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uced KTaphene oxide (rGO) was synthesized from graphite powder employing a moditied iumime 

eod. The (PAN)i (rGO), composites (x = 0, 0.02, 0.04, 0.06, 0.08) were prepared by an in-8itu chemca 

n polymerization of aniline using ammonium peroxydisulfate (APS) as an oxidant in presence
or 

OL11da ruO to improve thermal stability of PANI. The samples were 
characterized by A-ray diliractOme 

y using CuKa (2 = 1.5407 A) in order to study the phase and orientation of composites. Haman 5pectro5 

Upy analysis of PANI/rGO nanocomposites was performed using confocal Raman microscopy. To measure 

the thermal stability, thermogravimetric analysis was done for PANI and PANVrGO nanocomposites. 
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different concentrations of rGO are analyzed by various

characterization techniques for finding a favorable com- 

posite for modern electronic components and devices. 
1. INTRODUCTION 

The conducting polymers are another class of mate 

rials which are preferred for many technological appli- 

cations due to their cost effectiveness, simplicity of syn- 

thesis and eco-friendliness [1, 2]. The conducting poly. 

mers offer low thermal and high electrical conductivity 

that makes them promising thermoelectric materials 

13]. Polyaniline (PANI) is one of such materials offering 

high electrical to thermal conductivity ratio along with 

easy preparation and processibility making it useful for 

modern electronic components and devices [4]. 

The electrical and thermal properties of reduced 

graphene oxide (rGO) are better as compared to the 

graphene and graphene oxide (GO). However, the use 

of rGO gives us certain advantages in real world appli- 

cations [5, 6]. The bottleneck of the usage of rGO ies in 

the form of toxicity and production/processing cost 

which can be overcome by making use of green methods 

for reduction and novel techniques for production [7]. 

The sheet structure with presence of hydroxyl, carbox 

yl, carbonyl and epoxy functional groups bolsters the 
uniform distribution in polymer matrix [8]. The better 

distribution results in the enhanced n-T stacking, hy-

drogen bonding and electrostatic forces between rGO 
and polymer matrix in a composite material (9]. 

Among conductive polymers, PANI is considered the 
most promising material because of its high capacitive 

characteristics, low cost, and ease of synthesis [10]. In 
the present work, rGO is prepared by oxidation and 
subsequent reduction of graphite powder. 
PANI/GO composites were obtained by addition of rG0 
during an in-situ chemical oxidative polymerization of 
aniline using ammonium peroxide sulfate (APS) as an 
oxidizing agent. The obtained nanocomposites carrying 

2. EXPERIMENTAL DETAILS 

Low temperature (0-5 °C) oxidative polymerization 

is used to synthesize PAN in a typical reaction with 

0.3 M aniline in 1M HCl solution, 0.3 M (NH4)2S20s 

and 1 M HCl solution at 0-5 °C [10). The precipitate is 

collected, filtered and washed multiple times to remove 

impurities and finally dried under rotary vacuum to 

obtain emeraldine base PANI. rGO was synthesized 

from graphite powder employing modified Hummers 

method reported elsewhere [9. 

The PANI/FGO composite was prepared by an in-

situ chemical oxidation polymerization of aniline using 
APS ((NH4)2S208) as an oxidant in presence of colloidal 
rGO nanoparticles at 0-5 °C in air. The different con- 

tents of PANI/GO composites were synthesized using 
2, 4, 6 and 8 wt. % of rGO with respect to aniline mon- 
omer. The structure of PANI, rGO and PANI/rGO 
nanocomposites is probed with X-ray diffractometry 
(XRD, Bruker AXS D-8 Advance Diffractometer) using 
CuKa (A =1.5407 A). Raman spectroscopy analysis of 
PANI/rG0 nanocomposites was carried out using con- 
focal Raman microscopy. Thermogravimetric analysis 
was done using a Perkin Elmer's STA 6000. 

3. RESULTS AND DISCUSSION 
The 

3.1 Structural Characterization 

Fig. 1 shows the X-ray diffraction spectra of pure PANI, rG0 and PAN/rGO (8 % w/w) nanocomposites. The vertical markers represent the characteristic peak 
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nanocomDosito 
percapacitor material. The present work deals with the 

fabrication of PANIrGO 

nposites 
and investigating their morphological, optical and dielectric properties. The present pap 

s rocused on the synthesis of (PANI)1 (rGO)% nanocomposites (x = 0, 0.02, 0.04, 0.06, 0.08) Prepare 
nducting polymer nanocomposites have been extensively used due to manifold appica O 

Cnemical 
oxidation polymerization of aniline using 

ammonium peroxide sulfate (APS) as an oxIaan 

resence 
of colloidal reduced graphene oxide (rG0) nanoparticles at 0-5 °C in air to improve optical ana 

electrie 
constants of PANI for supercapacitor 

applications. rGO was synthesized 
from graphite powe 

employing a modified Hummers method. The morphology of synthesized composite 
materials was 

stualea 

y Scanning electron microscopy (SEM). FTIR spectroscopy analysis of PANIIrGO nanocomposites was per 

Iormed using Perkin Elmer FTIR spectroscopy. 
Dielectric properties of nanocomposites were studied using 

mpedance analyzer and it is observed that incorporation of rGO in PANI improves the dielectric proper 

t1es. 
UV-VIS-NIR 

spectrophotometer 
was used to study the absorption spectra of the compoSite sampes. 

Lne band gap energy (Bg) of the nanocomposites was 
determined using Tauc's relationship. It has been ob- 

served that the increasing the rGO concentration in composites 
reduces the optical band gap which 

attrio 

utes the 
enhancement in electron delocalization along the polymer chain. Also, the increment in protons 

with rGO concentration extends the density of states more into visible region of SEM spectra. 

Keywords: Ultraviolet spectra, Structure of nanoscale materials, Dielectric properties of solids and liquids. 
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Supercapacitor, 
which is also known as electric 

double-layer capacitor or 
ultracapacitor, 

consists of two 

electrodes, an electrolyte, and a separator, 
which iso- 

lates the two electrodes electrically as shown in Fig. 1. 

Supercapacitors are capable to store and transport 

energy with higher rates along with long life, high 

power, stretchy packaging, wide thermal range, low 

maintenance and low weight. The higher speed of 

charge transport is due to the charge separation mech- 

anism at the interface between the electrode and the 

electrolyte [8]. Electrode material is the most im- 

portant component of a supercapacitor. High-surface 

carbons, noble metal oxides, and conducting polymers 

are the main families of electrode materials being stud-

ied for supercapacitor applications [9]. 
Conductive polymers have been extensively studied 

in supercapacitors. Among conductive polymers, PANI 

is considered the most capable material because of its 

low cost, ease of synthesis and high capacitive charac- 

teristics [10]. However, the relatively poor cycling life 

restricts its practical applications. Recently, advance 
ment of nanoscale binding technique provides an inno-
vative route to prepare PANI-based nanocomposites 
with better performance as electrode material [11). In 

the present work, PANIGO nanocomposite was pre 
pared by an in-situ chemical oxidation polymerization 
of aniline using ammonium peroxide sulfate (APS) as 

an oxidizing agent. 

1. INTRODUCTION 

The conducting polymers have been employed wide- 

ly in diverse fields due to their synthesis simplicity, 

cost effectiveness, and eco-friendliness [1-2]. In conduct 

ing polymers, charge carrier transport is originated by 

interchain and intrachain hopping which can easily be 

altered by changing the configuration of polymer chain 

[3]. Polyaniline (PANI) is one of such materials offering 

high electrical to thermal conductivity ratio along with 

easy preparation and processibility making it useful for 

modern electronic components and devices [4]. PANI 

composites with GO and rGO also present a viable 

candidate for such applications among which rGO is 

more preferred due to its higher conductivity and 

thermal stability as compared to GO and therefore is 

being advocated as a promising material for modern 

electronic components and devices like supercapacitors, 

etc. [5]. 
The invention of graphene has attracted attention 

of researchers owing to its superior electronic, optical, 

mechanical and thermal properties, which can act as a 

building block for future electronic devices and sensors 

[6). The other analogue of this family is reduced gra- 

phene oxide (rGO), which is the end result of oxidation 

of graphite powder and generally obtained by modified 

Hummer's method followed by action of a reducing 

agent [7]. 
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0, 0.0 2, 0.04, 

Ee5ent manuscript details on the synthesis of (PAN)1 - (TiOz). nanocompoSite (x =, 

o U.10) using an in-situ chemical oxidation polymerization of aniline uS1ng ain 

:C arD) as an oxidant in presence of colloidal anatase TiOz nanoparticles at 0-5 °C in alr. ue 

: on ot these specimens revealed amorphous nature of polyaniline which did not change with tne a 

102 nanoparticles during polymerization process. The selected area electron diffraction (DADD 

P n oDtained from TEM also indicated the amorphous nature of polyaniline. The 'T102 nanoparuicie 

dllraction from multiple lattice planes originating from polycrystalline nature of nanoparticies 

AD pattern corresponding to the nanocomposite displays lattice planes showing inter planar spa 

OT.06 A resulting from (101) lattice planes of TiO2 nanoparticles. To study the vibration mode of PANI 

and ANT1O2 nanocomposites, Raman spectra was observed. Absorption spectra of the nanocomposite 

nples have been taken using UV-VIS-NIR spectrophotometer (Varian Cary 5000). The band gap enerEy 

O ne nanocomposites was determined using Talc's relationship. As the content of Ti02 was increase d 

in the polymer matrix, the shift of the optical band gap was observed. 

eywords: X-ray spectra, UV-Vis spectra, Structure of nanoscale materials, Dielectric properties of solids 

and liquids. 
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electronic materials. On the other hand, the bottlenecks 

for THO2 usages such as wide band gap (3.2 eV) and low 

electrical conductance 
(1.1x10-5-3.4x10-3 Q/cm) could 

easily be addressed by mixing it with PANI [8-11]. The 

anatase TiO2 is selected in this study which is more

efficient as a photocatalyst than rutile form. Further, the 

clusters of TiO2 formed during the composite formation 

can absorb UV energy which makes them suitable for 

photocatalytic application. The PANI in composite mate- 

rial can be decomposed by oxidation due to the presence 

of radicals released by irradiation and thus are useful as 

photocatalyst. Therefore, the contribution of higher con- 

ductivity from PANI and higher thermal stability of Ti02 

could complement each other in making new composite 

material with superior properties [12-14]. 

1. INTRODUCTION 

The nanocomposites have been explored at great 

lengths in recent past due to their unique properties 

which were not available in their constituent materials. 

Conducting polymers are one such class of materials 

which exhibit unique electrical, optical and chemical 

properties, but their usage is limited due to their lim- 

ited thermal stability. These conducting polymers find 

application in information storage, optical signal pro- 

cessing, batteries, and solar energy conversion [1-2]. 

Polyaniline (PANI) is one such conducting polymer, 

which is a candid photosensitizer due to its low band 

gap, n-*n transition in which the electron can be excit 

ed from the highest occupied molecular orbital (HOMO) 

to the lowest unoccupied molecular orbital (LUMO), 

high conductivity, good environmental stability, cheap 

monomer, and ease of preparation |3-5]. In line with 

other conducting polymers, PANI also suffers from 

lesser thermal stability which limits its applications. 

The synthesis of a composite material of PANI with 

any other component exhibiting superior thermal sta- 

bility could present a new material with better charac 

teristics for optoelectronic applications [6]. 

Ti02 is one such material exhibiting excellent pho- 

tocatalytic properties along with higher chemical stabil. 

ity, nontoxic and relatively ow-price. Titanium ((V) 

oxide is found in rutile, anatase, brooked three polymor 

phic forms (7). Among these forms, rutile and anatase 

phases are quite popular as a base for the use as pig. 

ments, catalysts and in the production of ceramic and 

2. EXPERIMENTAL DETAILS 

In-situ chemical oxidative polymerization method at 

lower temperature between 0-5 °C was used for synthe- 

sis of PANI, which has been reported earlier [15-16). 

The (PANI)1 -(TiO2)» nanocomposite (* = 0, 0.02, 0.04, 

0.08, 0.10) was prepared by an in-situ chemical oxida- 

tion polymerization of aniline using ammonium perox 

ide sulfate (APS) as an oxidant in the presence of an 

appropriate amount of colloidal TiO2 nanoparticles at 

0-5 °C in air. The obtained powder is washed multiple 
times and dried in vacuum before the structural, opti 

cal and dielectric measurements. The crystallinity or 

PANI, TI02 and PANI-TIO2 nanocomposites is estima 

ed by X-ray diffractometry XRD, Bruker AXS D-8 
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The current paper deals with investigation of (PANI)..(TIO); nanocomposites to explore possible material for optoelectronic aevices, 10 
i investigate the effect of TiO, concentration on structural, surtace morphology and chemical properties of PANL, samples were charaterized 
by XRD, FTIR. SEM and' Raman spectroscopy. The XRD patten evidence the presence of a blend of anatase and rutile phase of id 
within the PANI matrix which shows amorphous nature of the matrix. FIR and Raman spectra confirm the formation of PANITO 
nanocomposites. SEM images show the appearance of lumps into smooth PANI samples with addition of TiO, nanoparticles. The thermal 
and dielectric properties were studied using TGA and Impedance analyzer, respectively. The results showed that the addition of Ti0| 

improves the thermal stability, which clearly shows its potential application in optoclectronic devices. 

Keywords: PANUTIO; nanocomposite, Thermal Stability, Dielectric properties. 

better mechanical flexibility, thermal and environmental 

stability [14-18]. 
Consequently, it is hoped to obtain new materials with 

complementary behavior between PANI and TiO. The composite 
structure of PANI and TiO, have received much consideration 
due to dissociation of exciton at the interface of TiO, and conju- 
gated polymer [19]. Although there are many studies on PANI 
TiO, composite structure but most of these reports are still focused 
on material preparation and morphology characterization, such 
as size and shape of the oxide particles, degree of dispersion, 
type of interaction, and interface between the organic and inor-

ganic phase |20,21]. Thermal stability of PANI can be enhanced by introducing TiO:. However, addition of TiO2 decreases the 
conductivity of nanocomposite [22]. Therefore, the selection of appropriate concentration of Ti0; must be selected carefully by balancing thermal stability and electrical conductivity. Keeping in mind the expected potential applications of PANI TIO; nanocomposite, thermal and dielectric properties have 
been discussed in this article with the variation in the cocen- tration of TiO, in resulting nanocomposite with PANI. 

INTRODUCTION 
In recent past, the conducting polymers have been employed 

widely in diverse fields such as chemical and biological sen- 

ors, optoclectronic devices (such as solar cell, LEDs, lascrs), 
actuators microelectronic devices and lightweight batteries [1-5]. 
Polyaniline (PANI) is one of a versatile conducting polymers 
owing to its unique properties such as high environmental 

stability, low cost and good electrical conductivity [6-11]. 
The electrical properties of PANI can be altered by using 

protonation and/or charge transfer doping |12,13]. Such 
materials carry utmost importance in integrated electronic 

circuits such as capacitor and gate oxides. However, the 
bottleneck of usage of PANI lies in its thermal instability, weak 
dielectric properties and poor biocompatibility. To eradicate 

such incompatibility, the nanocomposites incorporating metal 
Oxides could present a better solution due to the higher thermal 
stability and average conductivity. TiO; is one such wide band-
gap (3.2 eV) metal oxide with acceptable utilty in both opto-
clectronic and micro-electronic devices applications exhibiting 
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