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Abstract
In this study, a series of nano graphene derivatives incorporating Schiff bases 

were functionalized and immobilized onto a pyridine ring in a two-step process. 
Firstly, graphene oxide (GO) was prepared using the Hummer method, followed 
by the synthesis of nitrogen-doped reduced graphene oxide (NRGO) particles 
through the reaction of GO with aqueous hydrazine (NH2NH2.H2O). The 
NRGO nanoparticles were further modified by electrically preparing pyridine 
aromatic derivatives (ArNRGO) on their surface. The carboxyl groups of the 
graphene plates were subsequently modified by thermally inducing the reaction 
with thiocarbazide (TCH), derived from a mixture of carbon disulfide, resulting in 
the formation of ArNRGOTC, which exhibited triazole functionality. Moreover, 
some derivative of the nanoparticle base, ArNRGOTZS, was synthesized using 
the refractory compounds method.

Keywords
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Introduction 
The nanosheets, which are flat sheets, the thickness of these sheets is the 

diameter of one carbon atom, and the hybridization process between carbon atoms 
is in the form of (SP2). The SP2 hybridization process means the fusion of orbitals 
present in two adjacent carbon atoms and bonding between them [1]. Triazoles 
are heterocyclic aromatic compounds with the molecular formula C2H3N3. They 
were named by this name for the first time by the scientist Potts [2]. Their name 
includes the unsaturated site 1H and 4H and the number of nitrogen atoms, tri. 
They are of two types depending on the bonding of the nitrogen atoms in them. 
First: Identical triazoles, which are compounds in which the nitrogen atoms are 
not all bonded together, as they are separated by the two carbon atoms and it is 
present in the form of two isomers due to the presence of the tautomeric state 
[3, 4]. The equatoriality can be observed in the steric form of the triazoles [5]. 
Secondly, the triazoles are adjacent to the site, and they are the compounds in 
which the three nitrogen atoms are connected to each other. Natural graphite 
is the basic material for the preparation of GO and the most common source of 
it [6]. The reason is that natural graphite contains many localized defects in its 
structure that may serve as starting points for chemical reactions [7]. Possible 
interactions of active aggregates in the composition of graphite can be clarified 
in the presence of acids and oxidation agents such as (Potassium permanganate, 
KMnO4) to prepare GO and then NRGO through Hummer’s method in which 
sodium nitrate and oxidizing agents catalyzed by sulfuric acid were mixed with 
graphite in an aqueous medium [8, 9]. Where sulfuric acid and oxidizing agents 
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Preparation of TCH

5 ml of carbon disulfide was added gradually over 10 min 
to (20 ml) of aqueous hydrazine 80%) in a suitable beaker at 
a temperature of 0 °C with continuous stirring. The reaction 
mixture was elevated for 30 min, then it was cooled in an ice 
bath, collected. The precipitate formed (yellow white) by fil-
tration and washing with ethanol, and until the color of the 
precipitate turned white, it was collected and recrystallized 
with distilled water, then dried at (70 m³) until the weight 
stabilized (Figure 1) [14].

Preparation of the aromatic derivative of nanoplatelets by 
electrophoresis (ArNRGO)

ArNRGO was prepared in two steps: the first step was the 
preparation of diazonium salts. (0.282 g of 4-Aminopyridine) 
was added to a flask containing an acidic solution (1:1 water: 
concentrated hydrochloric acid 37%) with the temperature 
fixed within the range 0 - 5 m̊, and in another beaker, dis-
solve 0.003 mol x 0.207 g of sodium nitrite in an appropriate 
amount of distilled water and add to the first solution gradu-
ally while keeping the temperature within the range 0 - 5 °C 
with continuous stirring for a period of 20 - 30 min in a dark 
atmosphere. It was not diagnozed, but it was used directly in 
the second step [15]. The second step was the preparation of 
highly aromatic nanoplatelets. 0.1 g of NRGO, was added to 
25 ml of distilled water, and placed in an ultrasound machine 
until the solution became clear without plankton. The solution 
was added. The liquid to the electric cell consisting of plati-
num electrodes connected to a voltage of 1.6 V with contin-
uous stirring, then the solution of the first step was added to 
it in the form of drops with cooling in an ice bath, the cell re-
mained on continuous stirring for 24 h continuously, washing 
the solution three times with deionized water and dried at 50 
°C (Figure 2) [16].

(KMnO4) work by penetrating between the layers inside the 
graphite crystals, and when the temperature is raised, this will 
lead to the spacing of the layers due to the oxidation that occurs 
between the layers, so the oxygen atoms will repel, which is 
caused by the repulsion of the layers partially or completely. 
Nanomaterials can be classified into several forms, and these 
forms. They are quantum dots, nanoparticles, nanowires, 
nanocomposites, nanotubes, fullerenes, and nanoparticles. 
Graphite is another form of carbon, where each carbon atom 
is triple bonded with three other carbon atoms within the 
same spatial plane, so that we eventually get compact rings. 
Hexagonal, as is the geometric shape in aromatic hydrocarbons 
[10]. The graphite is multi-layered, its structure is flat, and its 
atoms are covalently bound by three valence electrons, while 
the fourth electron remains free, which explains its high 
conductivity and is linked to each other by van der Waals 
forces, which makes it easy to separate its layers. Graphite 
is of interest to nanotechnologists, due to its two important 
properties: strength and electrical conductivity [11].

Experimentation
Instruments

Electric balance, melting point, ultra sonic water bath, 
Fourier transform infrared (FTIR) spectroscopy, centrifuge, 
scanning electron microscopy (SEM), oven, X-ray diffraction 
(XRD), thermal gravimetric analysis, magnetic stirrer, and 
thermostatic water bath.

Chemicals used

Potassium permanganate, graphite, sodium nitrate, sodi-
um nitrite, hydrochloric acid (80% hydrazine hydrate, ethanol, 
hydrogen peroxide, Carbon disulfide, P-Hydroxybenzalde-
hyde, P-Chlorobenzaldehyde P-Bromobenzaldehyde, P-Ni-
trobenzaldehyde, P-Methoxybenzaldehyde, 4-Aminopyri-
dine, 1-Amino-2-Naphthol-4-Sulfonic acid, and 1-Naphthyl 
amine.

Preparation of nanoparticle graphene

The preparation was carried out in two steps, the first step 
is the preparation of GO (Hummer method), an amount of 
graphite was added to a mixture of 46 ml of concentrated sul-
furic acid and an amount of sodium nitrate gradually for 10 
min, an amount of KMnO4 was added to the mixture while 
maintaining the temperature less than 20 m, It was left to stir 
magnetically for 2 h, then 46 ml of distilled water was added 
to the mixture, after which the temperature was raised to (98 
°C), then 140 ml of warm distilled water was added, then 15 
ml of hydrogen peroxide (30%) was added and left to stir, then 
Add 300 ml of distilled water and leave the mixture for 24 
h, collect and then wash the precipitate and dry it until the 
weight stabilizes [12]. The second step is to prepare graphene 
nanoparticles (NRGO), 1 ml of aqueous hydrazine was added 
to a clear solution of GO and 1 ml of hydrochloric acid, and 
the mixture was raised at a temperature of 100 °C for 2 h. The 
formed black precipitate was collected, washed with deionized 
water, and dried at a temperature of 70 °C [13].

Figure 2: Preparation of ArNRGO.

Figure 1: Preparation of TCH.
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Preparation and characterization of ArNRGOTZ

It was prepared from thermal melting of Ar-NRGO with 
TCH in an oil bath with stirring at a temperature of 171 °C. 
Until the color and nature of the molten changed, the ArN-
RGOTZ compound was identified by observing some of its 
physical properties and by FTIR, which showed its disappear-

Preparation of the triazole derivative (ArNRGOTZ)

Mix an amount of ArNRGO with an amount of TCH 
in a heat-resistant flask, heat the mixture in an oil bath with 
stirring with a glass stirrer for about five minutes and until the 
molten changes color and nature, cool the product to room 
temperature (Figure 3) [17].

Preparation of Schiff nanobases (ArNRGOTZS) 
compounds (1-3) by thermal melting

Mix 0.1g ArNRGOTZ with 0.3 g of 4-Nitrobnzaldehyde 
or 0.3 g of 4-Chlorobenzaldehyde or 0.3 g of 4-Methoxybenz-
aldehyde in a heat resistant flask, heat the mixture in an oil 
bath while stirring with a glass stirrer for 5 - 10 min at a cer-
tain temperature, and when the color of the molten material 
changes and the nature of its texture, the product is cooled to 
room temperature (Figure 4) [18].

Results and Discussion 
Preparation of GO nanosheets

GO is prepared from the possible reactions of the active 
groups in the composition of graphite in the presence of acids 
and oxidizing agents such as (KMnO4) and according to the 
mechanism shown in figure 5.

Preparation of NRGO nanosheets

NRGO was prepared from the reaction of GO with aque-
ous hydrazine (80%) (NH2NH2.H2O) according to the mech-
anism shown in figure 6.

Preparation and characterization of ArNRGO

The aromatic nanoplatelets (ArNRGO) were prepared by 
two steps, the first was the preparation of diazonium salts, and 
the second was the preparation of a clear solution of NRGO 
in the electrolysis cell. Infrared, which showed clear values for 
the stretching of the (OH) group within the range of 3434 cm-

1, and clear values for the aromatic ring at the stretching range 
1478, 1568 cm-1 for the bond (C=C) (Figure 7).

This is evident in the SEM images of the compound ArN-
RGO, which show the proportion of decoration spaced apart. 
Despite this, it was found that the undulations are large in 
the plate. This may be attributed to the presence of additional 
peeling resulting from the liberation of nitrogen gas with the 
presence of the basic characteristic of pyridine that leads to 
the spacing of the layers with repulsion, and this is observed 
from figure 8e which shows layers up to 8.92 nm and is also 
supported by the particle size D = 2.5 nm as well as the low 
number of layers 7 [19] as shown in figure 8.

The compound ArNRGO showed an XRD spectrum that 
had angle values of 2θ different from NRGO and grafting 
the aromatic compound onto a plate of NRGO gave values of 
interfacial distances (0.38, 0.37, 0.34 nm) which differed from 
the NRGO, whose distance was 0.36 nm, with angle values 
respectively (25.72°, 23.75°, 23.03°) and an average particle 
size of 2.54 nm and a number of 7 layers, as shown in figure 9.

Figure 4: Preparation of ArNRGOTZS.

Figure 5: Preparation of GO.

Figure 3: Preparation of ArNRGOTZ.
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ance. The carbonyl group (νC=O) within the range of 1717 
cm-1, which was evident in the aromatic nanoplates of the 
ArNRGO compound and showed a broad and distinct clear 
band due to the stretching of the alcoholic hydroxyl groups 
on the surface and sides of the triazole plate within the range 
of 3444 cm-1, in addition to two bands. The symmetrical and 
asymmetrical stretches of the primary amine group within the 
ranges 3221, 3256 cm-1, as shown in figure 10.

Figure 11 of the compound ArNRGOTZ using SEM. 

Figure 11a and 11c show the distribution pattern of the for-
mation of triazole clusters on the edges of the plates with the 
remainder of the decoration and the presence of clusters on 
the surface of the plate may be due to the presence of some 
cracks in it, and the numbers show as in figure 11d the values 
of the volumes of the clusters that reached 37.8 nm as a min-

Figure 7: FTIR spectrum of ArNRGO.

Figure 8: SEM images of ArNRGO.

Figure 6: Preparation of NRGO.

Figure 10: FTIR spectrum of ArNRGOTZ.

Figure 9: XRD spectra of ArNRGO.

Figure 11: SEM images of ArNRGOTZ.
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imum, with the phenomenon of parallel wrinkles remaining 
as in figure 11b and in the mother sample ArNRGO with 
increasing layer clustering up to 134.98 may be attributed to 
the increased polarization due to the formed triazoles and the 
possibility of the survival of an amount of TCH between the 
layers, and this may explain the presence of multiple bands in 
the XRD spectrum for the sample, figure 12.

XRD measurement of ArNRGOTZ showed angle values 
of 2θ (28°, 22°, 34°) and interparticle distances 0.31, 0.38, 0.25 
nm, respectively, with an average grain size of (34.8 nm) and 
134 layers, as shown in figure 12.

Schiff nanobases (ArNRGOTZS) were prepared using 
the method of thermal melting in the solid phase of the amino 
substance (ArNRGOTZ) with the used aldehydes, where the 
reaction took place in 5 - 10 min until the color of the molten 
changed and the nature of its texture.

Schiff nanobases (Ar-NGTZS1 - 3) (Figure 13, figure 
14, and figure 15) were identified by observing some physical 
properties and FTIR spectroscopy, which showed the disap-
pearance of the primary amine group (NH2) and the appear-
ance of absorption bands stretching the imine bond (C=N) 
within the range (1591 cm-1). 1678 cm-1 and stretching ab-
sorption beams (O-H) within the range (3429 - 3438 cm-1) 
and showed new absorption beams for structural curvatures 
type 4,1-compensation for the aromatic ring as well as a 
stretchy absorption beam (C-Cl) as well as other absorption 
beams showed notes table 1, figure 16, figure 17, and figure 18.

From the morphological SEM images of the compound 
(ArNGTZS1), the appearance of twisted filamentous parti-
cles is observed at the edges of the stratified clusters (Figure 
19c), which have a low bonding density. Figure 19a shows the 
shapes of the particles in addition to their nanoscale, which 
reaches 31.16 nm, with a clear spread on the surface, as in 
figure 19d. These filamentous structures also appear between 
close lamellae and almost disappear in divergent lamellae. This 
may be due to the fact that the higher reduction of lamellae 
is the most divergent, which reduces the chance of formation 
of triazoles and thus reduces the chance of the formation of 
Schiff bases and their filamentous 2D structures as in figure 
19b, and it can be noted. The particle size from the calcula-
tions of the XRD values, which were measured convergently 
with SEM, was 17.53 nm, with a layer agglomeration of 54.32 
(Figure 20).

The SEM images of the compound (ArNGTZS2) (Figure 
21) show the presence of bumps that are not present in the 
original clear structure in the compound of the corresponding 
triazole (ArNRGOTZ). In movement and therefore expected 
to be effective in increasing the effective area of the material 
in the liquid state. The peak of nanoscale measurements up 
to 32.90 nm is shown in figure 21c with a clear accumulation 
on the edges as in figure 21a with a bonding between the lay-
ers shown by the increase in the granular size compared to 
the composite (7). Where the sample showed a particle size 
of 31.2 nm and an accumulated number of layers of 94.7. It 
is intermediate between the peak of the accumulation of the 
sample (1), which was equal to 7.36, and the peak of the com-

pound (B), which was 134.8, and this indicates a clear change 
with the polarization of the plates after each interaction and 
may indicate an increase in the lateral polarization in the plate 
that affects the top of the aggregate clearly. specific, not abso-
lute.The SEM of the compound sample ArNGTZS3 shows a 
strong overlap between the layers through contact with Schiff 
bases, and this reduced the layer differentiation as in figure 
22b and increased the particle size to reach according to the 
SEM to 107.25 nm as in figure 22d with irregular edges re-
maining. It does not show any cracks (Figure 22c) and is in the 
shape of a tentacle as in figure 22a. 

Figure 12: XRD spectra of ArNRGOTZ.

Figure 13: Preparation of Schiff nanoparticles (ArNGTZS1) bases.

Figure 14: Preparation of Schiff nanoparticles (Ar-NGTZS2) bases.
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The particle size showed an increase in its sequence as 
planned figure 23 and figure 24 shows the relationship be-
tween compounds (ArNRGO, ArNRGOTZ, ArNGTZS3) 
and the number of layers.

With variation in layer accumulation resulting from 
the difference in polarization of the plate due to differences 
in composition. The XRD of the compound (ArNGTZS1) 
showed angle values of 2θ (20.12°, 27.6°, 17.19°) and inter-

particle distances (0.32, 0.44 and 0.51 nm), respectively, with 
an average grain size of (17.5 nm) and 54 layers, as shown in 
figure 25.

Figure 15: Preparation of Schiff nanoparticles (Ar-NGTZS3) bases.

Figure 17: FTIR spectrum of ArNGTZS2.

Figure 16: FTIR spectrum of ArNGTZS1.

Figure 18: FTIR spectrum of ArNGTZS3.

Figure 19: SEM images of compound ArNGTZS1.

Figure 20: Relationship between compounds (ArNRGO, ArNRGOTZ, 
and ArNGTZS2) and the number of layers.
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The XRD spectra of the compound (ArNGTZS2) showed 
angle values of 2θ (26.5°, 27.05°, 19.38°), interparticle distance 
(0.45, 0.33, 0.32 nm), average particle size (31.2 nm), and 94 
layers, as shown in figure 26.

The XRD spectra of the compound (ArNGTZS3) showed 
angle values of 2θ (20.15°, 23.03°, 28.51°), interparticle dis-
tances (0.44, 0.38, 0.31 nm), average particle size (35.12 nm) 
and 79 layers, as shown in figure 27.

From figure 28 it was observed that the relationship be-
tween the surface roughness represented by the square root of 
the average height Sq is directly proportional to the values of 

the arithmetic heights of the average height in the sample and 
this indicates that the roughness is represented by the domi-
nant characteristic in the surface. Where the highest value of 
ArNRGO corresponded to the highest value of ArNGTZS2 
and the lowest value of ArNRGOTZ corresponded to the 
lowest value of ArNGTZS3.

From figure 29 it was observed that most of the samples 
are of good equatoriality according to the values of kurtosis 
Sku, except for the ArNRGOTZ sample, which showed high 
values that clearly indicate the presence of peaks or concavities 
in a more common form than the equatorial one. Where the 
lowest kurtosis value was ArNGTZS1, and the highest kurto-
sis value was ArNRGOTZ.

Table 1: FTIR spectra values for ArNGTZS1 - 3.

Compd. 
 No.

IR ν (cm-1)

OH C-H S-H C=N C=Car Others

1 3431 2989, 2837 2443 1603 1516, 1480 1,4 disub δ C-H arom:849 
υNO2: 1516(Overlap),1342

2 3438 2991, 2835 2567 1591 1545, 1485 1,4 disub δ C-H arom:822 
υC-Cl: 1088

3 3429 2931, 2837 2561 1678 1545, 1485 1,4 disub δ C-H arom:831 
υ C-O-C: 1252,1163

Figure 21: SEM images of compound ArNGTZS2.

Figure 22: SEM images of compound ArNGTZS3.

Figure 23: Relationship between compounds (ArNRGO, ArNRGOTZ, 
and ArNGTZS3) and particle size.

Figure 24: Relationship between compounds (ArNRGO, ArNRGOTZ, 
and ArNGTZS3) and the number of layers.
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From the figure 30 it was noticed that the ArNGTZS1 
sample was the only one that showed the value of roughness 
bias towards the top, while the rest of the samples were all bi-
ased to the bottom, i.e., in the form of pits that dominate the 
number. The ArNRGOTZ triazole sample was also the one 
with the highest bias value for concavity, which explains the 
observation in the previous figure that it has the highest val-
ue of kurtosis, and this indicates the ability of the distinctive 
triazole rings to form hydrogen bonds that generate cavities 
inside the surface.

Conclusion
In conclusion, this research successfully demonstrated the 

synthesis and modification of GO and NRGO nanoparticles. 
Through a two-step process, involving the functionalization 
of graphene derivatives with Schiff bases and subsequent 
lamination with a pyridine ring, a series of novel nano 
graphene derivatives were obtained. The introduction of 
nitrogen-doping and aromatic functionalities onto the 
graphene surface expanded the potential applications of these 
materials. The successful modification of carboxyl groups 
on the graphene plates using TCH further enhanced their 
chemical versatility. Overall, these findings contribute to the 
development of advanced graphene-based nanomaterials 
with tailored properties, holding great promise for various 
fields including nanoelectronics, catalysis, and sensors. 
Further investigations can explore the specific applications 
and performance characteristics of these newly synthesized 

Figure 25: XRD spectra of ArNGTZS1.

Figure 26: XRD spectra of ArNGTZS2.

Figure 27: XRD spectra of ArNGTZS3.

Figure 28: Relationship between the variables Sq and Sa.

Figure 29: Values of the kurtosis variable (Sku).

Figure 30: Variable values (Ssk).
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graphene derivatives, opening avenues for future research and 
technological advancements.
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