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Obstract

Graphene oxide (GO) was electropolymerized with polyaniline (PANI) during graphite exfoliation in 0.1 M H2SO4 
electrolyte and 0.1 M aniline monomer solution. Characterization techniques, including Infrared Absorption Spectroscopy 
(FTIR), Thermogravimetric Analysis (TGA), UV-vis spectroscopy, X-ray diffraction (XRD), Scanning Electron 
Microscopy (SEM), and cyclic voltammetry, were utilized. XRD analysis confirmed GO multilayer exfoliation from the 
graphite anode, while UV-vis and FTIR techniques confirmed PANI electropolymerization. SEM images revealed PANI 
distributed between GO multilayers with a nanoneedle morphology. Cyclic voltammetry in 1 M H2SO4 demonstrated 
that the GO/PANI composite achieved a specific capacitance of 117.440 Fg-1, in contrast to GO’s 1.243 Fg-1, both at a 
scan rate of 1 mVs-1. This enhancement is attributed to the improved electrical conductivity from PANI and graphene 
oxide. These results highlight the potential of the GO/PANI composite for high-performance supercapacitors and 
energy storage systems.
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1. Introduction

Supercapacitors are promising energy storage devices 
and have attracted considerable attention in recent years[1-3]. 
Due to the pursuit of reducing pollution through electric 
vehicles, or the explosive growth of portable electronic 
devices, there has been a boost in the development of high-
performance supercapacitors[3-5].

In this context, there are currently two main classes 
of electrochemical capacitors based on their charging and 
storage mechanism: (a) electrical double-layer capacitors in 
which the capacitance arises from the separation of charges 
at the electrode/electrolyte interface[6] and (b) redox where 
the pseudocapacitance arises from faradic reactions occurring 
at the electrode/electrolyte interface[7,8]. Large surface area 
carbons, noble metal oxides, and conductive polymers 
are the main families of materials used as electrodes in 
supercapacitors[9]. Conductive polymers have been widely 
studied, among the main conductive polymeric materials 
that have been investigated for application as an electrode 
of a supercapacitor are polyaniline (PANI)[10], polypyrrole 
(PPY)[11], polythiophene (PTH) and its derivatives[12].

Among these polymers, PANI is considered the most 
promising material due to its high capacitance, low cost, 
and ease of synthesis[13]. However, it can undergo expansion 
and contraction in volume and have low stability and easy 
collapse in loading and unloading, which restricts its practical 
applications[14]. To overcome these disadvantages, various 
carbon materials such as porous carbon, mesoporous carbon, 

and carbon nanotubes were investigated for having good 
conductivity, stable physicochemical properties, low cost, 
and long life cycle[15,16].

Another promising candidate for the fabrication of 
supercapacitor electrode materials is graphene oxide (GO)
[17-20]. GO can be obtained from electrochemical exfoliating 
graphite[21]. The surface of GO contains a large number 
of functional groups (carboxyl, hydroxyl, epoxy group, 
etc.)[22]. These unique functional groups make it disperse 
and hydrophilic in water. In addition, GO also has a large 
specific surface area, broad chemical potential, excellent 
chemical stability, and rich[23,24] coverage morphology. 
In this way, graphene oxide can improve the conductivity 
and chemical stability of the polymer. The combination of 
nanometer-sized and nanostructured GOs with PANI is a 
promising topic for research for application in charge storage 
devices. GO and PANI are compatible materials due to both 
having conjugated π electrons. GO/PANI nanocomposite 
has excellent electrical properties that are linked to the large 
surface area of GO will allow these materials to withstand 
large current densities[25].

Several articles have reported the preparation of GO/
PANI nanocomposite. The one-step electrochemical 
polymerization of a thin film of PANI/GO was reached 
by anodic deposition from an electrolytic solution acid of 
GO and aniline[25]. Other two methods are reported such as 
chemical polymerization of PANI in an aqueous dispersion 
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 of GO[26-29], and by physical mixing of the GO and PANI 
powders dispersed in EtOH[30,31]. The present paper shows 
a new synthesis route to prepare GO/PANI nanocomposite. 
The synergistic method consists of the electrochemical 
polymerization of aniline by the potentiostatic method 
during the exfoliation of an anode electrode constituted 
by a graphite bar.

Thereby, this work presents the results of research whose 
objective was to obtain a nanocomposite of GO and PANI 
by electrochemical means using a synergistic method. This 
simple and inexpensive technique avoids polluting reagents. 
The procedure allows obtaining the GO/PANI nanocomposite 
in just a single synthesis step, from the electrosynthesis of 
polyaniline during the electrochemical exfoliation of graphite. 
The materials obtained were analyzed by morphological, 
physical-chemical characterization techniques, and the 
electrochemical performance of the materials as an electrode 
for supercapacitors showed promising results for application 
in charge storage devices.

2. Materials and Methods

2.1 Preparation of GO and GO/PANI nanocomposites

The synergistic method consists of the potentiostatic 
electropolymerization of PANI at the same electrode 
where occurs the electrochemical exfoliation of graphite 
to obtain graphene oxide (GO) in an electrolytic cell. This 
two-electrode cell has commercially sourced 8B graphite 
electrodes, such as anode and cathode. The electrodes were 
immersed in an electrolytic solution of 0.1 M sulfuric acid 
containing 0.1 M of aniline monomer.

The electrochemical exfoliation of the graphite electrode 
(anode) was performed by applying a DC voltage of +5 V 
for 5 min, then increasing +2 V for 5 min until reaching 
+13 V, using an Instrutherm Model FA-3005 Digital power 
supply. Simultaneously the anode was electropolymerized 
the PANI by a modified potentiostatic method in the same 
potential window from +5 V to +13 V. It was observed the 
appearance of bubbles and the increase of the applied tension 
the formation of foam on the surface of the solution. Then 
the foam (GO/PANI) was extracted from the electrolysis 
cell filtered and washed with distilled water until neutral 
pH and dried in an oven at 100ºC for 24h.

Electrochemical exfoliation of graphite to obtain GO 
was carried out under the same conditions without adding 
aniline to the solution. Was also noticed the appearance of 
bubbles and with the increase of the applied tension the 
formation of foam on the surface of the solution.

The filtered GO and GO/PANI were dispersed in 
0.1 M sulfuric acid its solutions were used to carry out 
the absorbance measurements by UV-vis. The powder 
obtained was used for characterizations (TGA, FTIR, SEM 
and XRD). The same resulting powder was dissolved in 
dimethylsulfoxide, the solution was poured onto ITO glass 
to form films characterized by cyclic voltammetry.

2.2 Samples characterization

The absorbance measurements for the solutions containing 
dispersions of GO and GO/PANI in 0.1 M sulfuric acid 

was performed between 200 nm and 800 nm, using a Varin 
spectrometer, model: Cary 50 Bio in a quartz cuvette with 
a width of 10~mm and a capacity of 3.5 mL.

Thermogravimetric analysis (TGA) was performed to 
verify the thermal behavior of GO and GO/PANI regarding 
thermal degradation temperatures and mass losses. For this, 
the TGA-50 Shimadzu equipment was used, with samples 
of mass 0.2mg, in the temperature range of 25-800ºC with 
a heating rate of 20ºC/min, in a nitrogen atmosphere at a 
flow rate of 50 mL/min.

The samples were KBr pellets and then characterized at 
room temperature by Fourier transform infrared spectroscopy 
(FTIR) using the Shimadzu spectrometer, model IR Tracer 
100, in the region of 600-4000 cm-1 with a resolution of 4 cm-1.

Scanning electron microscopy (SEM) was performed with 
the Superscan SSX-550 SEM-EDX equipment (Shimadzu 
Corporation), with an electron beam of 15 kV, and coupled 
to an energy dispersive spectroscopy (EDS) analyzer. In the 
equipment, the samples (powder form) were fixed to support 
by double-sided carbon tape and previously metalized with 
gold in an IC-50 ion coater equipment (Shimadzu).

The characterization of XRD was performed by the 
Panalytical X’Pert Pro equipment that uses a beam of 
wavelength equal to 0.154 nm, provided by an Analytical 
Expert Diffractometer, The analysis was performed by XRD 
- X’Expert PRO, using CuKαwith λ= 1.505Å, at 40 kV and 
with a current of 40 mA. The 2θ range used was between 
10-65º, with a step size of 2º/min.

Raman spectroscopy was realized at room temperature 
in a spectrometer Jobin-Yvon-64000 micro-Raman system, 
using a green laser (λ= 532 nm) as an excitation source.

For the cyclic voltammetry (CV) analysis, the potentiostat 
(Metrohm Autolab) was used to control such equipment, 
using the NOVA 2.0 Software. Cyclic voltammetry curves 
were performed to verify the performance of the GO/PANI 
and GO films for their capacitance[32]. The electrochemical 
cell was assembled with a conventional three-electrode 
system: an ITO plate modified with the GO and GO/PANI 
composite as the working electrode, an Ag/AgCl electrode 
as the reference electrode, and a Pt wire as the auxiliary 
electrode. The CV measurements were recorded in 0.1 M 
H2SO4, in the potential range from -0.2 V to 1.0 V, using a 
different scan rate of 1, 2, 3, 4, and 5 mV/s.

3. Results and Discussions

Figure 1 illustrates the potential program used for 
synergistic electrochemical exfoliation of graphite and 
electropolymerization of PANI. The increase of voltage 
between the working electrode (anode) and the against 
electrode (cathode) over time proved to be suitable for the 
electrochemical polymerization of PANI[33].

During the electrochemical polymerization of aniline 
generally, the polymer is deposited on the working electrode. 
The accepted mechanism reaction consists of oxidation 
of the monomer at the anode leading to the formation of 
aniline cation radicals (rate-determining step). Followed by 
the formation of soluble oligomers next to the electrode. 
Through a nucleation process, these oligomers are deposited 



Synergistic electrochemical method to prepare graphene oxide/polyaniline nanocomposite

Polímeros, 33(3), e20230036, 2023 3/10

on an electrode. The next stage of polymerization is the 
propagation chain, which allows the deposition of PANI 
on the electrode[33].

In our work due to higher initial potential (5V) the 
rate of formation of aniline cation radicals is favored and 
synthetized oligomers are rapidly stabilized by the nanosheets 
of GO. Therefore, the nucleation on the working electrode 
is not possible and the polymerization of PANI continues 
between the nanosheets of GO.

FTIR spectroscopy was used to structurally characterize 
the product of electrochemical exfoliation of graphite and 
in situ, electropolymerizations of polyaniline in GO leaves.

Figure 2 displays the spectra obtained from GO and GO/
PANI. In the FTIR spectrum of the GO sheets, the presence 
of oxygen is observed, containing the functional groups in 
GO. The high-intensity band at 1076 cm-1 corresponds to the 
C-O-C stretch vibration. The band at 1381 cm-1 corresponds 
to the C-OH stretch. The peak at 1458 cm-1 corresponds 
to the splitting vibration of the O-H bond of the C-OH 
group. The stretching vibration of the aromatic rings (C=C) 
corresponds to the absorption band at 1573 cm-1. The low-
intensity band at 1720 cm-1 corresponds to the stretching 
vibration of the C=O bond, in the -COOH group. Note two 
bands 2850 cm-1 and 2920 cm-1 corresponding to the vibration 
of stretching C-H bonds. The widest band at 3350 cm-1, 
corresponding to the O-H stretching vibrations, suggests that 
the GO sample contains a large amount of adsorbed water 
molecules. The FTIR spectrum of graphene oxide shows 
that the product, obtained by electrochemical exfoliation of 
graphite, is strongly oxidized and consists mainly of -OH 
and other oxygen-containing functional groups[34].

The FTIR spectrum of the GO/PANI product shows 
the characteristic vibration bands of the PANI[35] chemical 
structure. The broadband at 3444 cm-1 corresponds to 
the stretching vibration of the N-H bond. The spectrum 
shows the characteristic stretching of the vibration bands 
at 1568 cm-1 (C = C, quinoid rings), 1481 cm-1 (C = C, 
benzenoid rings), 1296 cm-1 (CNC), and 1122 cm-1 (C-NH-C). 
All these bands indicate the presence of PANI in the GO/
PANI compound.

Figures 3a and 3b show the TGA and DTG results of the 
GO and GO/PANI samples degraded between 25 to 800ºC 
to 20ºC/min, under a nitrogen atmosphere. The TGA curves 
show a similar decomposition profile in both samples, in 
three degradation steps. The TGA and DTG curve of the GO 

Figure 1. Schematic representation of the potential program used 
for the preparation of the GO/PANI nanocomposite

Figure 2. FTIR transmittance spectrum of GO and GO/PANI. The 
spectrum shows the characteristic stretching of the vibration bands 
at 1568 cm-1 (C = C, quinoid rings),1481 cm-1 (C = C, benzenoid 
rings), 1296 cm-1 (CN), and 1122 cm-1 (CH).

Figure 3. TGA and DTG results from (a) GO and (b) GO/PANI samples degraded between 25 to 800ºC to 20ºC/min, under a nitrogen 
atmosphere.
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is shown in Figure 3a. It is observed that under a nitrogen 
atmosphere the GO degrades in three well-defined steps 
in the TGA curve:

• step A, temperatures ≤ 100ºC refer to water loss (1.8%);

• Step B, between 100ºC and 414ºC, refers to the loss of 
oxygen-containing functional groups (10.2%);

• Stage C, between 414ºC and 800ºC (slow and soft loss) 
attributed to the loss of oxygen functional groups with 
greater thermal stability (5.5%).

According to the literature, in a nitrogen atmosphere, 
there is no breakage of the C-C bond, related to graphene 
pyrolysis[36]. Finally, up to 800ºC, the TGA curve shows a 
residual of 82.5%.

It can be observed in Figure 3a (DTG curve) that steps 
A and B, described above, have the following singularities:

• Step A: two peaks of maximum degradation velocity at 
a temperature of 62ºC and 90ºC, We can then distinguish 
two types of water, one adsorbed on the surface and the 
other located between graphene sheets;

• Two peaks of maximum degradation velocity at 
temperatures of 216ºC and 330ºC, which must be related 
to the loss of different oxygen functional groups on the 
surface of graphene.

Therefore, step B which corresponds to the highest 
mass loss of 10.2% is due to the decomposition of oxygen-
containing functional groups (such as C-OH, COC, -COOH) 
producing CO2, CO, and H2O that are removed from the GO 
nanosheets. These functional groups, like -COOH and -OH, 
on the surface of the GO not only increase dispersibility but 
can also anchor PANI to the surface[37].

In Figure 3b the TGA and DTG curves of GO/PANI are 
observed. This sample has a slightly higher moisture content 
(2%) and is similar to stage A of the GO. Degradation step 
B, between 150ºC and 430ºC, also shows a higher mass 
loss (11.8%). In this second step, in addition to the loss of 
the oxygen functional groups attached to the surface of the 
GO, we have the loss of mass of the PANI dopant (SO4

2-). 

In step C, ≤ 430ºC, large mass loss occurs (12%) due to the 
decomposition of PANI in the GO/PANI nanocomposite. 
In this last step, the loss of stable oxygen functional groups 
linked to the GO also occurs. Finally, at 800ºC we have a 
residue of 74.2%, which we attribute to the GO and stable 
structures of the PANI, formed during the degradation.

To observe the surface of the GO/PANI nanocomposite 
more distinctly, SEM images were obtained for comparison. 
The results are shown in Figure 4.

As shown in Figure 4a, GO leaves were observed. 
Figure 4b shows that PANI was well distributed on the 
surface of GO sheets with high porosity. It is also possible 
to identify the PANI in nanoneedles structure in some 
regions of the GO surface, with an average length of 
approximately 0.032±0.004 µm. In agreement with some 
reported references[35].

When analyzing the morphology of the GO/PANI 
nanocomposite (Figure 4b), it is important to consider the 
electrical transport of the GO/PANI composite is related 
to the binding mechanism stated between GO and aniline 
monomer during electrochemical synthesis. The strong affinity 
between the negatively charged carboxyl group and positively 
charged amine nitrogen groups makes the PANI fibers bond 
tightly with the GO nanosheets. The aniline monomer is 
first adsorbed on the surface of the GO nanosheets, during 
the formation of PANI nanofiber under the GO nanosheets 
due to electrostatic attraction.

The electrochemical oxidation of aniline results in the 
nanostructured product shown in Figure 4b. Therefore, 
GO nanosheets can be considered as a support material, 
providing a large number of active sites for PANI growth.

The X-Ray Diffraction Spectrum for GO/PANI 
nanocomposite is shown in Figure 5. The first peak at 
2θ = 6.46º is characteristic of Graphene Oxide and refers to 
the (001) plane. Compared to the literature (2 θ = 10.2º and 
spacing between GO sheets, d = 8.65 Å) this detachment is 
approximately 5.39º[38].

In the diffractogram of Figure 5, it is also possible to 
notice two peaks at 2 θ = 20.85º and 26.515º. These peaks 
refer respectively to the (021) and (200) planes, which 

Figure 4. Comparative SEM images of (a) GO and (b) GO/PANI nanocomposite. (a) GO leaves can be observed. (b) shows that PANI 
was well distributed on the surface of GO sheets with high porosity. It is also possible to identify the PANI in a nanoneedles structure in 
some regions of the GO surface, with an average length of approximately 0.032±0.004 µm.
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are characteristic of PANI and prove the polymerization 
of polyaniline in the material. This also suggests that the 
polymer on the GO surface has the same crystal structure 
as PANI when pure.

Figure 6 shows the UV-vis spectrum measured in 0.1 M 
sulfuric acid of GO/PANI and GO. An absorption peak at 
314 nm is observed in the GO spectrum, which is related to 
the excitation n – π* transition of the carbonyl group (C=O).

In the GO/PANI spectrum, the presence of three peaks is 
noted. The peak at 340 nm can be linked to π - π* transitions 
within the benzoid ring compound. The third widest peak at 
540 nm, due to PANI, originates from the cationic charged 
species, which are known as polarons. Furthermore, the 
appearance of this peak indicates that the resulting product 
contains polyaniline.

Through the UV-vis spectrophotometry technique, 
it was also possible to calculate the value of the optical 

bandgap (Eg). The estimate of the Eg was determined from 
the absorption coefficient using the Wood-Tauc equation[39]. 
Figure 7 shows the estimate of the indirect bandgap ( n = 1/2) 
for the GO/PANI compound. It is observed that the G/PANI 
presents an indirect bandgap Eg of 2.06 eV. Figure 7 shows 
the estimate of the direct bandgap ( n = 2) for GO/NIAP. 
A direct Eg of 3.01 eV can be observed for GO/PANI. It is 
possible to observe that GO has a direct gap Eg of 3.53 eV. 
The indirect gap for GO is shown in Figure 7, where an 
indirect gap of Eg of 3.29 eV was found.

Figure 8 shows comparatively the Raman spectra of 
GO and GO/PANI nanocomposite. Raman spectrum of 
GO displays the typical peaks at 1350 and 1600 cm−1, 
assigned to the D band (disordered GO structure, carbon 
atom hybridized sp3 due to chemical functionalization) 
and G band (organized hexagonal structure, carbon atom 
hybridized sp2 ), respectively. The intensity ratio between 
these two bands (ID/IG) is a signal of the degree of disorder 
of the carbon structure[40]. The ID/IG ratio of 0.8 to GO it is 
agrees with the value observed in graphene oxide obtained 
by the electrochemical method[41].

For GO/PANI the ID/IG ratio shows a lower value. Like 
results were observed in the GO/PANI composite prepared 
by chemical method[42]. The interaction between GO and 
PANI can be by π-π stacking, electrostatic interactions, and 
hydrogen bonding[43]. The Raman spectrum of GO/PANI 
displays two new bands between D and G bands of graphene 
oxide, a band at 1408 cm-1 and a shoulder to 1533 cm−1, both 
are assigned to the PANI backbone[44]. The performance of 
GO/PANI and GO Films deposited in ITO were analyzed 
through the cyclic voltammetry technique. These films were 
used as electrodes and the specific capacitance eC  in (F/g) 
was calculated from the results obtained using Equation 1.
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voltammetric charge obtained by integrating positive and 
negative sweeps during cyclic voltammetry, ( )2 1  E E−  is 
the potential window (V), m is the average mass of the 
material in grams (g) and 'v  is the rate of sweep (V/s). The 
values of eC  calculated from the cyclic voltammetry curves 
for the GO and GO/PANI electrodes at different scan rates 
are shown in Table 1.

The CV curves of the GO/PANI and GO films on ITO 
were plotted with different scan rates of 1, 2, 3, 4, and 5 mV/s 
with the potential range from -0.2 to 1.0 V and are shown 
in Figure 9. All curves show the redox peak appearance and 
reflect the mixture of double layer and pseudocapacitance. 
The redox peaks originate from the faradaic reactions that 
occur between the surface of the electrodes and electrolytic 
ions. The cathodic peak at lower potential values (0.20V) 
can be linked to the transition leucoemeraldine/emeraldine. 
The anodic peak at higher potential values (0.6V) was 
associated with the transition emeraldine/pernigraniline[45].

The highest specific capacitance of GO/PANI is 
117.440215 F/g at 1 mV/s. This is the highest eC  recorded 

Figure 5. GO/PANI XRD spectrum. The first peak at 2 θ = 6.46º is 
characteristic of Graphene Oxide and refers to the (001) plane. Two 
peaks at 2 θ = 20.85º and 26.515º are characteristic of PANI and 
refer to planes (021) and (200), respectively. These peaks confirm 
the polymerization of polyaniline in the material.

Figure 6. UV-Vis of GO/PANI and GO dispersion in 0.1 Molar 
sulfuric acid. In the GO/PANI spectrum, the presence of two peaks 
is noted. The peak is 340 nm due to a π - π* electronic transition 
within the benzoid ring.
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among the samples. The difference in specific capacitance is 
due to the highly porous nature of PANI, which provides more 
surface area available for redox reactions. The SEM images 
(Figure 4) clearly show that the GO/PANI nanocomposite 
film provides several microchannels for the diffusion of 
counter-ions during the redox reaction, which increases 
the accessibility in the surface area of the film. In addition, 
graphene oxide sheets act as Chanel in the compound and 
facilitate the rapid transfer of ions and electrons across the 
electrode surface.

Therefore, GO/PANI film shows high capacitance, even 
higher than some compounds. Higher values of specific 
capacitance of PANI were reported by some authors[46], as 
well as for PANI with nanoneedles morphology. The cyclic 
voltammetry curves of the ITO electrode deposited with GO 
are shown in Figure 9. The highest specific capacitance of 
GO is 1.24 F/g at 1 mV/s.

In both electrodes, the specific capacitance decreased with 
increasing scan rates. This is because the ion concentration 
at the electrode-electrolyte surface is increasing rapidly and 

the diffusion rates of electrolyte ions at the electrode interface 
are still not sufficient to satisfy electrochemical reactions.

The device underwent a cyclic stability test, where it 
was subjected to a cyclic current of 0.3 mA for more than 

Figure 7. Tauc plot, and the respective linear extrapolation to obtain the bandwidth for the (a) indirect electronic transition of GO/PANI, 
(b) direct electronic transition of GO/PANI, (c) direct electronic transition of GO, and (d) indirect electronic transition of GO.

Table 1. Specific capacitance in F/g calculated from electrode 
cyclic voltammetry curves with GO and GO/PANI nanocomposites 
at different scan rates.

Scan rate (mV/s) F/g (GO/PANI) F/g (GO)
1 117.44 1.24
2 52.94 0.56
3 32.33 0.35
4 24.25 0.25
5 19.55 0.13

Figure 8. Raman spectra of GO and GO/PANI.
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5 hours, with an application interval of 15 seconds followed 
by a discharge of 10 seconds in a load that consumed -0.3 mA 
(see Figure 10). To aid visualization, Figure 10b presents an 
excerpt from Figure 9a. Remarkably, the specific capacitance 
exhibited a small initial increase and subsequently maintained 
a constant level. This increase in specific capacitance can 
be attributed to insufficient contact between the composite 
material and the aqueous electrolyte solution during the 
initial stages of the electrochemical process. The initial 
capacitance increment is probably the result of favorable 
wetting of the composite materials by the electrolyte, which 
facilitates a reduction in the electrode’s internal resistance.

In conclusion, the examined samples exhibit characteristics 
of graphene oxide (GO) sheets, and the GO/polyaniline (PANI) 
nanocomposite showcases PANI nanoneedles distributed 
within the GO sheets, resulting in high porosity. Despite 
being a cost-effective technique, it proved to be efficient, 
as the formation of GO was confirmed by various analyses, 
including TGA, FTIR, XRD, and UV-vis. Furthermore, the 
studied material, based on graphene oxide and polyaniline, 

demonstrates a high specific capacitance and excellent 
stability overcharge and discharge cycles. Therefore, it 
stands as an outstanding candidate for use in charge storage 
devices, such as capacitors and supercapacitors.

4. Conclusions

Composites of graphene oxide and polyaniline were 
successfully synthesized by a synergistic new method based 
on electrochemical exfoliation of graphite and potentiostatic 
electropolymerization of polyaniline.

The X-ray diffraction pattern confirmed the polymerization 
of polyaniline in the material and indicated that the introduction 
of the polymer in GO increased the space between the GO 
layers by 57%. FTIR spectroscopy provided chemical structural 
information on GO and GO/PANI. The FTIR spectrum of 
GO/PANI clearly showed the characteristic PANI bands at 
1568 and 1481 cm-1. The FTIR spectrum confirmed that 
the surface of the GO was completely oxidized. The UV-
Vis spectrum confirmed the presence of PANI through the 

Figure 9. Cyclic voltammetry curves of the ITO electrode with (a) GO/PANI film and (b) GO film, in a solution of 1 M of H2SO4, with 
different scanning rates in the range potential from -0.2 to 1.0 V.

Figure 10. (a) Charging and discharging the device during an interval of more than 5h, (b) insert of Figure (a).
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polaronic band. SEM image confirmed the presence of GO 
nanosheets and PANI nanoneedles interspersed between GO 
with an average length of approximately 0.032±0.004 µm 
distributed in the surface regions of the GO nanosheets.

Thermal characterization by thermogravimetry (TGA) 
showed that both the GO and the GO/PANI nanocomposite 
degrade in three well-defined steps. TGA showed a high 
content of functional groups present in the GO structure.

From the analysis of cyclic voltammetry, it is evident 
that the addition of PANI (GO/PANI) to GO significantly 
enhanced its electrochemical performance. The highest 
specific capacitance observed for GO/PANI was 117.44 F/g, 
measured at a sweep rate of 1 mV/s. Notably, this value 
is approximately 94.44 times greater than the specific 
capacitance of GO analyzed under identical conditions. 
Furthermore, the device demonstrated excellent performance 
throughout the charge and discharge tests, indicating its 
reliability and stability as a charge storage device. These 
results highlight the potential of GO/PANI as an improved 
material for use in energy storage applications, such as 
capacitors and supercapacitors. Taking into account all the 
characterizations performed, the material studied in this 
research, based on graphene oxide and polyaniline, is an 
excellent candidate for applications in energy storage devices, 
such as supercapacitors, as it has a high specific capacitance. 
In addition, despite being a low-cost technique, it proved to 
be efficient, as the formation of the GO was confirmed by 
both TGA and FTIR, DRX, and UV-vis. Finally, the images 
performed in SEM showed characteristics of GO sheets and 
in the GO/PANI composite, the PANI with nanoneedles 
morphology appears well distributed between GO sheets 
with high porosity.
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