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Abstract 
This research work presents the synthesis of a novel three-dimensional (3D) hybrid nanostructure 
composed of polyaniline (PANI) grafted onto a graphene oxide-multi walled carbon nanotube 
(GO-MWNT) matrix. The hybrid nanostructure was meticulously prepared to harness the 
synergistic effects of graphene, carbon nanotubes, and PANI. The hybrid composite was 
synthesized by grafting the PANI along the GO-MWNT matrix using in situ oxidative 
polymerization route. The study primarily focuses on the detailed synthesis process, 
Physiochemical characterization and dielectric property analysis of resultant hybrid material. The 
structural order, morphological properties and thermal properties of hybrid composite was 
examined by X-ray diffraction (XRD), Scanning electron microscopy (SEM) and furthermore, 
the dielectric properties of this hybrid nanostructure are comprehensively analysed through 
dielectric measurements. For Dielectric measurements the composite powder was compressed in 
pallet form having 1mm thickness and 8 mm diameter. The dielectric properties including specific 
resistivity, dielectric constant and tangent loss was recorded with frequency at room temperature. 
Keywords: Graphene oxide, polyaniline, Dielectric properties, Hybrid composite, In-situ 
polymerization 
 
1. Introduction: 

The scientific community is developing sustainable and renewable energy resources at a rate 
never seen before, driven by the growing urgency to combat climate change and lessen our 
dependency on fossil fuels [1], [2]. Energy storage and conversion technologies are becoming 
more and more important in this quest. This quest has created an urgent need for cutting-edge 
materials that have the potential to transform energy conversion and storage technologies[3]. 
With a particular focus on analysing their dielectric performance for supercapacitor electrode 
materials, our research focuses on the synthesis of a novel three-dimensional (3D) hybrid 
nanostructure that combines the remarkable properties of polyaniline (PANI) and graphene 
oxide-functionalized Multi walled-carbon nanotubes (GO-MWNT) composite[4], [5]. 
Supercapacitors are essential components of many energy conversion systems and are used to 
store and distribute electrical energy. It is becoming more and more important to create new 
materials with specialised designs that can increase power and energy density in order to improve 
the performance of these systems [3], [6]. 
The electrode materials are one of the main variables affecting supercapacitor device 
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performance. They are important not only for supporting structure but also for controlling factors 
of electrochemical performance including specific capacitance, Energy density, Power density 
cycle stability and lifespan, charge storage, Electrical conductivity, chemical stability [4], [5], 
[6], [7], [8], [9], [10], [11], [12], [13]. 
Supercapacitors' specific capacitance, energy density, and charge/discharge rates are directly 
impacted by the surface area, porosity, and conductivity of their electrode material, which is 
determined by its structural makeup. Properly constructed structures facilitate ion accessibility, 
which in turn promotes effective electrochemical processes for better overall performance. They 
have been utilized to enhance the stability and performance of electrodes, electrolytes and 
separators [10], [13], [14], [15], [16], [17]. 
Materials such as Multi Walled-Carbon Nanotubes (MWNTs), Graphene Oxide (GO), 
Molybdenum Disulfide (MoS2), Tungsten Oxide, Polypyrrole (PPY), Titanium Carbide, 
Vanadium Pentoxide, Carbon Nanowires (CNWs), Black Phosphorus, Niobium Oxide (Nb2O5), 
and Carbon Nano discs exhibit excellent electrochemical properties, making them ideal for use 
as electrode materials in supercapacitors. Their high surface area, conductivity, and unique 
nanostructures contribute to their superior performance in energy storage applications, justifying 
their use as supercapacitor electrode materials [5], [7]. 
The drawbacks of both conducting polymers and graphene oxide (GO) in supercapacitor 
electrodes can be solved by combining them. While conducting polymers have oxidative activity, 
GO has a high surface area and conductivity. Enhanced capacitance, cycling stability, and charge-
discharge kinetics result from this synergy's improvement of electrochemical performance. 
Energy storage systems could be advanced by using synthesised composites [5], [7], [18], [19], 
[20], [21]. 
Composites of graphene oxide (GO) and conducting polymers show promise as improved 
electrode materials because of their superior mechanical characteristics, flexibility, mass load, 
specific surface area, and theoretical capacity. Several instances demonstrate their potential and 
provide a detailed look at how they can be used as electrodes, highlighting the revolutionary 
effect these composites have on improving energy storage capacities in a variety of settings. In 
energy storage materials, two-dimensional forms have historically been common [8], [12], [15], 
[20], [22], [23]. Nonetheless, because of the possible benefits, three-dimensional configurations 
are becoming more and more popular. Our goal is to leverage better ion diffusion kinetics, more 
accessible active sites, and overall superior electrochemical performance in the production of our 
PANI grafted GO-MWNT 3D hybrid nanostructure [12], [23]. 
Our work focuses on the synthesis of a PANI grafted GO-MWNT 3D hybrid nanostructure, which 
can be utilize as an advanced hybrid nanocomposite electrode materials for supercapacitor 
application. By combining the advantages of PANI and GO-MWNT, this novel strategy seeks to 
maximise energy storage capacity by utilising each material's unique qualities. 
It is well reported that the charge storage and release of SC device is highly depends on dielectric 
response of the electrode material [7], [15], [24], [25], [26]. We believe that the special features 
of PANI and GO-MWNT combinedly affect the dielectric properties of electrode that have a 
major influence on energy storage efficiency of final device. Therefore, the present work aims to 
offer a primary investigation of the effect of physiochemical properties including hybrid 
nanostructure's, surface morphologies, functionalization on the dielectric performance of 
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composite electrode material.  
 
2. Materials and Methods   

2.1 Materials 

In the present study, the synthesis of graphene oxide (GO) and polyaniline was undertaken using 
a carefully curated set of precursor materials. The initial phase involved the utilization of graphite 
powder (particle size <45 μm), potassium permanganate (KMnO4) {Both Purchased from CDH 
(Central Drug House)}, sodium nitrate (NaNO3), 30% hydrogen peroxide (H2O2) (Purchased 
from RANKEM), and concentrated sulfuric acid (H2SO4) (Purchased from Fisher scientific) as 
essential starting materials for GO synthesis [27]. Subsequently, the formation of polyaniline 
included the incorporation of doubly distilled aniline(Aniline is purchased from Fisher scientific), 
hydrochloric acid (HCl)(Purchased from Qualigens by Thermo Fisher Scientific), deionized 
water, ammonium persulfate [(NH4)2S2O8](Fisher Scientific), and multi-walled carbon 
nanotubes (MWNTs). This comprehensive approach aimed to achieve the synthesis of graphene 
oxide, polyaniline and hybrid composite with enhanced precision and desired properties for 
potential applications [23], [28]. 
2.2 Synthesis of Graphene oxide (GO) 
As we have reported earlier[27],the GO was synthesized using a well recommended modified 
Hummer's method.  
In the standard procedure the graphite powder and 3 g of sodium nitrate are mixed with 75 ml of 
sulfuric acid at 0°C. Subsequently, the mixture is gradually and cautiously stirred with slow 
addition of 9 g potassium permanganate in 15 min, maintaining a temperature within range of 15-
20°C and keep steering continuously for 1 hr. till the solution became dark green. After that the 
ice bath is removed and keep steering continuous to allowing the flask to get at room temperature. 
In next step 200 mL of deionized water is added slowly by titration while making sure the reaction 
temperature not raise beyond 100°C. The colour of reactor will change dark green to dark brown. 
In final step the 10 ml of 30% concentrated hydrogen peroxide is mixed in the solution to stop 
the reaction and allowed to stir for next 24 hours [27], [28], [29]. 
Now, a rotary centrifuge is used to separate the solution by centrifugation at 7000 rotations per 
minute (rpm) washing by 1M HCL. The brown, paste-like substance (GO)was acquired. 
 
MWNT was prepared by chemical vapor deposition using two temperature zone furnaces as 
reported earlier [30]. 
2.3 Synthesis of PANI (Polyaniline) 
Double distilled aniline monomer was first dissolved in a 1 M HCl solution. The aniline solution 
was then mixed with a solution containing 0.8 M acidic ammonium persulfate (APS) dropwise 
for 4 hours, all the while stirring constantly to promote polymerization processes and keeping the 
reaction temperature between 0 to 5 ◦C. After that, the final product was filtered and repeatedly 
cleaned with deionized (DI) water. A freeze dryer was then used to dry the refined product [20], 
[28], [31]. 
2.4 synthesis of GO-PANI/ GO-MWNT PANI 
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The GO-PANI/GO-MWNT PANI composite powder was synthesized through the in-situ growth 
of polyaniline (PANI) on the surface of GO, multi-walled carbon nanotubes (MWNT) via 
chemical oxidation polymerization of aniline. Ammonium persulfate ((NH₄) ₂S₂O₈) was 
employed as the oxidant, and the entire process was conducted at a very low temperature. To 
initiate the synthesis, distinct weight percentages of GO, GO-MWNTs were introduced into a 40 
ml of 1 M hydrochloric acid (HCl) solution, and ultrasonication was applied to achieve 
homogeneous dispersion. Following this, the aniline solution, where GO, GO-MWNTs were 
uniformly dispersed, was prepared in 100 ml of a 1 M HCl solution, subjected to ultrasonication 
for 1 hour. 
Subsequently, a 100 mL solution containing 2.23 g APS ((NH₄) ₂S₂O₈) in the same molar ratio as 
aniline was dissolved in 1 M HCl, and this solution was added dropwise to the GO, GO-MWNTs 
-dispersed aniline mixture at a temperature range of 0–5 °C. The resulting mixture underwent 
continuous stirring for the next 3 hours, resulting in the formation of a dark green precipitate upon 
the completion of the polymerization process. The resultant mixture was then filtered, and any 
undesired impurities generated during the chemical reaction were eliminated through washing 
from acetone and DI water using centrifugation at 4500 rpm. Finally, the product was subjected 
to drying under vacuum conditions. 
This method ensured the successful integration of PANI onto the GO, GO-MWNT surface, 
leading to the fabrication of GO-PANI /GO-MWNT PANI composite powder with controlled 
properties suitable for a variety of applications [12], [13], [23], [28], [31], [32]. 
 
3. Results 
3.1 Scanning Electron Microscopy (SEM) analysis 
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Figure 1:  SEM images (a)Pure PANI (b)GO (c)GO-PANI (d)GO-MWNT-PANI 

SEM images illustrating the structures of PANI [figure 1(a)], GO [fig. 1(b)], GO-PANI [fig. 1(c)], 
and GO-MWNT PANI [fig. 1(d)] composites are displayed in Figure 1. The GO-MWNT-PANI 
composite reveals a consistent PANI coating on the MWNT, suggesting effective dispersion of 
carbon nanotubes within the polymer matrix. The brighter segment corresponds to the top surface 
of the sample, while the darker lower part reveals imperfections and impurities in the GO nano 
sheet, persisting through the solution, purification, and drying phases. Distinct lines adjacent to 
the edges of the GO sheet imply a layer thickness ranging from approximately 8 to 12 nm. The 
textured surface and enlarged diameter of the composite indicate the presence of PANI coating 
over the MWNTs and GO. Given that the MWNTs have a diameter between 40–60 nm, the 
nanocomposite displays a novel interwoven fibrous structure, serving as a conductive pathway 
and resulting in heightened conductivity compared to pure PANI [1], [2], [3], [4]. 
3.2 Raman Spectroscopy  
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Figure 2: Raman spectra of GO, PANI, GO-MWNT-PANI 

Different structural features were found in the extensive Raman spectroscopic study of 
polyaniline (PANI), graphene oxide (GO), and the GO-MWNT-PANI composite, providing 
insight into the special qualities of each material. As shown in Fig. 2, for PANI, the existence of 
prominent structural flaws and disorder inside the polymer is indicated by the observation of a 
strong D band at 1041 cm⁻¹. This specific feature highlights the intrinsic imperfections in the 
PANI molecular structure and is representative of carbon-based materials with disrupted 
crystallinity. Concurrently, the strong G band at 1606 cm⁻¹ indicates that there are sp² carbon 
atoms in the polymer chain, providing information about the crystalline domains found in PANI. 
Raman examination of GO indicated the presence of a G band at 1637 cm⁻¹ and a D band at 1299 
cm⁻¹. The D band indicates the existence of structural imperfections in the graphene oxide and is 
linked to flaws in the carbon lattice. In the meantime, the G band highlights the graphitic character 
of GO by indicating the presence of sp² hybridised carbon atoms. 
The composite of GO-MWNT-PANI had a complex Raman signature, with two distinct peaks: 
1359 cm⁻¹ (D band) and 1637 cm⁻¹ (G band), as well as a tiny peak at 1038 cm⁻¹. These particular 
peaks point to a composite structure that combines the properties of Multi walled-carbon 
nanotubes (MWNTs), GO, and PANI. The coexistence of defects and sp² carbon atoms is shown 
by the appearance of the D and G bands in the composite, highlighting the complementary 
integration of the constituent parts. This Raman research is important because it provides accurate 
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molecular insights into the subtle structural characteristics of each material. PANI's enhanced D 
band indicates more disorder in its structure, which may affect its mechanical and electrical 
characteristics. Simultaneously, the elevated G band in both GO and the composite highlights the 
ubiquity of sp² carbon atoms, suggesting their potential for electrical uses. 
 
3.3 X-Ray Diffraction (XRD) Analysis 
The XRD pattern of the hybrid composites of GO, PANI, and Hybrid GO-MWNT-PANI is 
displayed in Figure 3. The GO sample's most noticeable peak can be seen at 2θ=9.99°, which 
corresponds to the interlayer spacing of 0.887 nm and the (001) diffraction plane. The PANI 
(Black curve) shows two broad peaks at 15.36° and 25.32°. These correspond to the 
crystallographic planes (010) and (110) of PANI when it is in the emeraldine salt form, as 
determined by diffraction. In contrast, diffraction peaks were visible in the GO-MWNT-PANI X-
ray diffraction (XRD) patterns at 2θ=11.49° (from GO) and 2θ=27.16°. Nonetheless, the peak's 
intensity at 11.49° was significantly lower than that of pure GO; this might be explained by a 
drop in GO content as well as the fact that PANI and MWNTs covered the majority of the GO 
sheets. The peak's intensity at 2θ=27.16° was significantly higher than that of pure MWNTs, 
showing that PANI successfully affiliated with the composite. 

 
Figure 3: XRD pattern of PANI, GO-PANI and GO-MWNT-PANI Composite 

3.4 Dielectric Property  
The results of measuring the dielectric constants at different frequencies under controlled 
conditions are displayed in the Figure 4. The graph indicates that the dielectric constant values 
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for PANI, GO-PANI, and GO-MWNT-PANI vary with frequency. There was a noticeable pattern 
in the dielectric constant for PANI at various frequencies. At lower frequencies, the dielectric 
constant was 7.86, whereas at higher frequencies, it was 7.55. After careful analysis, it seems that 
polyaniline has a stable dielectric constant at low frequencies, suggesting that it reacts to electric 
fields gradually, and that it gradually decreases as frequencies rise. In a similar vein, GO-PANI 
revealed a dielectric constant that varied with frequency. The dielectric constant was 13.20 at 
lower frequencies and 10.24 at higher frequencies. The frequency response was affected by the 
presence of graphene oxide, which expanded the frequency range and improved the dielectric 
characteristics. The dielectric constant for the GO-MWNT-PANI is also rapidly reducing as 
frequency increases at low frequencies, and at higher frequencies, the dielectric constant graph 
becomes a straight line, or roughly constant. At the end we found that the dielectric constant of 
GO-MWNT-PANI Hybrid composite is higher then PANI and GO-PANI composite. 

 
Figure 4: Dielectric constant v/s Frequency graph of PANI(Black), GO-PANI(Red) and GO-
MWNT-PANI Hybrid Composite (Blue). 
 

3.5 Specific Resistivity measurements  

The resistivity-frequency Graph as showed in Figure 5 investigation revealed that the behaviours 
of GO-PANI, GO-PANI, and GO-MWNT-PANI varied. PANI displayed a moderate decrease in 
resistivity from 2.3 × 10^3 Ohm-meter to 6.5 × 10^2 Ohm-meter over the frequency range of 
10^5 Hz to 2.4 × 10^5 Hz, whereas GO-MWNT-PANI displayed the highest resistivity, rapidly 
decreasing from 5.3 × 10^3 Ohm-meter to 9.6 × 10^2 Ohm-meter. All three of the GO-PANI 
composites converged to a steady value almost ranging between 5 × 10^2 Ohm-meter when 
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frequencies above 6.5 × 10^5 Hz, suggesting lower resistivity than the hybrid composite. The 
results show that the high resistivity values of the GO-MWNT-PANI hybrid material exhibit the 
electrical properties necessary for the tunability of diverse applications.  

 

Figure: 5 Resistivity v/s Frequency plot of PANI(Black), GO-PANI(Red) and GO-MWNT-PANI 
Hybrid Composite (Blue). 

3.6 Dissipation Factor Analysis 

The D-factor data shows clear differences in the investigation of PANI, GO-PANI, and GO-
MWNT-PANI Hybrid Composite for supercapacitor applications. Notably, at both low and high 
frequencies, the GO-CNT-PANI Hybrid Composite has a lower D-factor than both pure PANI 
and the GO-PANI composite. With a D-factor of 0.44 at high frequencies and 3.87 at low 
frequencies, PANI exhibits a sharp decline in D-factor that gradually stabilizes as frequency 
increases. Grafting PANI on GO is thought to reduce losses, according to GO-PANI, which has 
a D-factor of 3.97 at low frequency and 0.33 at high frequency. With a D-factor of 3.47 at low 
frequency and 0.05 at high frequency, the GO-MWNT-PANI Hybrid Composite outperforms 
both, demonstrating more effectiveness in lowering dielectric heating. These results highlight the 
unique benefits of each material and offer insightful information for improving supercapacitor 
performance.  
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Figure: 6 D-factor v/s Frequency plot of PANI(Black), GO-PANI(Red) and GO-MWNT-PANI 
Hybrid Composite (Blue). 

4. Conclusion   

The synthesis of a 3D hybrid nanostructure, featuring Polyaniline (PANI) grafted onto GO-
MWNT, exhibits promising advancements in dielectric performance. Raman spectroscopy 
validates successful composite formation, confirmed by distinctive peaks. XRD analysis verifies 
structural integrity, while SEM images showcase a well-defined, interconnected 3D network 
resulting from synergies between graphene oxide (GO) and multi-walled carbon nanotubes 
(MWNT). Notably, dielectric constant analysis highlights a substantial improvement from PANI 
to the GO-CNT-PANI hybrid composite, attributed to the unique 3D architecture enhancing 
charge storage capacity and interfacial polarization. The observed rise in resistivity aligns with 
expectations, introducing more resistive pathways within the composite. The noteworthy 
decrease in the D-factor for the GO-CNT-PANI hybrid composite underscores its superior ability 
to mitigate dielectric losses, suggesting potential applications in electronic devices and 
capacitors. 

5. Future 

This study prompts future investigations into the relationship between 3D nanostructure 
morphology and dielectric properties. Exploring varied GO and MWNT ratios in the hybrid 
composite could optimize electrical and dielectric characteristics. Application-wise, assessing the 
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hybrid nanostructure in practical devices and studying its long-term stability under diverse 
conditions remains crucial. Investigating the impact of environmental factors, like temperature 
and humidity, on dielectric performance could yield valuable insights. Furthermore, scalable 
synthesis methods and cost-effective production techniques merit exploration for potential 
industrial applications. In sum, the PANI grafted GO-MWNT-based 3D hybrid nanostructure, 
with its comprehensive characterizations and dielectric analyses, sets the stage for continued 
advancements in nanocomposite materials and their applications in diverse technological 
domains. 
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