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Abstract: In this research, the aromatic reduced graphene oxide derivative (B4:Ar-RGO) was 

prepared electrochemically using an electrochemical cell as an environmentally friendly method, by 

preparing diazonium salts of 4-amino benzoic acid in an acidic solution with reduced graphene oxide 

for straw from the Iraqi wheat crop, with a good yield and area. Excellent surface area, 1229 m2/g, 

with low grain size. Thiocarbohydrazide (TCH), prepared by reacting carbon disulphide with aqueous 

hydrazine(80%) , was used to prepare triazole for reduced graphene oxide (B5) by treating (B4:Ar-

RGO) with thiocarbohydrazide by thermal melting without the need to use a solvent and with a good 

product ratio, and to prepare azo benzoic acid - Reduced graphene oxide (B6) from (B3:TSRGO) 

treatment with the diazonium salt of 4-amino benzoic acid with a good yield. As well as the 

preparation of triazole Schiff bases (B7) and (B8) by reacting (B5) with benzaldehyde and 2-

hydroxybenzaldehyde, respectively, with a good product ratio, and B7 was the highest particle size 

among them. 
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1. Introduction 

Reduced graphene oxide consists of a single thin layer of graphene oxide, which is partially 

deoxygenated. Graphene oxide contains a number of functional groups such as oxygen and epoxy 

groups in addition to carboxyl groups, where oxygen is reduced by chemical reduction using strong 

reducing agents (1) such as ammonia and hydroquinone. , as well as hydrazine hydrate (2( 

Triazoles are compounds with a heterogeneous pentagonal ring, containing two carbon atoms and three 

nitrogen atoms as part of their aromatic ring (3). They are weak bases that possess high stability and 

contain two isomers (3,2,1-triazole) (4,2,1-triazole). As in the formula below (4). 

 

Laboratory-prepared triazole derivatives have been used to obtain many antibiotics, drugs, and dyes(5). 

Carboxylic acid substitutes have been used in the preparation of triazole, which has medical 

importance, including as anti-cancer agents(6). 

Schiff bases consist of the condensation of amines with ketones or aldehydes. They were named after 

the scientist (Hugo Schiff), who prepared these compounds for the first time in 1864AD (7). They are 

also called by other names depending on the method of their preparation, such as the azomethine group 

(C = N). Which contains an imine group (8), and the imine compound is crystalline and disintegrates 

quickly (9), so it contains at least one aryl group substituted on a carbon or nitrogen atom to increase 

the stability of the compounds, as it was found that the stability of these compounds depends on the 

type of amines, aldehydes, and ketones used (10). 
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2. Experimental details 

2.1. Preparation of thiocarbohydrazide (TCH( 

Place 5ml of carbon disulphide in a 100ml round flask in an ice bath, then add 20ml of aqueous 

hydrazine (80%) dropwise over 10minutes with continuous stirring, then rise the mixture for 

30minutes, collect the precipitate (yellow colour). By filtration and washing with absolute ethanol until 

the color of the precipitate turned white, the product was collected and recrystallized with distilled 

water, so the percentage of the product was (78%) and the melting point was (170Co)(11). 

 

Figure (1) Preparation of thiocarbohydrazide 

2.2. Preparation of reduced graphene oxide derivatives decorated with aromatic rings by the 

electrochemical method  

ArRGO derivatives were prepared following the following steps: 

First: Preparation of diazonium salts. 

Dissolve 0.2g of 4-amino benzoic acid in a 100ml beaker containing an acid solution (5:5water: 

hydrochloric acid37%) and place it in an ice bath to maintain the temperature of the solution between 

(0-5Co), and in another beaker, dissolve 0.2g of 4-amino benzoic acid. 0.07g of sodium nitrite in 2ml 

of distilled water and added to the first solution, keeping the solution in the ice bath with continuous 

stirring for 30minutes in a dark atmosphere (12). It was not diagnosed but was used in the next step. 

Second: Preparation of sheets decorated with aromatic rings B4:Ar-RGO 

Dissolve 0.1g of wheat straw reduced graphene oxide (B3:TSRGO) in 25ml of distilled water, then 

place it in an ultrasonic bath until it becomes clear, then add it to the electrical cell at a voltage of (2 

volts) with continuous stirring, then add the solution of the first step to it. In the form of drops while 

remaining in the ice bath, it was left in the cell for 24 hours with continuous stirring, then it was 

filtered with a nanofilter, washed several times with ionic water, and dried at a temperature of 70Co 

until the weight was stable, so the percentage of the product was (81%) (13) 

 

 
 

 

Figure (2) Preparation of the compound (B4:Ar-RGO) 

2.3. Preparation of ArRGO derivatives containing 4-amino-1,2,4-triazole (B5( 

Mix 0.1g of (B4:Ar-RGO) with 0.4g of thiocarbohydrazide in a heat-resistant beaker, then heat the 

mixture at a temperature of 170 Co while stirring with a glass stirrer. Until the color and consistency 

change, the result is cooled and treated with a 10% solution of sodium bicarbonate to get rid of it. Of 

the remaining unreacted acid, it was then filtered and dried at 60Co, and the percentage of the product 

was (64%). (14) 
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Figure (3) Preparation of compound (B5) 

2.4. Preparation of 4-amino-1,2,4-triazole reduced graphene oxide - Schiff base (B7, B8) 

Dissolve 0.1g of suitable aldehyde (2-hydroxybenzaldehyde and benzaldehyde) in a round flask, then 

add 5ml of absolute ethanol to it, add 3drops of glacial acetic acid, and add to it a solution consisting 

of dissolving 0.1g of ortho-amino-reduced graphene oxide (B5) in 5ml of absolute ethanol, and the 

system was heated for 3hours at 70Co (15) 

 

 

Figure (4) Preparation of compounds (B8, B7) 

3. Results and discussion: 

3.1. Discussion of sheets decorated with aromatic rings B4:Ar-RGO  

Highly aromatic nano-reduced graphene was electrochemically decorated using 4-amino benzoic acid, 

which was added to it in an acidic medium, and sodium nitrite was added to it, with the presence of the 

prepared reduced graphene oxide (B3:TSRGO) in an aqueous medium under the influence of sound 

waves (Ultrasonic), then a differential was applied. The voltage in the electrical cell is below a 

difference of (2V), where the process of oxidation and reduction occurs in the mixture in the presence 

of the diazonium salt formed, according to the mechanics in diagram (1) (16). 

 

 

 

Scheme (1) of the proposed mechanism for preparing the compound B4:Ar-RGO 

When studying the infrared (IR) spectrum of sheets decorated with aromatic rings (B4), an absorption 

band appeared at (3398) cm-1 belonging to the alcoholic(OH) bond of the ring, and a broad band 

appeared at (3070)cm-1 dating back to the stretching of the(OH) bond. OH) carboxylate, and the 
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appearance of an absorption band at (1685) cm-1 belonging to the carboxyl (C=O) carbonyl bond, and 

the appearance of two absorption bands at (1593,1489) cm-1 belonging to the aromatic (C=C) bond, 

and an absorption band also appeared At (1319) cm-1, it returns to the (C-O) bond, as shown in Figure 

(5), and the diagnostic packages were close to what is found in the literature (17). 

 

Figure (5) IR spectrum of compound B4:Ar-RGO 

As for the X-ray spectrum of the compound (B4:Ar-RGO), it showed an angle value of 2Ө=45.363, 

the distance between the layers d=1.998, the grain size D=32.639, and the number of layers n=13.535, 

as in Figure (6). 

 

Figure (6) X-ray spectrum of compound B4:Ar-RGO 

From observing the morphological images of the compound (B4:Ar-RGO) in Figure (7) using a 

scanning electron microscope (FESEM), there are good surface spacing of the sample with the 

presence of small aggregates of up to 9.04 nm that are homogeneously spread. This may indicate the 

wide possibility of ion decoration occurring. Carbonium resulting from diazonium salts (A), the 

presence of deep grooves between the plates (B), and the clarity of the zigzags and spacing of the 

layers explains the high surface area of the sample (C), and the presence of more aggregates at the 

edges with the presence of some cracks not surrounded by the aggregates, which indicates the 

occurrence of cracking after the completion of The decorating process, and this indicates that the time 

required for the decoration to occur is less than the time used (D). 

  
B A 

 
 

D C 
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Figure (7) FESEM scanning electron microscope images of the compound B4:Ar-RGO 

The transmission electron microscope (TEM) images of the compound (B4:Ar-RGO), as shown in 

Figure (8), showed the presence of clear peeling on the edges of the large plates. The peeling is in the 

form of spaced circles, which is similar to the image of a hurricane on the beach (A), and the presence 

of clear multilayering resulting from the peeling. (B), and the presence of cracks on the surface of the 

wide plates, in close areas, in a pink shape. This indicates the presence of plates containing many 

cavities within the material and thus a decrease in its density. (C), and the presence of the phenomenon 

of nanoflowers, whose formation is attributed to the retention and then explosion of nitrogen gas from 

between the inner plates, forming the shape of the flower. With nanometers and transparent pink leaves 

(D).  

  
B A 

  
D C 

Figure (8) TEM images of the compound B4:Ar-RGO 

The morphological images (AFM) by atomic force microscopy in Figure(9) of the compound (B4:Ar-

RGO) showed the presence of longitudinal cavities along the sheet (A), the presence of clear surface 

pores (B) and the aggregates spread homogeneously on the surface (C). And the presence of heights on 

the surface of the plate reaching 80.6cm, which gives an additional area to the plate (D). 

  
B A 

  
D C 

Figure (9) AFM images of the compound B4:Ar-RGO 

3.2. Preparation of ArRGO derivatives containing 4-amino-4,2,1-triazole (B5( 

A triazole-reduced graphene oxide composite was prepared through the thermal melting reaction 

of(B4:Ar-RGO) with the prepared thiocarbohydrazide (TCH) at its melting point within(1-2)minutes, 

and the reaction was carried out according to the mechanism suggested in the scheme(2). 
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Scheme (2) proposed mechanical preparation of compound (B5) 

It showed a band at (1639) cm-1 that belongs to the (C=N) bond, two bands at (3271 and 3302) cm-1 

that belong to the symmetrical and asymmetric stretching of the (NH2) group, and a band at (1284) cm-

1 that belongs to the (NH2) group. C-N) and (2769) cm-1 are due to stretching of the (S-H) sphincter, 

and the appearance of a band at (3174) cm-1 of aromatic (C-H) stretching, and a band (3425) cm-1 

which is attributed to stretching of the phenolic (OH) sphincter in addition to the appearance Two 

bands at (1527 and 1489) cm-1 belong to the aromatic (C=C) sphincter stretch, as shown in Figure (10). 

The diagnostic bands were close to what is found in the literature (18). 

 

Figure (10): Infrared spectrum of compound (B5) 

The X-ray spectrum of compound (B5) showed an angle value of 2Ө=27.962 at, the distance between 

the layers d=3.188, the grain size D=42.507, and the number of layers n=3.338, as in Figure(11). 

 

Figure (11) X-ray spectrum of compound (B5) 

From observing the morphological images of compound (B5) in Figure (12) using a scanning electron 

microscope (FESEM), it was observed that there is a clear thickening with clusters occurring on the 

edges and surface of the plate, with an increase in the particle size to (44.851)nm. This is attributed to 

the ability of the triazole ring to bind the layers. And the formation of hydrogen bonds, and this is 

supported by the surface area value of 9.16 m2/g, which is one of the lowest values of surface area 

measurements for the prepared samples (A), the formation of a smooth layer of layered aggregate over 
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the carbon sheets, and this also explains the decrease in the surface area of the sample (B), and the 

presence of clear grooves, and this indicates To the aggregation of the plates and the occurrence of 

gaps and defects in the sample (C), the appearance of a spread of aggregates on some surfaces, and this 

indicates an increase in the amount of TCH added (D). 

  
B A 

  
D C 

Figure (12): FESEM scanning electron microscope images of compound (B5) 

Transmission electron microscope (TEM) images of compound (B5), as shown in Figure (13), showed 

good peeling of the sheets despite the low surface area, which indicates that it is a material not suitable 

for gas storage. This may also be attributed to its high ability to capture and retain gases or elements, 

and this is what was observed when hunting. Heavy elements (A), the presence of transparent sheets 

and areas with few defects. This is due to the occurrence of heterogeneous peeling of the sample and 

indicates the need for additional peeling electrically and not chemically (B), the presence of pink 

structures indicating the occurrence of the phenomenon of gas explosion with local transparent peeling 

with the appearance of defects in Layers (C), the presence of granular aggregates attributed to the 

increased amount of added TCH (D). 

 

 

 

 

 

 

 

 

 

 
 

Figure (13): Transmission electron microscope (TEM) images of compound (B5) 

The morphological images (AFM) using the atomic force microscope in Figure (14) of compound (B5) 

showed the appearance of the spread of decorations on the surface of the sheets, and this is 

proportional to the decrease in the surface area to 9.16 m2/g, and this is attributed to the increase in the 

polarity of the sheets due to the aggregation of TCH molecules. And the formation of triazoles on the 

edges, which increases the ability of the plates to bond, increases the grain size, and reduces the 

surface area due to reducing the gaps between the plates (A), the presence of aggregates on the surface 

  

B A 

  
D C 
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due to the formation of triazole rings (B), and the appearance of the edges of the plates being very 

thick (C). , There is no consistent pattern of diffusion on the surface (D). 

  
B A 

  
D C 

Figure (14) AFM images of compound (B5) 

3.3. Discussion of the compound decorated with ortho-aminobenzoic RGO-Schiff bases(B7,B8) 

A Schiff base adsorbent was prepared by reacting ortho-aminobenzoic-reduced graphene oxide with 

(2- bromobenzaldehyde and 2-nitrobenzaldehyde), in the presence of ethanol as a solvent according to 

the mechanism suggested in the scheme (4). 

 

Scheme (4) proposed mechanical preparation of compound (B7, B8( 

When studying the FT-IR spectrum, an absorption band appeared at (3477) cm-1 belonging to the 

alcohol (OH) bond, in addition to the appearance of a band at (1622) cm-1 attributed to the stretching 

of the imine group (C=N), with the appearance The two bands of the aromatic ring were at (1508 and 

1622) cm-1 and were due to the stretching of the aromatic (C=C) bond. An absorption band also 

appeared at (1286) cm-1 and were due to the (C-N) bond. The bands were close to what is found in the 

literature (19(. 

 

Figure (15): Infrared spectrum of compound (B7) 
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As for the X-ray spectrum of compound (B7), it showed an angle value of 2Ө =22.043 at, the distance 

between the layers was d=4.029, the particle size was D =54.835, and the number of layers was n = 

12.703, as in Figure (16). 

 

Figure (16) X-ray spectrum of compound (B7( 

From observing the morphological images of compound (B7) in Figure (17) using a scanning electron 

microscope (FESEM), it was observed that the layered aggregation ability of the material is clear due 

to the presence of Schiff bases that increase the aromatic character and the ability to compact, and this 

explains the increase in the particle size to 57.85 nm (A). The interlocking of the layers led to the 

partial disappearance of defects on the plates (B), the presence of thickenings on the edges and 

surfaces and in the edges more clearly (C), and the presence of zigzags and twists on the surface of the 

plate (D( 

  

B A 

  
D C 

Figure (17): FESEM scanning electron microscope images of compound (B7) 

Transmission electron microscope (TEM) images of compound(B7), as shown in Figure(18), showed 

the appearance of parchment pattern on the edges of the plates (A), and the presence of excellent 

peeling despite the decrease in surface area. This indicates a reduction in defects and the 

interconnection or overlapping of the plates (B). The presence of thickenings on the edges of the plates 

(C), and the presence of opposite wraps in the layers. This may explain the decrease in surface area 

due to the wrapping of the surface inside the formed tubes (D). 

The morphological images (AFM) in Figure (19) of compound (B7) showed the presence of sharp 

protrusions spread over the surface (A), and the appearance of large clusters on the edges as well as on 

the surface, which indicates decoration clusters, and this is proportional to the grain size, which has 

increased significantly. Compared to B6, it reached 57.85 nm and the surface area decreased to 8.739 

g/m2. This is due to the increased polarity of the plates due to the polarized groups of imines, which 

increases the ability of the plates to bond, reduces the distance between the layers, and reduces the 

surface area due to reducing the gaps between the plates (B) , Reduced defects on the surface of the 

sheets (C), and the appearance of the decoration spreading almost homogeneously on the surface (D( 
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Figure (18): Transmission electron microscope (TEM) images of compound (B7) 

  
B A 

  
D C 

Figure (19): AFM images of compound (B7) 

When studying the infrared (IR) spectrum of compound (B8), a broad absorption band appeared at 

(3441) cm-1 belonging to the phenolic (OH) bond, in addition to the appearance of a band at (1647) 

cm-1 attributed to the stretching of the imine group (C=N), with the appearance of two aromatic ring 

bands at (1514 and 1539) cm-1 and are due to the stretching of the aromatic (C=C) bond, and an 

absorption band appeared at (1338) cm-1 dating back to the (C-N) bond, as shown in the figure (20). 

 

Figure (20): Infrared spectrum of compound (B8) 

As for the X-ray spectrum of compound (B8), it showed an angle value of 2Ө = 31.767 at, the distance 

between the layers d = 2.815, the grain size D = 27.979, and the number of layers n = 0.364, as in 

Figure (21). 

  
B A 

  
D C 
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Figure (21) X-ray spectrum of compound (B8( 

From observing the morphological images of compound (B8) in Figure (22) using a scanning electron 

microscope (FESEM), it was noted that there is a high thickening on the edges of the plates. This may 

be attributed to the additional hydroxy group compared to compound B7, as it increases the chances of 

aggregation (A). There is less peeling in the sample. Compared to B7, however, the grain size was 

smaller, and this may be due to the increase in the acidic character of the sample and the increase in its 

solubility in the solvent due to the hydroxy group of the phenolic structure (B). No curls appeared on 

the rims clearly (C), with the decoration spreading more homogeneously along the rims compared to 

With sample B7(D). 

  
B A 

  
D C 

Figure (22): FESEM scanning electron microscope images of compound (B8) 

The transmission electron microscope (TEM) images of the compound (B8), as shown in Figure (23), 

showed the appearance of large, clear gaps(A), the appearance of the supporting material on the 

surface of the plates and their edges (B), and the appearance of less peeling of the sample compared to 

B7(C). There is a less twisted fold on the surface of the sheet compared to B7(D). 

The morphological images (AFM) by atomic force microscopy in Figure (24) of compound (B8) 

showed the spread of the decoration on the edges of the protruding sheets in Figure (A), the presence 

of longitudinal cavities carrying the decoration in different groups (B), and the appearance of parallel 

layered grouping of the material ( C), difference in the height of the clusters, reaching a height of 207.5 

nm (D( 
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B A 

  
D C 

Figure (23): Transmission electron microscope (TEM) images of compound (B8( 

 

 

 

 

 

 

 

 

 

 

Figure (24) AFM images of compound (B8) 

4. Conclusion 

It was possible to decorate the highly aromatic nano-reduced graphene oxide (B4) using 4-amino 

benzoic acid and increase the surface area to reach 1229 m2/g. Obtaining derivatives of nano-triazole 

reduced graphene oxide (B5) by means of thermal melting without affecting the nature of the plate 

bearing the decoration. It was possible to prepare a compound of Azo - reduced grapheme oxide (B6) 

by electrophoresis. It was possible to prepare triazole schiff bases (B7 and B8) on the edges of the 

nanosheets. The highest particle size was for compound B7(57.858 nm), which represents decoration 

by the Schiff base, and this indicates the ability of the Schiff base to increase the accumulation of 

reduced graphene oxide layers. The lowest value of the particle size was for the sample (B6) is (2.956 

nm), which is a reduced graphene oxide azo, due to the effect of the azo bond, which changes the 

nature of the formation of hydrogen bonds between the amino groups on the heterogeneous ring. 
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