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Abstract 

 
Reduced graphene oxide (rGO) was synthesized by the chemical exfoliation 
method with acids. Additionally, esmeraldine was synthesized, which is the 
conductive phase of the polyaniline (PANI). Once synthesized, both materials were 
mixed and the respective characterization was carried out.  For the rGO synthesis, 
graphite in bars of 7X0,5x0,5 cm was used, macerated using a porcelain mortar and 
then exfoliated using a (4:3:1) mixture of sulfuric acid (H2SO4), hydrochloric acid 
(HCL) and nitric acid (HNO3). Finally, 10% of phenylhydrazine was used for its 
reduction. For the esmeraldine synthesis, 1 M hydrochloride acid and ammonium 
persulfate (APS) were used. Reduced graphene oxide (rGO) was used as a basis for 
the synthesis of esmeraldine, and thus, achieve a better dispersion. The rGO 
developed was characterized by Raman spectroscopy, X-ray diffraction (XRD) and 
Scanning Electron Microscopy (SEM), where few structural defects in the rGO and 
the addition of hydroxyl functional groups thereof were evidenced. The rGO-
esmeraldine mixture was characterized by means of Raman spectroscopy, where 
the representative bands of esmeraldine could be observed.  In addition, the 
chemical composition of the material by means of XRD and a detailed image of the  
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mixture of the materials using a Scanning Electron Microscope (SEM) were 
obtained. 
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1. Introduction  
 
During the last three decades, carbon-based materials have attracted attention 
mainly due to the exceptional electronic and mechanical properties they exhibit[1].  
Fullerenes are hollow structures formed exclusively by carbon, although derivatives 
substituted in spherical form (strictly, a polyhedron with a high number of faces) 
also exist. Each atom is bonded to other three, that is, it possesses a state of sp2 
hybridization (similarly, in principle, graphite and graphene), in spite of it, the 
structure is obviously not flat, but the three bonds of each atom are diverted. As a 
consequence, a tension exists, but the high symmetry distributes it uniformly over 
the entire structure[2].  
Carbon nanotubes (CNTs) were discovered in 1991 by Sumio Iijima, who working 
with an electron microscope observed the existence of tubular molecules in the soot 
formed from the electric arc discharges using graphite[3]. Carbon nanotubes 
(CNTs) are tubular structures of nanometric diameter, whose walls or layers are 
cylinders formed for a structure of carbon atoms in a hexagonal order[4]. 
In 2004, Andre Geim y Konstantin Novoselov, two chemists at the University of 
Manchester, United Kingdom, used adhesive tape to produce graphene samples and 
discover their noticeable properties. Also, adhesive tape was used to separate the 
layers of carbon in the graphite[5]. Graphene is a two-dimensional nanometric 
material, consisting of a single layer of strongly cohesive carbon atoms and 
arranged on a uniform, slightly undulating surface, with a honeycomb-like 
appearance due to its hexagonal atomic configuration [6]. Graphene is a new two-
dimensional nanometric material obtained by micromechanical exfoliation of 
graphite with a thickness of one carbon atom (0.1 nm) [7]. Graphite is the more 
stable allotrope of carbon in standard conditions of pressure and temperature. Its 
structure is formed by a huge pile of graphene sheets superimposed one after the 
other, inside which the atoms form hexagonal cells through covalent bonds of 1,42 
Å [8].  
Graphene is the more studied material by the scientific community due to its new 
and unique physical properties. In fact, it possesses a high electrical mobility higher 
than  2 ∗ 105𝑒𝑒𝑒𝑒cm2V−1s−1[9], an  anomalous quantum hall effect, modulable band 
gap [10], (for the case of a bilayer graphene [11],  and it is a transparent electrical 
conductor[12], given that the optic region only absorbs 2.3% of the light.  A good 
flexibility and mechanical stiffness is also observed. In addition, its electrical 
conductivity is 10 times higher than that of copper [13].  
Currently, various methods for the synthesis of graphene exist; the first, developed 
by the Geim team, is based on mechanical exfoliation from a substrate of highly 
oriented pyrolytic graphite (HOPG). This allows the manufacture of graphene in a  
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simple way, with a size of several tens of micrometers, presenting a low density of 
defects. However, this technique has the disadvantage of being poorly adapted for 
large-scale, high-quality graphene production. To address this problem, several 
research teams developed and used other manufacturing methods. The two most 
commonly used methods are: a) growth by chemical vapor deposition (CVD) on a 
metallic surface such as Cu(111) [14], Ni(111) [15], Ir(111) [16], Ru(0001)[17], 
Pt(111)[18] y Rh(111)[19]. Here the transfer of the graphene sheet onto a useful 
substrate is a critical step. one method consists of forming graphene on a thin layer 
of copper that is previously deposited on an insulating substrate (such as quartz, 
sapphire, silicon wafers with 300 nm of SiO2 and fused silica), after the controlled 
elimination of copper, graphene is deposited directly on the insulating 
substrate[20]. b)  The other technique is epitaxial growth under vacuum in an 
atmosphere of argon at atmospheric pressure[25], via the sublimation of Si atoms 
from the surface (0001) of a Single-Crystal Silicon Carbide(SiC)[23]. 
 
Another method widely used to obtain graphene is the Hummers method in which 
the synthesis of graphene is carried out in two important stages: oxidation and 
reduction. Each of these stages involves different methods and reagents, which give 
properties and characteristics to the transient products of graphene. These products, 
better known as Graphene Oxide (GO) and Reduced Graphene Oxide (rGO), have 
been gaining relevance in the research. GO has interesting and diverse properties; 
some of the characteristics of this compound is that it behaves like a good insulator, 
and also has antibacterial properties. 
 
Oxidation methods for graphite generate changes in its chemical structure and 
depend on the reagents used for its preparation; The Hummers method is the most 
efficient for the oxidation of graphite. After the oxidation process, the next step of 
graphene preparation is the reduction of graphene oxide. The methods of reduction 
of GO can be classified into two groups: chemical methods and thermal methods, 
obtaining products that approach graphene in different structural degrees and 
consequently in their electrical, thermal and mechanical properties[26]. 
 
For its part, the esmeraldine, is the state of the PAni that presents a high electrical 
conductivity. The other states are insulating. The conductivity is due to the high 
mobility of the load carriers (holes in the polymer chains). The positive charge of 
these has been confirmed by Hall Effect evaluations, the esmeraldine salt being a 
p-type semiconductor (hole carriers). The synthesis of esmeraldine has been 
described by several authors in a chemical process[27].  It has been reported that 
the esmeraldine reinforced with graphene presents multiple electrical applications; 
this mixture to be used to reinforce conductive polymers significantly improves the 
conductivity in it [27]. In this work a chemical route for the synthesis of rGO by 
chemical exfoliation is proposed, which is used as a base to synthesize esmeraldina 
reinforced with the rGO, finally these materials are characterized by Raman, SEM, 
DRX and EDX. 
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2.  Experimental phase 
 
2.1 Materials 
 
H2SO4 Merck 95-97%, HCl Merck 37%, HNO3 Merck 65%, Aniline monomer 
Sigma-Aldrich Co, Sealco graphite Bars, Merck Phenylhydrazine Chloride 
 
2.2 Synthesis of the rGO 
 
Graphite bars of 7X0.5X0.5 cm were taken and macerated using a porcelain mortar 
to form a very fine powder. 
Once macerated, the graphite was deposited in an oxidizing mixture composed of: 
sulfuric acid (H2SO4), hydrochloric acid (HCL) and nitric acid (HNO3) in a (4: 3: 
1) ratio and subjected to ultrasound, using an Ultrasonic bath Elmasonic E 30 H for 
30 minutes. 
Subsequently, the chemical reduction of graphene oxide with 10% phenylhydrazine 
chloride was carried out to remove most of the OH hydroxyl groups present in the 
rGO sheets. 
In spite of the process that was carried out, a large part of the graphite that was 
initially used could not be separated into sheets of graphene. Therefore, it was 
necessary to use a separator in which, by different densities, it was finally possible 
to obtain the RGO and discard or reuse that Graphite that could not be separated in 
the process by means of a wash with distilled water until obtaining a pH of 5 in the 
water.  
Once the separation process was completed, the graphene was deposited in a glass 
container and taken to a Memmert Universal Oven UN55, at a temperature of 80 ° 
C for 4 hours in order to remove the moisture present in it after being washed. 
 
2.2 Synthesis and mixing of esmeraldine with rGO 
 
In a beaker, 13 ml of aniline monomer and 90 ml of 1Molar HCl were added; in a 
second beaker 1.5 g of ammonium persulfate (APS), 60 ml of 1 Molar HCl and 1 g 
of rGO previously synthesized were added. This beaker was subjected to ultrasonic 
stirring in order to disperse the graphene and finally both beakers were cooled to -
5ºC for 4 hours in a freezer. Subsequently, the beaker 2 was allowed to thaw and 
drip slowly in beaker 1 which was in a plastic container with permanent stirring at 
a temperature of 0ºC for 24 hours. The temperature was maintained by adding ice 
to the plastic container. The mixture was then passed through filter paper and 
allowed to dry. Once the mixture dried, the powder formed was extracted. 
 
2.3 Characterization  
 
The rGO developed and the mixture thereof with emeraldine (rGO Esmeraldine), 
were characterized by means of Raman spectroscopy using a Horiba - Jobin Yvon 
model HR800 high resolution microscope; X-ray diffraction (XRD) using a Rigaku 
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MiniFlex Cu Kα diffractometer Cu Kα (λ=1.542 A) in the 2θ range from 5° to 90°; 
Scanning Electronic Microscopy (SEM) plus EDX using a JEOL JCM-6000PLUS 
high vacuum equipment with a drive voltage of 15 kV, probe current of 7.475 nA, 
and an adjustment coefficient of 0.3546. 
 
3. Results and discussion  
 
3.1. Characterization by Raman spectroscopy of the rGO 
 
Both the rGO and the graphene nanosheets exhibit a D band around 1335 cm-1 and 
a G band around 1590 cm-1 [28]. 

 
 

Figure 1. Raman spectrum of the rGO. Figure 2. Raman spectrum of the rGO-
emeraldine mixture 

 
 
Band D represents the disordered band associated with structural defects located at 
1331.72 cm-1, while band G corresponds to the bond in the plane of vibration of the 
pairs of sp2 carbon atoms located at 1580.41 cm-1.  The G band of the reduced 
graphene oxide shows a good exfoliation of the graphene layers. The weak peak of 
the band D indicates a low amount of disordered structure and defects. The intensity 
ratio of the ID and IG bands (ID / IG) is commonly taken as an indication of the 
quality of carbon materials. The relation (ID / IG) of the rGO was 0.84 which 
suggests that a reduction in the graphene oxide was made, but not in its entirety, 
that is to say, the graphene sheets have a significant number of functional groups 
attached to them. 
 
3.2 Characterization by raman spectroscopy for the rGO-esmeraldine 
mixture 
 
In the Raman spectrum of the mixture of Graphene with emeraldine there were five 
representative bands.  

G 

D  
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The band D and G characteristic of the rGO at 1344.966 cm-1 and 1585.88 cm-1 

respectively. The band at 1161.5 cm-1 reveals the double quinoid ring CH, the band 
at 1217 cm-1 reveals the C-N stretch vibrations, and the band at 1470.93 cm-1 reveals 
the stretching vibration C = N as reported in the literature. The spectrum 
corresponds to Polyaniline in its esmeraldine phase which is its conductive phase. 
 
3.3 Characterization by X-ray diffraction of the rGO. 
 
Considering a deviation of the graph of 3 ° to the right, the figure shows the X-ray 
diffraction pattern of the graphite, where an intense peak with a diffraction angle 
2θ of 28.1 ° is observed, which using the law of bragg nλ=2d*sen(θ) tells us that 
there is a separation between planes of 3.28 Å characteristic of the material. 

  
Figure 3. X-ray diffraction patterns for the 

graphite. 
Figure 4. X-ray diffraction patterns for the 

rGO 
 
Once carried out the oxidation and reduction process, the separation between planes 
was observed in the graphite used for the synthesis shown as follows. Figure 4 
shows the diffraction patterns where the angle signal 2θ=10.81° corresponding to 
the (0 0 1) plane characteristic of the graphene oxide samples reduced and 
synthesized by the chemical method is observed.  
 
3.4 Characterization by Scanning Electron Microscopy (SEM) and EDX for 
the rGO. 
 
The sample was placed in a sample holder where a gold coating was applied to 
improve the conduction of the irradiated electrons and obtain a better image of the 
sample. The following results were obtained from the test: 
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Figure 5. SEM image of the rGO. Figure 6. EDX image of the rGO. 

 
Figure 5 shows the dispersion of overlapping graphene sheets, which indicates the 
obtaining of an rGO multilayer. Figure 6 shows the chemical composition of the 
material, which shows a high carbon content of the material which is characteristic 
of it. A very small percentage of oxygen product of the oxidation of the graphene 
material developed and a percentage of silica caused by contamination at the time 
of measurement were observed because several samples were analyzed at the same 
time, which sometimes generates alterations of some samples with others. The 
percentage in gold is product of the coating that is made to the sample to facilitate 
the generation of the results. 
 

Table 1. EDX for the rGO. 
 

Element %Mass %Atomic 

C 55,98 89,26 

O 9,83 11,11 

SI 2,7 1,74 

AU 31,48 2,89 

Total 100 100 
 
 
3.5 rGO-esmeraldine Characterization by Scanning Electron Microscopy 
(SEM) and EDX for the rGO-emeraldine mixture 
 
Like the rGO sample, the sample of the rGO-emeraldine mixture was placed in a 
sample holder where a gold coating was applied in order to improve the 
conduction of the irradiated electrons and obtain a better image. 
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Figure 7. SEM for the rGO-
esmeraldine mixture. 

Figure 8. EDX for the rGO-esmeraldine 
mixture 

 
As in figure 5, the dispersion of superimposed graphene sheets can be observed, 
which indicates the obtaining of an rGO multilayer; In addition, a small formation 
of agglomerated material product of the presence of PANI is observed. Figure 7 
shows the chemical composition of the material where a high carbon content of the 
material is indicated due to the presence of the rGO. A small percentage in nitrogen 
characteristic of esmeraldine and a very small percentage of chlorine caused by 
contamination at the time of measurement were observed, since several samples 
were analyzed at the same time, which sometimes generates contamination of some 
samples with others. The percentage in gold is the product of the coating that was 
applied to the sample to facilitate the generation of the results. 

 
Table 2. EDX of the rGO-PANI mixture. 

 
Element %Mass %Atomic 

C 48,45 54,58 
N 43,82 42,35 
SI 1,08 0,52 
CL 6,67 2,55 
Total 100 100 

 
4. Conclusions       

 
The reagents and the concentrations used thereof described in the methodology for 
the synthesis of the rGO were suitable for its collection because initially several 
experiments were made with different concentrations resulting in a better synthesis 
of the RGO developed in those proportions. Although the method used for the 
synthesis of graphene is not very efficient since a large part of the oxidized graphite 
is not separated into sheets (graphene), it is a method that allows graphene to be 
obtained at a very low cost and in a very simple way. 
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The ratio (ID/IG) of the Raman spectrum obtained for the rGO indicated that a 
reduction was made in the graphene oxide, but not in its entirety, that is to say, the 
rGO sheets have a significant number of functional groups attached to it. The 
Raman spectrum derived from the rGO-emeraldine mixture shows us the correct 
formation of the PANI conductive phase, which is what we initially looked for when 
synthesizing it. 
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