre-inserted zinc 
ions has a significant effect on the electrochemical 
efficiency of the system. Specific capacity and cycling 
stability were calculated in the nanostructure. The 
discharge capacity of 230 mAh g−1 at 0.5 A g−1 and a 
capacity retention rate of 100%, after 2000 cycles. 
(Compared with V2O5 with a discharge capacity of 185 
mAh g−1 at 0.5 A g−1 and a capacity retention rate of 95%, 
In less than 1000 cycles). 
The results showed that ZnxV2-xO5 nanostructure has high 
efficiency as zinc ion supercapacitor cathode material. 

 

Fig. 3: The CV curves of the V2O5 and ZnxV2-xO5 at a scan 
rate of 50 mV s-1 in 1 M ZnSO4 electrolyte with 1 M 

Na2SO4 additive. 

 
 

 

Fig. 4: The GCD curves of the V2O5 and ZnxV2-xO5 
nanostructures at 0.55 Ag-1. 

Conclusions 
in summary, Zn: V2O5 nanostructures were effectively 
synthesized by a simple sol–gel route. Incorporating Zn 
ions into the V2O5 nanostructures has improved its 
structural stability, electrical conductivity, and 
electrochemical performance. 
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Abstract: In this study, A mild and highly efficient one pot, multicomponent synthesis method has been 
developed for the synthesis of dihydropyrano[2,3-g]chromene derivatives via addition of aromatic aldehyde, 
malononitrile and  2,5-dihydroxy-1,4-benzoquinone in the presence of metformin as a basic catalyst in water 
solvent at ambient temperature. The target products were obtained in high to excellent yields and short reaction 
times by a simple work up.  

Keywords: Dihydropyrano[2,3-g]chromenes; Metformin; One pot; 2,5-dihydroxy-1,4-benzoquinone. 

 

Introduction 
Chromenes and their derivatives has received more 
attention in the pharmaceutical industry and organic 
synthesis due to their variety of biological activities such 
as anticancer, antimalarial and pesticides and also as laser 
dyes [1-3]. One pot multicomponent reactions (MCRs) as 
an excellent idea (due to high productivity and facile 
execution), play an important role in organic chemistry, 
medicinal chemistry, drug discovery programs and 
combinatorial chemistry. MCRs were developede when 
target compounds were produced in a single step from 
three or more reactants [4, 5]. In recent years, 
Dihydropyrano[2,3-g]chromenes have been prepared 
through MCR reaction using different catalysts such as 
sodium saccharin [1], NaBr [2] and NEt3 [3].  
In this research, the synthesis of Dihydropyrano[2,3-
g]chromenes from onepot, psodu five-component 
reaction of aromatic aldehyde, malononitrile and 2,5-
dihydroxy-1,4-benzoquinone in the presence of 
metformin as a basic catalyst at ambient temperature. 
(Scheme 1). 
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Scheme 1. Synthesis of Dihydropyrano[2,3-g]chromenes 

derivatives catalyzed by Metformin 

Experimental Section  

All required chemicals were obtained from Merck and 
Sigma–Aldrich. Dihydropyrano[2,3-g]chromenes was 
synthesized from the multicomponent reactions. A 
mixture of aromatic aldehyde (2mmol), malononitrile 
(2mmol), 2,5-dihydroxy-1,4-benzoquinone (1mmol) and 
metformin (0.004 gr) were mixed and stirred in 4 ml of 
water for specific time at ambient temperature. When the 
reaction was completed (monitored by TLC), the 

precipitated product was separated from the reaction 
mixture by filtration. Then, washed with distilled water 
and EtOH and dried.  

Results and Discussion 
optimization of the catalyst amounts and solvent were 
investigated by model reaction (2,5-dihydroxy-1,4-
benzoquinone (1mmol), malononitrile (2mmol) and 4-
bromobenzaldehyde (2mmol) at room temperature. H2O 
as solvent and 0.004 g of metformin in ambient 
temperature showed the best results. In continue, the 
reaction was performed using several benzaldehyde 
derivatives (2 mmol), 2,5-dihydroxy-1,4-benzoquinone 
(1mmol) and malononitrile (2mmol) at optimized reaction 
conditions (0.004 g of catalyst at room temperature and 
4ml of (H2O). Results were collcted in Table 1. 
 

Table 1: Dihydropyrano[2,3-g]chromenes derivatives a 
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a The obtained yields are isolated (yields) 
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The plausible mechanism for the synthesis of 
Dihydropyrano[2,3-g]chromenes utilizing metformin as 
homogeneous catalyst is represented clearly in Scheme 2.  
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Scheme 2. The plausible mechanism for the formation of 
Dihydropyrano[2,3-g]chromenes 

At first, the acidic proton of malononitrile has been 
separated by metformin. The formation of intermediate I 
can be rationalized by initial Knoevenagel condensation 
reaction between aldehyde and anion of malononitrile. 
then, the obtained intermediate I has been attacked by 
the 2,5-dihydroxy-1,4-benzoquinone, which leads to the 
intermediate II. Finally, cyclization and tautomerization 
lead to the product III. The same process is repeated on 
the other side of 2,5-dihydroxy-1,4-benzoquinone and  a 
dual chromene is formed. 

1H NMR of product 4a 
1H NMR of 2,7-Diamino-4,9-bis(4-bromophenyl)-5,10-
dioxo-4,9-dihydropyrano[2,3-g]chromene-3,8-
dicarbonitrile (C26H14N4O4Br2) is presented in Fig. 1. The 
detail of spectra proved the structure of obtained 
product: 1H NMR (400 MHz, CDCl3) δ: 7.82 – 7.69 (m, 6H, 
Ar-H, NH2), 3.13 (s, 1H, CH). 

 
1HNMR spectrum (400 MHz) of 4a in CDCl3. 

Conclusions 
In this protocol, We have introduced an efficient and 
novel method for the synthesis of dihydropyrano[2,3-
g]chromenes. 2,5-dihydroxy-1,4-benzoquinone, 
malononitrile, and aromatic aldehydes were reacted 
together in the presence of metformin as a basic 
homogeneous catalyst to generate the 
Dihydropyrano[2,3-g]chromenes in high to excellent 
yields and short reaction times. The reactions were 
performed in water solvent at ambient temperature. 
Eventually, the products were recognized by melting 
points, FT-IR and 1H NMR spectra. 
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Abstract: Schiff bases have been highly regarded due to some biological properties such as antioxidant activity. 
Mononuclear Schiff base complex Alcom was prepared by the reaction of hydrazonic Schiff base ligand and 
AlCl3.6H2O metal salt in the mixture of ethanol/methanol solvents and its antioxidant property was investigated 
against DPPH radical scavenging. 

Keywords: Schiff base; Antioxidant activity; DPPH scavenging  

 

Introduction 
Compound known as schiff bases are prepared by the 
condensation reaction of aldehydes or ketones with 
amines and a double bond between carbon and nitrogen 
atoms in the structure is their main characteristic. In 
addition they have ability to bind to metal atoms and form 
metal complexes [1,2]. Recently, Schiff bases and their 
metal complexes have received much attention because 
of their catalytic and biological applications [3]. Some 
biological fitures that can be mentioned are: antifungal 
[4], anti-inflammatory [5], antibacterial [6], antioxidant 
[7] and antitumor [8]. 

Antioxidants are natural chemicals that protect the body 
from harmful effects of free radicals that are the cause of 
many disease [9-11]. Nowadays synthetic antioxidants are 
more widely used due to their cheapness and high 
effectivness [12]. Schiff bases and their metal complexes 
can protect the body against the harmful effects of free 
radicals by eliminating them [2]. 

2,2-diphenyl-1-picrylhydrazyl (DPPH) is one of the stable 
free radicals that forms a purple solution. When the free 
radical reacts with an antioxidant, its color changes from 
purple to bright yellow [13]. 

Here we prepared mononuclear Schiff base complex Alcom 
and investigated its free radical scavenging ability. 

Experimental Section  
The yellow mononuclear complex was synthesized from 
the reaction of hydrazonic Schiff base ligand with 
AlCl3•6H2O metal salt in the mixture of ethanol/methanol 
solvents under reflux and characterized by FT-IR and 
single-crystal X-ray crystallography. Then the antioxidant 
activity of the prepared compound was investigated 
against DPPH• removal and compared with L-ascorbic 
acid. According to the method of Blois [13], 1 mL of 
solution of sample in water with various concentrations 
were added to 1 mL of DPPH• solution (0.1 mM in 

methanol). After 30 min incubation at 37 °C the 
absorbance (As) was recorded at 517 nm. As a control, 
the  absorbance (Ac) of the blank solution of DPPH• (1 mL) 
and water (1 mL) was also determined at 517 nm. The 
radical scavenging power was expressed by IC50 (the 
effective concentration for scavenging of 50% of radicals) 
and the DPPH• free-radical scavenging activity was 
calculated as percentage using the following formula: 

Scavenging (% )= 
100 (𝐴𝑐−𝐴𝑠)

𝐴𝑐
 (1) 

In addition, acidic (pH = 2) and alkaline (pH = 9) buffer 
solution were prepared. The free radical removal method 
in acidic and alkaline environments was the same as the 
removal method in neutral media. 

 

Fig.1: molecular structure of Alcom 

Results and Discussion 
The IC50 value for Alcom was calculated 354 ppm. In order 
to evaluate the effect of the pH, antioxidant activity and 
IC50 value were also measured in acidic and alkaline 
environments. The results demonstrated that acidic 
media significantly reduced the IC50 value to 29.5 ppm 
however alkaline media increased the IC50 (> 600 ppm) 
which means that the antioxidant activity of the 
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synthesized compound was increased in the acidic 
environment, but decreased in the alkaline environment. 
The IC50 values of the compound are shown in Table 1 and 
Fig. 2 also compared with the IC50 value of L-ascorbic acid 
(41 ppm). 

 

 

Fig.2: Analysis of DPPH radical scavenging by compound 
 

Table1: IC50 values (in ppm) 

Compound IC50 

Alcom (in natural media) 354 

Alcom (in acidic media) 29.5 

Alcom (in alkaline media) >600 

L-Ascorbic acid 41 

Conclusions 
According the results obtained from the measurement 
the complex in acidic buffer solution is the best radical 
scavenger compared to others and vitamin C. 
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Abstract: In this work, a new molten salt based on melamine is synthesized and used as the catalyst for the 
promotion of the Knoevenagel reaction. The high rate and yield of the reactions and good reusability are the 
advantages of this method. 
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Introduction 
Ionic liquids were introduced in the early last century, 
but their applications were limited to the 
electrochemical field. Gradually, with the identification 
of their beneficial properties, such as non-flammable, 
recyclable, low vapor pressure, high thermal and 
chemical stability and the ability to dissolve a wide range 
of organic compounds, the domain of their applications 
became broader. Today, they are used in various 
industries as solvents, catalysts, absorbents, ion 
exchangers, battery electrolytes and stationary phases in 
chromatography. Especially, with the rise of green 
chemistry, the use of ionic liquids and green chemistry 
concepts merged in the field of development of chemical 
reactions. Today, one of the most important challenges 
for organic chemistry researchers is to reach green and 
environmentally friendly processes in organic synthesis 
[1]. 
The Knoevenagel condensation of aldehydes with active 
methylene compounds is a specific type of aldol 
condensation reaction, which involves the nucleophilic 
addition of an active hydrogen compound to a carbonyl 
group. This condensation is a significant and practical 
reaction for the carbon-carbon bond formation in 
organic synthesis [2]. 

Experimental Section  

In a 25 mL round-bottom flask, a mixture of aromatic 
aldehyde (1 mmol), malononitrile or ethyl cyanoacetate 
(1 mmol), and melamine-based catalyst (5 mol%) was 
stirred at 80 ˚C for an appropriate time. After completion 
of the reaction, which was monitored by TLC [n-hexane-
EtOAc (7:2)], the mixture was cooled to room 
temperature and the solid product was filtered, washed 
several times with cold distilled water to obtain the 
corresponding pure product (Scheme 1). 

Results and Discussion 

After the optimization of the conditions and amounts of 
the catalyst, a series of aromatic aldehydes with either 

electron-donating or electron-withdrawing substituents 
were successfully used for the reactions. The reaction 
rates and yields under the selected conditions were 
excellent. The nature and electronic properties of the 
substituents had no obvious effect on the rate and yield 
of the reaction but halogen substituents react faster with 
higher yields in general in this type of reaction. 

 

 
Scheme 1. The Knovenagel reaction catalyzed by the 

melamine-based ionic liquid. 

 

Conclusions 

In this work, a melamine-based ionic liquid was prepared 
and after characterization was used as a catalyst to 
promote the Knoevenagel reaction between aldehydes 
and malononitrile (or ethyl cyanoacetate) to form a 
carbon-carbon double bond. 

the introduced catalyst presents high catalytic activity, 
reusability, selectivity, and operates under mild reaction 
conditions. These advantages make it a promising 
candidate for the development of new synthetic 
methodologies and the production of diverse 
intermediate compounds for industrial or 
pharmaceutical applications.  
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Abstract: A new and simple deep eutectic solvent (DES) based ultrasonic-assisted emulsification liquid phase 
microextraction (UAE-LPME) procedure has been developed for preconcentration and voltammetric 
determination of vanillin in food products. Calibration graph was linear in the range of 8.0-16.0 µg/L (R2 = 0.9935) 
and the limit of detection was 3.0 µg/ml. 
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Introduction 
Vanillin (VAN) is a natural flavor and aroma substance 
used worldwide and commonly found in many plant 
species. Vanillin is widely used in various fields such as 
confectionery, perfumery, beverages, food and 
pharmaceutical products [1]. Excessive consumption of 
synthetic VAN can cause side effects such as: vomiting, 
nausea, allergic reactions and headache, and can also 
damage the kidneys and liver  [2].  Therefore, 
development of simple, sensitive and reliable method for 
determination of VAN in food samples is of great 
importance for food safety and public health. 

Experimental Section  
The method is based on the extraction of VAN into 
acetonitrile followed by a DES based UAE-LPME 
procedure for final DPV determination using a drop based 
microcell with modified gold nanoparticles  glassy carbon 
electrod as sensing platform. voltamograms can be  
optained from electrooxidation of VAN on the electrode 
surface (Fig.1). Experimental parameters affecting the 
extraction efficiency and voltammetry determination of 
VAN such as DES type, sample volume, pH, centrifugation 
time, equilibrium time, sonication time, and DPV  

 

 

Fig.1: Reaction involved in the electrochemical detectionof 
vanillin. 

instrumental parameters were evaluated and optimized. 
Fresh ChCl-based DESs were prepared daily by a heating 
method. ChCl-based DESs were prepared by mixing ChCl 
as the hydrogen bond acceptor (HBA) with different 
hydrogen bond donors (HBDs), such as Urea, Decanoic 
acid and Phenol, at a certain molar ratio. 

Results and Discussion 
In this research, DES-UAE-LPME combined with 
differential pulse voltammetry (DPV) was developed for 
determination of VAN in food samples. Determination of 
trace amounts of VAN in different food samples requires 
a primary sample extraction followed by the purication 
and preconcentration steps. In this study, VAN was 
extracted from the solid sample and then directly 
subjected to the DES-UAE-LPME precedure for clean up 
and preconcentration. The extraction phase was then 
transferred into a microcell for final determination by 
DPV. The hydrogen bonding, NH-π intraction and π-π 
intraction are responsible for driving force in the extract 
of VAN into DES solvent. Fig.2 shows the DPVs of VAN with 
sample preparation and without, showing the 
effectiveness of the presented separation/  
 

 

Fig.2: Differential pulse voltammogrames of VAN (a) before 
and (b) after UAE-LPME. 
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preconcentration method. Under optimum conditions, A 
linear calibration graph was obtained over the range of 
8.0-16.0 µg/L VAN with the linear regression equation 
IPC=33.991C + 0.1101 (Ipc, net peak current in µA and C, 
µg/L VAN)and correlation coefficient (R2) 0.9949. The limit 
of detection based on 3Sb (Sb, standard deviation of blank 
measurements) was found to be 3.0 µg/L. The intra-day 
and inter-day precision (RSD%) for determination of 33.0 
µg/L  VAN were 3.1% and 3.5%, respectively. 

Conclusions 
In this research, a DES based UAE-LPME procedure 
combined with DPV detection was successfully developed 
for the separation, preconcentration and determination 
of VAN in food samples. The proposed method has certain 
advantages such as simplicity of operation, effective 
preconcentration in short analysis time, easy synthesis of 
extraction solvent from cheap and safe reagents, low cost, 
good accuracy and precision and environmental 
compatibility. The good spiked recoveries of VAN in real 
samples (94–104%) and low detection limit showed that 
the method was sufficiently applicable to determine VAN 
in real samples. The result of this study showed that the 
proposed procedure can be considered as a routine 
analysis method for screening and quality control 
programs in food chain and occurrence studies. 
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Abstract: In this research, the removal of triiodide by chitosan-modified Fe3O4 nanoparticles was studied. The 
characterization of nanoparticles was investigated by FT-IR, TEM. In order to obtain the maximum removal 
efficiency, the effects of some parameters such as pH, amount of adsorbent were studied. The thermodynamic 
and kinetic data were in good agreement with Langmuir isotherm and pseudo second order, respectively. 
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Introduction 
Environmental pollution, especially water pollution, has 
become one of the general problems all over the world 
[1]. Various pollutants are produced by industries that 
cause pollution of water resources. Until today, various 
chemical, physical, and biological methods have been 
used to remove pollutants from polluted waters. Among 
them, oxidation, deposition, ion exchange and mention 
the processes of oxidation, filtration, deposition, ion 
exchange, and adsorption [2-4]. the surface adsorption 
process is efficient in design and simplicity due to its 
unique features, ease of operation, availability, and high 
performance and efficiency [5,6]. 
 

Experimental section 
In this research the two-step synthesis method was used; 
in the first step, Fe3O4 nanoparticles were synthesized by 
the co-precipitation method, and in the next step, they 
were modified using chitosan. In this research, the 
removal method is done by batch method. At first, 0.2 g 
of wet chitosan-modified Fe3O4 and 5 ml phosphate 
buffer(pH=6) were added to a flask containing 50 mL 
triiodide 80 μg mL-1 and KNO3 0.4 M. The remaining 
triiodide in the solution was determined using calibration 
curve of amount of λmax = 363nm, and triiodide removal 
percentage was calculated. 

Results and Discussion 
 

1. Characterization of chitosan-modified Fe3O4 
nanoparticles 
Based on the TEM image (Figure 1-a), it can be observed 
that chitosan is attached to the surface of Fe3O4 
nanoparticles. These nanoparticles exhibit a core-shell 
structure and a spherical shape. The average particle size 
was calculated to be 50 nm [6]. Figure 4-b shows the FT-
IR spectrum of Fe3O4 modified nanoparticles, chitosan-
modified Fe3O4 nanoparticles, and chitosan. The peaks 
appearing at wave number 567 cm-1 and 3432 cm-1 belong 
to the stretching vibration of Fe __ O in Fe3O4, the bond __ 

OH in chitosan, respectively, and the wave number 1624 
cm-1 is related to the amide group in chitosan. 

 

 

 

Fig. 1. (Figure 1-a) TEM image, (Figure 1-b) FT-IR spectra 
of magnetic Fe3O4 nanoparticles, chitosan-modified 

Fe3O4 and chitosan. 
 

 
 

 

 

 

 

2. The effect of pH 
The effect of pH in the range of 2-12 was studied by 
adjusting the pH of the triiodide ion solution with 
hydrochloric acid and sodium hydroxide. The results in 
Figure (2) show that the maximum adsorption was 
obtained at pH=6, which is due to the electrostatic 
interaction between the positive surface of the adsorbent 
and the anionic solution of triiodide. 

a 

b 
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Fig.2. Effect of pH 

 

3. The effect of adsorbent amount 
In order to select the lowest adsorbent amount that has 
the highest removal percentage, different amounts of 
adsorbent from 0.1g to 0.3g were examined. According to 
Figure (3), by increasing amount, removal percentage was 
increased. Therefore, 0.2g of adsorbent as optimum value 
was selected. 

 
Fig. 3. Effect of adsorbent amount 

 
4. Calculation of the maximum adsorbent capacity 
By comparing the correlation coefficient of Langmuir, 
Freundlich, and Temkin isotherms, it was found that 
Langmuir isotherm has a more appropriate correlation 
coefficient and, therefore, the surface adsorption of 
triiodide ion on the adsorbent follows Langmuir isotherm. 
To determine the maximum adsorbent capacity, at 
different concentrations of triiodide, equilibrium values of 
adsorbent capacity was obtained. Accordance to 
Longmuir equation 265 mgg-1 was calculated as the 
maximum adsorbent capacity. 
 
Conclusions 
The initial studies found that the highest percentage of 
triiodide removal is done using chitosan-modified Fe3O4 
adsorbent at pH=6. Also, the effect of parameters such as 
temperature, amount of adsorbent, buffer, and stirring 
speed was also investigated, and according to the 

obtained results, the removal percentage of triiodide 
using chitosan-modified Fe3O4 is more than 90%. The 
studied method to remove triiodide by surface adsorption 
is simple, inexpensive and has good sensitivity and 
selectivity. 
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Abstract: An analytical method based on Solid phase extraction liquid chromatography tandem mass spectrometry (SPE-

LC-MS/MS) was developed for determination of α-solanine and α-chaconine steroidal glycoalkaloids (GA) in Iranian 

potato cultivars. Chromatographic separation and influential parameters on extraction efficiency were investigated and 

optimized. The limits of quantification (LOQs) for α-chaconine and α-solanine were 0.035 mg kg−1 and 0.0375 mg kg−1 

of dry mass, respectively, at the signal-to-noise ratio (S/N) of 10.  The limits of detection (LODs) for α-chaconine and α-

solanine were 0.00625 mg kg−1 and 0.1 mg kg−1 of dry mass, respectively, at the signal-to-noise ratio (S/N) of 3.  
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Introduction 
Glycoalkaloids (GA) are a group of nitrogen-containing 
compounds with a steroid scaffold coupled to most 
commonly a tri- or tetra-saccharide which, naturally are 
produced in various plant species of the Solanaceae family 
including potatoes. Glycoalkaloids can be toxic to humans 
when ingested in high amounts as they can cause adverse 
health effects such as gastrointestinal disturbances, 
neurological symptoms, and even death in extreme cases 
[1].  In order to guarantee the high standard and security 
of potatoes and associated derivatives, the overall 
concentration of GAs was restricted to 200 µg g-1 of potato 
fresh weight or 1 µg g-1 of potato dry weight.  
Determination of glycoalkaloids in potato, has been 
studied for many years. Several analytical techniques, 
including thin-layer chromatography [2] and high-
performance liquid chromatography (HPLC) [3]  have been 
used to quantify GAs in potato samples. 

 

 

α-solanine and   α-chaconine are widely recognized 
glycoalkaloids that are present in potato. They constitute 
approximately 95% of the total content of glycoalkaloid.  
Fig.1. demonstrates the basic structure of α-solanine 
andα-chaconine. Among  
these aforementioned methods, HPLC-UV is the most 
commonly used method for the determination of GAs.  
However, due to the limited UV absorption of GAs, more 
sensitive and precise detection techniques, such as mass 

spectrometry (MS), can be employed for the 
quantification of GAs. In the present study, an analytical 
method based on high performance liquid 
chromatography hyphenated to electrospray ionization-
ion trap mass spectrometry                                                       (HPLC-
IT-MS/MS) in multiple reaction monitoring (MRM) 
methodolgy  for absolute quantification of                              α-
solanine and α-chaconine steroidal glycoalkaloids (GA) in 
peel and tuber of commercial Iranian potato cultivars. 

Experimental Section  
α-solanine, α-chaconine and α-Tomatine standards with a 
purity of 95%, were purchased from Sigma Aldrich (USA). 
Glacial acetic acid, acetonitrile (LC-MS grade), methanol 
(LC-MS grade) and ammonium fromate were purchased 
from Merck (Darmstadt, Germany). All water was purified 
using reputable water purification system                                           
(SG Wasseraufbereitung, Germany). Discovery DSC-8 
(100mg, 1ml, Millipore, USA) columns was used in SPE 
procedure. Stock standard solutions of α-chaconine, α-
solanine and   α-Tomatine were prepared by dissolving 
each, in methanol to reach a concentration of 1 mg/mL 
and were stored at   -20℃. Working solutions were 
prepared on a weekly basis by diluting the primary stock 
solution by methanol. The chromatographic separation 
was performed on a SeQuant (4.6×150 mm, 3.5 µm) 
column with isocratic mobile phase consisting of 5 mM 
ammonium formate containing 0.1% formic acid and 
acetonitrile (30:70, v/v), the flow rate was set at 
0.5mL/min and the column temperature was 25°C. The 
total operation time was 35 min. Injections were 
performed automatically using an autosampler and its 
chamber temperature was set at 10 ◦C and 20 µl of sample 
solutions were injected. An Agilent 6330 Ion trap mass 
spectrometry system (IT-MS, Agilent Technologies, CA, 
USA) was used. The MS was operated in positive ion mode 

Fig. 1: Structures of a: α-solanine and b: α-chaconine. 
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with an ESI ion source interface. Direct infusion analysis of 
0.5 μg/mL of individual standard solution was conducted 
for empirically MS parameters optimization as flow: 
capillary voltage −4100 V, Skimmer voltage 40 V, Oct 1 DC 
voltage 12 V, Oct 2 DC voltage 1.70 V, Trap Drive voltage 
53.2 V, Oct RF voltage 193.6 V, Cap Exit voltage 131.8 V, 
Lens 1 voltage −5 V and Lens 2 voltage −60 V. Single 
multiple reaction monitoring mode (MRM) transition per 
analyte were individually monitored and chosen for 
quantification in the ESI positive mode at the optimum 
conditions using the “SPS mode” of the MS tune program. 
Subsequently, they were confirmed by flow injection 
analysis of the standard solution of analytes at 1 μg/mL in 
optimized chromatographic condition. Table 1 shows the 
specific MRM transition of     α-Chaconine, α-Solanine and 
α-Tomatine standards. Chaconine, Solanine and Tomatine 
formed protonated ions of [M+H] + at m/z 852.6, 868.6 
and m/z 1034.6 respectively.  
 

Table 1: MRM transitions of α-Chaconine, α-Solanine and                 
α-Tomatine 

Compounds 
Precursor ion (m/z) Production (m/z) 

α-Chaconine 852.6 706.5, 560.4, 398.1 

α-Solanine 868.6 722.4, 560.4, 398.1 

α-Tomatine 1034.6 1016.6, 578.3, 416.1 

Fragment ions at m/z 706.5, 722.4 and m/z 1016.6 for 
were chosen as the product quantifier ions in MRM 
analysis for α-Chaconine, α-Solanine and α-Tomatine 
correspondingly. Potato peels were carefully removed 
from tuber, and subsequently grounded using an 
industrial meat grinder, freeze-dried, pulverized into a 
fine powder and were then sieved by 500 mesh. Samples 
of 0.2g of dried peel or tuber flesh with 20 mL of 5% 
aqueous acetic acid were placed in a 50 mL Erlenmeyer 
flask and stirred for 30 min.    Clean-up of potato GA was 
performed using SPE cartridges DSC-8 (100mg, 1ml) in a 
vacuum manifold. 

Results and Discussion 
As shown in Fig.2. α-Chaconine, α-Solanine and                α-
Tomatine (IS) demonstrated retention times of 20.4, 23.2 
and 22.9 minutes individually. The quantification of α-
solanine and α-chaconine was performed by matrix-
matched standard calibration curves to compensate the 
matrix effects in potato samples, using calibration curves 
for both compounds (R2= 0.9993 and R2= 0.9955, 
respectively). The LODs and LOQs of the method were 
calculated on the base of three and ten times of the signal-
to-noise ratio of the individual quantitative ion peaks 
respectively and were summarized in Table 2. 

 

Table 2: Regression equation, calibration range, correlation 
coefficients (r2), LOQs and LOQs of α-chaconine and α-solanine 

Compounds Regression equation 
Correlation 
coefficient 

LOD 
(ppm) 

LOQ 
(ppm) 

α -
Solanine 

Y=6.6653X+4.9059 0.9993 0.1 0.375 

α -
Chaconine 

Y=25.251X+29.745 0.9955 0.00625 0.035 

Capability of developed method was assessed by 
analysing TGAs in two potato samples obtained from 
Esfahan and Hamedan. The TGA was calculated by the 
addition of α-solanine and α-chaconine and the results 
were summarized as mg/100g dry weight in Table 3, 
indicating that the methodology exhibits excellent 
sensitivity for the quantification of two aforementioned 
compounds. 

Table 3: Total glycoalkaloid(TGA) content in different potato 
samples 

Sample No. City TGA(mg/100g) 

1 Esfahan 139.937 

2 Hamedan 47.495 

Conclusions 
A simple analytical method based on solid phase 
extraction and HPLC-MS/MS in MRM mode for absolute 
quantification of α-chaconine and α-solanine in Iranian 
commercial potato cultivar was presented. The method 
was validated and the successful applicability of the 
developed method for quantitative analysis of two 
steroidal glycoalkaloids in real sample analysis was shown. 
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Fig. 2: Total ion current (TIC) chromatogram of       α-
Chaconine (852.6 m/z ]M+H[+ ion), α-Solanine (868.6 
m/z] M+H[+ ion) and α-Tomatine (1034.6 m/z ]M+H[+ 

ion) in standard solutions. 
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Efficient photocatalytic oxidation reaction on Ni/ZnO nanoparticles under visible light 
irradiation. 
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Abstract: Heterogeneous photocatalysis offers a promising route to realize green oxidation processes in organic 

synthesis. In this research, selective photocatalytic oxidation of benzyl alcohol to benzaldehyde was studied by 

using ZnO and modified ZnO as photocatalysts.  
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Introduction 
The selective oxidation of alcohols to carbonyl 
compounds is one of the most important organic 
transformations, which is of great interest not only to 
fundamental organic synthesis but also to the fine 
chemical industry [1]. Conventionally, stoichiometric 
oxidants, e.g. dichromate and permanganate, are 
employed in the process of alcohol oxidation. These 
oxidants are usually toxic and/or expensive, and large 
amounts of waste are produced together with the desired 
products [2]. To address this concern, it has been 
proposed to use molecular oxygen as a clean and cheap 
oxidant to realize a so-called green oxidation process. 
Heterogeneous photocatalysis still attracts great 
attention for its chemical utilization of solar energy [3, 4]. 
Heterogeneous catalysis is considered to be green 
chemistry with minimal environmental impact. ZnO is a 
well-known and applicable semiconductor photocatalyst 
due to its chemical and physical durability, nontoxicity 
and commercial availability [5, 6]. In the present study, a 
transition metal-modified ZnO materials are examined as 
photocatalysts.  

Experimental Section 
To a solution of  alcohols, base  in DMF, was add catalyst. 
The reactant mixture was carried out under air 
atmospheres and stirred under visible light irradiation a 
11 W LED lamp. After reaction completion catalyst was 
separated by centrifuging and the solvent removed under 
reduced pressure, the crude product was purified by 
column chromatography.  

Results and Discussion 
For the Oxidation of Benzyl Alcohols, the reaction did not 
occur using only pure ZnO as catalyst or without any 
catalyst under irradiation. However, the Ni/ ZnO catalyst 
exhibited excellent photocatalytic activity under the given 
conditions (Scheme 1). After optimized conditions in the 
air and room temperature condition, the photocatalytic 
performance of Ni/ZnO catalyst for Oxidation of Benzyl 

Alcohols reactions were investigated with a series of 
differently substituted Benzyl Alcohols.  

 

Scheme.1: selective photocatalytic oxidation of benzylalcohol 
over Ni/ZnO 

 

Fig 1: SEM image of Ni/ZnO nanoparticles 

Conclusions 
In conclusion, We have successfully demonstrated that a 
heterogeneous Ni/ZnO catalyst used for Photocatalytic 
oxidation Reactions under visible light irradiation at 
ambient temperatures.The catalytic activity of Ni 
nanoparticles under visible light irradiation can be 
evidently increased by using the photoactive 
semiconductor ZnO as the support. 
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Abstract: The carbon-nitrogen bond is one of the most prevalent chemical bonds in natural and artificial 
molecules. In this work, we have successfully demonstrated that a heterogeneous Ru/ZnO catalyst used for 
Photocatalytic C–N Bond Coupling Reactions under visible light irradiation. 
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Introduction 
The construction of carbon-nitrogen bonds is a significant 
area of research in synthetic chemistry due to their 
prevalence in functional materials, natural products, and 
pharmaceutical agents [1]. Therefore, the development of 
efficient and selective methodologies for this process is of 
great interest to scientists. While conventional methods 
for forming carbon-nitrogen bonds typically involve harsh 
conditions and complex synthetic steps, the use of metal-
mediated processes has emerged as a highly efficient and 
versatile approach [2, 3]. These methods have 
significantly enhanced the synthetic platform for carbon-
nitrogen bond formation in terms of both efficiency and 
applicability. The utilization of light energy in chemical 
reactions mimics the process of photosynthesis observed 
in natural systems, thereby enabling the synthesis of 
various chemicals. Photons can be seen as catalysts that 
do not leave any trace behind, thereby minimizing the 
formation of unwanted by-products and simplifying the 
subsequent purification processes. The use of 
photocatalytic reactions offers the advantage of enabling 
organic transformations to take place under more gentle 
conditions, resulting in lower costs for the experimental 
setup [4, 5]. Additionally, these reactions hold great 
potential as a practical platform for C-N coupling 
reactions. In the present study, a transition metal-
modified ZnO materials are examined as photocatalysts. 

Experimental Section  
To a solution of  benzoic acid, Indole, base  in DMF, was 
add catalyst. The reactant mixture was carried out under 
air atmospheres and stirred under visible light irradiation 
a 11 W LED lamp . After reaction completion catalyst was 
separated by centrifuging and the solvent removed under 
reduced pressure, the crude product was purified by 
column chromatography. 

Results and Discussion 
For the coupling reaction of benzoic acid and Indole 
(Scheme 1), the reaction did not occur using only pure 
ZnO as catalyst or without any catalyst under irradiation. 
However, the Ru/ ZnO catalyst exhibited excellent 
photocatalytic activity under the given conditions. After 
optimized conditions in the air and room temperature 
condition, the photocatalytic performance of Ru/ZnO 
catalyst for coupling reactions were investigated with a 
series of differently substituted acids. 

 

Scheme.1: Carbon-Nitrogen bond formation. 
 

 
Fig.1: SEM image of Ru/ZnO nanoparticles 

Conclusions 
In conclusion, We have successfully demonstrated that a 
heterogeneous Ru/ZnO catalyst used for photocatalytic C-
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N bond coupling reactions under visible light irradiation at 
ambient temperatures.The catalytic activity of Ru 
nanoparticles under visible light irradiation can be 
evidently increased by using the photoactive 
semiconductor ZnO as the support. 
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Abstract: An ultrasound-assisted temperature-control deep eutectic solvent dispersive liquid-phase 
microextraction (UA-DES-DLPME) in combination with spectrophotometry was developed for the separation/ 
preconcentration and determination of brilliant blue color. In this method,  brilliant blue was extracted into a 
hydrophobic deep eutectic solvent (DES) consisting of triethanolamine and 4-methyl phenol. The dispersion of 
DES in aqueous phase was speeded up by ultrasound waves without using any organic dispersive solvent. 
Parameters affecting the extraction efficiency such as pH solution, type and volume of deep eutectic solvent, 
salt effect and sample volume were examined and optimized. Under the optimum conditions, the calibration 

curve was linear over the range of 5.0-120.0 µg L −1 with the detection limit of 1µg L −1. The inter-day relative 
standard deviations (RSDs) at 20 µg L-1 level of brilliant blue (n = 5) was 3.6. The proposed method was 
successfully applied to the determination of brilliant blue in food stuff samples. 
Keywords: Microextraction; Ultrasound; Deep eutectic; Brilliant blue; Spectrophotometry  

 

1. Introduction 
1.1. Food colors 
In the early 1990s, natural and artificial color additives 
were widely used to color food, drugs, and cosmetics [1]. 
Brilliant Blue is a synthetic organic compound that is 
mainly used as a blue color for processed foods, drugs, 
nutritional supplements, and cosmetics. In addition to the 
toxic effect on the human body, food colorings may cause 
various side effects such as asthma, urticaria, reduction of 
children's IQ, anaphylactic shock, a decrease in the level 
of vitamins, a decrease in white blood cells WBC and 
lymphocyte [2]. Thus, it is very important to develop a 
simple, rapid and sensitive analytical method for 

determination of Brilliant Blue in different matrices. 
Several methods including ....[3]  and spectrophotometry 
have been developed for determination of iron species. 
The major advantages of spectrophotometric method are 
simplicity and low cost, but it suffers from a high limit of 
detection. Thus, a separation and preconcentration step 
is frequently required to achieve low detection limit and 
enhancing the sensitivity. In 2006, Assadi et al. developed 
a new liquid-phase microextraction technique, called 
dispersive liquid-liquid microextraction [4]. Dispersive 
liquid-liquid microextraction is a miniaturized liquid-liquid 
extraction that uses microliter volumes of extraction 
solvent. The advantages of the dispersive liquid-liqui 
microextraction method include simplicity of operation, 
high recovery, speed and etc . One of drawback of DLLME 
is the use of the toxic extraction solvents, which was 
alleviated by their substitution with eco-friendly solvents 
of ionic liquids (ILs) and deep eutectic solvent.  

 
Fig.1: Schematic of the dispersive liquid-liquid microextraction 

method. 

DESs are usually synthesized by mixing and heating a 
hydrogen bond acceptor (HBA) such as choline chloride 
(ChCl; inexpensive, nontoxic and biodegradable 
quaternary ammonium salt) with a hydrogen bond donor 
(HBD) (such as low-cost and green, sugars, urea, alcohols 
and carboxylic acids). In compared to ILs, DESs have the 
advantages of low cost, ease of preparation, high thermal 
stability, low toxicity, biocompatibility, and high 
biodegradability [5]. In this work, a hydrophobic DES of 
triethanolamine/4-methyl phenol was prepared and a 
UA-DES-DLPME technique was developed for 
preconcentration of Brilliant Blue in food stuff samples. 

2. Experimental Section  
2.1. Chemicals and solutions 

All the chemicals used were of analytical reagent grade 
and were obtained from Merck Germany and Lobachem 
India. Stock solution of Brilliant Blue (500 mg/L) was 
provided by dissolving a proper amount of Brilliant Blue in 
deionized water.  
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2.2. Preparation of DES 
Deep eutectic solvent was prepared by mixing 
triethanolamine and 4-methyl phenol in a 10 mL screw-
capped bottle. The mixture was constantly stirred in a 
water bath at temperature of 80 ◦C for 5 minutes until a 
homogeneous clear liquid of DES was achieved. 

2.3. Extraction procedure 
standard solution containing Brilliant Blue and 1 mL of 
buffer solution to adjust the pH = 5 were added to a test 
tube with a volume of 12 mL. Then proper volume of 
eutectic solvent was added to the aqueous solution as 
extractant. Then, the mixture was placed in an ultrasonic 
bath. Then two phases were formed by centrifugation. 
Then, 70 μL of the organic phase that was collected at the 
end of the test tube was removed by a microsyringe and 
poured into the microcell and its absorbance was 
recorded. 

3. Results and Discussion 
The pH of the solution, the type and volume of extracting 
solvent, the ultrasonic time, the centrifugation time, and 
the volume of the sample solution are among the 
parameters that must be optimized to achieve the highest 
sensitivity. 

3.1. pH effect 
The influence of pH on the extraction of brilliant blue 
was studied by varying the pH within the range of 2-10. It 
was observed (Fig. 1) that the absorbance of reaches a 
maximum at the pH of 5. 

 
Fig.2: Effect of pH on the extraction efficiency. 

3.2. Application of the method 
In order to check the ability of the proposed method, 
Brilliant Blue was measured in food sample. The accuracy 
of the method was determined by analyzing the water 
samples spiked with known amounts of brilliant blue at 
three levels. The results of this research are shown in 
Table 1. According to Table 1, the percentage of recovery 
obtained is in the range of 95-105%, which shows the 
accuracy and ability of the presented method to measure 
Brilliant Blue in examined sample. 

Table1: Determination of brilliant blue in food sample. 

Sample 
added 
(mg/L) 

Measured 
(mg/L) 

Recovery(%) 

Food 
sample 

0 0.07 - 

0.05 0.122 105 

0.08 0.132 95 

 

4. Conclusions 
Brilliant blue color is one of the most used colors in the 
world of food. In this work, ultrasonic assisted dispersive 
liquid-liquid microextraction using hydrophobic deep 
eutectic solvent was introduced to determination of 
Brilliant Blue. One of the advantages of this method is the 
use of eutectic solvent, which is considered as a green 
solvent and environmentally friendly.  

References 
[1]   Swetha, C., et al., A survey on the public awareness 
about harmful effects of artificial food colours in milk and 
meat products on human health. The Pharma Innovation 
Journal, 2017. 6(9): p. 306-309. 

  و   مجاز  یخوراک  یهارنگ   مصرف  زان یم  یبررس ,.et al ,.م,  یتوان    [2]

.  1395  سال  در  نظرآباد  شهرستان  در   شدهعرضه   ییغذا  مواد  در  رمجازیغ

 .p. 299-306 :(4)4.  2017,  طیمح  بهداشت  یمهندس  مجله

[3]   Morris, R., Spectrophotometry. Current Protocols 
Essential Laboratory Techniques, 2015. 11(1): p. 2.1. 1-
2.1. 30. 
[4]   Rezaee, M., et al., Determination of organic 
compounds in water using dispersive liquid–liquid 
microextraction. Journal of Chromatography a, 2006. 
1116(1-2): p. 1-9. 
[5]   Dwamena, A.K., Recent advances in hydrophobic 
deep eutectic solvents for extraction. Separations, 2019. 
6(1): p. 9. 
 

0

0.1

0.2

0.3

2 3 4 5 6 7 8 9

A
b

so
rb

an
ce

pH

701 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

Phyto-Synthesis, characterization, and antibacterial, antioxidant activity of silver 
nanoparticles using the aqueous of extract of leaves of Geranium robertianum L.  

Mahsa Amini a, Tarannom Asgharpour b,  Hadiseh Zolghadr b,  Hasti Yavari b, Shahab Ojani ⃰ c 

Corresponding Author E-mail: Shahab_ojani@yahoo.com 

a Department of Cellular and Molecular Biology, Karaj Branch, Islamic Azad University, Karaj, Iran. 

b Department of Microbiology, Karaj Branch, Islamic Azad University, Karaj, Iran. 

c Department of Chemistry, Karaj Branch, Islamic Azad University, Karaj, Iran. 

 
Abstract: Recently, metal nanoparticles, especially silver nanoparticles (Ag-NPS), have attracted the attention 
of researchers due to their biological properties. In the present project, phytosynthesis, characterization, and 
antibacterial, antioxidant activity of silver nanoparticles using the aqueous of extract of leaves of Geranium 
robertianum L. has been reported. 

Keywords Geranium robertianum L.; Phytosynthesis; Antioxidant activity. 

 

Introduction 
Nanoscience is among the areas of interest in research in 
the developing world. The materials are manipulated in 
such a way that it differs from the original ones in terms 
of shape, size and characteristics. Metal nanoparticles 
revealed special properties which include surface area as 
well as special surface atoms, due to their excellent 
physicochemical properties, which have to do with 
optical, magnetic, catalytic and antibacterail, antioxidant 
and anticancer properties. Synthesis of nanoparticles, 
especially metallic nanoparticles, is very special due to its 
wide application in the field of chemistry and drug 
development.Metals like silver, selenium, copper, zinc, 
titanium, magnesium, gold, and others, which are 
regarded to have exceptional physical, chemical, and 
biological properties in their nano-form, constitute one 
such technique [1]. Geranium robertianum L. 
(Geraniaceae), commonly known as Herb Robert or Red 
Robin, has long been used in the folk medicine of several 
countries and in herbalism’s practice for a number of 
different therapeutic purposes. This medicinal plant 
owes its popularity to the use as remedy for a variety of 
digestive system disorders, and also to a series of 
properties such as anti-inflammatory, haemostatic, 
antidiabetic, antibacterial, antiallergic, anti-cancer and 
diuretic often ascribed to it [2]. Therefore, in this project, 
we characterized phytosynthesis, characterization, and 
antibacterial, antioxidant activity of silver nanoparticles 
using the aqueous of extract of leaves of Geranium 
robertianum L. harvested from Lahijan – Guilan has been 
reported. 

Experimental Section  
In this project, 20 gram of powder of leaves of Geranium 
robertianum L. (G. robertianum) was mixed with 

aqueous exposed to microwave irradiation at 100 W in 
microwave (model GE 280 S) oven with regular at 
intervals 10 minute irradiation during 5 minutes. After 
extracting, the solvent was removed under the vacuum 
at temperature below 450C and the extract were freeze 
dried. Then, 0.1 g of dried extract of G. robertianum 
leaves is added into 50 ml deionized water and then 
stirred for 1 h in a magnetic stirrer at room temperature. 
Coarse filtering is employed prior to centrifuging the 
extract at 4000 rpm for 30 min to remove the heavy 
biomaterials in it. Clear G. robertianum leaves extract is 
mixed immediately into a 0.1 mM AgNO3 solution of 
equal volume.  The color change involved in the 
formation of (Ag-NPs). Phytosynthesis of (Ag-NPs) was 
characterized by UV-Vis, FT-IR, XRD and TEM. Then, the 
antibacterial activity of the synthesized (Ag-NPs) was 
tested using both gram positive as well as gram negative 
bacteria i.e. Staphylococcus aureus (ATCC 25923) and 
Escherichia coli (ATCC 25922), respectively. Later, total 
antioxidant activity was assayed by DPPH0 free radical 
scavenging assay method. 

Results and Discussion 
 
Ultraviolet-visible UV-Visible analysis  
The initial formation of Ag-NPs was determined by UV-
Visible spectroscopy. Due to the formation of the Ag-
NPs, Surface Plasmon Resonating (SPR) signal that may 
have been shown as a wide excitation wavelength (λ 
max) in the range of a wavelength of 400–450 nm, the 
creation of Ag-NPs could be validated using the UV–Vis 
spectrophotometer. SPR of silver occurs at 410 nm (Fig. 
1). 
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Fig.1: UV–Visible spectrum of synthesized Ag-NPs 

 
Fourier-transform infrared spectroscopy (FTIR) analysis 
FT-IR is an essential technique for molecular 
fingerprinting used to detect the functional group of 
plant secondary metabolites that act as capping and 
reducing agents in the synthesis of metal nanoparticles. 
Biomolecules that are associated with Ag-NPs  are 
detected via FT-IR. The FT-IR results are given in (Fig. 2).   
 

 
Fig.2: FT-IR spectra of (Ag-NPs) obtained using G. robertianum 

 
X-ray Diffraction (XRD) analysis 
XRD analysis was used to examine the crystal structure 
and phase of the produced Ag-NPs. (Fig. 3) shows the 
XRD pattern of the produced Ag-NPs. 
 

 
Fig.3: XRD pattern of (Ag-NPs) obtained using G. robertianum 

Transmission Electron Microscopy (TEM) analysis 
The formation of Ag-NPS by aqueous extract of leaves of 
G. robertianum was confirmed by the TEM image. The 
morphological project of Ag-NPS using TEM suggests that 

the nanoparticles are spherical in shape with a diameter 
25 nm. 

 
Fig.4: TEM images indicating of (Ag-NPs) obtained using G. 

robertianum 

 
Antibacterial and Antioxidant activity 
The zone of inhibition of Ag-NPs nanoparticles and 
aqueous extract of leaves of G. robertianum for 
Staphylococcus aureus, and Escherichia coli was (15, 30) 
and (10, 25) mm, respectively. The radical scavenging 
activity (%) and IC50 of aqueous extract of leaves of G. 
robertianum was (35.46% - 3.62), and radical scavenging 
activity (%) and IC50 Ag-NPs using aqueous extract of 
leaves of G. robertianum (88.65% - 1.40) µg/ml 
respectively. 
 
Conclusions 
Based on results of this project, it can be concluded that 
the Ag-NPs synthesized by the aqueous extract of leaves 
of G. robertianum had significant antioxidant and 
antibacterial effects and can be used as a drug candidate 
for the future. 
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Abstract: A magnetic tar-based activated carbon impregnated with copper oxide (CuO-Fe3O4/AC) has been 
synthesized as a Fenton catalyst for removing phenol from water. The catalyst has been characterized using XRD, 
EDS, FESEM, and BET techniques. The catalyst removed 50% of phenol in 120 minutes at near-neutral pH. 

Keywords: Phenol, copper oxide, heterogenous Fenton 

 

Introduction 
Water pollution is a major problem for both human health 
and the environment. Phenol is recognized as a Class 2 
water hazard in many countries, due to its harmful 
effects. Phenols are commonly used in the production of 
organic materials, leading to their high concentration in 
wastewater[1]. Therefore, it is important to find an 
effective method to eliminate phenol from water.  

The Fenton process has been widely used as advanced 
oxidation processes (AOPs) for treating organic pollutants 
in water. Fenton reaction involves reaction between 
metal catalyst and hydrogen peroxide to generate 
hydroxyl radicals, which can nonselective attack organic 
compounds to mineralize[1, 2]. 

Iron oxides are commonly used as Fenton-like catalysts 
due to their low cost and relatively high activity. One 
effective way to improve the catalytic activity of Fe3O4 is 
to create composite with other metals or carbon 
materials[1, 3]. In 2016 Lian Yu et al. investigated on 
catalyst properties of Fe3O4-GO on removal of phenol. 
Their results showed that under optimal conditions with 
UV-light irradiation, about 98.8%  phenol of a phenol 
solution could be removed after 120 min photo-Fenton 
degradation[1]. In 2021, Jianyuan Zhen and his team 
produced Magnetic CuO-Fe3O4-Biochar nanoparticles. 
Their results showed that the nanoparticles with CuO had 
a high Bisphenol A removal efficiency across a wide range 
of pH values[3]. 

In this study, a magnetic nano-catalyst CuO-Fe3O4/AC 
using a two-step process of pyrolysis and impregnation 
was synthesized. The purpose was to investigate its 
effectiveness as a heterogeneous catalyst in removing 
phenol from water. 

Experimental Section  
Reagents of analytical grade were used in the synthesis 
without further purification. Tar pitch fine powder and 

potassium hydroxide were added to 100 mL of solvent, 
and magnetite nanoparticles (10%w of tar pitch) were 
added to 20 mL of solvent. The nanoparticles were 
sonicated and added dropwise to the tar and KOH 
mixture, which was stirred and heated to vaporize the 
solvent. The product was pyrolyzed at 5°C/min to 800°C 
for 2 hours under N2 atmosphere and acid-washed and 
dried to produce magnetic activated carbon(Fe3O4/AC). 

To synthesize CuO-Fe3O4/AC, a certain amount of 
Fe3O4/AC is added to deionized water and sonicated. 
Then, a solution of Cu (II) ions (20%w of Fe3O4/AC) is 
added dropwise to the Fe3O4/AC suspension solution 
while stirring. After 1 hour, 0.1 molar NaOH solution is 
added to the mixture, bringing the pH to 10, and stirred 
for an additional hour to complete the reaction. The 
mixture is then centrifuged, washed with deionized 
water, and dried in an oven at 70°C overnight. The 
catalysts used in this experiment were analyzed using 
XRD, EDS, FESEM, and BET techniques. 

To conduct the phenol removal batch experiment, a 50mL 
solution containing 100ppm of phenol at an initial pH of 
6.5 was prepared in a 100mL beaker. Then, 2g/L of 
catalyst was added and the mixture was shaken on a 
laboratory shaker at 250 rpm. To initiate the reaction, 1 
ml of 30%w H2O2 was added. The concentration of phenol 
was measured using the 4-aminoantipyrine method, 
which was used to evaluate the effectiveness of the CuO-
Fe3O4/AC and H2O2 system. 

Results and Discussion 
The N2 adsorption-desorption isotherm indicates that 
both the Fe3O4/AC and CuO-Fe3O4/AC catalysts have a 
porous structure with a BET Surface Area of 322 and 30 
m²/g, respectively. 
Fig.1 displays the results of the X-ray Diffraction (XRD) 
analysis. All diffraction lines were compared to JCPDS card 
number 96-900-5838 and 96-901-6327 because of the 
presence of Fe3O4 and CuO phases. The existence of Fe3O4 
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and CuO particles was also confirmed by EDS 
images(Fig.2). 
Fig.3a and Fig.3b present the surface morphology of the 
Fe3O4/AC and CuO-Fe3O4/AC catalysts, respectively. The 
surface morphology of the Fe3O4/AC catalyst exhibits 
macropores, while the CuO-Fe3O4/AC catalyst displays 
nanoparticles that are approximately the same size with 
an average diameter of 45 nanometers.   

 

 

 
 
Fig.4 illustrates the effectiveness of various catalyst 
systems in removing phenol. The graph indicates that 
phenol cannot be degraded by H2O2 alone. However, the 
CuO-Fe3O4/AC catalyst demonstrated twice the removal 
efficiency compared to the Fe3O4/AC catalyst, confirming 
that the presence of CuO can significantly enhance the 
removal efficiency.  

 
Fig.4: Comparison of the removal efficiencies of phenol under 

different catalytic systems. reaction conditions: 
[Phenol]=100mg/L, [Fe3O4/AC]= 2.0g/L, [CuO-Fe3O4/AC]= 

2.0g/L, [H2O2 30%w]= 20mL/L, pH = 6.5 

Conclusions 
In this study, we studied the removal of phenol from 
water using magnetic tar-based activated carbon 
impregnated with copper oxide nanoparticles. The CuO-
Fe3O4/AC catalyst was found to be effective in degrading 
50% of phenol at near-neutral pH within 120 minutes. This 
demonstrated that the Fenton-like process using CuO-
Fe3O4/AC could be suitable for removing phenol from 
wastewater solutions. 
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Fig.1: XRD patterns of Fe3O4/AC and CuO-Fe3O4/AC. 

Fig.2: EDS spectrum of the CuO-Fe3O4/AC catalyst. 

 

Fig.3: FESEM images of (a) Fe3O4/AC and (b) CuO-Fe3O4/AC. 
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Abstract: A solid phase extraction method using magnetic expanded graphite sorbent was proposed for the 
separation and preconcentration of acetaminophen. The effect of important parameters on the extraction of 
analyte was studied and optimized. The extracted acetaminophen was measured by gold-silver nanoparticle 
functionalized with polyethyleneimine as a colorimetric sensor. The linear range was achieved in the range of 

0.1-20.0 µg L-1  for acetaminophen (R2 = 0.9972) with a limit of detection of 0.029 g L-1. The intra-and inter-day 
relative standard deviations for six measurements at the concentration level of 5.0 µg L-1 acetaminophen were 
found to be 2.6 and 4.2 % respectively. 
Keywords: Acetaminophen; Expanded graphite; Gold-silver nanoparticles, Magnetic sorbent  

 

Introduction 
Acetaminophen is a non-steroidal anti-inflammatory 
drug, widely employed for fever treatment, headache, 
rheumatic pain, back pain, and toothache. In some cases, 
acetaminophen is applied simultaneously with other non-
steroidal anti-inflammatory drugs in treatment. The low 
and standard doses of acetaminophen consumption are 
safe and quickly and completely converted into inactive 
metabolites and excreted from the body, but excessive 
usage of acetaminophen induces the accumulation of the 
toxic metabolite N-acetyl-p-benzoquinone imine and cell 
death, irritation of the stomach lining, blood coagulation 
and damage to kidneys and liver. Due to the long-term use 
of acetaminophen, it is necessary to perform periodic 
tests to check liver, kidney, and hematological functions. 
For this reason, accurately determining of the 
acetaminophen amount in biological samples is vital [1]. 
Magnetic nanoparticles with a high surface-to-volume 
ratio, high extraction capacity, and high extraction 
efficiency are efficient sorbents. Magnetic nanoparticles 
are chemically unstable and reactive due to their high 
surface area and surface energy. The surface coating with 
various functional groups stabilizes the magnetic 
nanoparticles and boosts their sorption capacity [2]. 
Expanded graphite is a worm-like porous material with 
low density, and due to its high porosity, network pore 
structure, weak polarity, hydrophobic nature, 
biocompatibility, high selective sorption capacity for 
organic compounds, and low preparation cost, it is 
regarded as an appropriate and efficient sorbent [3].  

Noble metal nanoparticles are characterized by surface 
plasmon resonance properties. Changing the functional 
groups of the nanoparticle's surface, the environment 
refractive index, and the size and shape of the 
nanoparticles change the surface plasmon resonance 
absorption frequency and the color change occurs in the 
nanoparticles. The performance of colorimetric sensors 
based on plasmonic nanoparticles depends on the 
changes in optical properties of nanoparticles due to 
aggregation or morphology change [4]. 
 
Experimental Section  
The prepared magnetic sorbent was added to the solution 
(200 mL) containing acetaminophen and the mixture was 
stirred. The sorbent with the sorbed drug was separated 
from the solution and the sorbed drug was desorbed by 
vortexing with acetonitrile solvent and then the 
adsorbent was separated by a magnet. The extracted drug 
was measured by the spectrophotometric method based 
on the colorimetric sensor of gold-silver nanoparticles 
functionalized with polyethyleneimine. The absorption of 
the solution in the presence of the drug was measured at 
410 and 550 nm wavelengths. The addition of 
acetaminophen caused a decrease in absorption at 410 
nm wavelength and an increase in absorption at 550 nm 
wavelength (Fig. 1). The absorbance ratio (A550/A410) was 
used as the analytical signal in the determination of 
acetaminophen.  
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Results and Discussion 
The figures of merit of the developed method containing 
the linear range, the limit of detection, the limit of 
quantification, and the relative standard deviation were 
studied under optimal conditions. The calibration curve 
was linear in the concentration range of 0.1-20.0 µg L-1 
with a determination coefficient of 0.9972 (Fig. 1). The 
calibration graph equation was Y = 0.06690X + 0.09765 (Y 
is equal to A550/A410 and X is the acetaminophen 
concentration in µg L-1). 

 

 

Fig.1: The UV-visible absorption spectra of the colorimetric 
sensor in the presence of different concentrations of 

acetaminophen and the linear relationship between the 
analytical signal and concentration of acetaminophen. 

 
The detection limit and quantitative limit of the method 
are based on the relationship of 3Sb/m and 10Sb/m 
respectively found in 0.029 and 0.970  µg L-1. The intra-
and inter-day relative standard deviations for six 
measurements at the concentration level 5.0 µg L-1  were 
2.6 and 4.2%, respectively. 
The accuracy of the method was investigated through the 
analysis of spiked human serum and urine samples. The 
recoveries were in the range of 95.0-104.5%.  

Conclusions 
In this study, a magnetic expanded graphite sorbent 
functionalized with glycine was prepared and 
characterized by different techniques.  Then, the 
applicability of the prepared sorbent for the separation 
and preconcentration of acetaminophen was 
investigated.  The gold-silver nanoparticle functionalized 
with polyethyleneimine as a colorimetric sensor was 
conceived to measure extracted acetaminophen based on 
the decrease in absorption of nanoparticles at a 
wavelength of 410 nm and increase in absorption at 550  
nm. The main advantages of the suggested method are 
simplicity, wide linear dynamic range, and high selectivity 
and sensitivity. 
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Abstract: This study examines the effect of impeller design on the efficiency of the wastewater treatment 
process and focuses on the effluent from the desalination unit of the petrochemical industry and processed in 
the treatment tanks. Propellers, Coagulation, flocculation and sedimentation operations are performed in the 
wastewater treatment unit. 
Keywords: Wastewater; BOD; COD; Coagulation; Flocculation; Treatment. 

 

Introduction 
One of the famous treatment methods to reduce 
suspended solids and turbidity is the coagulation and 
flocculation [1]. Coagulation uses salts such as aluminum 
sulfate (alum) or ferrous of ferric (iron) salts, which bond 
to the suspended particles, making them less stable in 
suspension, i.e., more likely to settle out [2]. 

Experimental Section  
In the field of water treatment, mixing and contacting are 
important unit operations having a fundamental influence 
on the performance of individual process stages or even 
on the results of the complete process itself. The ever 
increasing demands on water quality call for continuous 
improvement of the cleansing processes.  

Results and Discussion 
A submersible mixer is a mechanical device that is used to 
mix sludge tanks and other liquid volumes. Submersible 
mixers are often used in sewage treatment plants to keep 
solids in suspension in the various process tanks and/or 
sludge holding tanks. The submersible mixer is operated 
by an electric motor, which is coupled to the mixer's 
propeller, either direct-coupled or via a planetary gear-
reducer. 
The effect of three types of mixers on the total alkalinity 
and total hardness is illustrated in Figure 1. 

 

 
 
 

Fig.1: Total hardness versus total alkalinity. 

 

All types present relatively poor elimination of total 
hardness at amount of 10000 of alkalinity. Type two 
shows the effective elimination in the amount of total 
hardness in the range of different alkalinity.  
The mixer type 2 shows the lowest amounts of chemical 
oxygen demands (in the range of 10 ppm to 15 ppm) in all 
related sedimentation times. This may be since of the best 
effect of mixer blades in flocculation mechanism. So, the 
organic compounds which react with oxygen are trapped 
between flocs and sediments.  
The effect of temperature and mixer shapes on the 
amount of BOD is investigated in Figure 3. Biological 
oxygen demand is the major criteria in wastewater 
treatment. The mixing phenomenon by mixer type 2 
increases the temperature of reactor to 21C. So, at the 
adjusted temperature, the smaller amount of BOD is 
obtained, after using type 2. 

 
Fig.2: The effect of sedimentation time on the COD. 
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          Fig.3: The effect of temperature and mixer shapes on the 

amount of BOD. 

Conclusions 
The relations between important parameters such as 
turbidity, total hardness, alkalinity, chemical oxygen 
demands and biochemical oxygen demands are 
presented based upon the results of experiments.  
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Abstract: Antibiotic resistant pathogens have caused a challenge in the effectiveness of antimicrobial agents. 
The present investigation describes the modification of chitosan nanoparticles by a curcumin/quaternary 
pyridinium compound. The results showed that the hybrid compound is a potent antibacterial agent, attributing 
to synergic effect of quaternary pyridinium and chitosan segments.  
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Introduction 
chitosan is a non-toxic, biodegradale, biocompatible and 
abundant biopolymer. This polymer has attractive 
interesting for many application sush as food industry, 
drug delivery, cosmetics, tissue engineering and 
packaging material [1]. Nanoparticles of chitosan possess 
the characteristic properties of chitosan, and can improve 
its practical value. 

Quaternary ammonium compounds (QAC) with long alkyl 
chains are excellent antimicrobial agents against bacteria 
especially Gram-positive organisms [2]. QACs due to low 
toxicity have wide commercial applications including 
preparation of dyes, textile, sanitizing food, 
mouthwashes, toothpaste and breath sprays.  

Curcumin (CM), the most important pigment in turmeric, 
is a member of polyphenols with the remarkable 
biological activities. however, curcumin and their 
derivatives are unstable under physiological conditions. 

In this report, a quaternary pyridinium derivative of 
curcumin named CP with strong potntial to inhibit the 
growth of bacteria was synthesized. CP covalently 
conjugated to nanoparticles of chitosan via an imine 
linkage, to enhance its stability in physiological medium. 

Experimental Section  
Chitosan nanoparticles (NP) was prepared by addition of 
polyanion sodium tripolyphosphate (TPP) to chitosan 
solution by following the literature procedures [3].  

CP was synthesized based on our previous method in two 
steps [4]. To synthesis of modified chitosan nanoparticles 

by CP (NP-CP), 10 mg NP was dispersed in 5 mL N, N′-

dimethylformamide (DMF), and then a solution of CP (10 
mg in 5 mL DMF) was added to it. The mixture was stirred 
at 70 °C for 36 h. The resulting nanoparticles were isolated 
by centrifuging at 6000 rpm, and the supernatant was 

decanted. The colored nanoparticles were rinsed with 
methanol until the supernatant became colorless (5–6 
times), and then dried overnight at 40 °C. 

Results and Discussion 
The pathway to preparation of chitosan nanoparticles and 
grafting the curcumin derivative to it, is shown in Fig. 1.  
 

 
Fig.1: Synthesis of NP-CP 

 
All compounds were characterized using FT-IR 
spectroscopy. Fig. 2 shows the FT-IR spectra of NP, CP, and 
NP-CP. FT-IR spectrume of NP indicated O–H and N–H 
stretching bands at 3000–3600 cm-1. This spectrum also 
showed the absorption bands at 1627 cm−1 (bending 
vibration N-H), 1382 cm−1 (C-N), and 1101 cm −1 (C-O). The 
spectrum of CP showed the absorption bands at 3400 cm-

1 (O–H), 1731 cm-1 (C=O), 1595 cm-1 (C–C), 1514 cm-1 (C–C 
aromatic) and 1153 cm-1 (C–O). Also, two sharp peaks at 
2852 cm-1 and 2924 cm-1 are related to alkyl chain. 
Compared to NP, in the FT-IR spectrum of NP-CP, the 
presence of new absorptions at 2848 and 2920 cm−1 
(aliphatic C–H) indicates the formation of NP-CP. In 
addition, This spectrum showed the absorption bands at 
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3450 cm−1 (O–H), 1647 cm−1 (C=N along with C=O of 
curcumin), 1228 cm−1 (C–N), 1120 cm−1, and 1081 cm−1(C–
O). 
 

 
Fig.2: FT-IR spectra of NP, CP, and NP-CP 

 
The morphology of nanoparticles was characterized using 
Field emission-scanning electron microscopy (FE SEM. The 
images of NP and NP-CP are shown in Fig. 3, which 
confirmed the spherical morphology and isometric 
nanometer-sized particles. The NP-CP nanoparticles 
showed an average diameters in the range of 40–60 nm. 
 

 
 

 
 

Fig.3: FE-SEM images of a) NP and b) NP-CP 

 
NP, CP, and NP-CP were investigated for their 
antimicrobial activity against Gram-positive bacteria S. 
aureus (PTCC 1112) and Gram-negative bacteria E. coli 
(PTCC 1330) by disc diffusion method. The results as the 
zone of inhibition (mm) are listed in Table 1. NP, without 
disturbing on E. coli, sowed only weak effect on S.aureus 
bacteria. The Gram-negative bacteria have a layer called 
the outer membrane, which plays an significant role in 
protecting and its resistance to antibacterial agents. CP 
due to existence of pyridinium group exhibited a high 
activity against bacteria. After the hybridition of CP with 

NP and formation of NP-CP, the highest antibacterial 
activities were observed, which can attributed to longer 
interaction and easier penetration of alkyl chain into the 
membrane of bacteria. 
 

Table1: Antibacterial Activity of synthesized compounds   

Compound 

Zone of inhibition (mm ± SD, n=3) 

S. aureus 

(300 µg/disc) 

E. coli 

(300 µg/disc) 

NP 13 ± 0.31 No effect 

CP 26.10 ± 0.29 9.02 ± 0.22 

NP-CP 26.50 ± 0.17 12.24 ± 0.25 

Amikacin (30 µg/disc) 22.06 ± 0.82 21.01 ± 0.71 

Conclusions 
Here, a pyridinium salt of curcumin was synthesized and 
covalently grafted on the surface of chitosan 
nanoparticles. The results of antibacterial assay revealed 
that the new compound can be worth to further study as 
a promising antibacterial agent. 
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Abstract: This study investigates electrochemical desulfurization (ECDS) as a method for removing sulfur, like 
mercaptans, from high sulfur condensate gasoline. Compared to traditional methods, ECDS offers lower 
operating temperatures and pressures, improving energy efficiency and cost-effectiveness. Sodium hydroxide is 
found to be the best electrolyte, with 5 M concentration and 30-minute electrolysis yielding optimal results. 
ECDS achieves a notable 78% reduction in sulfur content within 30 minutes, without requiring a catalyst.  
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Introduction 
Environmental concerns drove sulfur content regulations 
in fuels globally. USA set 15 ppm by 2010 [1], Europe 10 
ppm by 2009 [2]. Hydrodesulfurization (HDS) is common 
but requires high energy. Alternatives like ECDS offer 
lower temp/pressure, potentially more efficient sulfur 
removal [3], [4]. The electrochemical desulfurization 
process involves the reduction and/or oxidation of sulfur-
containing compounds in fossil fuels. The cathodic 
reduction of organic sulfur compounds (R-SH) produces 
H2S, as depicted in Eq. (1): 
𝑅 − 𝑆𝐻 + 2𝐻+ + 2𝑒− = 𝑅 − 𝐻 +𝐻2S. (1) 

The resulting H2S can be separated via a gas/liquid 
separation process. On the other hand, the anodic 
oxidation of organic sulfur compounds is expressed by Eq. 
(2): 
𝑅 − 𝑆𝐻 + 4𝑂𝐻− − 4𝑒− = 𝑅𝐻 + 𝑆𝑂2 + 2𝐻2𝑂. (2) 

SO2 originates from RSH oxidation, increasing sulfur 
compound polarity for extraction or adsorption [6]. ECDS 
is notable for minimal oxidant usage and limited 
wastewater [7]. Studies explored its efficacy in various 
systems like coal water slurry [5] and model hydrocarbon 
streams [8]. Wang et al. developed an ECDS process with 
particle group anodes for enhanced catalysis [9], [10], 
[11]. This study focuses on ECDS to remove organic 
sulfides from high sulfur condensate gasoline (2620 ppm 
sulfur). Inorganic salts in 10% H2SO4 and NaOH 
maintained a 30A current for desulfurization, 
investigating optimal conditions [7]. 

Experimental Section 
Experiments evaluated gas condensate desulfurization, 
varying electrolyte type, concentration, and electrolysis 
time. Total sulfur measured via XRF. Figure 1 depicts 
setup. 

 
Fig. 1: Schematic of electrochemical setup 

Results and Discussion 
1. Electrolyte Type Selection: The experiment, outlined in 
Table 1, involved mixing 22.5 ml of 10% sulfuric acid and 
5.26 g of sodium chloride with gas condensate fuel. 
Electrolysis with a 9 V voltage for 30 minutes using 
graphite electrodes achieved a final sulfur content of 
0.1725% with 10% sulfuric acid + 4 M NaCl. 

Table 1: Effect of Electrolyte type on ECDS performance 

Ex. Electrolyte Type Sulfur Content (Wt%) 

1 10% sulfuric acid + 4 M NaCl 0.1725 

2 5 M sodium hydroxide 0.0566 

Sodium hydroxide (5 M) yielded a final sulfur content of 
0.0566%, confirming its superior performance as the 
optimal electrolyte. 
2. Optimization of Electrolyte Concentration: Figure 1 
illustrates that 5 M sodium hydroxide (Experiment 3) 
resulted in the lowest sulfur content at 0.0566%, with 
78.4% conversion. 
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Fig. 2: Effect of electrolyte concentration on ECDS performance 

3. Electrolysis Time Optimization: With 5 M sodium 
hydroxide, varying electrolysis times showed 30 minutes 
as optimal, achieving 78.4% sulfur conversion according 
to Figure 2. 

 
Fig. 3: Effect of electrolysis time on ECDS performance 

4. Mercaptan Removal and Implications: Electrochemical 
desulfurization effectively targeted aromatic and alkyl 
mercaptans, crucial for mitigating odor and corrosion in 
petroleum products. A condensate comprising 85% 
mercaptans achieved a 78% removal efficiency. 

5. Economic Viability of Electrochemical Desulfurization: 
The electrochemical method showcased both efficacy and 
economic viability, with minimal energy consumption 
equivalent to lighting a standard bulb. This underscores 
its practicality and cost-effectiveness for industrial use. 

6. Challenges and Future Directions: Despite 
commendable desulfurization efficiency, challenges 
include scaling up for industrial use and addressing 
potential by-products, necessitating further research for 
optimization and broader applicability. 

Conclusions  The study highlights electrochemical 
desulfurization, achieving a 78% reduction in total sulfur 
content with 5 M sodium hydroxide for 30 minutes, 
indicating economic viability. Challenges in scaling up and 

addressing by-products persist, urging further 
investigation. 
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Abstract: A novel fluorescent chemosensor for zinc ion measurement was created and studied. It has an amazing 
red shift in emission spectra based on naphthalene groups. After complexing with Zn2+ ions, sensor H2L was seen 
to have an unusually strong red shift in emission. It was determined that the limit of detection (LOD) was 
4.98×10-9 M. The synthesized compound's fluorescence behavior is similar to that of IMP and INH logic gates 
[1].  Among the numerous analytical methods that are available for the detection of cations, fluorescent 
chemosensors have been intensively studied due to their distinct advantages in terms of sensitivity, selectivity, 
instantaneous response, and local observation. Therefore, significant progress has been made on the 
development of fluorescent sensors for a wide variety of metal ions. Zinc plays important roles in various 
biological processes. Zinc is found in over 200 enzymes and hormones in mankind for example, the zinc sites in 
protein domains play structural, catalytic and cocatalytic roles zinc is needed for DNA synthesis, RNA 
transcription, mitosis, and cell activation. Zinc is also suspected to play a role in neurological disorders such as 
Parkinson’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis, and epileptic seizures. It is also important 
for hair and skin health, eyesight, cognitive functions, and even taste and smell. In particular, many fluorescent 
sensors have been actualized to detect and analyze of zinc ions, but most of them show enhancement, turn on, 
or little spectral shift. In the other hand, the greatest challenge for detecting Zn2+ comes from the interference 
of other transition metal ions, in particular Cd2+, which exhibits many properties similar to those of Zn2+ because 
they are in the same group of the periodic table. Therefore, they cause similar spectral changes while 
coordinated with fluorescent sensors [2]. Thus, there is a great need for developing Zn2+ -selective sensors that 
can distinguish Zn2+ from Cd2+ with high sensitivity and selectivity under physiological conditions. Molecular logic 
gates are also one research focus of chemistry for further miniaturization in information technology since the 
first AND logic gate was mimicked with optical signals by de Silva et al. Various chemical systems have been 
developed to get different functions such as AND, OR, IMP, INH and their integrated operations. Schiff base 
compounds can be easily synthesized by the condensation reactions of carbonyl group and primary amines. This 
kind of molecules are known to have strong binding abilities to the metal ions and display different optical 
properties from the ligands themselves, making them good candidates for cation probes [3]. 
 
Keywords: Chemosensor; Fluorescence; Zinc Sensor; Linear Tetraamine; Logic Gate 
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Abstract:   Based on several principles, a novel fluorescent schiff base chemosensor (H2L) was created for the 
sensitive and targeted detection of Mg2+ ions. H2L exhibits mild fluorescence (f = 0.031) as a result of the C=N 
isomerization and PET process. The complex [MgL] was created upon the addition of Mg2+, and a notable 
fluorescence increase (f = 0.182) was observed. When metal ions such as Na+, Ag+, K+, Ca2+, Mg2+, Hg2+, Mn2+, 
Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Pb2+, Cr3+, Fe3+, and In3+ were present, H2L did not significantly affect the fluorescence. 
The increased Mg2+ concentrations and the H2L fluorescence intensity were found to have an acceptable linear 
relationship. The detection limit had a quick response time of 3.04 × 10−9 M. Chemical inputs of Mg2+ and Fe3+ 
ions satisfy the conditions of INHIBIT molecular logic gate. Magnesium is one of the vital cofactors that 
participates in a lot of biochemical reactions including protein synthesis, muscle and nerve function, blood 
glucose control and blood pressure regulation [1]. Magnesium is also necessary for the synthesis of DNA and 
RNA, the antioxidant glutathione, oxidative phosphorylation, normal heart rhythm, muscle contraction, the 
structural development of bone, glycolysis and energy production [2]. Diseases such as Alzheimer, diabetes, 
hypertension, and epilepsy have relation with abnormal concentrations of magnesium in the cytosol and 
subcellular regions [3]. Therefore, finding an efficient analytical and simple technique for imaging and detection 
of magnesium is of great interest. Fluorescence chemosensors offer a number of outstanding characteristics 
such as real-time response and simple handling allowing dynamic measurements. In recent years, considerable 
efforts have been spent on developing of new suitable fluorescent probes matching all desired properties such 
as easy preparation, selectivity, high sensitivity, low-cost synthesis and aqueous solubility. Designing of 
chemosensors for Mg2+ have been attracting increasing interest based on the fluorescence signaling 
mechanisms such as intramolecular charge transfer (ICT), Cdouble bondN isomerization, photoinduced electron 
transfer (PET), appropriate cavities, excited-state intra-/intermolecular proton transfer (ESIPT). The 
photoinduced electron transfer (PET) mechanism is the process by which an electron falls from an excited site 
to a site with lower energy. The matching of their oxidation–reduction potentials of the two sites and the 
closeness in space are necessary requirements for this transport. The mechanism of isomerization related to 
molecules which are easily isomerize in the excited state but highly stable in the ground state. The isomerization 
mechanism has been observed for several classes of molecules. Schiff base compounds are one of the classical 
examples for isomerization mechanism. Furthermore, because of the strong binding abilities to various metal 
ions and the individual photophysical properties, Schiff base derivatives have been extensively explored in the 
field of the field of chemosensors for detection of metal ions. In this work, a π-conjugated Schiff base receptor 
(H2L) was designed and synthesized. The photophysical studies showed that H2L can be used as a selective and 
sensitive chemosensor for Mg2+ ions by enhancement of fluorescence emission intensity in EtOH/H2O (9:1, v/v, 
pH = 7.40). H2L exhibits rapid response, low detection limit (3.04 × 10−9 M), excellent selectivity and sensitivity 
to Mg2+  [3]. 
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Abstract: Amphiphilic multiblock polyurethane based on polyethylene glycol and polycaprolactone 
biocompatible and biodegradable was synthesized and characterized. The enzyme sensitivity was studied by UV-
Vis and DLS. The loaded DOX drug was released at a fast rate in the presence of lipase enzyme. Cytotoxicity 
(MTT) and staining of cell nuclei (DAPI) proved that PU micelles were non-toxic, while DOX-loaded micelles 
showed cytotoxicity to cancer cells, which indicated the potential application of this PU in drug delivery system. 
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Introduction: 
Increasing attentions have been captured by amphiphilic 
block copolymers in the past few decades, as they could 
self-assemble into micelles or vesicles in selective solvent 
through weak interactions between hydrophobic blocks. 
Amphiphilic block copolymers have been extensively 
studied and applied in gene deliveries as non-virus 
carriers, drug delivery systems and nano-reactors [1] 
Among them,amphiphilic polyurethane (PU) copolymers 
exhibit excellent stability and biocompatibility. PUs have 
been widely studied as smart drug delivery carriers [2]. 
Benefiting from the tunable structure of PUs, stimuli 
responsive groups such as ester bond,disulfide bond and 
tertiary amino-group could be introduced into the 
backbone of amphiphilic PUs. In recent years, 
biodegradable [3], redox [4] and pH [5]responsive PU 
micelles have received extensive attention from both 
academia and industry. Biodegradable polyesters such as 
poly(ε-caprolactone) (PCL) and poly(lactic acid) (PLA) have 
been extensively used as a hydrophobic block in 
amphiphilic copolymers [6].Poly(ethylene glycol) (PEG) 
was admitted by the U.S. Food and Drug Administration 
(FDA) due to its good biocompatibility and nontoxicity. 
They has been widely studied and used as an outstanding 
hydrophilic segment on account of the special features 
such as solubility in both water and organic solvents [7]. 
Polycaprolactone has high biocompatibility and 
biodegradability. As a result, polyesters prepared from 
this compound are considered  as a new material with 
100% renewable source. The study of enzymatic 
hydrolysis on compounds that have an ester bond has  
been considered [8].Polymeric micelles with a 
hydrophobic core and a hydrophilic shell have been 
widely used as hydrophobic anticancer and antibacterial 
drugs carriers to enhance the solubility and to maximize 
the pharmacokinetics and biodistributions of the drugs 
[9]. Polyester, such as polycaprolactone (PCL), is subject 
to degradation by the activity of bacterial lipases, which 
are abundant in microbial flora since these enzymes are 

involved in bacterial lipid metabolism. Therefore, 
polymeric nanoparticles or micelles with PCL core or 
interlayer have been used to delivery antibacterial agents 
on demand which decrease the development of 
resistance and toxicity while increase the antibacterial 
efficiency of the payloads [10].Multi-blocked 
polyurethanes (MPUs) are a flexible platform of ma-terials 
that can be designed to fit the requirements for different 
applications [11]. In this work, we combined the known 
features of PEG.PCL and synthesized a new type of 
biocompatible and biodegradable block copolymers for 
drug delivery. Multiblock copolymer was prepared and its 
molecular weight, structure and morphology were fully 
determined. micelles PU for Encapsulation of the 
hydrophobic anticancer drug doxorubicin (DOX) was 
used. The lipase enzyme released DOX-loaded PU 
micelles. 

Experimental Section : 

For the synthesis of APU, at first, the PEG (0.667 g,mmol) 
and PCL-PEG-PCL (1.52 g, mmol) respectively were added 
to a dry ballon while stirring at 80 ºC to completely 
dissolve. Afterward, the IPDI (0.2975 g, mmol) as a 
reagent and DBTDL (0.021 g, mmol) as a catalyst were 
added to the reaction ballon. To reduce the viscosity of 
the reaction mixture and prevent its gelation about 4 mL 
of MEK solvent was added to the reaction balloon. The 
reaction was continued for 24 h at 80 ºC. In the next step, 
the MEK was removed under reduced pressure. The 
resulting product was purified through its dissolving in 
THF and afterward precipitation in cold n-hexane. In the 
end, the APU precipitate was dried in a vacuum oven for 
24 h. MW(11000gr/mole)  

716 



            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   
 

IROST 03231-97589 

 

Scheme1: Structure of amphiphilic polyurethane 

 
Results and Discussion: 

 

Fig.1: Synthesis procedure (a), FT-IR spectrum (b), and 1H 
NMR spectrum in acetone-d6 (c) of APU. 

 

Fig.2:a- MTT test of micelles loaded with DOX and free micelles 
and free DOX .b- DAPI test of polymer micelles loaded with 

DOX and free DOX . 

 

Fig.3:DLS of nanoparticles loaded with DOCX in the presence 

of enzyme at different time intervals 

 
Fig.4: Proposed drug release mechanism for nanoparticle 

degradation in the presence of enzyme 

Conclusions: 
In this work, a new class of amphiphilic polyurethane based 
on enzyme-responsive PEG was synthesized. The structure 
and morphology of the amphiphile was  confirmed by H-
NMR, FTIR, DSC, TEM and DLS analyses. We found that PU 
multiblock co-polymers can self-assemble into spherical 
micelles in aqueous solution. It is well known that aliphatic 
ester linkages are easily susceptible to enzymatic 
degradation under physiological conditions (12). And lipase 
enzyme is known as PCL decomposer (13). To investigate the 
effect of enzyme on polymer structure, DOX drug release 
studies were done in laboratory conditions in the presence 
of lipase enzyme using dialysis method. Drug release kinetics 
using Absorption spectroscopy was studied, which  drug-
loaded polymers released more than 85% of the drug in the 
presence of the enzyme. Also, the degradation behavior of 
the drug-loaded polymers in the presence of the enzyme 
was  investigated using DLS. With increasing time, the 
enzyme breaks down the polymer chains in the 
nanoparticles. During enzymatic degradation, the 
nanoparticle loses its hydrophilic and hydrophobic balance, 
and as a result, the hydrophobic chains tend to phase 
separate from the aqueous medium, which produces larger 
particles. Therefore, the drug release rate in the presence of 
the enzyme increased. MTT and DAPI cytotoxicity studies 
showed that polymer nanoparticles loaded with drug, 
compared to free drug, have more selectivity towards cancer 
cell lines in killing more than 80% of cells. These 
characteristics show It shows that biocompatible and 
biodegradable PEG-based amphiphilic copolymer micelles 
have a great perspective in drug delivery system. 
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Abstract: A dispersive liquid–liquid microextraction based on magnetic deep eutectic solvent was considered 
for the determination of cefixime drug in the biological samples. A deep eutectic solvent magnetized (MDES), 
[tetrabutylammonium bromide/decanoic acid] [FeCl3], was prepared through the combination of the deep 
eutectic solvent (DES) and FeCl3 in the sample solution.  

Keywords: Cefixime, magnetic deep eutectic solvent, dispersive liquid–liquid microextraction 

 

Introduction 
Cefixime ((6R,7R)-7-[(Z)-2-(2-amino-4-thiazo-lyl)-2- 
(carboxymethoxyimino) acetamido]-8-oxo-3-vinyl-5-thia- 
1-azabicyclo-[4.2.0]-oct-2-ene-2-carboxylic acid, is known 
as third-generation cephalosporin antibiotics. Cefixime is 
considered against bacterial infections [1] and applied for 
the treatment of multidrug-resistant enteric fever and 
pharyngitis in children due to its safety, good efficacy, and 
inexpensive oral option [2]. However, the increasing 
tendency for consumption can be a threat to humans. 
Therefore, the utilization of effective analytical methods 
for the determination of antibiotics in biological matrices 
is required. One of the basic methods of LLME is 
dispersive liquid–liquid microextraction (DLLME) in which 
a proper combination of an extraction solvent and a 
disperser solvent is quickly introduced into a solution. This 
method offers speedy and simplicity along with high 
extraction recovery. However, the utilization of toxic 
extraction solvents and centrifugation are the restrictions 
of DLLME. DESs can be considered substitutes for 
traditional extraction solvents and applied for extracting 
analytes from different samples. Nowadays, a new 
subgroup of deep eutectic solvents (DESs) called magnetic 
deep eutectic solvents (MDESs) has been developed due 
to the fast extraction of analytes [3]. The MDESsare 
acquired by mixing hydrogen bond donors (HBDs) and 
hydrogen bond acceptors (HBAs) as well as a magnetic 
component (MC) such as metal chloride of i.e., Fe (III), Co 
(II), and Mn (II) [4]. The formation of the MDES can be 
due to the involvement of hydrogen bonds and 
electrostatic interactions between the HBD, HBA, and MC 
components.The magnetic separation based on MDESs is 
developed to increase the efficiency of extractions, 
reduce the complex synthesizes of magnetic 

nanomaterial, and eliminate centrifugation. In this work, 
an in situ magnetic deep eutectic solvent based on an 
ultrasonicassisted dispersive liquid–liquid 
microextraction method for the determination of 
cefixime in wastewater, plasma, and urine samples was 
offered.  

Experimental Section  

5 mL of the sample solution containing 100 µg L-1 of 
cefixime was poured into 200 µL of DES (TBABr and 
decanoic acid) by a syringe. After, the iron chloride (40 
mg) was added to the sample solution to provide an in situ 
magnetic DES (MDES). The ultrasonication was done for 5 
min to enhance the formation of MDES. Thereafter, the 
DES phase was collected with a magnet, and the upper 
liquid was poured. After that, desorption of the analyte 
was carried out with 500 μL of ethanol solution under 
ultrasonication for 1 min. Eventually, the elution was 
decreased to 50 μL under nitrogen gas, and 20 µL of the 
final solution was injected into the HPLC–UV  

Results and Discussion 

Two substances in appropriate molar ratios were 
combined at an elevated temperature until a clear liquid 
was obtained. The resulting DES was then cooled to room 
temperature. The obtained DES was mixed with the ferric 
chloride (MC) in an appropriate molar ratio in the next 
step. The Fe atom from FeCl3 formed coordination bonds 
with the O atoms from the carboxyl groups in DecA. The 
Cl atoms from FeCl3 formed hydrogen bonds with H 
atoms from DecA. DecA: TBABr: FeCl3 HMDES, has 
obvious positive charge concentration areas and negative 
charge concentration areas. The negative charge is mainly 
concentrated near the O atom of the carboxylate, and the 
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positive charge is mainly concentrated near the N atom. 
Therefore, the external negative fragment (cefixime) can 
be electrostatically attracted in the vicinity of the N atom. 
Furthermore, the alkane chain of TBABr can stretch to 
adjacent cefixime by the hydrophobic interaction. 
Therefore, the electrostatic and hydrophobic interactions 
are the two main driving forces for the extraction of 
cefixime. Some factors influencing the extraction yield 
were assessed. 

  

Table1. Figures of merit of the optimized method for the target 
analyte 
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Water 0.5 1.6 
2-

5000 
3.3 4.7 93.8 

125 Plasma 0.5 1.6 
2-

5000 
3.9 4.5 92.1 

Urine 0.5 1.6 
2-

5000 
3.5 5.2 92.9 

Conclusions 
A hydrophobic magnetic deep eutectic solvent (HMDES), 
as a new type of deep eutectic solvent (DES) was used in 
ultrasound-assisted dispersive liquid-liquid 
microextraction (DLLME) for preconcentration of cefixime 
in biological samples before HPLC-UV. Herein, a DES 
composed of decanoic acid and TBABr in a molar ratio of 
2:1, along with in-situ magnetization for designing the 
MDES has been suggested. This method can provide an 
easy extraction and simple separation by applying a 
magnet. This procedure involves a fast synthesis approach 
at room temperature without any further conditions. The 
data obtained prove that MDES based on UA-DLLME has 
high extraction efficiencies (>90%) and desirable LODs in 
real samples. In conclusion, the proposed method has a 
good potential for analyzing cefixime in different matrices 
due to the simple procedure, high extraction recovery, 
low cost, and short extraction time (5 min). 
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Abstract: A magnetic nanofluid composed of deep eutectic solvent (DES) and Fe3O4@SiO2 nanoparticles was 
used as an extraction solvent. The deep eutectic solvent acted as a carrier and stabilizer for Fe3O4@SiO2 
nanoparticles. A tablet was used in the nanofluid for dispersion. The magnetic nanofluid enhanced phase 
separation efficiency without centrifugation. 
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Introduction 
Tyrosine kinase inhibitors (TKIs) such as imatinib, 
nilotinib, and erlotinib are efficient anti-cancer drugs and, 
in many cases, the first line of cancer therapy [1]. A TKI 
can treat by attacking specific types of cancer cells and 
interfering with their DNA through several mechanisms 
with the least destruction to normal cells. . To achieve the 
highest anti-cancer effects with minimal toxicities, it is 
crucial to determine the level of the chemotherapeutic 
drugs (including TKIs) in the plasma of the patients. 
Recently, the developed dispersive methods based on 
mixing the extraction solvents and magnetic 
nanoparticles (MNPs) have been found to shorten the 
extraction time and improve recovery [2]. Nanofluids 
(NFs) are the suspensions of magnetic nanoparticles that 
can be suspended in a carrier liquid [2]. several safe, 
cheap, biodegradable, and available extraction solvents 
such as deep eutectic solvents (DESs) have been applied 
as green substitutes for organic solvent carriers in 
nanofluids [3]. To increase the dispersion of the extraction 
solvent, techniques without dispersive solvent such as 
effervescence–assisted DLLME (EA–DLLME) have been 
introduced [4]. In this study, a nanofluid based on 
magnetic nanoparticles and hydrophobic deep eutectic 
solvent along with effervescent tablet-assisted was 
developed for preconcentration and extraction of three 
anti-cancer drugs (imatinib, erlotinib, and nilotinib) in 
human plasma samples. 

Experimental Section  
To an 8 mL sample solution containing 100 µg L-1 of three 
TKIs analytes, 100 µL of nanofluid was injected by a 1.0 mL 
syringe. Then, one effervescent tablet (0.8 g) was added 
to the solution, and this resulted in the generation of 
bubbles at the bottom of the tube due to the 
effervescence reaction. CO2 bubbles dispersed the 

nanofluid into the sample and improved the adsorption of 
the analytes on the nanofluid. After this 3 min, the 
magnetic sorbent was separated from the sample 
solution by a magnet, the upper solution was removed 
and the sorbent was eluted with 50 µL of ethanol and 
sonicated for 1 min. Finally, 20 µL of the collected layers 
were inserted into the HPLC. 

Results and Discussion 
The synthesized nanofluid was characterized by Fourier 
transform infrared (FT–IR) spectroscopy, X-ray diffraction 
(XRD), energy-dispersive X-ray spectroscopy (EDX), 
scanning electron microscopy (SEM)(Fig.1), and vibrating 
sample magnetometry (VSM). The impact of main 
parameters, including the type and volume of DES, the 
composition of the tablet, the composition of the 
nanofluid and the composition of eluent, were optimized. 
According to the optimized conditions, the limits of 
detection (LODs) and the limits of quantitation (LOQs) 
were from 0.5-0.8 μg L-1 and 1.5-2.4 μg L-1 for imatinib, 
erlotinib, and nilotinib respectively. The intra-day and 
inter-day relative standard deviations (RSD% n=5) were 
determined to be 3.1-5 % and 6.4-7.5 %, respectively. 
 

 
Fig.1: Scanning electron microscopy (SEM)  image of 

magnetic nanofluid (Fe3O4@SiO2@DES) magnified) 5 kx) 
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Table1: Figures of merit of the optimized method for the 
target analytes 

Conclusions 
An efficient and fast microextraction method, 
effervescent tablet-assisted deep eutectic solvent based 
on nanofluid (ETA–DES-NF) was successfully developed 
for the simultaneous extraction of imatinib, erlotinib, and 
nilotinib in human plasma samples. The method is based 
on a nanofluid composed of DES and Fe3O4@SiO2 
nanoparticles. The deep eutectic solvent was used as a 
stabilizer and carrier for Fe3O4@SiO2 nanoparticles. Given 
an effervescent tablet, the magnetic nanoparticles were 
dispersed homogeneously into the sample solution and 
improved the interaction between the target analytes and 
sorbent. The dispersibility of nanofluid into the sample 
solution reduced the extraction time and improved the 
extraction efficiency.  
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Imatinib 0. 8 2.4 5 7.5 149 93.3 

Erlotinib 0.6 1.8 4.8 7.2 151 93.7 
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Abstract: In the present study, a zirconium-based metal-organic framework (MOF) was synthesized. The 
structural attributes of the defective materials were scrutinized utilizing X-ray powder diffraction (XRD) and 
scanning electron microscopy (SEM). The kinetic outcomes demonstrated the capability to adsorb methyl orange 
(MO) dye up to a maximum capacity of 330 mg/g. 
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Introduction 
Metal-organic frameworks (MOFs) are crystalline 
structures formed by connecting metal clusters with 
organic linkers. Their diverse pore sizes and 
functionalities, high porosity, and thermal and chemical 
stability make them useful in various applications. 
Zirconium-based MOFs (Zr-MOFs) are particularly notable 
due to their abundant and cost-effective sources, superior 
chemical stability, and excellent performance in 
adsorption and catalysis. This is attributed to the increase 
in not only pore dimensions and internal surface area but 
also the presence of coordinatively unsaturated Zr sites 
that can interact with guest sulfonate groups [1]. 
MOF-808, a Zr-MOF, is considered promising due to its 
inherent active centers. MOF-808, a representative 6-
connected Zr-MOF constructed from a trimesate ligand 
(1,3,5-benzenetricarboxylate), is considered a more 
promising candidate compared to Zr-MOFs constructed 
with 12-connected zirconium clusters. This is due to the 
inherent active centers produced by the modulated 
synthesis approach [2]. 

Experimental Section  
Materials and Apparatus 
All reactants and initial substances, encompassing 
zirconium (IV) oxychloride octahydrate (ZrOCl2.8H2O – 
97.0%), 1,3,5-benzenetricarboxylic acid (H3BTC – 98.0%), 
and methyl orange (C14H14N3NaO3S – 85.0%), were 
procured from commercial vendors (Sigma-Aldrich, Acros 
Organics, and Fisher Scientific). These materials were 
utilized in their received state without additional 
refinement.  

Synthesis of MOF-808 

ZrOCl2.8H2O (1.62 g) and H3BTC (0.36 g) were separately 
dissolved using 150 mL of a combined solution of DMF 
and formic acid (1:1 v/v) in total. The resultant solutions 
were subsequently combined and subjected to heating in 

an oven at 80 ℃ for a duration of 72 h. Following a cooling 
period to ambient temperature, the solid was collected 
and rinsed with DMF (30 mL × 3) and acetone (30 mL × 3). 
The solid product was finally dried under vacuum at 120 
℃ for a span of 5 h [3]. 

Kinetic of dye adsorption 

A 500 ppm dye solution containing 10 mg of nanoparticles 
and a volume of 105 ml was prepared and placed on the 
stirrer. Then, samples were taken at specific time intervals 
and after separation by centrifugation, the samples were 
detected by UV  at the  λmax 456 nm [3]. 

To investigate the MOF-808 adsorption mechanism, 
pseudo-firstorder, pseudo-second-order, and intra-
particle diffusion models were used. The adsorbate 
uptake into the nanoparticles at time t (qt (mg/g)) were 
measured using.  

𝑞𝑡 =
(𝐶0 − 𝐶𝑡)𝑉

𝑚
 (1) 

where C0, and Ct (mg/L) are dye concentrations at the 
start, any time t respectively, adsorbent mass is m (g), and 
V (L) represents the dye solution volume. Also, to 
calculate the amount of absorption in the equilibrium 
state, in Eq. 1, instead of the Ct, the concentration at the 
equilibrium time can be used [4]. 

Results and Discussion 
According to Fig. 1,  the adsorption capacity of MOF-808 
showed a rapid increase in the first 5 minutes, followed 
by a sharp decline in its growth rate until it reached a 
steady state as time elapsed. The adsorption process 
ceased after about ten minutes (equilibrium time). The 
nanoparticles exhibited an adsorption capacity of 
approximately (330 mg/g) for MO dye. The pseudo-
second-order kinetic model had significantly higher 
coefficients of determination (R2) than other models and 
was very close to one. Moreover, the agreement of the 
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model-predicted adsorption capacity (qe) value with the 
experimental one verified the applicability of the pseudo-
second-order kinetic model and indicated that chemical 
adsorption was the dominant mechanism in dye 
adsorption [4]. Fig. 2 delineates the XRD patterns of the 
pristine MOF-808. The most intense peak, observed at 2θ 
= 4.351, was indexed to the (111) plane of the octahedral 
crystal. Additionally, two other reflections at 2θ = 8.331 
and 8.701 were attributed to the (311) and (222) planes, 
respectively. It is noteworthy that the narrow width and 
high intensity of these reflections signify a disciplined 
arrangement of crystal planes, thereby indicating a high 
degree of crystallinity [3].  
Fig. 3 presents the SEM images of MOF-808 and its 
analogues. As anticipated, the sample exhibited well-
defined octahedral crystals, corroborating previous 
reports. These high-quality crystals were the result of 
using formic acid as a modulator. This substance 
competes with organic building blocks, thereby 
decelerating the reaction rate and nucleation process, 
and facilitating the self-repair of the network. It was also 
observed that the size of these crystals was marginally 
larger than that of the pristine MOF-808, measuring about 
600 nm under identical synthesis conditions [3]. Also, 
according to the BET results, the specific surface area of 
the MOF-808 was 885 m2/g at the beginning, and after 
dye absorption, it decreased by about 7% and reached 
820 m2/g. 

 

 

 
Fig. 1: Kinetic of dye adsorption, sample befor(a) 

and after adsorption(b) 

 

 

 
Fig. 2: XRD patterns of MOF-808 (a) befor and (b) 

after adsorption of MO dye. 

 

Fig.3: SEM images of pristine MOF-808 

Table 1: Kinetic parameters for the adsorption processes of 
MOF-808 

Pseudo- first-
order model 

Pseudo- second-order 
model 

Intra-particle model 

qe K1 R2 qe K2 R2 C Kid R2 

7.3 0.05 0.38 344.8 0.004 0.995 330.6 0.87 0.45 

Conclusions 
In this study, MOF-808 was synthesized and the results 
were consistent with previous studies. MOF-808 has 
excellentactive sites for absorbing more than 50% of 
anionic MO dye. The pseudo-second-order model was 
more consistent than other synthetic models, and R is 
close to 1, which indicates that chemical adsorption is the 
dominant mechanism in dye adsorption. The octahedral 
crystal was confirmed and the nanoparticle has a regular 
arrangement of crystal faces with a high degree of 
crystallinity. Formic acid was used as a moderator and led 
to the creation of high quality octahedral crystals. Also, 
the specific surface area of MOF-808 decreased by only 
7% after one absorption. 
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Abstract: In recent decades, with the growing importance of green chemistry, the use of green absorbers such 
as cellulose and starch hydrogels in scientific research has significantly expanded. In this study, modification of 

bacterial cellulose was conducted to investigate alterations in its mechanical properties and water absorption . 
therefore, Starch and borax were employed to prepare a starch-borax cross-linked hydrogel and modify the 
surface of bacterial cellulose pellicle with starch gel. Analysis of FTIR, tensile strength test, and investigation of 
water absorption indicate that the swelling rate of the pure layer was 1433%, which increased to 2050% for the 
modified layer, accompanied by a decrease in tensile strength for the modified layer as well. 
Keywords: Bacterial cellulose; Starch gel; Hydrogel  

 

Introduction 
Bacterial cellulose (BC) is a type of cellulose with a 3D 
nanofibrillar structure commonly produced by 
fermentation of Acetobacter xylinum bacteria. Due to 
abundant hydrogen bonds, BC retains large amounts of 
water (around 99%), hence, presented as a hydrogel.[1] 
This biopolymer possesses extraordinary properties 
including insolubility in most solvents, high purity, high 
tensile strength, high degree of polymerization, in-situ 
formability, non-toxicity, and biocompatibility. Therefore, 
it has various applications in wound dressings, tissue 
engineering, drug delivery, and absorbents[2].  Borax is a 
suitable crosslinking agent capable of forming quadruple 
crosslinks in polymers. These bonds are formed through 
covalent bonds or hydrogen bonds. Additionally, borax  

improves the mechanical and chemical properties of 
polymers [3] and exhibits antibacterial properties[4]. 

Experimental Section  
- Materials: Green tea, sugar, white vinegar, Kombuchea, 
borax(Merck), corn starch(Sigma-Adlrich), glycerol 
- Bacterial cellulose synthesis in Kampuchea culture : 
Green tea (6 g) was boiled in 750 (mL) distilled water, then 
vinegar and sugar were added. After the solution cooled 
down, Kombuchea was added and incubated in a clean 
environment at room temperature for 14 days.  The BC 
pellicle was purified in a NaOH (0.1 M) solution for 90 min 
at boiling temperature and then neutralized with citric 
acid. 
- Preparation of BC layer - starch gel: 
First, the BC layer was oxidized with  sodium hypochlorite 
(10% w/w). Then, it was pre-treated by cellulase enzyme 
(sodium acetate 1% , pH=5, cellulase enzyme 10%) at 
50℃. The treated BC was immersed in starch 

solution(6%), and borax solution(6%) was slowly added to 
at 90℃ for 45 min. 

Results and Discussion 
For the evaluation of the modified sample, FTIR analysis, 
mechanical and hydrogel properties were discussed.  
Fourier Transform Infrared Spectroscopy (FTIR): 
The observed peaks in the FTIR results are presented in 

Table 1 . 

 
Fig.1: FTIR spectra of the samples 

In FTIR analysis, the peaks within specific wavenumber 
ranges indicate distinct chemical bonds: 3200-3500 cm⁻¹ 
signifies the O-H bond, 2900 cm⁻¹ represents the C-H 
bond, 1740 cm⁻¹ is attributed to the C=O bond, the peak 
at 1438 cm⁻¹ corresponds to the C-H₂ bond, and the range 
of 1000-1300 cm⁻¹ denotes the C-O bond  .The peak at 
1740 cm-1 corresponds to the oxidation of the pure BC 
layer and the presence of the C=O bond (Fig.2), And the 
broadening of the OH peak represents the water 
absorption capacity of the layer.  
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Boric acid ion forms stable complexes with starch and 
cellulose, bonding through hydroxyl groups, which 
increases C-O bonds. Additionally, cross-linking between 
cellulose chains occurs by borax, forming hydrogen and 
ether bonds(Fig.3). The sharpening of C-O bond peaks in 
the modified sample compared to the pure sample in the 
FTIR confirms the validity of this mechanism. 

 
Fig.3: The mechanism of BC and starch linking with borax 

 
Mechanical properties: 
Tensile test of pure BC  and modified BC was performed in 
an Instron equipment (5566). Due to the pre-treatment of 
BC with cellulase, the glucosidic bonds of cellulose were 
broken, leading to change in orientation of BC structure 
and decrease in the length of chain. Morever, borax cross-
links cellulose chains, reducing their mobility. Because  of 
the cross-linking interactions, the density of bonds 
increases, and concentration of stress, the force isn’t 
transmitted. Consequently, a lesser extension occurs, and 
the modified layer becomes more brittle (Fig.4). 
 

 
Fig.4: Stress-strain curves of BC and modified layer 

 
 

Water absorption: 
The swelling rate and water content are two important 
parameters for evaluating hydrogels, which can be 
measured from equations 1 and 2: 

Water content (%) = (ws-wd)/ws ×100           (1) 
Swelling ratio (%) = (ws-wd)/wd ×100             (2) 

Ws and Wd are the weight of Swollen sample and the 
weight of the dry sample . 
The dry sample were immersed in water and its weight 
was measured at intervals of 15 minutes.  During the 10-
hour test, pure BC swelling ratio =1433%, while modified 
BC swelled 2050%. 

 
Fig.5: water absorption for various samples over time 

Conclusions 
After the synthesis of BC, the pellicle was purified with 
NaOH, bleached and oxidized with NaClO, Then, it was 
pre-treated with cellulase. Modification of BC with starch 
gel and borax was performed in one-pot method. The 
results of FTIR analysis confirmed the oxidation of BC. 
Changes in the peak at 1000-1300 cm-1 indicated the 
bonding between BC and starch using the borax as cross-
linking agent.  The modified layer exhibited a 43% increase 
in water absorption compared to the pure layer and 
accompanied by a decrease in tensile strength. 
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Fig.2:  The mechanism of BC oxidation by NaClO 
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Abstract: Diclofenac is frequently recognized as the world’s most administered pain killer in all patients, even 
those who use MD drugs for blood pressure. the wide medicine use of DCF as the first choice in the treatment 
leads to the incidence of hepatic injury and then it causes toxicity. So, this study introduced a highly selective 
and sensitive detection sensor for Diclofenac determination using a MOF and MIP, CPE/ MOF/MIP sensor. 
Diclofenac can be detected with a minimum concentration of 0.17 picomolar. 

Keywords: Electrochemical sensor; Diclofenac; MOF; MIP. 

 

Introduction 
diclofenac is 2(2-((2,6-dichlophenyle) amino) phenyl) 
acetic acid [1-3], that has analgesic and antipyretic 
properties [2, 4-6]. It is widely used in the treatment of 
rheumatoid arthritis, osteoarthritis, non-articular 
rheumatism, glaucoma, and muscle pain conditions in 
sports injuries [4-6]. The use of a normal therapeutic dose 
(50-150 mg) of diclofenac does not cause toxicity to 
humans [2] but the wide medicine use of diclofenac leads 
to incidence of hepatic injury and then it causes toxicity 
[5], heart attacks [3], aplastic anemia, gastrointestinal 
disorders, agranulocytosis and disturbs renal function [2]. 
In order to detect diclofenac, a sensitive and selective 
technique was developed using a CPE/ MOF/MIP sensor. 
To prepare MOF, a metal and organic compound as linker 
was used. Diclofenac MIP was also used to have a 
selectable sensor. The measurement was done by 
differential pulse voltammetry method. 

Experimental Section                                                          
A carbon paste electrode was created by mixing graphite 
powder and paraffin in a 70:30 ratio. MOF was 
synthesized using a hydrothermal technique and mixing in 
carbon paste. The MIP-diclofenac was electrodeposited 
on the CPE surface by cyclic voltammetry (CV). The 
template is removed using a solvent mixture of ethanol 
and water. So, an electrochemical sensor of CPE/ 
MOF/MIP was designated. The CPE/ MOF/MIP sensor was 
submerged in a diclofenac solution with phosphate buffer 
at pH 7 and diclofenac binds in the printed molecule.  

Results and Discussion 
The FE-SEM method was used to study the morphology of 
MOF, NIP, and MIP composites. Fig 1. A shows the MOF 
with a regular lamellar structure with 61-94 nm in width 
and 9.35-9.73 µm in length. On the contrary, Fig 1. B-D 
investigates the morphology of the synthesis MIP that 
non-imprinted polymer in the absence of template (NIP) 
(Fig. 1. B), presence of DCF template (MIP before) (Fig. 1. 

C), and leaving of DCF template (MIP after) (Fig. D). By 
adding the DCF template, the surface of MIP gets wider 
and it shows NIP to MIP surface changes. After leaving the 
template, 0.94 µm holes have been created in the 
polymer. 

 
Fig.1: The FE-SEM images of (A): MOF; (B): NIP; (C): MIP 

before and (D) MIP after. 

In order to evaluate desighed sensor, the CPE/ MOF/MIP 
sensor was used for the measurement of diclofenac in 
biological samples of tablet and blood serum. 

Table1: Determination of diclofenac in tablet and 
blood serum samples by desighed sensor (n=3) 

Sample Added (µM) Found (µM) Recovery 

tablet 
0 

100 
300 

287.0 
388.0 
596.0 

- 
101.0 
103.0 

blood serum 
100 
300 

104.6 
288.3 

98.7 

97.0 

Conclusions 
In the present study, the CPE electrode was modified with 
MOF and MIP. MOFs have emerged in chemical sensing 
applications due to their unique properties such as ultra-

B 

C 

A 
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high specific surface area, ordered porosity, controllable 
arrangement of isolated active sites, and highly tunable 
structures, besides the excellent thermal and chemical 
stability, exposed active sites [8]. Also, MIPs have features 
such as easy preparation, mechanical, thermal, and 
chemical stability, and selective recognition capability, 
which have attracted attention [7]. So, in the present 
article, we propose a sensor based on MOF/MIP- to the 
determination of DCF at the picomolar concentration and 
a width range dynamic in biological samples. The 
fabricated modified electrode was identified by SEM, 
TEM, XRD, electrochemical impedance spectroscopy (EIS), 
and CV. Hence, the CPE/MOF/MIP sensor provides high 
sensitivity and selectivity for the detection of diclofenac 
and has been successfully used for the detection of 
diclofenac in biological samples such as blood serum and 
tablets. 
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Abstract: In the present study, a novel magnetic Fe3O4-Guanidine/Go-Guanidine material with a layered 
structure is prepared and characterized, and its catalytic performance is investigated in the one-pot 
condensation of aldehydes with ethyl cyanoacetate. This nanomaterial showed an excellent efficiency in the 
Knoevenagel condensation of aldehydes with ethyl cyanoacetate and gave the corresponding coupling products 
in high yields. 

Keywords: Knoevenagel condensation, Supported Guanidine, Nano Catalyst, coupling products 

 

Introduction 
Today, we have been trying to prepare and synthesize 
magnetic nanoparticles through transforming the 
constructs into nanomaterials physical properties 
undergo some changes during time, two of which are the 
most important ones: increasing the surface ratio to 
volume, and particle size ratio to the scope of quantum 
effects [1]. These particles have a considerable level of 
activity and also are used in industries such as medicine, 
pharmaceuticals, protectors and catalysts. These 
nanocatalyst materials have a very high efficiency and low 
cost in use, which are advantages of these types of 
catalyst. Catalysts are divided into three groups: 
homogeneous catalyst, heterogeneous catalysts, and 
those catalysts which stand in between [2].   

Experimental Section  
In order to optimizing the amount of catalyst Fe3O4–
Guanidine/GO-Guanidine, we add 1mmol Benzaldehyde, 
1mmol Ethyl-cyanoacetate and different amounts of 
catalyst into the flask. The yield combination was placed 
under the supersonic wave and done in room 
temperature. Based on the results of table 1, the 
optimized value of catalyst was suggested 0.005 g. It is 
noteworthy that the increase of mole percent value of the 
catalyst has not influenced the reaction progress and 
percent of the yields.  

Results and Discussion 
These techniques have also been proven to be 
NanoCatalysts. Delivered Knoevenagel products in high 
efficiency at medium conditions and short reaction times. 
In addition, the reusable study showed that the catalyst 
could be recovered and reused at least 8 times without 
any significant decrease in its efficiency. 
 

 
Fig.1: Knoevenagel Reaction of Aldehydes with Ethyl 

Cyanoacetate in the Presence of the Fe3O4 –Guanidine /GO- 
Guanidine NanoCatalys 

Conclusions 
The advantages of the present work were the reaction in 
a solvent-free environment, easy separation of catalysts 
and products, and low catalyst loading. According to the 
above notes, other uses of this catalyst are being 

performed in our laboratory. 
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Abstract: Single photon emitters (SPEs) in hexagonal boron nitride have garnered significant attention over the 
last few years due to their superior optical properties. Defects in two-dimensional hBN are promising for SPEs. 
Electron paramagnetic resonance (EPR) method is a powerful tool for defect identification including nitrogen-
vacancy (VN) and boron-vacancy (VB) in hBN. The Density Functional Theory (DFT) formalism has been used to 
calculate the EPR parameters of VN and VB in hBN. The EPR parameters of VN and VB have been calculated and 
compared with the experimental EPR parameters. The results show that they are in good agreement with the 
experimental results.   

Keywords: hBN, EPR, DFT, HFCC, g-tensor 
 

Introduction 
Recently, hBN has emerged as a promising host material 
for defects which display ultra-bright SPE [1]. Emission 
signals have been recorded experimentaly from the 
ultraviolet (UV) region with zero-phonon-line (ZPL) energy 
at 4.1 eV [2] and in the visible region at 1.6−2.2 eV [3].  
Various types of point defects have been proposed and 
assigned to single-photon emitters, including native 
defects, like boron nitrogen-vacancy (VN) and boron-
vacancy (VB), external impurities, especially carbon 
defects and more complex systems, such as 
donor−acceptor pairs with various impurities. 
Identification of these quantum emitters is extremely 
difficult. EPR parameters and spectra can be used for 
defect identification including nitrogen-vacancy and 
boron-vacancy in hBN. EPR spectrum is result of the 
interaction between the unpaired electron spin with 
external magnetic field and neighbor nuclear spins, called 
the hyperfine coupling constant (HFCC) interaction. As a 
consequence, the EPR spectrum is principally unique to 
the defect structure and provides direct information 
about the types of nuclei involved in the defect.  In the 
present study, DFT calculations is used to obtain the EPR 
parameters of VN and VB in hBN. The results show that 
they are in good agreement with the experimental results.   
 

Methods  

To simulate the defect centers, we employed a 6×6×1 
supercell consisting of h-BN monolayer and the adjacent 
layers are separated by a vacuum region 15 Å (fig 1). This 
supercell size ensures that defects are isolated from each 
other, avoiding the defect-defect interactions. In the 
structure relaxations, the atomic geometries are fully 
optimized with CP2K package. The PBE functional, DZVP 
Gaussian basis set, Gaussian and plane waves (GPW) 
methods, and as well as GTH pseudopotentials is 
implemented in the CP2K package. Optimised structures 

have been used to calculate the g-tensor components and 
atoms HFCC that were obtained from the first-principles 
QUANTUM-ESPRESSO package with a Gauge-Including 
projector augmented plane wave (GIPAW) approach. In 
the framework of density functional theory (DFT), we use 
the gradient-corrected PBE functional in its spin-polarized 
form. In this calculation, the selected energy cut-off for 
the auxiliary plane-wave basis set has been 30 Ry. Also a 
standard projector-augmented wave formalism was 
applied to accurately describe the spin density of valence 
electrons close to nuclei. The screened hybrid density 
functional of Heyd, Scuseria, and Ernzerhof (HSE) was 
used to calculate the electronic properties. 

 

Fig 1: Schematic view of the VN and VB in hBN. 

Results and Discussion 
In Table 1, lattice constant, the most bond length of B-N 
and total energy of the unit cell were reported. As can be 
seen from Table 1, VN unlink VB decrease the lattice 
constant and increase bond length. The formation energy 
to form VN is more than VB.  
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Table1 lattice constant, the most bond length and total energy 
of the unit cell (Et).  

hBN a (Å) B-N (Å) Et(eV) 

pure 2.514 1.441 -1.95×104 

VN 2.505 1.443 -1.91×104 

VB 2.518 1.403 -1.93×104 

 
Fig 2 presentes density of state for VN and VB defects. VN 
creates an energy level with up-spin below the fermi 
energy level  while VB creates two energy levels with up-
spin and down- spin below the fermi energy level.     

 

Fig 2: density of state for VN and VB defects 

 
The most interesting spin-Hamiltonian parameters for VN 
and VB are g-tensor and HFCC. The obtained results are 

summarized in Table 2. The calculated HFCC For VN and VB 
are in good agreement with experiment results in Ref [4], 
[5], respectively. 

Table2: Comparison of the results of g-tensor and HFCC 
calculations for VN and VB (HFCCs in MHz) with experimental.  

EPR 
paramete

r 
VN VB 

Experimenta
l [4] 

Experimenta
l 

[5] 

g-tensor 
2.00326

6 
2.00246

6 
2.003252 2.001 

14N 2.19 
42.91 
43.91 
83.60 

- 

45.5 
45.5 
87 

11B 
20.41 
6.48 
3.08 

4.17 
5.70 
7.03 

- - 

Conclusions 
DOS and EPR parameters were studied for VN and VB 
defect in hBN in ab initio calculations framework. DOS 
showed that nitrogen and boron vcancies create electron 
with unpaired spins in the band gap. The EPR parameters 
of VN and VB have been calculated and compared with the 
experimental EPR parameters that they are in good 
agreement with the experimental results.  
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Abstract: Zinc oxide nanocatalyst with different weight percentages of silver was synthesized by hydrothermal 
method and characterized with different techniques.  This catalyst was used as a model to destroy the 
organosulfur substance 2-chloroethyl phenyl sulfide (2-CEPS) and some parameters were optimized for catalysis 
reactions. 

Keywords: AgZnO, hydrothermal method, organosulfur substance. 

 

Introduction 
Organosulfur compounds include a wide family of 
chemical compounds that have been increasingly used in 
modern and industrial agriculture since about fifty years 
ago [1]. Organosulfur molecules act as an intermediate 
that binds to DNA, especially in bone marrow. This leads 
to a decrease in blood cells. From the point of view of 
surface chemistry, surface adsorption reactions and 
subsequent degradation of organosulfur compounds can 
be performed on metal and metal oxide surfaces. 
Available amounts of bonding energy, the number of 
atoms on the surface, and the possibility of functionalizing 
the surface of metals and metal oxides, which provide 
suitable functional groups and sufficient amounts of 
surface charge and density, make it possible to Such 
compounds are used as a solution to remove pollutants 
[2]. 

Experimental Section  
In order to prepare zinc oxide doped  with different molar 
percentages including 10, 20 and 30, silver nanoparticles 
appropriate amounts of zinc nitrate and  the 
corresponding molar amounts of silver nitrate were used. 
Simultaneously, polyvinyl pyrrolidone mixed with water 
and ethanol in a ratio of 1:4. First, PVP was suddenly 
added to the zinc nitrate mixture, and diethylene glycol (3 
ml) was immediately added drop by drop. The solution 
was hydrolysed by NaOH solution. After 2 hours fully 
stable sol is formed and heated to reflux for 20 hours and 
the hydrothermal process was performed at  90 °C for 
72h. The resulting gels were dried at 150 °C over night and  
calcined at 400, 500, and 600 °C for 2 h. 

In order to carry out catalysis reactions, 2-chloroethyl 
phenyl sulfide (2-CEPS) solution in water, 50 mg of AgZnO 
nanoparticles calcined at 500°C with molar percentage of 
20 as a catalyst and chloroform as a solvent were used. 
The reaction mixture was incubated for 0-12 hours at 
temperatures of 25, 35, 45 and 55 °C , with 20-60 mg of 

catalyst and the reaction product was identified by GC and 
GC-Mass. 

Results and Discussion 
The chemical nature of AgZnO nanoparticles was 
investigated by FT-IR spectroscopy at room temperature 
and information related to the formation of nanocatalysts 
was confirmed. 
The morphology of the synthesized nanoparticles were 
carried out by SEM and TEM micrographs. TEM 
micrograph of AgZnO at 500 °C with 20 mol% of silver is 
shown in Figure 1. This micrograph confirms the 
nanometer-scale grain size of sample as well as the more 
precise pseudo-spherical and polygonal morphology. Size 
and shape studies confirm that nanocrystalline structures 
have been successfully obtained after the calcination 
process, which is consistent with the SEM microscopic 
result. 
 

 

Fig.1: TEM micrographs of AgZnO nanocatalyst calcined at 
500°C with 20 mol% of silver. 

The phase identification obtained from XRD analysis 
shows that the AgZnO has a hexagonal lattice. From the 
XRD data, the particle size of the prepared crystals was 
estimated by the Debye Scherrer equation. The crystal 
size of prepared AgZnO nanoparticles was calculated 
using the average of three long peaks at the angles of 
31.7263°, 43.3185° and 36.2672° at temperatures of 400, 

AgZnO   
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500 and 600°C and was about 51, 36 and 52 nm 
respectively.  

Thermal behavior of the prepared nanocatalyst was 
investigated by TGA/DSC. The total weight loss at 800 °C 
is about 77 %. The weight loss from 60 to 120° is about 
2.5% which accompanied with endothermic peaks in its 
DSC curves associated with the elimination of physically 
adsorbed water or solvent. The nanocatalyst, also show 
about 74 % weight loss in the 270-570 °C temperature 
range along with exothermic peaks in their DSC curves. 
These peaks are associated with the combustion of 
organic materials cross linking and thermal destructive 
structure of silver nitrate. The small exothermic peak 
observed at 650 °C in the DSC thermogram without 
weight loss in TGA can be attributed to the formation of 
the crystalline phase of zinc oxide. 

The N2 adsorption-desorption isotherm at 77K measured 
for nanocatalyst after calcination at 400, 500 and 600°C. 
The absorption capacity and surface characteristics of 
prepared nanoparticles were investigated according to 
the effects of heating after synthesis and modification 
with silver. The samples of AgZnO calcined at 500 °C with 
20 mol% of silver is shown a third model isotherm based 
on IUPAC classification. From the results of BET and BJH 
diagrams, it can be concluded that a major fraction of the 
pore diameter in all samples is less than 5 nm. and the 
AgZnO sample with 20 molar percentage is introduced as 
the best surface area. 

Information about the nature of defects, effect of 
impurities and shedding light on AgZnO electronic 
structure and behavior were carried out by EPR 
characterization. By adding the silver to zinc oxide, new 
Ag+ centers appear and the particle and crystal size 
decreases. Therefore, the intensity of the signal as well as 
the spread increases. In addition to the active sites of 
paramagnesium, exchange interactions between Ag+ 
species cause this increase. The AgZnO sample calcined at 
400° gave an ESR signal of wider splitting width, which 
suggests that the silver dopant participates in the spin-
coupling process with an equal amount compared to ZnO. 
As a result, the generated spin resonance is considered to 
be a combination of signals belonging to active centers 
caused by O2-, Zn+, Zn2+ and Ag+ species. Similarly, for the 
ZnO process, as the size increases due to heat, the 
number of inherent defects in the ZnO system and Ag+ 
species decreases until crystallization occurs. Considering 
that the calcination heating process does not leave any 
change in the position and growth of the crystal plates in 
the corresponding XRD patterns, therefore the observed 
spin resonance centers must be mainly on the surface. 
Despite the almost identical peak width, it is expected 
that the signal intensity from the AgZnO sample with 10 

to 20 mol% increases with increasing silver dopant 
concentration. But there is a significant difference 
between these two samples (Figure 2).  

 

 
  

Fig.2: ESR profile of AgZnO nanocatalyst calcined at 500°C 

with 20 mol% of silver. 
 

Chloroethyl phenyl sulfide (2-CEPS) was selected for 
preliminary investigation the degradation of this 
substance and the effect of time, temperature and 
amounts of catalyst were investigated. All the reactions 
were investigated in the presence of AgZnO nanoparticles 
calcined at 500°C and 20  mol% Ag. Based on the obtained 
results, the activity of the prepared catalyst is dependent 
on the reaction time, and 99% of 2-chloroethyl phenyl 
sulfide was destroyed after 12 hours and turned into 2-
hydroxyethyl phenyl sulfide (2-HEPS) and phenyl vinyl 
sulfide (PVS). The effect of temperature and amounts of 
catalyst are shown that the degradation rate increases 
from 38 to 99.5 % by increasing the temperature from 25 
to 55 °C and 42 to 99.5 percent by increasing amounts of 
catalyst from 20 to 60 mg. 
 
Conclusions 
The destruction of organosulfur material 2-chloroethyl 
phenyl sulfide (2-CEPS) as a model was carried out in the 
presence of AgZnO nanoparticles calcined at 500 °C and 
with a molar percentage of 20 at different temperatures 
and times. The temperature, time and amounts of catalyst 
were optimized as 55 °C, 12 hours and 50 mg respectively. 
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Abstract: This study compares the different combinations of bio-polymers with the addition of turmeric to 
еnhancе watеr rеtеntion capacity in soil. Thе rеsеarch aims to invеstigatе thе potеntial of thеsе hydrogеls in 
improving soil moisturе rеtеntion. The findings of this study will provide valuable insights for watеr consеrvation 
in agriculturе. 

Keywords: Water retention, soil, bio-polymer, bio-additive, hydrogel 

 

Introduction 
Water conservation emerges as a vital problem in 

pursuing sustainable agriculture, especially in arid and 

semi-arid areas where water shortage has a considerable 

impact on the yield of crops and the quality of the soil [1, 

2]. The employment of superabsorbent hydrogels is fast 

becoming a solution of choice to increase soil water 

retention, lessen irrigation frequency, and improve soil 

texture and fertility. Recently, hydrogels based on natural 

polymers including gelatin, agar, and potato starch - 

characterized by their biodegradability, non-toxicity, and 

cost-saving properties have attracted increasing attention 

[3]. Thе hydrogel incorporated with turmeric, a bioactive 

compound having anti-microbial propеrtiеs, improves the 

watеr-holding capacity оf thе hydrogel and suppresses 

pathogеn mесhаnisms. The subject of the present study 

is to carry out a comparative аnalyse of hydrogеls with 

different combinations of bio-polymers, whеrе turmeric 

additive is used to еvaluatе thеir efficacy in improving soil 

watеr rеtеntion. These studies aim to discover the 

practical applications of hydrogel formulations in 

sustainable agriculturе and teсh for wаter conservation 

efforts, which will improve crop productivity. 

 

Experimental Section  

Materials 

Different bio-polymers are chosen for their biodegradable 

and water-absorbing properties. A multi-monomer matrix 

is built using a particular monomer. Cross-linking agents 

are used to improve the structural integrity of the 

hydrogels. An initiator initiates the polymerization 

process. The additive that might improve the water 

retention capacity of the hydrogel is introduced into the 

system.  

A natural bio-additive like turmeric was used to enhance 

the hydrogel properties. 

 

Method 

The individual solutions of biopolymers with different 

percentages of bio-additives are prepared separately in 

the development process with the addition of water, 

being heated for their complete dissolution. Monomers 

and initiators are mixed to a specific ratio to initiate the 

polymerization process, formatting the base hydrogel 

matrix. The polymers blended with additives are added to 

the polymer matrix to ensure uniform distribution across 

the hydrogеl. Hydrogеls are then аllоwed to set and dry 

for subsеquеnt аnnаlysis and tеsting. 

 

Results and Discussion 

The results of this study suggest the good prоspects of 

bio-hydrogel implementation in aiding the soil to rеtаint 

moisture better. The gelatin/agar hydrogel has been 

proven beneficial in water retention capacity, which 

underlies its efficient application in soil moisture levels 

retention, vital for plant growth and rural culture. So, 

adding turmeric to the mix even more boosted the water 

retention features of the hydrogels, revealing the 

possibility of synergistic effects between the hydrogel 

components and the additive. 

 

SEM analysis 

The SEM analysis of the neat potato starch/gelatin 

hydrogel and its turmeric-added variant revealed 

differences in porosity and texture (Fig 1). 
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Fig 1. SEM images of desired hydrogels [Nеat agar/gеlatin 
hydrogеl (a), 7% turmeric additivе hydrogеl (b), Nеat potato 

starch/gеlatin hydrogеl (c), and 7% turmeric additivе 
starch/gеlatin hydrogеl (d)] 

(a) Nеat agar/gеlatin hydrogеl: Thе micrograph shows a 
porous structurе with rеlativеly uniform porе 
distribution. Thе surfacе appеars rough, and thе porеs 
sееm intеrconnеctеd, which is typical for hydrogеls that 
havе not bееn modifiеd with additional compounds. (b) 
7% turmeric additivе hydrogеl: Thе addition of turmeric 
sееms to havе rеsultеd in a morе clustеrеd and lеss 
porous structurе comparеd to thе nеat hydrogеl. Thе 
particlеs arе agglomеratеd, which could bе duе to thе 
intеraction of turmeric with thе hydrogеl matrix. (c) Nеat 
potato starch/gеlatin hydrogеl: This imagе shows a 
diffеrеnt tеxturе comparеd to thе nеat agar/gеlatin 
hydrogеl. Thе structurе is lеss porous and morе compact, 
with somе largеr, irrеgularly shapеd porеs. This could bе 
indicativе of thе diffеrеnt physical propеrtiеs impartеd by 
thе potato starch. (d) 7% turmeric additivе starch/gеlatin 
hydrogеl: Similar to thе turmeric-addеd agar/gеlatin 
hydrogеl, thе addition of turmeric to thе starch/gеlatin 
hydrogеl has rеsultеd in a dеnsеr structurе with visiblе 
particlе agglomеration. Thе surfacе is rough, and thе 
porosity is rеducеd comparеd to thе nеat starch/gеlatin 
hydrogеl. The microstructural differences are illustrated 
in the images where neat and turmeric-enriched 
hydrogels are compared, and the effects of using different 
polysaccharide bases (agar vs. potato starch) in 
combination with gelatin are shown. The presence of 
turmeric seems to broadly change the microstructure, 
which may affect the hydrogels' mechanical properties 
and diffusion characteristics. 

 

 

Conclusions 
The enhanced water retention properties in the study 
imply that the interaction between the additivе and the 
hydrogel matrix may result in improved water retention. 
This may be caused by potential interfaces and induced 
effects by the additive, which can help trap the water 
molecules more effectively. Moreover, variations in 
porosity and texture between topmost materials denote 
their roles in determining water retention abilities. The 
analysis reflects the study's findings by explaining the 
microstructural basis for hydrogels' enhanced water 
retention properties and the additive-enhanced variants. 
What was concluded by the observed structural 
properties contributed to the possibility of these 
hydrogels being applied in agriculture, especially in the 
enhancement of soil moisture retention. Thе 
incorporation of turmeric together-vise regulateѕ thе 
watеr retention ability of thе hydrogеls and indicates thе 
соncепtuаl of whole thing сomponents in addition to 
suppоrt its further functional enhаnсеmеnts. This study 
focuses on thе mаteriаl composition and structurе of 
hydrogеls to be used in environmental and agriculturаl 
applications, thus developing innovative technologies for 
better wаter management and agricultural productivity. 
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Abstract: This study evaluates the effect of Plantanus-modified bio-hydrogel on soil water holding capacity. The 
bio-hydrogel, which uses natural materials and infusions of Plantanus, shows good water absorption and 
storage. This hydrogel can be a part of the soil; the plants can be more drought tolerant than before by 
preventing water loss and improving water supply. Future research will be conducted to assess the bio- 
hydrogel's efficiency and long-term impacts on soil moisture retention and plant growth. 
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Introduction 
This study illustrates the possible role of Plantanus-based 
hydrogels as an alternative to environmentally friendly 
material in improving soil's water-holding capacity. 
Plantanus-based hydrogels are biodegradable, non-toxic, 
and can modulate plant water release. Thus, Plantanus-
based hydrogels are 'green' and a potent agricultural 
application.The study of the application of bio-hydrogels, 
more specifically those extracted from Plantanus, should 
offer a potential approach to water deficiency in 
agriculture and help crops to be more enduring to 
different water supply levels [1-3]. 

Experimental Section  
Arabic gum-based hydrogel was prepared using different 
materials. At first, a solution is formed using water. In the 
following steps, using a suitable crosslinker, monomer, 
and a suitable initiator such as ammonium persulfate in a 
specific time, with chemical or physical modification, 
hydrogel samples were prepared, and the relevant tests 
to check their quality and water retaining capacity, 
especially in soil were collected. Due to functional groups 
such as the hydroxyl group, we can modify and improve 
the adsorbent under chemical or chemical-thermal 
treatment. Plantanus tree leaves have been used as 
additives in synthesizing these samples in the 0, 3, and 7% 
ratios. 

Results and Discussion 
To study the characteristics, the diffusion Scanning 
Electron Microscope Field FESEM was performed to 
image the sample by determining the surface 

characteristics and morphology using Hitachi (S4160) 
Field Emission Scanning Electron Microscope (FE-
SEM). 
Scanning electron microscope (SEM) images are 
presented at 2-micrometer magnification to look at the  
 

differences in the hydrogels with different compositions 
from different views. A gum Arabic hydrogel with an 
orderly gum surface (image a) has a flat surface, which 
signifies a homogeneous structural property. Moreover, a 
rougher, heterogeneous surface characterized by visible 
elements is obtained in the presence of plantanus (image 
b), which may be why plantanus changes the surface 
morphology. Another image (c) captures the macroscopic 
view of the swollen hydrogel exhibiting a highly granular 
and porous structure, indicating its water-uptaking ability. 
These images are vital for characterizing the 
microstructures of the hydrogels, which, in turn, play the 
roles of porosity, surface area, and water/nutrient 
absorption capacity. The involvement of plantanus may 
considerably change the hydrogel performance in 
different ways, and in some cases, affecting surface 
adsorption, mass transport (and water absorption), 
mechanical properties, biocompatibility, 
biodegradability, and even chemical properties to make 
the final hydrogel specific to a kind of application. 

 
Fig. 1: SEM image of neat bio-hydrogel (a) 3 wt% of 

plantanus additive based on bio-hydrogel (b), and 7 
wt% of plantanus additive based on bio-hydrogel (c) 
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Conclusions 
Summing up, the image of SEM manipulates the 
significance of the plantanus aggravate into gum arabic 
hydrogels. Surface morphological changes form a smooth 
to a framed structure and reveal evidence of lower 
hydraulic conductivity and water sorption relative to the 
surrounding environment. These results indicate a hinter 
towards achieving the purpose of targeted hydrogel 
modifications through polymer blending. Yet more 
scalable research is needed to reveal the qualitative 
alterations to porosity, mechanical resistance, and water 
uptake. Besides, analyzing the biocompatibility and 
biodegradability of the modified hydrogels is the essence 
of the possible application in medicine and agriculture 
because it will be safe to use. Researchers can improve 
the Plantanus-based bio-hydrogels further by 
understanding the impacts of various factors working 
together, which can subsequently be used to optimize the 
hydrogels for the desired. 
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Abstract: In this study, we have estimated and compared the surface energy of the copper layer, Nylon 6-
coated copper layer, and PVA-coated copper layer on glass substrates extracted from contact angle 
measurements. According to these results, PVA thin film has the lowest surface energy, offering insights for 
designing functional coatings to prevent corrosion. 
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Introduction 
Copper thin film plays a crucial role in the electronic 
industry due to its excellent electrical and thermal 
conductivity. Cu is a core material for most printed 
circuit boards (PCBs). In this case, its susceptibility to 
corrosion challenges long-term durability [1]. Polymeric 
coatings, such as Nylon 6 and PVA thin films, have been 
explored as potential solutions. Understanding the 
surface energy of the coated copper layers is crucial for 
optimizing their performance. This study investigates the 
surface energy of different polymers deposited on the 
copper thin layer, providing valuable insights for 
designing effective corrosion-inhibiting materials [2,3]. 
 
Experimental Section  
PVA aqueous (3% w/w) and Nylon 6  in 2,2,2-
Trichloroethanol (1.5% w/w) solutions were prepared. 
Each solution was deposited on glass substrates coated 
with a copper layer using a spin coater (Backer, vCoat4-
HS) at 2000  rpm. After polymeric layer deposition by 
spin coating, the sample coated with PVA solution was 
heated on a hot plate at 90℃ for 1 minute and then in 
the oven at 120℃ for 90 minutes. The sample coated 
with Nylon 6 solution was heated on a hot plate at 
90℃ and in the oven for 2 and 60 minutes, respectively.  
The Fourier transform Infrared (FTIR) spectroscopy (FTIR) 
- (Brucker tensor 27) was performed to validate the 
structural properties of PVA and Nylon 6. The surface 
energy was estimated using data extracted from contact 
angle measurements (Mehr Tav Negar Alborz). 
Additionally, the surface topology of the thin films was 
examined by Atomic Force Microscopy (AFM) (Brisk-Ara 
AFM) in non-contact mode. 
 
 

Results and Discussion 
Fig 1 displays the FTIR spectra of PVA and Nylon 6. The 
spectrum of PVA exhibits a distinct valley at 3439 cm−1, 
signifying the O-H stretching vibration mode. Conversely, 
the Nylon 6 spectrum reveals three distinct valleys at 
3427, 2922, and 1633 cm−1, corresponding to N-H, C-H, 
and C=O bonds, respectively [4]. 

 
Fig.1: FTIR spectrums of PVA and Nylon 6 

 

The atomic force microscopy (AFM) was used to measure 
the roughness and thickness of PVA and Nylon 6 thin 
films. In addition, a groove was made on the surface of 
the PVA thin film using a surgical blade to measure the 
layer thickness. The samples were positioned in the 
AFM, so the boundary between the polymer-coated and 
uncoated regions was below the AFM tip. The 'Line 
obtains average step heights. The height histograms 
from each image showed characteristic peaks and valleys 
corresponding to the substrate and coating heights. The 
thin film thickness was determined by subtracting the 
lower value from the upper value. Images were taken 
from various regions of the samples' surfaces, and the 
thickness and roughness were averaged. Fig. 2 shows the 
AFM images of the Nylon 6-coated Cu layer. 
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(a) (b) 

Fig2: AFM pictures taken from the surface of Cu(PVA) sample, 
(a) The picture taken after the groove was made on the surface 

of PVA thin film by surgical blade, (b) Topographic image of 
PVA thin film. 

The results are shown in the table1. 

Table 1: The data extracted from AFM results 

Sample code 
Thickness 

(nm) 
Roughness (nm) 

Cu  1.316 

Cu(PVA) 150.1 1.889 

Cu(N6) 171.4 1.858 

Table 2 represents the DI water contact angle on the 
copper substrate and polymer-coated samples. The 
contact angle measurements were conducted using the 
sessile drop method. Each sample underwent three 
separate tests, and the reported contact angles are the 
averages of these trials. These data indicate that the 
contact angle of the copper substrate is more than 90°, 
which signifies low wettability. In contrast, the contact 
angles of (Cu(PVA)) and (Cu(N6)) samples that are less 
than 90° signify high wettability or hydrophilicity. 

Table2: Contact Angle measurement 

Sample code 
Contact 
angle (°) 

Width (mm) 
Height 
(mm) 

Cu 100.495 0.174 0.359 

Cu(PVA) 85.263 0.198 0.333 

Cu(N6) 73.208 0.216 0.326 

The dispersive component of surface energy was 
determined using the empirical equation developed by 
Fowkes, which correlates the contact angle of water with 
the dispersive component of surface energy. This 
equation can be expressed as follows [5]: 

𝑠𝛾𝑑 = 2.3(1 + cos(θ))𝛾𝑤
0.5                                              (1) 

Where 𝛾𝑑 is the dispersive component of surface energy, 
θ is the contact angle, and 𝛾𝑤 is the surface tension of 
water that the standard at room temperature (20℃) is 
approximately 72.8 mN/m [6]. 

Therefore, Equation 1 can be rewritten as : 

𝛾𝑑 = 2.3(1 + cos(θ))72.80.5                                             (2) 

The findings revealed that the surface energy of copper 
was  39.236 mN/m, significantly higher than that of the 
coatings. The surface energy of PVA and Nylon 6 thin 
films deposited on copper layers were calculated to be 
1.873 and 8.231 mN/m, respectively (Fig 3).  

 
Fig.3: Dispersive component of surface energy (mN/m) of 

copper substrate in comparison with copper substrate 
coated with PVA (Cu(PVA)) and Nylon 6 (Cu(N6)). 

Conclusions 
The results show that PVA is a more effective coating 
than Nylon 6 in shielding copper from corrosion due to 
its lower surface energy, rendering it less reactivity and, 
thus, more corrosion resistance. However, due to the 
PVA's water solubility, Nylon 6 coating can be a viable 
alternative for aqueous environments. 
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Abstract: Chromium (Cr) ion is one of the most common and dangerous metal pollutants in the environment, 

which is widely used in various industries. In this study, the composite consisting of melamine-based COF and 

ZIF-8 was synthesized via the mechanochemical method. Then, the performance of melamine-based COF and 

ZIF-8 and the resulting composite was evaluated to remove Cr(VI) from an aqueous solution with a concentration 

of 100 ppm. The results showed that the prepared composite performs higher in Cr(VI) adsorption compared to 

melamine-based COF and ZIF-8 in mild conditions. 

Keywords: Metal-organic framework; Covalent-organic framework; Mechanochemical synthesis; Chromium(VI) 
removal.   

 

Introduction 
Heavy metals are widely used in industrial and agricultural 
production activities. Due to their toxicity, stability, and 
non-degradability, the excessive release of heavy metals 
into the environment can lead to serious pollution and 
human health hazards [1]. Recently, the emergence of 
ordered porous materials, especially metal-organic 
frameworks (MOFs) and covalent organic frameworks 
(COFs) has opened a new window of opportunities in 
water purification. These novel materials possess 
inherent advantages in wastewater treatment 
applications, attributed to their high porosity, tunable 
pore size, high adsorption capacity, flexible 
functionalities, abundant active sites, tunable physical 
and chemical properties, etc. More remarkably, COF-MOF 
composites can adsorb trace-level contaminants in water, 
which is paramount in environmental regulation and 
pollution prevention [2, 3]. 

Experimental Section  
ZIF-8 and melamine-based COF, were synthesized 
according to Ref. [4, 5] respectively. The as-synthesized 
melamine-based COF with a certain mass (6 mg), 70 mg of 
Zn(OAc)2.2H2O and 70 mg of 2-methyl imidazole ligand 
were mixed evenly in a mortar, and ground for 30 min 
after the addition of ethanol (0.2 mL). The obtained 
powder was filtered, washed with ethanol, and dried in a 
vacuum. 

Results and Discussion 
The schematic representation of the fabrication of 
melamine-based COF, ZIF-8, and its composite is shown in 
Scheme 1.  

 

These materials were synthesized under solvothermal, 
room temperature, and grinding conditions, respectively. 

 

 
 

Scheme 1: Schematic of the synthesis process of melamine-
based COF (a), ZIF-8 (b) and its composite with a 

mechanochemical approach (c). 
 
As shown in Fig. 1a, the strong vibration of the COF at 
1600 cm–1 is assigned to the C=O stretching. The bands 
around 1557 and 1478 cm–1 are attributed to the C=C and 
C=N stretching vibration on the triazine ring. The bands 
around 1353 cm–1 is related to C–N stretching vibration. 
The band at 814 cm–1 refers to the C–N bending vibration 
[4]. 

On the other hand, the bands at 2924,  1650, 1425, 1382 
1143 (imidazole ring), 994, 755 and 689 cm–1 correspond 

a) 

b) 

c) 
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to the asymmetric vibrations of C-H, C=N, –CH3, C=N, N–
H, Zn-O and Zn–N in ZIF-8, respectively, confirming the 
existence of ZIF-8 [5]. 

 

 

Fig. 1: Comparison of IR spectrum and PXRD pattern of 
synthesized ZIF-8, COF and COF@ZIF-8 composite. 

The prepared powder samples of ZIF-8, melamine-based 
COF, and COF@ZIF-8 were characterized by powder X-ray 
diffraction (PXRD). Fig. 1b illustrates that the 
experimental patterns are consistent with the patterns [4, 
5], further indicating the successful synthesis of ZIF-8 and 
melamine-based COF. 

 

Fig. 2: Cr(VI) ion adsorption through ZIF-8 and COF@ZIF-8 at 
ambient temperature, natural solution pH (~ 6) at 30 min. 

The results showed that the melamine-based COF@ZIF-8 
sorbent has a higher performance than ZIF-8. In mild 
conditions, it has removed 94% of Cr(VI) from water in a 
short period (Fig. 2). These research lines are presently 
being continued in our laboratory. 

Conclusions 
In summary, we have reported a new sorbent based on 
melamine-based COF@ZIF-8 composite with a cost-
effective and facile synthesis strategy for the reduction of 
hazardous Cr(VI) from water in mild conditions. Despite 
the COF-MOF composite's outstanding performance in 
wastewater treatment applications, extensive research is 
needed to harness its full potential in wastewater 
treatment. 
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Abstract: Drug-in-gama cyclodextrin (DC) was used to encapsulated limonene (LIM). The complexation 
mechanism of LIM/γ-CD inclusion complex was analysed, showing that Lim was entrapped into the cavity of γ-
CD through electrostatic and hydrophobic interaction with a molar ratio of 1:1. Notably, DC formulation not only 
reduced Lim volatilization in 25℃, but also enhanced the free radical (DPPH·) scavenging ability of LIM. In 
summary, LIM-DC formulation improved the stability and enhanced the antioxidant activity of LIM. DC 
nanocarrier system is suitable to preserve volatile and hydrophobic compounds, enlarging their application in 
pharmaceutics industries. DC can be used as a nanocarrier of food matrix for volatile and hydrophobic 
compounds. 
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Introduction 
Limonene (LIM) is a monoterpene essential oil with a 
pleasant lemon-like odor. It is typically obtained through 
the cold pressing of citrus peel wastes, where it can be 
found at concentrations exceeding 90 % [1]. Due to its 
strong citrus flavor and abundant availability in nature, 
LIM finds widespread use in the food industry. 
Additionally, LIM offers a diverse range of health benefits, 
including antioxidant, antiarrhythmic, anti-cancer, anti-
inflammatory, and antibacterial activities [2 & 3]. 
However, the utilization of LIM is subject to certain 
limitations due to its instability, volatile nature, and low 
solubility in water [4]. 

Experimental Section  
The inclusion behavior and interactions of LIM with γ-CD 
was carried out in both the solution and the solid state 
by UV-Vis, FT-IR, NMR and SEM.  The radical scavenging 
activity of LIM and envelopes was assessed by the DPPH 
method with slight modifications of 12mM [2]. Also 
antibacterial activity assay was done [4]. 

Results and Discussion 
The DC formulation demonstrated clear advantages in 
encapsulating Lim. It not only significantly improved the 
solubility and stability of Lim in water but also enhanced 
its antioxidant activity. The LIM-IC, was shown to include 
Lim within the complex through FTIR, HNMR and SEM 
analyses. Phase solubility studies indicated that LIM was 
entrapped within the cavity of γ-CD through electrostatic 
interactions. We used a drug-in-gama cyclodextrin (DC) 
formulation to encapsulate LIM, aiming to address its 
limitations [1]. The formulation consisted of two main 
segments: the LIM/γ -CD inclusion complex (IC) was first 
prepared and then the complexation mechanism of Lim-

IC was analyzed Fourier transform infrared (FTIR), Proton 
nuclear magnetic resonance (HNMR) spectroscopy and 
Scanning electron microscope (SEM) technologies [2]. 
Therefore, this study aimed to extensively elucidate the 
structural characteristics of the DC formulation using 
multiple techniques and highlight its advantages as a 
nanocarrier for encapsulating Lim [3]. Figs 1 & 2 show 
results of antioxidant and release obtained from LIM/γ-CD 
nanocapsules at 6-20mM concentrations. 
 

 

Fig 1. Antioxidant activity of LIM and LIM/γ-CD nanocapsule 
by DPPH' radical scavenging in different concentrations. 

 

Fig 2. Release profiles of LIM and LIM/γ-CD solutions at pH 
4.2 and 4.4 in water at 20mM. 
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The results showed that the peaks of the LIM formed 
nanocapsule in LIM/γ CD complex. It is suggested that the 
foundation for the use of LIM as a natural antioxidant and 
antibacterial activity in food transportation and 
healthcare industries and in drug packaging for the 
pharmaceutical industry [4].  

Conclusions 
As FT-IR and HNMR spectra results showed molecular 
nanocapsule formation revealed that van der Waals and 
hydrophobic interactions were the main driving forces. 
The characteristic structure of LIM significantly influenced 
the embedding effect. For LIM with the same carbon 
backbone functional groups, the position and the number 
of the functional groups also affected the embedding. The 
methyl group and double bond entered the cavity 
preferentially Antioxidant and antibacterial activity was 
easier to beembedded in the relatively large γ-CD cavity 
and also easier to encapsulation. 
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Abstract: Some composite photoanodes composed of plasmonic Ag/La0.6Sr0.4CoO3 (LSCO) perovskite oxide and 
TiO2 nanoparticles were prepared and investigated for their light-harvesting properties in dye-sensitized solar 
cells (DSSCs). Based on the photovoltaic tests, the DSSC with 7.5%Ag/6% La0.6Sr0.4CoO3/TiO2 achieved the highest 
efficiency of 7.34% among all devices. 

Keywords: Photoanode; Perovskite oxide; Dye-Sensitized Solar Cells (DSSCs); Nanocomposite. 

 

Introduction 
The DSSC photoanode is a porous n-type semiconductor 
on which the dye is adsorbed [1-3]. The photoanode 
metal oxides have a wide band gap energy of around 3–
3.2 eV [4]. An ideal photoanode exhibits desirable 
characteristics including suitable band gap, large surface 
area (high dye loading) and exceptional electron 
collection efficiency fast charge transport rate) [5,6]. 
Some materials have been investigated as 
photoelectrodes in DSSCs, such as ZnO, TiO2 binary metal 
oxides and SrTiO3 and Zn2SnO4, BaSnO3, and CoTiO3 
ternary metal oxides [7,8]. 

In this study, perovskite La0.6Sr0.4CoO3 nanoparticles were 
decorated by plasmonic silver nanoparticles. Thus, the 
TiO2+6% La0.6Sr0.4CoO3/x%Ag, (x=5, 7.5, 10%) 
nanocomposites were designed, synthesized and added 
to the mesoporous TiO2 photoelectrodes to achieve high-
performance DSSCs. The optimal 
TiO2+6%La0.6Sr0.4CoO3/7.5%Ag composite illustrated a 
high PCE=7.34%. All physicochemical, optical and 
electronic characteristics of the synthesized photoanode 
materials and the photovoltaic properties of the DSSCs 
were investigated comprehensively and compared. 

Experimental Section  
Synthesis of Ag/La0.6Sr0.4CoO3 nanoparticles 

The prepared La0.6Sr0.4CoO3 nanoparticles (0.250 g) were 
dispersed in 20 mL distilled H2O and stirred for 30 min. 
Next, it was heated for 20 min at 80 °C. Then, 0.2M NaBH4 
ice-cold solution was made in 30 mL water under 
magnetic stirring and the flask was placed in an ice bath. 
This solution was prepared before the experiment to 
reduce the Ag+ to Ag0. Subsequently, different amounts of 
AgNO3 were separately dissolved in 10 mL water and 
slowly added to the stirring NaBH4 solution 
(approximately one drop per second). After adding half of 

the AgNO3, the solution turned to light yellow and then to 
darker yellow when all AgNO3 was added. Stirring was 
stopped as soon as all AgNO3 was added. The colloidal 
suspension was separately added to the La0.6Sr0.4CoO3 
nanoparticles solution and constantly heated and stirred 
at 80 °C for 2 h. Then, nanoparticles of precipitated 
plasmonic Ag/La0.6Sr0.4CoO3 products were washed five 
times by distilled H2O, dried for 7 h at 100 °C and lastly, 
they were calcined for 2 h at 300 °C. 

Results and Discussion 
Herein, DSSCs were fabricated using 
TiO2+6%La0.6Sr0.4CoO3/x%Ag (x=5, 7.5 and 10%) 
photoelectrodes which were composed of the optimum 
(6%) amount of Ag-decorated perovskite NPs found from 
the first series of DSSC devices in order to determine the 
optimal amount of silver nanoparticles. In the following, 
we present results of the analyses performed for the 
materials characterization and then the photovoltaic 
performances of the designed DSSCs. 
Fig. 1 displays that the Voc diminishes after Ag doping at 
any concentration. The Jsc raises when the 
TiO2+6%La0.6Sr0.4CoO3 semiconductor is decorated with 
Ag NPs, reaching a limit associated using Ag quantity of 
7.5 %, and then this trend is inverted so that Jsc drops. 
Also, DSSC based on TiO2+6%La0.6Sr0.4CoO3/7.5%Ag photo 
anode exhibits the greatest Jsc of 21.23 mA cm-2, 
Voc=717.90 mV, FF=0.48 and maximum PCE=7.34%, 
showing 21.52 and 135.26% enhanced performance, 
respectively, than those of devices containing 
TiO2+6%La0.6Sr0.4CoO3 and TiO2 photoanodes. Results 
verify that both PCE and JSC values are significantly 
enhanced for DSSCs when Ag NPs are added into the 
composite photoanodes. 
When light interacts with oscillating electrons of Ag NPs, 
the localized surface plasmon resonance (LSPR) effect is 
exhibited that can increase both the scattering and visible 
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light absorbance efficiencies. In addition, the hot 
electrons generated around the surface of the 
nanoparticles can increase light absorption. Excited 
electrons from the dye have sufficient energies upper the 
Fermi level of La0.6Sr0.4CoO3, therefore flowing to the CB 
of La0.6Sr0.4CoO3 and TiO2 but holes are generated within 
VB of semiconductors. Ag NPs diminish electron-hole 
recombination because they act as traps for electrons. 
Moreover, a strong plasmonic field is generated in near-
fields of nanostructures and dye molecules which is 
another phenomenon caused by the Ag NPs plasmonic 
influence. Therefore, generation rate of charge carriers 
and optical characteristics of N719 sensitizer are boosted 
within this plasmonic field. Finally, plasmonic 
nanoparticles such as Au and Ag can produce hot 
electrons and holes. The energetic hot electron can pass 
over the Schottky barrier and inject in semiconductor’s CB 
to improve electron density. Therefore, hot electrons can 
be effectively separated from hot holes. 

 
Fig. 1. Current density–voltage (J–V) curves for DSSCs with 

TiO2+6%La0.6Sr0.4CoO3/x%Ag (x=5, 7.5, and 10%) photoanodes. 

Conclusions 
several modified TiO2 photoanode materials were 
synthesized based on La0.6Sr0.4CoO3 and plasmonic Ag 
nanoparticles for application in DSSCs. The champion 
DSSCs based on the TiO2+6%La0.6Sr0.4CoO3/7.5%Ag 
photoanode exhibited the highest PCE of 7.34%, 
Voc=717.90 mV, JSC=21.23 mA cm-2 and FF=0.48. Such PCE 
was 2.35-fold superior to the efficiency (3.12%) of the 
DSSC with pure TiO2 photoanode. The DSSCs fabricated 
with TiO2+6%La0.6Sr0.4CoO3/7.5%Ag composite NPs 
showed lower impedance than the DSSC without 
modification. This means that the modified photoanode 
suppressed electron-hole pair recombination and 
inhibited reverse electron tunneling. These findings 
suggested that the incorporation of 
6%La0.6Sr0.4CoO3/7.5%Ag into the TiO2 photoanodes of 
DSSCs would be highly beneficial due to its boosted 

photon absorbing capacity, SPR effect of Ag NPs and 
greater density of photo-generated electrons. 
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Abstract: Estimation uncertainty emerges as a potent tool, significantly enhancing the integrity of quality 
assurance and the overall excellence of analytical work. In this research, the General Uncertainty Management 
(GUM) framework is applied to scrutinize the standard uncertainty of HPLC for Adalimumab. The calculated 
uncertainties (99.45 ± 0.14%) have been obtained. 

Keywords: Adalimumab; HPLC; measurement uncertainty; GUM.  

 

Introduction 
Adalimumab, a monoclonal anti-tumor necrosis factor-
alpha antibody, is used to treat various inflammatory 
conditions. Introduced by AbbVie in the U.S. in 2002, this 
medication is available in prefilled syringe and pen forms 
for convenient self-administered subcutaneous doses, 
specifically designed for rheumatoid arthritis and related 
conditions [1]. One of the most effective methods for 
analyzing the purity of adalimumab is through High-
Performance Liquid Chromatography (HPLC). Within the 
realm of pharmaceutical analysis, particularly in the 
context of HPLC, chromatographers play a crucial role in 
ensuring product quality, assessing formulations, 
checking purity, and monitoring variations due to process 
adjustments [2,3]. The paper underscores the significance 
of comprehending measurement uncertainty for 
obtaining reliable results. It proceeds to evaluate the Size 
Exclusion High-Performance Liquid Chromatography (SE-
HPLC) purity analysis of Adalimumab (auto-injectors), 
applying a bottom-up approach. The emphasis is on 
considering uncertainties throughout the analytical 
procedure, focusing on potential sources such as 
inaccurate measurement definitions, sample preparation, 
environmental conditions, and instrument calibration. 
The primary focus remains on a meticulous evaluation of 
measurement uncertainty in HPLC purity analysis of 
Adalimumab auto-injectors [4]. 

Experimental Section  
The liquid chromatograph model used was the Agilent 
Technologies 1290 Infinity, accompanied by an analytical 
balance, heater stirrer, and pH meter. Volumetric pipettes 
and micro tubes were employed in the preparation of 
standard and test solutions. The necessary chemicals, 
including potassium phosphate monobasic, potassium 
phosphate dibasic, and the Humira reference standard, 

were supplied for the analysis. Three lots of Adalimumab 
auto-injectors, each containing 40 mg of Adalimumab in a 
0.8 ml solution, underwent purity% analysis. The 
reference standard (initially at ~50 mg/ml) was diluted to 
a final concentration to create the standard solution, and 
the same dilution was applied to the samples. For HPLC 
analysis, a liquid chromatograph equipped with a 
quaternary pump, auto sampler injector, and a UV/Vis 
detector set at a defined wavelength was used. The 
analysis operated at a flow rate of about 0.5 mL/min with 
a phosphate buffer mobile phase. A Size Exclusion 
Chromatography column (4.6mm × 30cm) was employed. 
Injection volumes of 10 µL for both standard and sample 
solutions (each replicated three times) were measured for 
peak areas. System suitability was assessed based on 
theoretical plates and the standard deviation for replicate 
injections. 

Results and Discussion 
Measurement uncertainty (MU) calculations were 
conducted using a top-down methodology. The 
Eurachem/Citac guideline served as the basis for 
determining the measurement uncertainty associated 
with the HPLC purity% of Adalimumab. The estimation 
involved three crucial steps: (1) outlining the 
measurement procedure and its model equation; (2) 
identifying and quantifying the sources of uncertainty; 
and (3) computing both combined and expanded 
uncertainty. The GUM approach encompasses the 
identification and quantification of relevant sources of 
uncertainty, followed by the amalgamation of individual 
uncertainty estimates, as outlined in Equation (1) [5]: 

u (x(y1…….yn)) =√∑ (
∂x

∂yi

u(yi))
2

n
i=1   (1) 
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In this context, x represents the measurement result, 
dependent on several parameters yi, where each yi serves 
as a specific uncertainty source. u(yi) denotes the 
standard uncertainty associated with each uncertainty 
source, and ∂x/∂yi signifies the partial derivative of x with 
respect to yi. For measurement models characterized by 
a multiplicative relationship, it can be demonstrated that 
the error propagation algorithm in Equation(2) 
corresponds to the summation of the squares of the 
relative uncertainties [6]:  

𝑢(𝑥(𝑦1 … … . 𝑦𝑛)) = 𝑥√∑ (
𝑢(𝑦𝑖)

𝑦𝑖
)2𝑛

𝑖=1     (2) 

The assessment of various uncertainty contributions can 
be categorized into two groups. Type A evaluation 
involves the statistical analysis of repeated 
measurements to estimate the uncertainty u (yi). In a type 
B evaluation, the uncertainty contribution is assessed by 
further breaking down the uncertainty or by considering 
information from various sources, including  
manufacturer’s specifications and calibration certificates. 
The main sources of uncertainty for MU were identified 
showed in Table 1. Table 1 summarizes factors and their 
standard uncertainties for HPLC Purity%. The final U was 
calculated according to Equation (3), U is the expanded 
uncertainty, and k is coverage factor (K=2.0, for a 95% 
confidence level) [7]. 

U= 𝑢×k      (3) 

Table1: summarizes different source and their standard 
uncertainties for HPLC Purity% of Adalimumab 

Quantity 
Standard 

uncertainty 
u(yi) 

Value ((u(yi))/yi )^2 

Areas of sample (%) 0.013 99.451 1.7885E-08 

Concentrate of reference 
with UV (mg/mL) 

0.0191 1.021 0.00035 

Concentrate of sample with 
UV(mg/mL) 

0.0191 1.021 0.00035 

Measuring cylinder 2000 
(mL) 

4.14 2000 4.285E-06 

Mass of sample - K2HPO4 (g) 0.0106 34.85 9.251E-08 

Weighed Sample- KCl (g) 0.00928 18.651 2.476E-07 

Weighed Sample- K2HPO4 
(g) 

0.0096 27.204 1.245E-07 

pH of sample 0.0152 6.244 5.93E-06 

Purity% of materials -KCl 0.00144 0.995 2.104E-06 

Purity% of materials -
KH2PO4 

0.00144 0.995 2.104E-06 

Purity% of materials -
K2HPO4 

0.00289 0.99 8.50253E-06 

 

The expanded uncertainty of HPLC purity% of Adalimumab has 
been calculated and is presented in Table 2. 

Table 2: Expanded uncertainty of HPLC purity% of Adalimumab. 

Method Measurement 

u(y1…….yn ) pooled standard uncertainties of 
each variable 

0.013 

u(y1…….yn )*x Relative standard deviation 
multiplied  in Value 

0.0191 

u( y):     Total combined uncertainty 0.0191 

U= u×k  expanded uncertainty 4.14 

U (%)  results 99.45±0.14 

 
Conclusions 
In conclusion, measurement uncertainty provides 
comprehensive information about an analytical result and 
plays a crucial role in determining the compliance or non-
compliance of a pharmaceutical product. The obtained 
results, 99.45±0.14 (%), reveal that the largest uncertainty 
originated from the concentration of the reference, 
contributing to approximately 49% of the total 
uncertainty. Conversely, the uncertainty associated with 
the weight of the sample accounted for the minimum, 
approximately 0.01%. 
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Abstract : This paper describes the design and synthesis of novel -hydroxyalkyl benzymidazolyl thioethers. 

The compounds were synthesized by coupling 2-mercaptobenzimidazole with the desired epoxides. Due to the 
known beneficial biological properties of benzimidazole derivatives, it is anticipated that these conjugate 
compounds may exhibit promising therapeutic properties.  
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Introduction 
Benzimidazole plays a crucial role in medicinal chemistry 
as a versatile scaffold for the design of biologically active 
compounds. Its significance lies in its ability to target 
specific biological pathways, leading to the development 
of innovative drugs for the treatment of various diseases. 
This compound serves as a core structure for a wide range 
of biologically active molecules, making it a valuable 
scaffold for drug design and development. One of the key 
features of benzimidazole is its ability to interact with 
various biological targets, such as enzymes, receptors, 
and ion channels. This versatility allows for the design of 
benzimidazole-based compounds that can modulate 
specific biological processes, making them valuable in the 
treatment of various diseases. Benzimidazole derivatives 
have been extensively studied for their pharmacological 
activities, including anticancer, antiviral, antibacterial, 
antifungal, and anti-inflammatory properties. These 
compounds have shown promising results in preclinical 
and clinical studies, highlighting their potential as 
therapeutic agents for a wide range of medical conditions. 
Moreover, the structural diversity of benzimidazole 
derivatives allows for the fine-tuning of their pharmaco-
kinetic and pharmacodynamic properties, leading to 
improved drug efficacy and safety profiles. This flexibility 
in molecular design has paved the way for the 
development of novel benzimidazole-based drugs with 
enhanced therapeutic benefits and reduced side effects. 
The continuous exploration of benzimidazole derivatives 
holds great promise for the future of drug discovery and 
development in the field of medicinal chemistry [1]. Fig.1 
displays the structures of some well-known 

benzimidazole-based drugs along with their 
pharmaceutical characteristics.  

 

 

 

 

 

 

Fig. 1: The structure of well‐known benzimidazole‐based drugs 

Among benzimidazole derivatives, 2-mercaptobenzimid-
azole derivatives are considered one of the most 
important. They exhibit a wide range of fascinating 
biological activities, including antimicrobial, 
antihistamine, nootropic, and analgesic properties [2]. 

 

Fig.2: Tautomeric form of 2-mercaptobenzimidazole 

The presence of both tautomeric forms of 2-
mercaptobenzimidazole is well established (Fig. 2). It 
readily reacts with carbon electrophiles primarily through 
its thiol group. While 2-mercaptobenzimidazole has been 
shown to react with various alkyl halides, there are no 
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reports of its reaction with epoxides. Here, we present the 
synthesis of β-hydroxyalkyl benzimidazolyl thioethers 
(Fig. 3). 

 

Fig. 3: General structure of β-hydroxyalkyl benzymidazolyl 
thioethers 

Experimental Section 
Synthesis of 2-mercaptobenzimidazole: This synthesis 
was carried out due to standard procedure [3]. 
Synthesis of β-hydroxyalkyl benzymidazolyl thioethers: A 
100 mL double-necked round bottom flask equipped with 
a condenser was charged with 2-mercaptobenzimidazole 
(1.5 g, 10 mmol) and KOH (1.12 g, mmol) dissolved in dry 
DMF (30 mL). The mixture was heated to 100 °C and the 
progress of the reaction was monitored by TLC. When TLC 
monitoring indicated the completion of the reaction, the 
reaction was stopped and the solution was cooled to 
ambient temperature. The pH of reaction was set to 5 by 
adding HOAc. The reaction media was then diluted in 500 
mL distilled water and the organic materials were 
extracted by 3×100 mL CHCl3. The solvent was evaporated 
in vacuo and remaining crude product was purified by a 
short column chromatography on silica gel eluting with 
EtOAc/n-hexane or recrystallization in an appropriate 
solvent. 

Results and Discussion 

The title compounds were synthesized according to 
Scheme 1 in which illustrates a two-step reaction process 
(Scheme 1). The synthesis commenced with the reaction 
of o-phenylenediamine with CS2 in EtOH/H2O using KOH 
at reflux to produce 2-mercaptobenzimidazole (I). Then, 
(I) was used to ring opening of diverse epoxides using KOH 

in dry DMF at 100 C to achieve title compounds (II). 

 

 

 

Scheme 1: General procedure for synthesis of β-hydroxyalkyl 
benzymidazolyl thioethers 

Having used the above procedure, several products 
bearing different functionalities were synthesized which 
some selected structures are illustrated in Fig.4.   

 

 

 

 

 

 

Fig. 4: Selected structures of some products 

Selected data for 1-(1H-benzo[d]imidazol-2-ylthio)-3-
chloropropan-2-ol: CC on SiO2 eluted with n-hexane/ 
EtOAc (8:2) afforded white solid (2.27 g, 94%), Rf  
(EtOAc):0.5; 1H NMR (DMSO-d6, 400 MHz): δppm =3.21 
(dd,1H, J1=7.2, J2= 12.8 Hz, SCHaCHb),3.36 (s, 1H, OH), 3.40 
(dd,1H, J1=2.4, J2= 12.8 Hz, SCHaCHb), 4.08 (dd,1H, J1=6.0, 
J2= 12.4 Hz, ClCHaCHb), 4.24 (dd,1H, J1=3.2, J2= 12.4 Hz, 
ClCHaCHb), 4.47 (m, 1H, CHOH), 5.76 (s, 1H, NH),7.16-
7.13(m, 2H, aryl),7.46-7.41 (m, 2H, aryl). 13C NMR (DMSO-
d6, 100 MHz): δppm =31.8, 48.6, 61.7, 109.1, 117.4, 121.2, 
1222, 136.4, 143.3, 146.7.  

 Conclusions 
In conclusion, we have designed and synthesized β-
hydroxyalkyl benzymidazolyl thioethers through two 
steps in good to excellent yields. 
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Abstract: Textile industries are responsible for a large amount of environmental pollution. In this research, the 
ability of a microorganism that was isolated from iron ore mine, was studied for metabolizing and decolorizing 
dyes. Results showed that more than 90% of decolorization of Reactive Red 120 textile dye could be achieved. 
Keywords: Decolorization; Reactive Red 120 textile dye; Bacterial bioremediation 

 

Introduction 
Today, factors such as the rapid industrialization of 
societies, increasing urbanization, and large populations 
have dramatically increased water consumption and 
severely polluted water sources. This has increased the 
demand for clean water [1]. Industries such as textile, 
pharmaceutical, food, paper and pulp, and cosmetic 
industries use artificial colors in their production process. 
Dyes are soluble organic compounds, specifically those 
classified as direct, reactive, acid, and basic dyes. These 
dyes have a high solubility in water, which makes it more 
difficult to remove them with conventional methods [2]. 
Among the world's major industries, the textile industry 
produces significant amounts of wastewater. This 
industry produces half of the colored effluents in the 
environment (54%). Each type of fiber that is used in the 
textile industry, is dyed using different types of dyes, i.e., 
reactive, vat, indigo, direct, naphthol, acidic, basic, sulfur, 
dispersed, or natural, all of which are unsaturated organic 
compounds and absorb light in the visible region [1]. Most 
of these dyes are mutagenic, toxic, and carcinogenic. 
Various reports are available showing the adverse effects 
of azo dyes on plants (plant growth and germination) [2].  
Dyes can be classified into two categories: Synthetic dyes 
and natural dyes. Synthetic dyes are made of complex 
aromatic molecular structures, so the dyes are resistant 
to common biological treatments, especially for aerobic 
decomposition, and they are also stable against oxidizing 
agents [3]. Also, dyes can be classified based on their 
application and chemical structure. Based on the method 
of application, dyes are classified as acidic, basic, direct, 
reactive, disperse, vat, mordant, etc. Based on the 
chemical structure, dyes can be classified as azo dyes, 
anthraquinone, phthalocyanine, nitro, nitroso, acridine, 
triarylmethane, indigo, etc [1,2]. Reactive dyes are anionic 
dyes. The chromophores in anionic and non-ionic dyes are 
often azo groups or anthraquinone types. The reductive 
cleavage of azo bonds produces toxic amines in the 
effluent [3]. Reactive Red 120 is a bis(azo) compound that 
consists of a benzene core with two amino groups. It is a 

bis(azo) compound, a member of azobenzenes, a chloro-
1,3,5-triazine, a diamino-1,3,5-triazine and a 
naphthalenesulfonic acid [4]. 
Due to the aromatic structure  and resistance of dyes 
against destructive conditions such as light and ozone, 
conventional wastewater treatment methods are 
ineffective. Bioremediation is defined as the purification 
of the environment using living organisms. 
Bioremediation technology involves the use of 
microorganisms to reduce, remove, inhibit or convert to 
harmless pollutants in soil, sediments, water and air. 
Biosorption, bioaccumulation, and biodegradation are 
biological treatment mechanisms. Biosorption is defined 
as the use of living or dead biomass to absorb pollutants. 
Bioaccumulation is the accumulation of pollutants in the 
organism’s cells. Biodegradation is the mineralization or 
degradation of pollutants by the enzymatic activities of 
organisms. Various factors such as pH, temperature, 
initial dye concentration, nutrient content of medium and 
species of microorganisms affect the decolorization 
process. Biodegradation of textile dyes by bacteria is an 
efficient and low-cost method. [5].  

Experimental Section  
The bacterial samples were collected from an iron ore 
mine. After that, the bacterial strains in these samples 
were isolated in suitable culture media. The considered 
bacterial strain was cultured in LB media and incubated at 
37°C. The decolorization ability of this strain was 
examined in 25 ml LB media with 125 μl of bacterial 
suspension, 125 μl of Reactive Red 120 dye, and 25 μl of 
glucose added into this media. This media and control 
media were incubated at 37°C and the samples were 
centrifuged at 7000 rpm for 10 minutes after 24 hours.  
The maximum wavelength of Reactive Red 120 was 
determined using a spectrophotometer. The 
decolorization potential of the isolate was determined by 
taking the absorbance reading of the cell-free 
supernatant at the maximum wavelength of Reactive Red 
120 dye (515 nm). 
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Results and Discussion 
The discharge of Industrial pollutants, specially colored 
effluents into the environment, reduces water quality, 
spreads toxicity, and seriously affects the photosynthesis 
of plants. So, before discharging these effluents into the 
aquatic environment, they must be treated sufficiently 
[1]. Azo dyes are among the unsafe dyes released by 
industries into the environment due to their low 
biodegradability, strong color, high COD and BOD [2]. 
Treatment of textile wastewater with existing 
physicochemical methods is inefficient due to their 
inability to reduce COD, TOC, BOD, color, pH, and metals. 
These techniques are expensive and produce large 
amounts of toxins and sludge. Textile wastewater 
treatment using biological methods is an ecofriendly and 
low-cost treatment method [6]. As shown in Figure 1, the 
isolated bacterial strain W2C2 decolorized Reactive Red 
120 dye.The amount of decolorization was expressed as 
percent (%) and estimated using the following equation: 

[(Ai - At) / Ai] x 100 where Ai is the initial absorbance of the 

dye and At is the absorbance of the dye at any time 

interval [7]. According to this equation, the percent of 
decolorization was calculated, and it was determined that 
isolated bacteria showed 90% decolorization after 24 
hours, a time that could be improved by optimizing 
experimental conditions and  even reduced to 7 hours. 
 

 
Fig.1: Decolorization media (Left) and control media (Right) 

after 24 hours 

Conclusions 
In comparison with physicochemical treatment methods, 
bioremediation of textile effluents is an effective method 
that is low cost, eco-friendly, and easy that doesn't need 
ultra-advanced laboratory and industrial equipment. In 
this research, we applied bacterial strain W2C2 that was 
isolated from nature and decolorized Reactive Red 120 
textile dye effectively. 
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Abstract: This study investigates the anionic complex [Pt(C^N)(pT)(CN)]ˉ [C^N = benzoquinolate (bzq) and 
phenylpyridinate (ppy), pT = p-MeC6H4, CN = cyanide] product channels during reactions with trifluoroacetic acid 
(TFA). Computational analysis compares protonolysis energy barriers based on cyclometalated ligand type. 
Switching from ligand ppy to bzq leads to varied product channels. 

Keywords: Computational analysis; Reaction mechanism; Cyclometalated ligand 

 

Introduction 
The progression in the different aspects of C–H bond 
activation is one of the most widely used concepts, due to 
its importance in functionalized hydrocarbons. The 
homogeneous catalytic systems containing late transition 
metals, such as platinum have shown particular promise 
for utilizing and extending these systems. As part of the 
efforts to achieve better outcomes, extensive research 
has been dedicated to comprehending the mechanisms 
behind platinum complex-mediated alkane C-H 
activation. These efforts have contributed significantly to 
advancing our understanding of the intricate processes 
involved in alkane C-H activation by platinum complexes. 
In-depth investigations of the microscopic reverse of the 
C-H activation process, specifically the protonolysis of 
square-planar Pt(II) systems, have yielded substantial 
knowledge in the mechanism of this type of reactions. 
Generally, the protonolysis of the Pt−C bond in the Pt(II) 
complex presents two possible mechanisms: SE2 and 
SE(ox). In the context of the SE2 pathway, it is noteworthy 
to indication that the distinctive characteristic is the direct 
attack of an acidic proton on the Pt−C bond. In contrast to 
SE2, the SE(ox) mechanism initiates with the formation of 
a Pt(IV) hydride through oxidative addition of the acid 
onto the Pt center in the parent complex [1, 2].  
In this study, we will investigate the protonolysis of the 
[Pt(C^N)(pT)(CN)]ˉ complex, which was synthesized in our 
previous work [3], under the influence of trifluoroacetic 
acid (TFA). Our primary objective in this research is to 
understand the direction of selectivity in Pt−C bond 
cleavage under acidic conditions, which can be influenced 
by different cyclometalated ligands. To accomplish this, 
we utilize Density Functional Theory (DFT) to analyze the 
free energy and examine the reasons behind the observed 
selectivity in metallic complex's products that containing 
various types of Pt-C bonds. 

Computational Details 
All structures in this manuscript were fully optimized 
using the M06-2X level of theory. The LANL2DZ  basis set 
was employed for the platinum centers, while an all-
electron 6-31G (d) basis set was utilized for other atoms. 
Frequency calculations were carried out at the same level 
of theory as the optimization, to differentiate between 
minimal and transition state structures. 
To refine the energy obtained from a geometry 
optimization performed at a lower level of theory, single-
point calculations were conducted by considering 
dispersion correction (D3). In this stage of calculation, the 
B3LYP-D3 functional method, along with the SDD basis set 
for platinum and def2-TZVP basis set for non-metallic 
atoms was used. In all of the mentioned calculations, the 
conductor-like polarizable continuum model (CPCM) was 
employed to account for the effect of the DMSO solvent 
used in the experimental section. The calculations were 
performed using Gaussian 09 [4]. 

Results and Discussion 
The first reaction investigated in this study was related to 
[Pt(ppy)(pT)(CN)]ˉ complex. Based on experimentally 
observations, only Pt-Cppy bond on the [Pt(ppy)(pT)(CN)]ˉ 
complex can be cleaved and resulted in the formation of 
a C-H bond, exclusively on the carbon atom of the ppy 
ligand. The DFT study shown that this product formation 
was favor by the smaller energy barrier of Pt-Cppy bond 
cleavage than the Pt-CpT and Pt-CCN bonds. By altering the 
cyclometalated ligand to bzq, the mixture of two products 
observed that could generate by protonation of the 
carbon atom of bzq and pT ligands. The investigation of 
the mechanism of this reaction shown that the energy 
barrier of the CC^N-H and CpT-H bonds formation is equal. 
As well as, production of Cppy-H through SE2 mechanism is 
kinetic pathway. The investigated reactions demonstrate 
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protonation of the Pt−Csp2 bond, while the parent 
complex contains a Pt−Csp bond that is associated with 
CN ligands. The absence of HCN in the observed products 
is due to the intricate multi-transition state mechanism 
and the significant energy barrier associated to the 
protonation of the Pt−CspCN bond. These findings align 
well with the experimental results. 

 
 
Fig.1: Reaction chanel between parent complex (Pt-Com1) and 

trifluoroacetic acid (CF3CO2H) in DMSO and the product 
change percentage under altering the type of the C^N ligand. 

 

 
Fig.2: Comparison potential energy surface of two mechanism 

(SE2 and SE(ox)) for the protonolysis of Pt-Cppy bond in the 
[Pt(ppy)(pT)(CN)]− complex 

Conclusions 
The DFT investigation done to gain insights into the 
factors influencing the observed variation in product 
selectivity and to understand the reasons behind the lack 
of certain products. Two distinct mechanisms can take 
place during the protonolysis reaction of the 
cyclometalated complex that referred to as pathway SE2 
and pathway SE(ox). The results of DFT study indicate that 
the energy barrier required of SE2 mechanism for the 
protonolysis of the Pt−CC^N bond was stable than Pt−CpT 

and Pt−CCN bonds. In addition, the non-appearance of 
HCN in the products have root in the high-energy barrier 
and multi-transition state mechanism associated with the 
protonation of the Pt−CspCN bond. 
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Abstract: In this study, quantitative structure_activity relationship (QSAR) for 1-(1H-indol-1-yl)ethanone 
derivatives as potent and selective CBP/EP300 bromodomain inhibitors in treatment of prostate cancer was 
performed based on molecularly docked structures. Finally, using the best QSAR model obtained by GSA-ANN 
method, new candidates of this class were introduced as compounds that can be further evaluated in cancer 
treatment. 
Keywords: Docking study; QSAR study; prostate cancer; gravitational search algorithm; drug design  

 

Introduction 
Prostate cancer (PCa) is the most common malignancy in 
men and remains the second leading cause of cancer 
mortality in men. CREB (cAMP responsive element 
binding protein) binding protein (CBP) and its homolog 
EP300 act as steroid receptor co-activators for various 
nuclear receptors, including the retinoid X receptor 
(RXR), estrogen receptor (ER) and AR [1-3]. CBP and 
EP300 have been implicated in the development of 
various cancers, inflammatory conditions, and other 
diseases [4, 5]. In the advanced prostate cancer, CBP is 
highly expressed, and its expression level has been found 
positively linked with cancer patient survival [6, 7]. 
Molecular docking has an important role in drug 
discovery process. It is known that, docking is a 
molecular modeling technique which leads to prediction 
of protein (enzyme) and small molecules (ligand) 
interactions. The main aim of the docking method is 
identifying correct poses of ligands in the binding pocket 
of a protein. Quantitative structure-activity relationship 
(QSAR) is one of the methods that is used to find a logical 
relationship between structures and properties of a 
series of molecules.  
So far, there are many feature selection methods, 
differing in their rules for selecting appropriate features 
(descriptors). In this work, Thirty six 1-(1H-indol-1-
yl)ethanone derivatives as CBP/EP300 inhibitors were 
evaluated by Docking and QSAR methods [8]. Here an 
efficient physics based heuristic algorithms that is 
inspired by the gravity law and mass interactions 
(Gravitational Search Algorithm(GSA)) was used as the 
feature selection method [9, 10].  

Experimental Section  
Thirty six 1-(1H-indol-1-yl)ethanone derivatives as 
CBP/EP300 inhibitors were used as the data set. The 
main backbone of the data set molecules and the 

position of their functional groups are given in Fig. 1. The 
data set was randomly partitioned into training (29 
molecules) and validation (7 molecules) sets. In the QSAR 
process, model formation and model validation were 
carried out using training and validation set molecules, 
respectively. Molecular docking study was carried out for 
finding the best conformer of compounds which have 
suitable interaction with 4TS8 protein. Subsequently, the 
structure was used in QSAR study. QSAR method can 
provide adequate information for understanding the role 
of 1-(1H-indol-1-yl)ethanone derivatives in treatment of 
prostate cancer. QSAR models were developed by the 
stepwise-MLR, GA-ANN and GSA-ANN methods. 

 
Fig. 1: Basic structure 

Results and Discussion 
Fitting and predicting abilities of the generated models 
were evaluated by the statistical parameters. Table 1 
indicates some statistics for the obtained models. It is 
shown that, the nonlinear GSA-ANN model is superior 
and is selected as the best model. This model includes 
SEigv, MATS5m, Mor22u, Ds, C-006 and MLOGP 
descriptors. In validation process, the model exhibited 
satisfactory statistical parameters (R2

LOO=0.833, 
R2

L5O=0.722, R2
L7O=0.718 and R2

rand=0.344). The plots for 
the best model (GSA-ANN) are shown in Figs 2 and 3. In 
the next step, a series of 1-(1H-indol-1-yl)ethanone 
derivatives were proposed as effective drugs for prostate 
cancer. Using the GSA-ANN selected model, the activity 
(IC50) of newly designed compounds were predicted.  
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Fig. 2: Plot of calculated versus experimental pIC50s 

 
Fig.3: Residual plot of the selected model 

 
Table 1: Statistical parameters of models 

Model R2
(train) RMSE(train) R2

(test) RMSE(test) 

Stepwise-MLR 0.889 0.201 0.073 1.286 

GSA-ANN 0.992 0.054 0.903 0.331 

GA-ANN 0.9151 0.1818 0.7791 0.2701 

Conclusions 
Comparison between GSA-ANN and the other modeling 
strategies indicates that GSA-ANN model is more 
authentic than the other methods.  
The Obtained results indicate that the QSAR models 
based on the molecular docking derived conformers is 
more efficient, acceptable and closer to reality. Although 
the method is highly valuable for proposing new potent 
candidates, they must evaluate experimentally to ensure 
their effectiveness. 
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Abstract: Solvent-assisted dispersive solid phase extraction (SA-DSPE) approach was developed to measure 
triazole fungicides (TFs). In SA-DSPE technique, addition of 1000 µL of ethanol as a disperser solvent, along with 
a small quantity of benzil as a sorbent to the sample solution, let to a cloudy solution.  

Keywords: Gas chromatography, Triazole, Fungicides, Soil, Water, Agriculture 

 

Introduction 
Triazole fungicides (TFs), a subset of pesticides, have 
found wide application in protection, sterilization, and 
controlling the growth of various crops, such as fruit trees 
and vegetables [1,2]. The mechanism of action of TFs 
involves the ergosterol and cytochrome P inhibition, 
resulting in the suppression of growth of fungal cells [3,4]. 
Consequently, development of sensitive, selective, cost-
effective, and rapid methods to quantify TFs in food and 
water samples is of prime necessity. To expand the 
application of SA-DSPE, benzil was exploited as a new 
sorbent for the extraction of TFs for the first time. The 
extraction capitalized upon the π-π, hydrophobic, and 
semi H-bond interactions between targeted analytes and 
benzil. By employing benzil as a sorbent, all requirements 
of a robust sorbent for DSPE could be met, eliminating the 
need for expensive and time-consuming synthesis and 
characterization steps. In this study, hexaconazole, 
propiconazole, diniconazole, tebuconazole, and 
triticonazole were selected due to their widespread use. 
Upon optimization of the effective parameters on the 
extraction recovery (ER%), the optimized SA-DSPE was 
employed to quantify TFs in real samples, such as waters, 
soils, fruits, and vegetables. 

Experimental Section  
A conical-bottom centrifuge tube with a cap was initially 
filled with 50 mL sample/standard solution (pH of 7.0) of 
TFs. Immediately after, 1000 µL of a 2% w/v of benzil 
(sorbent) in ethanol solution (disperser solvent) was 
added. During this step, the benzil particles dispersed in 
the aqueous phase with the aid of ethanol, resulting in the 
formation of a stable cloudy solution, and the analytes 
were extracted. Subsequently, the solution was subjected 

to centrifugation at 6000 rpm for 3 min. The analyte-
enriched benzil phase was left behind after the 
supernatant was removed using a syringe. This was then 
dissolved in 100 µL of ethanol containing 20000 ng mL-1 
internal standard (biphenyl). The resulting solution was 
analyzed by GC-FID. Due to complete dissolution of the 
sorbent in the ethanol as desorbing agent, the sorbent 
does not exist in the particle form. Therefore, it does not 
cause any contamination in the column or detector and it 
does not generate any disturbing peak in the 
chromatogram as it is separated by the GC column from 
the analytes. It should be also mentioned that boiling 
point of benzil is 346 °C to 348 °C and this compound does 
not undergo any decomposition through the GC process.  
Fig. 1 provides a scheme for extraction procedure of TFs 
by the proposed sample preparation method. 

Fig. 1: A scheme to present the extraction and monitoring of 
TFs by SA-DSPE. 
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Results and Discussion 
Figures of merit of the proposed SA-DSPE were obtained 
to assess its analytical performance, including linear 
range, limit of detection (LOD), limit of quantification 
(LOQ), reproducibility, repeatability, PF, and ER% (Table 
1). Linear dynamic range was found to be from 1.0 to 1000 
ng mL-1 of TFs with high correlation coefficients (R2) 
higher than 0.99. LODs and LOQs, determined on S/N of 3 
and 10, were in the range of 0.3-0.9 ng mL−1 and 1.0-3.0 
ng mL−1, respectively. Repeatability and reproducibility, 
represented as relative standard deviation percentage 
(RSD%), of 5 replicates with 100 ng mL-1 of each TF were 
obtained in the range of 3.7-7.3% and less than 5%, 
respectively. ER% values of 84-87% and preconcentration 
factors of 419-435 were achieved. Since after extraction 
the sorbent is dissolved in the ethanol in the desorption 
step and is injected into the GC instrument, the sorbent is 
singly used in this study. 

 

Fig. 2: Study of the parameters affecting the ER% of the 
proposed SA-DSPE (A) Type of sorbent, (B) Amount of sorbent 

(C) Effect of the pH (D) Type of the disperser solvent (E) volume 
of the disperser solvent (F) Centrifuge time. 

Conclusions 
After the text edit has been completed, the paper is ready 
In this work, SA-DSPE-GC-FID was employed to 
simultaneously determine five of the most commonly 
used TFs in various real samples, including vegetables, 
fruits, soils, and waters. To achieve the best performance 
of this method, various parameters, such as type of the 
disperser solvent and sorbent, pH of the solution, and the 
centrifuge time, were investigated and optimized. This 
method exhibited some advantages such as high 
extraction efficiency, low LODs, and high repeatability, 
along with simplicity and low-cost. As a result, this 
method holds great potential to be employed as a routine 
analytical approach for analysis of TFs in a broad range of 
food and water samples. 
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Abstract: For the first time, Fe3O4@SiO2-Creatine (Fe3O4@SiO2-CRT) was synthesized and exploited as a 
nanosorbent in the dispersive magnetic solid phase microextraction (D-MSPμE) of copper from water, food, and 
agricultural soil samples. Flame atomic absorption spectrometry (FAAS) was employed for the quantification of 
concentration of Cu(II) ions subsequent to the elution process.  
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Introduction 
The absence or scarcity of copper can lead to anemia, 
bone abnormalities, neurasthenia, while excessive 
consumption of copper can cause copper accumulation in 
the body, resulting in poisoning in the liver and damaging 
the kidney and nervous systems in human body [1,2]. 
Additionally, copper can have negative effects on the food 
and beverages through changing their organoleptic 
properties via the oxidations reactions [3]. On account of 
aforementioned positive and negative impacts of copper 
on human health, its quantification is of the great 
importance and regulatory bodies in different countries 
have set regulations and rules for the maximum allowable 
concentrations of copper in drinking water. The World 
Health Organization (WHO) and the European 
Commission have set 2 mg L-1 as an acceptable health-
based guideline concentration for copper in drinking 
water [4,5]. However, creatine-based magnetic sorbents 
have been barely reported for the extraction and 
determication of copper. Given that creatine contains 
amine and hydroxyl functional groups in its structure, it 
can serve as a high-affinity ligand for the adsorption of 
copper ions. Upon completion of the synthetic steps, 
extraction parameters were optimized. The suggested 
approach was applied to analyze the presence of copper 
in various real samples. 

Experimental Section  
Water samples, including bottled mineral water and tap 
water, were obtained from local supermarket and 
Tehran’s urban water (Tehran, Iran), respectively, and 
analyzed without further pretreatments.  

Rice samples were obtained from the local supermarket 
in Tehran (Iran). Mint and lettuce were gathered from 
agricultural fields in the southern region of Tehran (Iran). 
The mentioned samples were first washed by DW, and 
then 1.0 g of each was dried at 80 °C separately and 
crushed into powder by mortar and pestle in the 
laboratory. The powdered form of each sample was then 
added to a beaker, to which 2 mL of H2O2 (30% w/w), 4 mL 
of concentrated HNO3 (65% w/w), and 2 mL of DW were 
introduced, and they were settled for 24 h.  
The soil samples were taken from the farmland in Tehran 
(Iran) and dried at ambient temperature [6]. The dried soil 
samples were sieved through a 50-mesh sieve (<0.30 mm) 
to attain homogenized particles. 200 mg of soil samples 
were directly weighed into polypropylene flasks, and 2.0 
mL of a concentrated acid mixture, HNO3–HCl (1:3, v/v) 
was added separately to each sample. The flasks were 
allowed to ultrasonication for 15 min at the room 
temperature. Following ultrasonication, the flasks were 
immersed in an ultrasonic water bath at 80°C for 25 min.  
Subsequently, the contents of the flasks were diluted with 
4 mL of DW and subjected to ultrasonication for an 
additional 2 min [7]. Finally, the resulting digested 
samples were filtered through a 0.45 µm cellulose filter 
membrane and diluted to a final volume of 100 mL. 
Results and Discussion 
The analytical performance of the system was assessed 
with respect to various parameters, including linearity 
using concentration points of 5, 7, 10, 20, 30, 50, 75, 100, 
and 125 ng mL−1 with five replicates, limit of detection 
(LOD), and limit of quantification (LOQ), accuracy, and 
precision. The determination coefficient (R2) was 
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obtained to be 0.9991 with an LOD value of 1.50 ng mL-1 
and LOQ of 5.0 ng mL-1 for the determination of Cu(II) ions. 
Intra-day and inter-day precision, both assessed at 
concentrations of 10, 50, and 100 ng mL-1 (n=5), ranged 
from 2.33% to 3.11% and 3.53% to 5.14%, respectively. PF 
of 196 was calculated based on the equation 2 at the 
concentration of 50 ng mL-1. 
 

Table 1: The figures of merit for analysis of Cu(II) ions. 

Parameter Response 

Equation of calibration curve y = 0.0116x + 0.0521 

R2 0.9991 

Repeatability intra-day (RSD% 
n=5) 

( 10 ng mL-1) 

3.11 

Repeatability intra-day (RSD% 
n=5) 

( 50 ng mL-1) 

2.81 

Linearity (ng mL-1) 5.0 - 125 

LOQ (ng mL-1) 5.0 

LOD (ng mL-1) 1.50 

PFa 196 

ER% 

( 50 ng mL-1) 
98.2 

ER% 

( 100 ng mL-1) 
98.1 

Conclusions 
In this research, a newly developed nanosorbent was 
prepared, thoroughly characterized, and employed for 
the extraction and quantification of copper from water, as 
well as food and agricultural soil samples. This method 
could provide a wide linear range of 5.0 to 150 ng mL-1, 
low LOD of 1.50 ng mL-1, and RSD%s of less than 3.11%, 
fitted for the purpose of real sample analysis. 
Furthermore, the nanosorbent exhibited a high selectivity 
towards the Cu(II) ions in the presence of other interfering 
and competing agents, which was also confirmed with low 
ME% values of less than 4.28%. Additionally, facile 
isolation of the nanosorbent after extraction due to 
magnetic properties is one of the advantages of the 
proposed method. Despite many advantages, the 
synthesized nanosorbent could be only reused for six 
times, and none of the sample pretreatment, extraction 
or detection steps were automated, which could add to 
the total analysis time. 
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Abstract: In this study, MIL-88(Fe) coordinated with carboxymethyl cellulose fibers was successfully synthesized, 
characterized, and utilized as a nanocomposite for the dispersive solid phase microextraction of butachlor and 
acetochlor. After validation, the developed method was applied to detect AHs in various cereal and agricultural 
soil samples. 
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Introduction 
To achieve higher agricultural productivity, acetanilide 
herbicides (AHs), like metazachlor, propanil, alachlor, 
propisochlor, pretilachlor, and butachlor, have been used to 
control weed growth in cereal crops [1]. 

Nonetheless, these herbicides are often distributed in the 
environment through water runoffs, leading to the pollution of 
surface waters. This pollution can result in detrimental human 
health issues, such as the development of nasal turbinate 
tumors, sister chromatid exchanges, and an increased risk of 
cancer [2]. To prevent these adverse effects of the AHs, United 
States of America has set stringent regulations for the use of 
AHs, such as propisochlor, acetochlor, and butachlor, among 
others. The Environmental Protection Agency (EPA) has 
enforced specific guidelines, which involve a maximum residue 
limit of 0.1 mg L-1 for acetochlor in groundwater and 0.2, 0.1, and 
0.1 mg kg-1 for alachlor, pretilachlor, and butachlor in cereals, 
respectively [3,4]. In this study, a new nanocomposite, namely 
MIL-88(Fe) coordinated to carboxymethyl cellulose fibers (MIL-
88(Fe)/CCF), was synthesized and characterized for efficient 
DSPME of two commonly used AHs, namely butachlor and 
acetochlor. 

Experimental Section  
The objective of this study was to employ an ultrasound-
assisted method for the synthesis and growth of MIL-
88(Fe) on the surface of CMC as a natural polymer. It is 
important to mention that this method is commonly used 
to synthesize MOFs because it is environmentally friendly, 
cost-effective, easy to use, and is performed under mild 
experimental conditions [5]. In the present approach, the 
carboxylate groups within the CMC structure facilitate the 
establishment of a coordinate bond between CMC and 
the in-situ prepared MIL-88(Fe), leading to the formation 
of the MIL-88(Fe)/CMC nanocomposite. To accomplish 

this, a mixture of CMC and MOF precursor (comprising 
terephthalic acid and Fe(NO3)3·9H2O salt) was subjected 
to ultrasonication. Subsequently, the mixture was heated 
to 85 °C, and was let the reaction proceed for a duration 
of 12 hours (Fig. 1). As a result, we obtained an 
environmentally friendly, cost-effective, and 
biodegradable MIL-88(Fe)/CMC that could be used for the 
microextraction applications. 

 
Fig. 1: In situ formation of MIL-88(Fe) in the presence of CMC 
fiber toward formation of MIL-88(Fe)/CMC nanocomposite. 

To conduct DSPME, 12 mg of nanocomposite was added 
to the samples or standard solutions of AHs with a volume 
of 50 mL in a conical-bottom centrifuge tube with a cap, 
and the nanocomposite was distributed within the 
solution using a home-made mechanical stirrer to 
disperse the nanocomposite throughout the sample 
solution. When the adsorption process was completed, 
the mixture was subjected to the centrifugation at 10000 
rpm for 3.0 min, and a syringe was used to entirely discard 
the supernatant. Following that, the analytes adsorbed 
onto the nanocomposite were desorbed using 200 µL of 
chloroform under vortex for 4.0 min. Subsequently, the 
resulting dark solution from the prior step underwent 
centrifugation at 10000 rpm for 2.0 min. To the 
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chloroform containing the enriched analytes, 0.01 mg mL-

1 biphenyl as internal standard was added and then 
injected into the GC-FID. Fig. 2 provides a schematic for 
extraction procedure of AHs by the proposed sample 
preparation method. 
 

 

Fig. 2: A schematic to present the extraction and determination 
of AHs by the proposed sample preparation method. 

 

Results and Discussion 
Linearity in this work was obtained by creating calibration 
curves using different concentrations of AHs plotted 
against the peak area (analyte/internal standard) (n=5). 
Under optimal conditions, a wide linear range of 3.0 to 
1000 ng mL-1 was achieved with R2 values exceeding 0.99. 
The limits of detection (LODs) were calculated as 0.90 ng 
mL-1 (S/N = 5), and the limits of quantification (LOQs) were 
calculated to be 3.0 ng mL-1 (S/N = 10). The repeatability 
(intra-day and inter-day), expressed as relative standard 
deviation percentage (RSD%), for five replicates with 10 
ng mL-1 of each AH, ranged from 4.8 to 6.1% and below 
7%, respectively. ER% values of 85-91% and 
preconcentration factors with analyte-to-IS peak area 
ratios of 213-228 were achieved. 

Conclusions 
In summary, MIL-88(Fe)/CMC was synthesized, 
characterized, and employed for the purpose of 
conducting DSPME in cereal and soil samples in 
conjunction with GC-FID. To optimize the performance of 
this method, various parameters, including the choice of 
disperser solvent, solution pH, and centrifuge time, were 
thoroughly investigated. Under optimal conditions, the 
developed method provided linear ranges between 
concentrations of 3.0 to 1000 ng mL-1 with intra-day RSD% 
values below 6.1%. RR% values in the spiked samples 
ranged from 90.8 – 109%, indicating the practical 
applicability of the proposed method for the analysis of 
the complex matrixes. In summary, this approach offers 
numerous advantages, including high extraction 
efficiency, low LODs, high repeatability, and the added 

benefits of simplicity and cost-effectiveness. However, 
the nanocomposite applied in this work could be reused 
only for 7 times. Additionally, lack of automation in the 
extraction and detection steps in this work could 
compromise the overall throughput and need to be 
addressed in the future studies. 
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Abstract: The covalent organic frameworks (COFs) are very useful materials in nanotechnology, research and 
other industries due to their inherent porosity and high-level porosity, biocompatibility, high sustainability, 
multidimensional structure, post-synthesis and other benefits. In such a way, the applications of COFs continue 
from gas storage and separation to smart drug delivery and are increasing day by day [1]. In this work, a 
molecular dynamics (MD) study of a temperature-sensitive smart drug delivery system based on the two-
dimensional COF42 functionalized with ether groups, as a carrier of the anticancer drug taxol, was performed. 
MD simulations were performed at 298.15, 310.15, 315.15, and 323.15 K, and it was shown that the binding 
energy changes with the change of temperature. Also, among the intermolecular interactions, van der Waals 
(vdw) interactions contributed the most, and electrostatic interactions and hydrogen bonding had a small share 
in binding energy, which makes this framework suitable for smart drug delivery [2]. 

Keywords: covalent organic frameworks; drug delivery; molecular dynamics; anti-cancer 

Introduction: 
medical applications based on nanotechnology and 
polymers in the treatment of cancer and effective drug 
delivery to cancer cells have been of great interest. The 
COFs are very useful materials in nanotechnology, research 
and other industries due to their inherent porosity and 
high-level porosity, biocompatibility, high sustainability, 
multidimensional structure, post-synthesis and other 
benefits. In such a way, the applications of COFs continue 
from gas storage and separation to smart drug delivery and 
are increasing day by day [1]. 

Experimental Section: 
In this study, after drawing and optimizing 10-layer COF42 
functionalized with ether groups as desired structures 
using Avogadro and Gaussian software (Fig. 1), MD 
calculation method using AMBER molecular dynamics 
simulation software based on FF99SB and Gaff force fields 
to investigate the structures and their interaction at three 
temperatures (298.15 K degree will be used as a standard 
temperature, 310.15 K as a healthy cell temperature and 
315.15 K as a cancer cell and tumor temperature), was 
done. 

Results and Discussion 
molecular dynamics (MD) study of a temperature-sensitive 
smart drug delivery system based on the two-dimensional 
COF42 functionalized with ether groups, as a  

 
carrier of the anticancer drug taxol, was shown that the 
binding energy changes with the change of temperature 
(Fig. 2). Also, among the intermolecular interactions, van 
der Waals interactions contributed the most, and 
electrostatic interactions and hydrogen bonding had a 
small share in binding energy [2] Also, the results of the 
simulation of the 10- layer COF showed good stability even 
at a higher temperature, i.e. 323.15 K. 
 

 
  

Fig.1: The MD simulation box contains 10 layers of COF42 
with the drug taxol in the middl 
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Fig.2: change of complex binding energy with changes of 
temperature 

Conclusions 
In this work, a molecular dynamics (MD) study of a 
temperature-sensitive smart drug delivery system based 
on the two-dimensional COF42 functionalized with ether 
groups, as a carrier of the anticancer drug taxol, was 
performed. MD simulations were performed at 298.15, 
310.15, 315.15, and 323.15 K, and it was shown that the 
binding energy changes with the change of temperature. 
Also, among the intermolecular interactions, van der Waals 
(vdw) interactions contributed the most, and electrostatic 
interactions and hydrogen bonding had a small share in 
binding energy, which makes this framework suitable for 
smart drug delivery, especially for lipophilic drug delivery 
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Abstract: Nowadays, drug release through temperature control between healthy and cancer cells is also one of 
the most critical topics in drug delivery. Covalent organic frameworks (COFs) with specific structural units and 
functional groups can be optimized for efficient smart drug delivery applications. In this work, a molecular 
dynamics (MD) study of a temperature-sensitive smart drug delivery system based on the two-dimensional 
COF42 functionalized with ester groups, as a carrier of the anticancer drug taxol, was performed. MD simulations 
were performed at 298.15, 310.15, 315.15, and 323.15 K, and it was shown that the binding energy changes with 
the change of temperature. Also, among the intermolecular interactions, van der Waals (vdw) interactions 
contributed the most, and electrostatic interactions and hydrogen bonding had a small share in binding energy, 
which makes this framework suitable for smart drug delivery. 

Keywords: Covalent organic frameworks; Temperature-sensitive; Drug delivery; Taxol; Anticancer; Molecular 
dynamics simulation. 

 

Introduction: 
Covalent organic frameworks (COFs) are a type of 
crystalline porous polymeric nanomaterials with a two 
and three-dimensional structure in which the organic 
molecules forming the framework are connected with 
strong covalent bonds (1). Due to the variety of 
structural molecules and the various bonds developed, 
COFs can be designed and planned so that they have 
special and unique chemical and physical properties in 
different conditions (2). The advantages of COFs, 
especially their non-toxicity, and biocompatibility, have 
made this class of materials suitable in drug delivery, 
which will briefly discuss some examples of the use of 
COFs in this field. 

 Experimental Section  
To ready the structures for MD simulation, the structure 
of the TXL was obtained from the PubChem website (3), 
and the single-ring structure of each of the five 
Substituted COFs was drawn by MarvinSketch 23.9 
software (4). The drawn TXL and COF structures, by 
Gaussian 09 program, were optimized. Then, the initial 
configuration file was prepared for MD simulation with 
PACKMOL software by placing ten layers of each COF 
separately at a distance of 5Å and placing the TXL 
structure in the middle of the cavity, made up of 10 COF 
layers. PACKMOL creates an initial configuration for MD 
simulations by packing molecules into specific regions of 

space (5). MD simulation used AMBER 16 and AMBER 
Tools 17 software packages (6). In the case of nano-
materials and drug delivery systems composed of 
organic molecules, one of the most challenging issues in 
choosing a force field is that it can cover almost all the 
organic chemical spaces. The Generalized Amber Force 
Field (GAFF) is in harmony with the AMBER force field 
and encompasses parameters for nearly all organic 
structures composed of C, N, O, H, S, P, F, Cl, Br, and I 
(7). As a comprehensive force field, GAFF is well-suited 
for the automated study of a wide range of molecules. 

Results and Discussion 
molecular dynamics (MD) study of a temperature-
sensitive smart drug delivery system based on the  
two-dimensional COF42 functionalized with ester 
groups, as a carrier of the anticancer drug taxol, was  
shown that the binding energy changes with the change 
of temperature (Fig. 1). Also, among the intermolecular 
interactions, van der Waals interactions contributed the 
most, and electrostatic interactions  
and hydrogen bonding had a small share in binding 
energy [8] Also, the results of the simulation of the 10- 
layer COF showed good stability even at a higher 
temperature, i.e. 323.15 K. 
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Fig.1: change of complex binding energy with changes of 

temperature 

Conclusions 

In this work, a molecular dynamics (MD) study of a 
temperature-sensitive smart drug delivery system based on 
the two-dimensional COF42 functionalized with ester 
groups, as a carrier of the anticancer drug taxol, was 
performed. MD simulations were performed at 298.15, 
310.15, 315.15, and 323.15 K, and it was shown that the 
binding energy changes with the change of temperature. 
Also, among the intermolecular interactions, van der Waals 
(vdw) interactions contributed the most, and electrostatic 
interactions and hydrogen bonding had a small share in 
binding energy, which makes this framework suitable for 
smart drug delivery, especially for lipophilic drug delivery 
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Abstract: A novel adsorbent based on covalent organic frameworks (COFs), named COF /PPY, was synthesized and utilized 
as a sorbent for thin film microextraction (TFME) of BTEXs in water samples. The surface morphology and structure of the 
synthesized adsorbent were characterized using FT-IR, XRD, SEM, EDX and BET analysis. The developed TFME set up was 
coupled with GC-FID and used for the analysis of BTEXs in contaminated water samples.  

Keywords: Thin-film microextraction; Covalent organic frameworks; Conductive polymers 

 

Introduction 
 Covalent organic frameworks (COFs) are a novel type of 
porous polymers with two- or three- dimensional crystal 
structures, first introduced in 2005. These polymers are 
composed of light elements such as boron, carbon, 
oxygen, nitrogen, silicon, as well as molecules with 
organic structures connected by covalent bonds. COFs are 
typically synthesized through reversible condensation 
reactions including boron, imine, azines and hydrazones 
condensations [1]. According to the synthesis conditions, 
the surface areas and pore sizes of COFs can be different. 
The noteworthy features of these organic polymers 
include low density, extensive surface area, significant 
inherent porosity, and high chemical and thermal stability 
[2]. These unique properties make COFs useful in various 
fields such as energy storage, biomedicine, catalysis, and 
separation. 
 Conductive polymers (CPs), such as polypyrrole (PPY), 
possess organic polyconjugated properties, including 
natural conductivity, mechanical characteristics akin to 
conventional polymers, relative synthesis ease, thermal 
stability, and robust adsorption capabilities. Thin film 
microextraction (TFME) as a new mode of SPME 
technique was introduced in order to increase the 
sensitivity and efficiency of extraction by Pawliszyn et al. 
in 2003. In TFME, the utilization of adsorbents with larger 
surface areas and lower thickness leads to a significant 
increase in extraction efficiency without requiring an 
extension of the extraction time [3]. 
 
Experimental Section 
Preparation of COF/PPY 
For the synthesis of COF, 0.53 g TMC was dissolved in 15 
mL of ethyl acetate and transferred to an ice/water bath 
under stirring. Subsequently, a solution containing 0.16 g 
3, 3՜ dimethyl benzidine in 7.5 mL ethyl acetate was added 
dropwise to the first solution under stirring for 1 h. Then, 
in order to complete the reaction and form a yellow 
precipitate, the mixture was stirred for 24 h at room 
temperature. Finally, the precipitate was collected and 

washed with water, ethanol, and acetone respectively 
until the colorless eluate solution was obtained. Then 
COF/PPY composite was prepared by an in-situ 
electropolymerization process. For this purpose, 0.1 M of 
freshly distilled PY was dispersed in 0.5 M sulfuric acid 
electrolyte solution in a 50-mL volumetric flask, followed 
by the addition of 0.1 g COF. The flask was then capped 
and sonicated for 3 min. Finally, the prepared solution 
was transferred into the electrochemical cell. 
TFME procedure 

 The COF/PPY coated TFME device was immersed in a 40 

mL glass vial containing 25 mL of sample solution 

containing the analytes. After allowing for an equilibrium 

period of 17 min, the TFME was removed from the 

solution and immersed into methanol inside a microvial 

and sonicated for 1 min to desorb the analytes. Finally, 1 

μL of the desorption solution was injected into the GC-FID 

for the separation and determination of the analytes. 

Results and Discussion 
The structure and morphology of the sorbent was 

characterized using Fourier transform infrared 

spectroscopy (FT-IR), scanning electron microscopy 

(SEM), and X-ray diffraction (XRD) techniques that shown 

in Fig. 1, 2 and 3, respectively. To achieve the highest 

extraction performance, the experimental variables 

(extraction time, volume of elution solvent, stirring rate, 

and salt concentration) affecting the efficiency of the 

TFME method were optimized using a response surface 

methodology (RSM) based on a Box-Behnken design 

(BBD). Under the optimum conditions, the proposed 

method showed low limits of detection (LODs, 0.5–1 µg 

L−1), wide linear ranges (2–10000 µg L−1), and good 

repeatability with relative standard deviations (RSDs) of 

2.6–5.0% 
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Fig. 1: FT-IR spectra of (a) PPY, (b) COF and (c) COF/PPY. 

 

Fig. 2: SEM image of COF/PPY. 

 

Fig. 3: XRD patterns of COF (a) and COF/PPY (b).                                                                                    

Conclusions                                                                                                          
In this study, in order to prepare and manufacture TFME 
adsorbent, COF/PPY composite was coated on stainless-
steel mesh by electropolymerization of PPY along with 
COF. The prepared coating possessed good thermal 
stability, long lifetime, as well as excellent extraction 
efficiency due to its high surface area, porous structure, 
and conjugated system. The application of the prepared 
porous composite as adsorbent to enhance the extraction 
efficiency of BTEXs in contaminated water samples was 
successfully investigated. Under the optimized condition, 
the developed method showed wide linear range, low 
LODs, and good repeatability.  
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Abstract: In this study, a novel collection of 1,2,3-triazole derivatives that are based on perfluoropyridine was 
synthesized through click reaction. The characterized compounds were subjected to analysis using FT-IR, 1H-NMR, 
19F, and 13C-MNR spectra.  
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Introduction 
Among the various classes of nitrogen heterocycles, the 
category of 1,2,3-triazoles and their derivatives holds a 
prominent position due to their extensive utilization in 
industrial sectors. These compounds find applications as 
dyes, photographic materials, corrosion inhibitors, and 
agrochemicals such as herbicides, fungicides, and 
antibacterial agents. Moreover, several members of the 
1,2,3-triazole family exhibit a diverse range of biological 
activities, including antimicrobial, anti-HIV, anti-
inflammatory, and antiviral properties [1-3]. However, 
the conventional method for synthesizing the 1,2,3-
triazole core moiety is the 1,3-dipolar cycloaddition of 
alkynes with azides, commonly known as the Huisggen 
cycloaddition reaction [4]. Nevertheless, these reactions 
have limitations such as high activation energy, 
requirement of high temperature, long reaction time, and 
the formation of a mixture of 1,4- and 1,5-regioisomers. 
In response to these challenges, the Sharpless group and 
Meldal independently developed a Cu-catalyzed azide-
alkyne cycloaddition reaction, popularly known as the 
Click-reaction. This reaction proceeds under mild 
conditions, ensuring safety, and results in 100% 
regioselectivity, with only the 1,4-disubstituted 
regioisomer being formed. Additionally, the Click-reaction 
exhibits excellent yield. 

Experimental Section  
All reagents were purchased from the Aldrich Chemical 
Co. and used without any purification. Solvents were 
distilled from the appropriate drying agents immediately 
before use. 1H, 19F, and 13C-NMR spectra were recorded at 
500 MHz, 282.37MHz and 125 MHz respectively with a 
Brucker Avance 300 spectrometer; the chemical shifts are 
given in ppm relative to Me4Si for the 1H and 13C, and CCl3F 
for 19F, as internal standards. 

 

Synthesis of 1,3,5-tris(((perfluoropyridin-4-
yl)oxy)methyl)benzene (3)  

In a 25 ml round-bottomed flask a mixture of 
pentafluoropyridine (3 mmol) and Na2CO3 (3.87 mmol) 
were added in THF and stirred for 30 minutes. Afterward, 
benzene-1,3,5-triyltrimethanol (1 mmol) was added and 
the mixture was then refluxed 24 h. The reaction mixture 
was poured on 15 mL water and extracted with ethyl 
acetate (2 × 30 mL), then the organic phase was dried over 
MgSO4, and the solvent evaporated.  The chemical 
structure was confirmed by 1H, 13C and 19F-NMR. White 
powder (88%). 1H-NMR (500 MHz, DMSO-d6): δ (ppm): 
5.24 (s, 6H, CH2); 7.41 (s, 3H, Ar). 13C-NMR (75MHz, 
DMSO-d6): δ (ppm): 61.29, 123.87, 131.62, 133.68, 
136.02, 145.19, 147.38. 19F-NMR (282 MHz, DMSO-d6): δ 
(ppm): -92.69 (s, 6F); -164.31 (s, 6F). Synthesis of 1,3,5-
tris(((3,5-difluoro-2,6-bis(prop-2-yn-1-yloxy)pyridin-4-
yl)oxy)methyl)benzene In a 25 mL round-bottomed flask, 
a solution of compound 1,3,5-tris(((perfluoropyridin-4-
yl)oxy)methyl)benzene (1 mmol) and propargyl alcohol 
(6.6 mmol) in 10 mL of DMF and K2CO3 (7.74 mmol) was 
stirred for 48h at room temperature. After cooling, the 
reaction mixture was poured into water, filtered, and 
dried under vacuum, giving a light brown powder (71%). 
1H-NMR (500 MHz, DMSO-d6): δ (ppm): 3.65 (t, 6H, 
acetylene-H), 5.09 (d, 12H, CH2O-acetylene); 5.22 (t, 6H, 
CH2O), 7.43 (s, 3H, Ar). 13C-NMR (75MHz, DMSO-d6): 
δ(ppm): 60.58, 72.88, 76.07, 78.90, 125.89, 135.08, 
136.27, 137.09, 143.92, 147.80. 19F-NMR (282 MHz, 
DMSO-d6): δ (ppm): -156.56 (s, 6F). 

Synthesis of 4,4'-(((5-(((2,6-bis((1-benzyl-1H-1,2,3-
triazol-5-yl)methoxy)-3,5-difluoropyridin-4-
yl)oxy)methyl)-1,3-
phenylene)bis(methylene))bis(oxy))bis(2-((1-benzyl-1H-
1,2,3-triazol-4-yl)methoxy)-6-((1-benzyl-1H-1,2,3-
triazol-5-yl)methoxy)-3,5-difluoropyridine) 

 1 mmol of 5, 6.2 mmol of 1,3,5-tris(((3,5-difluoro-2,6-
bis(prop-2-yn-1-yloxy)pyridin-4-yl)oxy)methyl)benzene, 
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CuSO4.5H2O (20 mol%), and sodium ascorbate (40 mol%) 
were mixed in DMF (4 mL) at room temperature for 1 day. 
The mixture was extracted with dichloromethane (3 × 30 
mL), dried over MgSO4, and concentrated by rotary 
evaporation. The crude product was further purified by 
column chromatography on silica gel with 100% ethyl 
acetate as eluent to afford the corresponding pure 
compound (7a) as a white powder with a yield of 80 %. 1H-
NMR (500 MHz, DMSO-d6): δ (ppm): 5.12 (d, 12H, CH2O-
acetylene); 5.36 (t, 6H, CH2O), 7.21 (s, 3H, Ar), 7.22-7.24 
(m, 8H, Ar), 7.26-7.29 (m, 6H, Ar), 7.30-7.32 (m, 4H, Ar), 
7.33-7.36 (m, 12H, Ar), 8.10 (s, 6H, triazole). 13C-NMR 
(75MHz, DMSO-d6): δ(ppm): 52.73, 59.43, 60.55, 68.59, 
122.17, 125.92, 128.03, 128.17, 128.36, 128.39, 128.53, 
128.58, 131.58, 132.03, 136.04, 136.15, 136.42, 136.69, 
141.34, 143.15, 147.85, 148.05. 19F-NMR (282 MHz, 
DMSO-d6): δ (ppm): -154.36 (s, 6F). 

Results and Discussion 
The Huisgen's cycloaddition reaction has gained 
significant importance as an approach for the 
development of 1,2,3-triazole derivatives. CuAAC 
produces 1,4-disubstituted-1,2,3-triazoles at room 
temperature in excellent yields. A new fluorinated 1,4-
disubstituted 1,2,3-triazole unit (7a-c) was successfully 
prepared in three steps from pentafluoropyridine (1). The 
first step of the strategy, outlined in Scheme 1, requires 
the synthesis of 4,2,6-substituted difluoropyridine via 
nucleophilic aromatic substitution of pentafluoropyridine 
(1) with benzene-1,3,5-triyltrimethanol (2). The reaction 
was carried out in the presence of Na2CO3 in THF under 
reflux conditions, giving compound (3) in 78% yield. Upon 
treatment of 1,3,5-tris(((perfluoropyridin-4-
yl)oxy)methyl)benzene with an excess of propargyl 
alcohol in DMF at room temperature afforded 1,3,5-
tris(((3,5-difluoro-2,6-bis(prop-2-yn-1-yloxy)pyridin-4-
yl)oxy)methyl)benzene (5) in modest isolated yield (71%). 
The regioselectivity of the nucleophilic substitution 
reactions of pentafluoropyridine was established by 19F-
NMR studies. The spectrum of (3) shows two chemically 
shifted peaks at -92.69 and -164.31 ppm attributed to 
ortho and meta fluorine atoms, respectively. Only one 
signal related to meta fluorine atoms appears in the 19F-
NMR spectra of compound (5) at -156.56 ppm, which 
indicates that the six propargyl groups in the molecule are 
located in the ortho position of the pyridine ring. Finally, 
the 1,2,3-triazole-based fluorinated (7a-c), was 
synthesized by Cu(I)-catalyzed 1,3-dipolar cycloaddition 
reaction (CuAAC).  

Scheme.1: Synthesis of  1,4-disubstituted 1,2,3- triazole 

Conclusions 
In the present study, we report the synthesis of 1,4-
disubstituted 1,2,3-triazoles involving Cu(I)-catalyzed 1,3-
cycloaddition of organic azide with terminal alkyne. All 
the synthesized compounds were characterized by 1H, 
13C, and 19F-NMR. The synthesized derivatives have 
demonstrated outstanding performance, highlighting the 
efficacy of our method. In conclusion, our research 
presents a straightforward yet powerful approach for 
synthesizing these derivatives, with potential applications 
in pharmaceuticals and materials science. 
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Abstract: This study investigates the synthesis of biopolymer-based hydrogel with magnetic nanoparticles 
(Fe3O4) for targeted drug delivery. The ability of this hydrogel to transfer a certain amount of medicine to a 
specific tissue or place of the body by reducing the side effects of the relevant drug is discussed.  
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Introduction 
The efforts made about targeted drug delivery are an 
essential challenge in medicine. Reducing the side effects 
of drugs in this field, especially medications for infectious 
diseases, cancer, and chemotherapy, is critical. Hydrogels 
as a drug substrate are a promising solution to deliver a 
certain amount of medicine to specific body tissue. 
Hydrogel formulations from natural bases, such as salep, 
which we regularly use in our ice cream recipes, have 
received attention because of their biocompatibility, non-
toxic nature, and low costs  [1]. These hydrogels are used 
as drug delivery vehicles and are praised for retaining 
water in the soil. Incorporating magnetic nanoparticle 
additives [2-4]  into biocompatible hydrogels provides 
dual benefits of a nutrient-rich drug delivery system and 
an external magnet-guided system to target diseased 
tissue. Employing irrigation of this newly equipped 
hydrogel composite, it is anticipated that this research 
would facilitate recognizing its use as an exalted material 
in chemistry and drug delivery. Therefore, it reduces the 
drug side effects and helps to deliver drugs more 
effectively. 
 
Experimental Section  
In pursuit of advanced drug delivery systems, a 
biopolymer (Salep) is chosen for its eco-friendly, safe, and 
economical properties. A monomer is selected to create a 
durable polymer matrix, enhancing the hydrogel's 
structure. A cross-linker and an initiator are employed to 
solidify and initiate the polymer network. Magnetic 
properties are introduced through a magnetic particle-
polymer composite with the help of Fe3O4, with a 
protective coating to ensure thermal stability during 
synthesis. The therapeutic agent, matched in quantity to 
the magnetic composite, is seamlessly integrated into the 
hydrogel network for targeted delivery. 
 
Results and Discussion 
This study's findings determine the salep hydrogel's ability 
to store and deliver the drug to the target tissues. This 

feature of the produced hydrogel reduces the side effects 
of drugs on the body's healthy tissues. It targets therapy 
of specific tissues of the body with the help of the 
magnetic property of magnetic nanoparticles, which is the 
case in infectious drugs, especially in cases where they are 
injected subcutaneously or intramuscularly. In the 
following, we will interpret and analyze the data related 
to the IR spectrum. 

IR analysis 

These spectra apply intensively to certify or to indicate 
the presence of particular functional groups in molecules 
due to the absorption of infrared light at specific 
wavenumbers. 

 

Fig 1. IR spectrum of neat salep hydrogel (a), acetaminophen 
codeine (b), hydrogel/acetaminoiphen codeine (c), and 

hydrogel/acetaminoiphen codeine (with Fe3O4) (d) 

The ladder structure at the bottom of the graph is the 
chemical bonds of the molecules. One peak above the 
imaginary line represents each specific vibrational mode. 
The peak around 3482 cm-1 may suggest O-H stretching 
vibrations generally known for alcohols or phenols, which 
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could demonstrate the hydrogel's hydrophilic properties. 
The band 2933 cm−1 is associated with C-H stretching 
vibrations of alkanes. The peak at 1650 cm-1 could be due 
to C=O stretching bending (carbonyl groups) or N-H 
bending vibrations usually seen in amides, which might 
form part of the polymeric structure of the hydrogel. (b) 
The 3482 cm-1 peak is the second indication of the O-H 
stretching vibration. The shoulder at 2952 cm-1 
concerning spectrum (a) seems to be shifted but remains 
a characteristic of C-H stretch vibrations of a chemically 
different environment. This band at 1650 cm−1 overlaps 
with the spectrum of a because of C=O stretching or N-H 
bending. A peak at 3482 cm-1 for O-H stretching is present, 
which proves the incorporation of hydrogel in the 
inserted material. The other peak at 3330 cm -1 may be 
the N-H stretching vibration, probably from the 
acetaminophen/codeine. At 1650 cm-1, C=O stretching 
and N-H bending peak red shift in both cases. This peak at 
1253 cm-1 might confirm C-stretching vibration, thus 
suggesting the presence of acetaminophen codeine. (d) 
The peak at 3482 cm-1 for O-H stretching is matched with 
the hydrogel, and 1650 cm-1 for C=O stretching or N-H is 
binding, which matches codeine. 
 
Conclusions 
This study shows the importance of material composition 
and structure in the design of hydrogels for 
pharmaceutical and medical applications. It paves the way 
for developing innovative solutions to increase valuable 
drug delivery management, especially in drugs with high 
side effects, and is beneficial for target therapy. The 
results in IR spectra indicate the existence of valid 
functional groups. 
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Abstract: Reaction of a hexadentate pyrrole-based ligand, H2L, [N-((1H-pyrrol-2-yl)methylene)-2-((2-((1H-
pyrrol-2-yl)methyleneamino)phenyl)disulfanyl)aniline] with Nickel(II) acetate gave a complex of the form [NiL], 
the synthesized complex has been characterized by a variety of  physico-chemical techniques, indicate that the 
[NiL] complex has a distorted octahedral coordination geometry. DFT calculations were used to analyse the 
electronic structure of the [NiL] complex gives results that are consistent with the measured spectroscopic 
behaviour of the complex.  
Keywords: Nickel(II) complex; hexadentate ligand; DFT Calculations  

 

Introduction 
Schiff base ligands and their complexes have potential 
applications in a variety of areas such as catalytic 
activity, magnetic, spectroscopic and anticancer 
properties [1–4]. Furthermore, modern density 
functional theory (DFT) calculations have proved highly 
successful at predicting the structures and electronic 
properties of transition metal complexes.  Herein, we 
report the synthesis, characterization and DFT study of 
nickel(II) complex of the new ligand H2L (Scheme 1). 

 

Scheme 1: Structure representation of H2L ligand 

Experimental Section 
 
Syntheses 

 Ligand. A solution of pyrrole-2-carboxaldehyde (10 
mmol) in ethanol (10 cm3) was added dropwise to a 
solution of 2-aminophenyldisulphide (5 mmol) in warm 
ethanol (30 cm3) in the dark. The solution was refluxed 
for 24h. Then the solution was cooled and evaporated at 
room temperature, the product precipitated as a yellow 
solid which was recrystallized from ethanol. 

Nickel(II) complex. To a solution of the ligand H2L (0.5 
mmol) in absolute ethanol (30 cm3) was added 1 equiv. 
of nickel acetate tetrahydrate (0.5 mmol) also dissolved 
in absolute ethanol (15 cm3). The solution was stirred 

overnight and the dark red precipitate formed was 
removed and recrystallized from CH3CH2OH/CH2Cl2.  

Computational Method 
The gas phase geometry of the NiL complex was 
optimized in the triplet state using density functional 
theory (B3LYP functional) as implemented in Gaussian 
03. The calculations were performed using the 6-311G(d) 
basis set for the metal centre, 6-31G(d) for the donor 
atoms, and 3-21G for all remaining atoms. No symmetry 
constraints were applied in the calculations. 

Results and Discussion  
The reaction of the ligand with nickel(II) acetate in a 1:1 
ratio in ethanol gives NiL complex. The elemental 
analysis is consistent with the proposed molecular 
formula that show the ratio of metal:ligand is 1:1. The 

complex in ca. 10-3M solution in DMF at 25C has very 
low conductance, indicating that is neutral. Thus the 
ligand must act as doubly negatively charged anion in 
complexation to Ni(II) ion as reported in the literature. 
This hypothesis is supported by the absence of pyrrole N-
H stretches in the FT-IR spectra of the complex. 
Therefore, two nitrogen atoms of pyrrole groups are 
deprotonated prior to complexation. The metal is also 
bound to ligand through the azomethine nitrogens, 
deduced from the observed decrease in C=N stretching 
frequency, 63 cm-1 upon complexation of ligand to Ni(II) 
ion. The electronic spectra for complex also show a 
shoulder in the visible region (557 nm) and two broad 
absorption bands in the region (650-1100 nm), assigned 
to the d-d transition of Ni(II) ion. This spectral feature is 
typical of the octahedral coordination geometry [5] 
which is constructed from two nitrogen atoms of the 
pyrrole groups, two nitrogens of azomethines and two 
sulfurs. The calculations indicate that the compound has 
119 occupied molecular orbitals. On the basis of 
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calculated energies and the dominant characters of the 

selected MOs, the HOMO-1, is of minority () spin, with 
dominant Ni dx

2-y
2 character while the LUMO, HOMO, 

HOMO-2, HOMO-3, HOMO-4  HOMO-5  and HOMO-6  

are all -type orbitals localized on the sulfur, imine and 
pyrrole nitrogens of the ligand. The β-spin HOMO-7, 
HOMO-10  and HOMO-11  also having mainly dz2, dxy,yz 
and dxz characters, respectively that is in consistent with 
the distorted octahedral geometry. 

Conclusions 
In the present work, we have synthesized and 
characterized new hexadentate ligand and its complex 
with nickel(II) ion. Physico-chemical measurements 
confirm the 1:1 metal to ligand stoichiometry of the 
complex. UV-vis spectrum indicates that the nickel 
complex is in the distorted octahedral geometry. The 
DFT calculation of the complex indicates that the HOMO-
1 has dominant contribution of dx

2-y
2 and LUMO consist 

of -type orbitals localized on the sulfur atoms of the 
ligand.  
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Abstract: In the present work, a Schiff base ligand, H2L, was prepared by condensation reaction of 2-hydroxy 
naphthaldehyde with { 1,3-Bis-(2-amino-phenoxy)-propan-2-ol, followed by reduction of the resulting Schiff 
base with NaBH4 in methanol. Reaction of the ligand with cobalt(II) acetate gave a complex of the form CoL. 
DFT calculations were used to analyse the electronic structure of the complex gives results that are consistent 
with the measured spectroscopic behaviour of the complex 
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Introduction 
Metal complexes of multidentate ligands containing 
nitrogen and oxygen donors have received considerable 
attention due to their potential applications in the field 
of biological systems, catalysis and magnetism [1, 2]. The 
active sites of many metalloenzymes contain  transition 
metals play important roles in controlling the catalytic 
function [3]. The relationship between the structure and 
the chelate ring size of multidentate ligands in 
coordination compounds is a subject of considerable 
importance because the coordination chemistry of the 
metals is affected by the both the type of donor atom 
and steric requirements [4, 5]. Herein, we report the 
synthesis, characterization and DFT study of a cobaltl(II) 
complex of the new ligand H2L (Scheme 1). 

OH

O
HN

O

NH
OH

HO

 

Scheme 1: Structure representation of H2L ligand 

Experimental Section 
 
Syntheses 

 Ligand. A solution of 2-hydroxy naphthaldehyde (10 
mmol) in ethanol (10 cm3) was added dropwise to a 
solution of synthesized diamine (5 mmol) in warm 
ethanol (15 cm3). The solution was stirred and heated 

under reflux for 24h. The solution was evaporated at 
room temperature to give a yellow solid which was 
collected by filtration. To the mixture of this compound 
in methanol, NaBH4 (26.4 mmol) was added in four 

portions, and the mixture was left stirring overnight. The 
solvent was evaporated to dryness. The precipitate 
formed was dissolved in water and extracted with CH2Cl2 
(3 _ 40 cm3) and collected by evaporation of the organic 
phases. 

Cobaltl(II) complex. To a suspension of the ligand L (0.5 
mmol) in absolute ethanol (30 cm3) was added 1 equiv. 
of cobalt(II) acetate  (0.5 mmol) dissolved in absolute 
ethanol (15 cm3). The solution was stirred overnight and 
the brown precipitate formed was removed and 
recrystallized from acetonitrile/ methanol (1:2). 

Computational Method 

The gas phase geometry of the CoL complex was 
optimized in the doublet and  quartet states using 
density functional theory (B3LYP functional) as 
implemented in Gaussian 98. The calculations were 
performed using the 6-311G(d) basis set for the metal 
center, 6-31G(d) for the donor atoms, and 3-21G for all 
remaining atoms. The electronic spectra of the complex 
was calculated using TDDFT starting from the optimized 
ground-state geometry in the gas phase. 

Results and Discussion 
The multidentate ligand has been synthesized and 
characterized by IR, elemental analysis, 1H NMR, 13C 
NMR, UV–Vis spectra and mass spectroscopy. The IR and 
NMR data are in accordance with the proposed 
structures. The reaction of the ligand with cobalt(II) 
acetate in a 1:1 ratio in ethanol gives the CoL complex. 
The elemental analysis is consistent with the proposed 
molecular formula that show the ratio of metal:ligand is 
1:1. the complex in ca. 10-3 M solutions in DMF at 25 °C 
has very low conductance,indicating that the complex  is 
neutral. Thus the ligand must act as doubly negatively 
charged anion in complexation to Co(II) ions. 
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The electronic spectra for the CoL complex show a weak 
broad band centred at 500 nm with  multicomponent 
absorption band in the range between 450 and 750 nm 
and a broad shoulder in the visible region (400–650 nm)  
in solid  and solution states, respectively, assigned to the 
d–d transition of Co(II) ions with spin multiplicities of 2 
and 4 respectively,  based on TDFT and DFT calculations. 

Conclusions 
In the present work, we have synthesized and 
characterized new multidentate ligand and its complex 
with cobalt(II) ion. Physico-chemical measurements 
confirm the 1:1 metal to ligand stoichiometry of the 
complex. On the basis of the DFT calculations results of 
the complex with spin multiplicities of  2  and 4, there is 
a clear thermodynamic preference in solution and solid  
state for quartet and doublet spin multiplicity 
respectively. 
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Abstract: In this work using density functional theory calculations, the electronic properties of the Palovarotene 
molecule as a medication for the treatment of fibrodysplasia ossification progressive have been investigated. 
The optimized geometrical parameters bond lengths and bond angles, vibrational frequencies and infrared 
intensities of the molecule have been calculated by using the  DFT/B3LYP method applying the 6-311+G basis 
set. Normal vibrational modes were investigated theoretically and theoretical IR spectrum were also reported. 
The dipole moments, electronic energy and HOMO-LUMO gap have also been presented and analyzed. 
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Introduction 

Palovarotene is used to reduce the amount of new 
heterotopic ossification (bone forms in the soft 
tissues) in patients with fibrodyslasia ossificans 
progressiva (FOP). This disease is an exceptionally rare 
genetic disorder. FOP is caused by a gain-of-function 
mutation in the ACVR1/ALK2 gene which results in 
progressive heterotopic ossification, a process 
wherein connective tissues (e.g. skeletal muscle, 
ligaments, tendons) are replaced with bone. ]1-3[. The 
ossification occurring as a result of FOP is insidious and 
cumulative, and is provoked during flare-ups or in 
response to injury ]4[. Palovaroten is a selective 
agonist of retinoic acid receptor gamma (RARy) 
belonging to a class of medications known as 
retinoids ]5[. 

Methods 
At first, the molecular structure of Palovarotene was 
designd using GaussView software, followed by 
quantum mechanical calculations at the B3LYP/6-
311+G theoretical level using Gaussian09 software. 

Result and Discussion 
Using the GaussView software, the molecular 
structure of interest was initially designed in this 
software (See Fig.1).                           

 

 

 
 

Fig.1: The optimized structure of Palovarotene 
calculated at the B3LY/6-311+G level of theory. 

Thermodynamic parameters of Palovarotene have 

been calculated at the B3LY/6-311+G level of theory; 

Total Energy: 339.609 Kcal/mol, Electronic Energy: -

820323.343 Kcal/mol, Zero-point Energy: -819322.181 

Kcal/mol, Enthalpy: -1306.704384 Kcal/mol, Gibbs Free 

Energy: 283.116197 Kcal/mol, Specific Heat Capacity: 

112.917 Cal/molk, Entropy: 191.467 Cal/molk.  

Table 1. Calculate Bond Length Values for Palovarotene 
molecule using the B3LY/6-311+G computational method. 
C2-C29 C2-C9 C2-C13 C30-C29 C30-C25 C25-C26 

1.54 1.55 1.54 1.41 1.40 1.40 

 

Table 2. Calculate Bond angle values for Palovarotene 
molecule using B3LY/6-311+G. 
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Table 3. Calculate Bond Angle Values for Palovarotene 
molecule using B3LY/6-311+G. 
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Table 4. Calculate Dipole Moments Values for 
Palovarotene molecule using B3LY/6-311+G computational. 

𝝁𝒙 𝝁𝒚 𝝁𝒛 𝝁𝒕𝒐𝒕 
- 2.42 - 3.38 - 1.58 4.45 

 

Table 5: Calculate HOMO-LUMO energy ga Values for 
Palovarotene molecule using B3LY/6-311+G computational. 

HOMO HLG LUMO 

- 0.08 - 0.3 - 0.22 

IR spectrum vibrational frequencies; The IR spectrum, 

It`s like a fingerprint that is unique to each chemical 

species. This spectrum known for its heightened 

sensitivity in discerning molecular chemical and 

structuural traits, finds extensive applications in 

chemistry, biochemistry and pharmaceuticals. The 

most prominent peak in this spectrum at 1953.5 

signifies oscillations per second, positioned on the left 

side o the chart. The value 1367.5 on the right denotes 

the dielectric constant.  
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Fig.3. Vibrational frequency in IR spectrum for 
Palovarotene molecule calculated at the B3LY/6-311+G. 

Conclusions 
Research shows Palovarotene`s effectively used to 
reduce the formation of heterotopic ossification in 
adults and children aged 8 years and above. At first, 
the modeling of Palovarotene`s structure used 
Gaussian and Gauss View software, followed by 
B3LY/6-311+G method optimization. The HOMO-
LUMO gap energy has been presented as -0.3 eV. 
Bond angles and bond length were calculated and 
their effect on the molecule was discussed. IR 
spectrum, vibrational frequencies and 
thermodynamic parameters such as enthalpy, 
entropy, and electronic and Gibbs energies of the 
Palovarotene molecule have also been obtained and 
analyzed.  
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Abstract: 4H-chromenes are a class of the most important structural scaffolds in synthetic and medicinal 
chemistry, and appear as biological natural products, pharmaceutical agents and drug candidates. In this study, 
a green synthetic approach was applied to 4H-chromenes by graphene nanosheets as the catalyst, and then 
their antioxidant properties were investigated. 

Keywords: 4H-chromenes; Green synthesis; Antioxidant activity 

 

Introduction 
chromenes are the oxygen-containing heterocyclic 
compounds and widely present in nature such as plants, 
fruits and vegetables. Chromenes and their analogs have 
wide pharmacological and biological activities including 
anti-inflammatory, antibacterial, antiproliferative, 
anticancer, antidiabetic, and antioxadant [1]. These small 
molecule agents are used as food additives, raw 
materials in making of dyes and pigments, cosmetic 
agents and potential biodegradable agrochemicals. 
Compared to other chromenes, only a few of natural 
products containing 4H-chromenes (4H-1-benzopyran) 
derivatives have been isolated by nature. 4H-chromenes 
have strong cytotoxicity against a panel of human cancer 
cell lines involving pathways that include microtubule 
depolarization and tumor vasculature disruption [2]. 

Highly reactive free radicals and oxygen species can 
generated in human body and biological systems from a 
wide variety of sources such as exposure to heavy 
metals, cigarette smoking or alcohol consumption. The 
free radicals may oxidize proteins, nucleic acids, lipids or 
DNA and can initiate degenerative disease like various 
cancers. Antioxidants agents are molecules that inhibit 
the activity of free radicals and stop their production. 
The naturally antioxidants such as vitamin A, E, and C are 
available from fruits, vegetables, cereals, and nuts. 
Various substituted chromones as the synthesized 
agents have shows the antioxidants activity.  

Graphene is a two-dimensional carbon monolayer with 
unique properties, such as large surface area and 
chemical stability, which make it attractive for catalytic 
applications. The modified graphene by ethylenediamine 
(EDA) has previously been used as a catalyst for the 
Knoevenagel condensation reaction [3]. This work 
describes afacile process to synthesis of 4H-chromenes 
via the condensation of different aldehydes, 

malononitrile and resorcinol in the presence of 
aminated-graphene nanosheets under thermal 
conditions.  

Experimental Section  
For synthesiss of catalyst, graphene oxide was first 
prepared from graphite according to an improved 
Hummers' method [4]. Then EDA-modified graphene 
(GN) was prepared. 0.5 g graphene oxide was spread in 
2-butanol (50 mL) and a uniform brown colloidal solution 
was obtained by sonication for 60 min. The solution was 
added slowly to excess amount of EDA (10 mL). The 
mixture was heated and stirred for 8 h in 80-85 °C, then 
cooled down to room temperature, and centrifuged 
(6000 rpm for 10 min). The residual solid material was 
washed with ethanol and centrifuged again (two times). 
The resultant solid of GN was dried at room 
temperature.  

2-amino-4H-chromenes derivatives (1-5) were prepared 
by three-component reaction of aldehydes (20 mmol), 
malononitrile (20 mmol) and resorcinol (20 mmol), were 
mixed and stirred in ethanol (30.0 mL) in the presence of 
GN (20 mg) at 78 °C for 10 min. Then, the hot mixture 
was filtered to separate the catalyst from products. The 
solution was cooled to room temprature. The pure 2-
amino-4H-chromene derivatives were obtained by 
recrystallization in ethanol.  

The free radical scavenging activity of the chromene 
derivatives was determined using Diphenylpicrylhydrazyl 
(DPPH) method [5].  

Results and Discussion 
In XRD pattern of GN (Fig.1a), the peak (0 0 1) with low 
intensity, and a broad diffraction peaks appear at 
2θ=25.4°, corresponding to the d-spacing of 0.35 nm. 
Field emission scanning electron microscopy (FE-SEM) 
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image showed a wrinkly nanosheets with some 
aggregation of flakes for GN (Fig.1b). 
 
 
 
 
 
 
 
 
 
 

Fig.1: a) XRD pattern; b) FE-SEM image of GN 
 
Synthesis of 4H-chromene derivatives is shown in Fig. 2.  
 
 
 
 
 
 
 
 
 

Fig.2: Synthesis of 1a-f chromenes. 

 
All compounds were characterized using FT-IR and NMR 
techniques. Fig. 3 shows the FT-IR of 1a as example. FT-
IR spectrume indicated O–H (3186 cm−1 )and N–H (3409 
and 3321 cm−1 )stretching bands. This spectrum also 
showed the absorption bands at 2187 cm−1 (C≡N), 1650 
cm−1 (bending vibration N-H), 1616 and 1508 cm-1 (C–C 
aromatic), 1407 cm−1 (C-N), and 1161 cm −1 (C-O). The 1H 
NMR spectrum of 1e in Fig. 4 exhibited D2O 
exchangeable signals for phenolic and amine protons at 
9.75 ppm and 6.97 ppm, respectively. The protons of 
pyridine ring showed a doublet at 8.45–8.41 ppm and 
and two doublets at 7.51–7.49 and 7.32–7.28 ppm. The 
protons of resorcinol ring showed two doublets at 6.80–
6.78 and 6.52–6.50 ppm and a singlet at 6.44 ppm. The 
only aliphatic proton of chromene appeared as a singlet 
at 4.72 ppm. 
 

 
 
 
 
 
 
 
 

Fig.3: FT-IR spectrum of 1a. 

 
 
 
 
 
 
 
 
 
 
 

Fig.4: 1H NMR spectrum of 1e. 
 
The antioxidant activity was investigated by inhibiting 
free radicals of DPPH. The results are presented in Table 
1. Data showed that the activity of 1d with hydroxy and 
methoxy groups was more than other compounds. 
Compared to 2e, the activty of 2f remarkable, attributing 
to formation of pyridinium group.  
 

Table 1: Antibacterial Activity of synthesized compounds 
DPPH Scavenging (%) 

1a 1b 1c 1d 1e 1f Vit C 

68.80 81.75 62.30 84.82 35.58 60.25 97.04 

Conclusions 
Chromene is a structural  component that is easily 
prepared through one-pot multicomponent reactions. 
Here, a covalently EDA-grafted graphene was prepared 
and employed as the catalyst for the synthesis of some 
2-amino-4H-chromenes. The results of antioxidand assay 
revealed that the new compounds show good to 
excellent activity. 
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Abstract: The paper in the field of electrically conducting polymers has grown very rapidly since the discovery 
that there is a very sharp increase in conductivity when intrinsically insulating organic conjugated polymers are 
doped. These polymers, combine the electrical properties of polymers with the advantages of polymers and 
have such a vast scope of diverse application. 
Keywords: poly(para-phenylene pyrrole); conductivity; molecular orbital 
 

Introduction 
Conducting polymers (CPs) have received much attention 
in both fundamental and practical studies because they 
have electrical and electrochemical properties similar to 
those of both traditional semiconductors and metals. CPs 
possess excellent characteristics such as mild synthesis 
and processing conditions, chemical and structural 
diversity, tunable conductivity, and structural flexibility. 
Advances in nanotechnology have allowed the fabrication 
of versatile CP nanomaterials with improved performance 
for various applications including electronics, 
optoelectronics, sensors, and energy devices [1]. 
Over the past several decades, conducting polymers (CPs) 
have gained increasing attention owing to their strong 
potential as alternatives to their inorganic counterparts, 
leading to significant fundamental and practical research 
efforts. In the late 1970s, many scientists considered CPs 
(or ‘synthetic metals’) to be intractable and insoluble. 
Since the discovery of polyacetylene in 1977 by Hideki 
Shirakawa, Alan MacDiarmid, and Alan Heeger, various 
important CPs have been investigated continuously, 
including polypyrrole (PPy), polyaniline (PANI), 
polythiophene (PT), poly(3,4-ethylenedioxythiophene) 
(PEDOT), trans-polyacetylene, and poly(p-phenylene 
vinylene) (PPV) [ 1]. In general, CPs possess alternating 
single (σ) and double (π) bonds, and these π-conjugated 
[2, 3]. 
 
Theoretical Section  
The theory of molecular orbitals can be extended with 
some modifications for a polymer compound. In the case 
of polymers, an unlimited group of molecular orbitals are 
formed. The spectrum obtained due to the proximity and 
increase of molecular orbitals is called a band. The width 
of the band of molecular orbitals depends on the degree 
of orbital overlap. As the number of orbitals increases, the 

width of this band increases; That is, high overlap leads to 
the formation of wide bands and low overlap leads to the 
formation of narrow bands. The electronic properties of a 
polymer compound are closely related to its band 
structure. The band whose electrons have the highest 
amount of energy is the valence or valence band, and the 
first empty band above the valence band is called the 
conduction band [4]. 
In this article, The B3LYP3 density functional method, 6-
311G(d,p) basis set and Gaussian 2009 software (version 
D.01) were used to optimize the geometric structure of 
the studied compounds. Also, molecular orbital diagrams 
were calculated to check the electronic properties and 
conductivity of the desired compounds. 

 
Results and Discussion 
The energy levels of the homo and lomo molecular 
orbitals for the trimer were calculated as -4.53 and -1.07 
eV, respectively. In the case of pentamer, these values 
were predicted as -4.16 eV and -1.62 eV, respectively 
(Figure 1). These results show that the homo-pentamer is 
more stable than the trimer and its lomo is more unstable. 
Also, other differences in energy and alignment of other 
molecular orbitals of trimer and pentamer were 
observed. According to Figure 1, in the trimer structure, 
the electron density is symmetrically distributed over the 
entire molecule. In contrast, the pentamer structure, the 
electron density is asymmetrically concentrated on one 
half of the molecule. The energy gap was calculated from 
the difference in the energy levels of the homo and lomo 
orbitals, 3.46 eV for the trimer and 2.54 eV for the 
pentamer. In examining the energy levels of molecular 
orbitals, the closer the energy levels of the filled and 
empty levels are to each other, the more easily the 
excitation and transfer of electrons is done in them and 
the amount of conductivity increases. These results 

            
 

22nd Iranian Chemistry Congress (ICC22) 
Iranian Research Organization for Science and 

Technology (IROST) 

13-15 May 2024   IROST 03231-97589 

779 

mailto:reza.banayi70.rb@gmail.com


clearly show that the structure of the mentioned polymer 
is in the semi-conductor range from the point of view of 
the energy gap. Also, from the comparison of the energy 
gap of the two structures of trimer and pentamer 1-alkyl 
2,5-pyrrylene vinylene, it is clear that the increase in the 
degree of polymerization leads to a decrease in the 
energy gap. As a result, the conductivity of this polymer 
increases. 
 

 
 
 

 
 
Fig.1: HOMO orbital and LUMO orbital of the pentamer 1-alkyl 

2,5-pyrrylene vinylene calculated by B3LYP/6-311G(d,p) level of 
theory. 

 

Electrostatic potential (ESP) map has been created to 
imagine the charge distribution and electronic properties. 
We calculated the maps of ESP of trimer and pentamer (1-
alkyl 2,5-pyrrylene vinylene) via the B3LYP/6-31G(d,p) 
level of theory are displayed in Figure 2. Blue, green and 
red colors respectively indicate the areas of the most 
positive electrostatic potential, the area of zero potential 

and the areas of the most negative electrostatic potential 
[5]. The repulsion of a proton by the nucleus points out 
positive electrostatic potential (cyan and blue regions) in 
contrast red and yellow sites corresponds to the 
absorption of a proton by the total electron density in the 
molecule and is mainly on the oxygen atoms, which are 
the most reactive sites for electrophilic attack. 
 
 

  
 

Fig.2: The ESP map for of trimer and pentamer 1-alkyl 2,5-
pyrrylene vinylene B3LYP/6-311G(d,p) level of theory. 

 
Conclusions 
In this article, density functional theory (DFT) and 
molecular orbital diagrams were used to investigate the 
electronic properties and conductivity of poly (1-alkyl 2,5-
pyrrylene vinylene) with zigzag structure. These results 
showed that the studied polymer is semi-conductive, and 
its conductivity increases with the increase in the length 
of the polymer chain. 
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Abstract: Magnetic porous nanocomposites, such as MnFe2O4@COF functionalized with sulfonamide, are 
significant catalysts because of their extensive surface area, strong magnetism, and acidic properties, 
rendering them well-suited for organic reactions. They were employed in the production of chromenes from 
aldehydes, 4-hydroxycoumarin, and 2-hydroxy naphthalene-1,4-dione. The magnetic nanocatalyst utilized in 
this investigation exhibited the ability to be recovered after five cycles with minimal decline in activity. 
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Introduction 
Chromenes possess significant biological properties, 
including anticancer, anti-inflammatory, antibacterial, 
antioxidant, and anti-HIV effects. Hence, there is a 
demand for simpler approaches to synthesize chromenes 
[1]. While various catalysts have been employed for this 
purpose, certain methods are associated with drawbacks 
such as prolonged reaction durations, harsh conditions, 
and the use of toxic or non-recoverable catalysts. To 
overcome these limitations, there is a necessity for an 
efficient and readily available catalyst with high activity 
and short reaction times. Magnetic materials have 
emerged as recoverable catalysts to mitigate the 
separation issues encountered with nanocatalysts [2]. 

Covalent organic frameworks (COFs) are a novel class of 
porous polymers characterized by strong covalent 
interactions between organic building blocks, resulting in 
regular structures. They possess several advantages, 
such as low density, improved chemical and thermal 
stability, exceptional mechanical strength, and a large 
surface area [3]. Moreover, compared to bulk materials, 
nanoscale heterogeneous catalysts can be readily 
dispersed in the reaction mixture, making them valuable 
as active sites for catalysis. Nevertheless, there is limited 
research on reducing the size of COFs to the nanometer 
range for catalytic applications [4].  

Sustainable nanocatalysts like magnetic nanoparticles 
(MNPs), specifically bimetallic oxide manganese ferrite 
(MnFe2O4), are receiving attention due to their effective 
activity, low cost, simple preparation method, high 
stability, and easy separation using an external magnetic 
field [5]. This research presents a simple method for 
producing MnFe2O4@COF-SO3H, a robust catalyst 
combining inorganic and organic elements. This 
environmentally friendly catalyst can be easily separated 

using a magnetic field and offers cost-effective retrieval, 
allowing for its repeated use for up to 5 cycles without 
compromising its catalytic effectiveness. It exhibits 
impressive efficiency in promoting the formation of 
chromene derivatives through a one-pot three-
component condensation reaction involving aldehydes, 
4-hydroxy coumarin, and 2 hydroxynaphthalene-1,4 
dione in ethanol/H2O (Scheme 1). 

Experimental Section  
All organic materials were obtained from Merck and 
Sigma‐Aldrich. 1H NMR and 13C NMR spectra were 
recorded with Bruker Avance 400 MHz spectrometers in 
the presence of tetramethylsilane as an internal 
standard. Characterization of MnFe2O4@COF-SO3H was 
conducted using TEM, SEM-EDX, VSM, Fourier transform 
infrared (FT-IR) analyses, TGA, BET, and XRD. 

 
Step-by-step instructions for preparing a 
MnFe2O4@COF-SO3H catalyst 
The process of synthesizing modified MnFe2O4 

nanoparticles began with dissolving Mn(NO3)2•4H2O and 
Fe(NO3)3•6H2O in deoxygenated water, followed by the 
addition of NaOH solution to achieve a pH of 11. After 
heating the mixture to 100°C for 2 hours, pure MnFe2O4 
nanoparticles were obtained through magnetic 
separation and washing. These nanoparticles were then 
employed to form MnFe2O4@COF by dissolving them in a 
DMSO, melamine, and terephthalaldehyde solution, 
followed by heating at 180°C for 24 hours. The resulting 
MnFe2O4@COF underwent washing and vacuum-drying. 
Finally, MnFe2O4@COF-SO3H was synthesized by 
sulfonating MnFe2O4@COF using chlorosulfonic acid in 
chloroform. 
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General procedure for the synthesis of chromenes 
The reaction utilized 15mg of MnFe2O4@COF-SO3H 
MNPs catalyst, along with 1mmol of benzaldehydes, 
1mmol of 4-hydroxy coumarin, and 1mmol of 2-
hydroxynaphthalene-1, 4-dione in an H2O/EtOH mixture 
at a temperature of 80°C [Scheme1]. Following the 
reaction, the mixture underwent treatment with water 
and diethyl ether. The use of a magnetic field allowed for 
the recovery of MnFe2O4@COF-SO3H MNPs. The catalyst 
was found to maintain its activity upon reuse, resulting 
in high yields. The derivatives prepared are listed in 
Table 1. 

Results and Discussion 
In early experiments, the best conditions were found 
using  4‐hydroxycoumarin (1mmol),  2‐
hydroxynaphthalene1,4‐dione  (1mmol), and 4‐ 
nitrobenzaldehyde (1mmol) as a model. MnFe2O4@COF-
SO3H MNPs proved superior in terms of reaction time, 
yield, and conditions. 15 mg of MnFe2O4@COF-SO3H 
MNPs gave the highest yield. H2O–EtOH was the most 
effective solvent. The catalyst was recyclable six times. 
The influence of electron-withdrawing and electron‐
donating substituents on the aromatic ring of aldehydes 
upon the reaction yields was studied. It was found that 
aromatic aldehydes with electron-withdrawing groups 
reacted faster than those with electron‐releasing groups. 
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Scheme1: Synthesis of Chromene Derivatives 4 in the Presence 
of MnFe2O4@COF-SO3H 
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Conclusions 
We have presented a highly effective approach for the 
production of chromenes utilizing COF composites 

connected to MnFe2O4 nanoparticles. These catalysts 
possess distinctive properties that render them 
promising candidates for applications in material science. 
They provide customizable porosity and are derived from 
cost-effective initial components. Furthermore, we have 
achieved the creation of nanocomposites with enhanced 
nitrogen content. This catalyst furnishes active sites for 
the synthesis of chromenes. The method's benefits 
encompass the utilization of an efficient catalyst, low 
catalyst loading, recoverability, a straightforward 
procedure, brief reaction durations, exceptional yields, 
and high atom efficiency. This environmentally friendly 
nanocatalyst could also be employed in other significant 
organic reactions and conversions. 
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