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The conducting polymer nanocomposites have been extensively used due to manifold applications par-
ticularly as a novel supercapacitor material. The present work deals with the fabrication of PANI/rGO
nanocomposites and investigating their morphological, optical and dielectric properties. The present paper
is focused on the synthesis of (PANTI)1..(rGO). nanocomposites (x = 0, 0.02, 0.04, 0.06, 0.08) prepared by an
in-situ chemical oxidation polymerization of aniline using ammonium peroxide sulfate (APS) as an oxidant
in presence of colloidal reduced graphene oxide (rGO) nanoparticles at 0-5 °C in air to improve optical and
dielectric constants of PANI for supercapacitor applications. rGO was synthesized from graphite powder
employing a modified Hummers method. The morphology of synthesized composite materials was studied
by scanning electron microscopy (SEM). FTIR spectroscopy analysis of PANI/rGO nanocomposites was per-
formed using Perkin Elmer FTIR spectroscopy. Dielectric properties of nanocomposites were studied using
impedance analyzer and it is observed that incorporation of rGO in PANI improves the dielectric proper-
ties. UV-VIS-NIR spectrophotometer was used to study the absorption spectra of the composite samples.
The band gap energy (E) 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 attrib-
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.
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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 1is
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,
ete. [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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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, PANI/rGO nanocomposite was pre-
pared by an in-situ chemical oxidation polymerization
of aniline using ammonium peroxide sulfate (APS) as
an oxidizing agent.
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Fig 1 - Schematic representation of electrochemical double layer
capacitor (EDLC)

2. EXPERIMENTAL DETAILS

The PANI/rGO composite was synthesized by an in-
situ chemical oxidation polymerization of aniline using
APS ((NH4)2S20s) as an oxidant in presence of colloidal
rGO nanoparticles at 0-5 °C in air. In a typical proce-
dure, the rGO nanoparticles were suspended in 1 M
HCI solution and sonicated for 1 h. The 0.1 M of aniline
was dissolved in 100 ml of 1 M HCI solution and then
mixed with 10 ml of sonicated colloidal rGO nanoparti-
cles by further sonication for 30 min. The 100 ml of 1 M
HCI solution containing the APS with an equal molar
ratio to aniline was then slowly added drop-wise to well
dispersed suspension mixture for 2 h with a continuous
stirring at 0-5 °C. The solution was left in undisturbed
position for a night for the completion of chemical reac-
tion. The precipitate was filtered and washed with
deionized water until filtered solution became neutral
and then dried in vacuum for 24 h to obtain rGO/PANI
composite. The different contents rGO/PANI compo-
sites were synthesized using 2, 4, 6 and 8 wt. % of rGO
with respect to aniline monomer. rGO was synthesized
from graphite powder employing modified Hummers
method reported elsewhere [12]. The topography of
specimens is investigated by scanning electron micros-
copy (SEM) using quanta FESEM 450 (FEI). FTIR
spectrum 1is recorded using Perkin Elmer FTIR spec-
troscopy in range 4000cm-! to 500 cm-!. Perkin
Elmer LAMBDA 750 UV-Vis-NIR spectrophotometer is
used to record absorption spectra of specimens while
the dielectric properties of nanocomposites were stud-
ied using Agilent 4294A precision impedance analyzer.

3. RESULTS AND DISCUSSION
3.1 Structural Characterization

Fig. 2a displays the SEM image of pure PANI,
which exhibits a relatively flat surface indicating une-
ven lumps in layered structure with cracks, while
Fig. 2b-d show the SEM images of the composite struc-
ture. Apart from the distribution of uneven lumps and
smoothed boundaries, there are not any significant
changes observed from the SEM images of composites.
Further, the absence of rGO structure on the surface
indicates the encapsulation of rGO structure by PANI
polymeric chains.

Fourier transform infrared (FTIR) spectra for pure
PANI and rGO/PANI composites are shown in Fig. 3.
The spectra spanned over the range 500-4000 cm -1
indicate similar features, which are due to the presence
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Fig. 2 - SEM images of (a) pure PANI, (b) PANI/rGO (2 %), (c)
PANI/rGO (4 %), (d) PANI/rGO (8 %)
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Fig. 3 - FTIR spectra of pure PANI and PANI/rGO nanocom-
posites

of carbonous material present in both constituents of
composite material. It shows characteristic peaks at
3423, 1628, 1133 and 607 cm~1, which are similar to
the standard PANI reported in the literature. The ma-
jor peaks at 607 and 1133 cm ~ ! for doped PANI, which
is a measure of the degree of delocalization of electrons,
increased for the PANI/rGO composites and are slight-
ly shifted, which signifies an interaction between the 7
bonded structure of rGO and the conjugated structure
of PANI. Another peak at 1628 cm 1! is originated due
to the C=C stretching of hybridization of the sp? car-
bons of rGO [13]. Further, it is worth to mention that
peaks corresponding to the characteristic group of rGO
overlap with the existing peaks of PANI [11] and there-
fore are not marked separately.

However, a shift of wave number to a lower value is
observed with the increase in concentration of rGO in
the composite structure. It is expected to be due to the
strong interaction between the m-bonded surfaces of
rGO sheet and conjugated structure of quinoid rings of
PANI [14]. Another peak at 3416 cm~! is assigned to
O-H stretching vibration of C-OH group. Further, it is
also supported by formation of a weak charge transfer
complex from aniline to rGO in which aniline acts as an
electron donor, while rGO acts as an acceptor. It is also
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reported to improve the electrical conductivity of com-
posites in reports by Y. Sun, S.R. Wilson et al. [15].

Pure PANI
— PANI + RGO 2 %
— PANI + RGO 4 % s
—— PANI+ RGO 6 %
PANI + RGO 8 %)

Absorption ( Arb. Units)

T
350 400 450 500
Wavelength (nm)

264 [ PANI+ 8% RGO

17.6 -
8.8 |-
0.0 1

26.4 - PANI + 6% RGO

PO L L L J
45 - PANI + 4% RGO

oo i R Rt & e —

225 - PANI + 2% RGO

15.0 [

s J

®0 1 1 I—

45 |- Pure PANI

30 |
15 - /
1 1 ' lv 1

[}
2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75
hv (eV)

Fig. 4 — UV-Vis absorption spectrum for PANT and PANI/rGO
nanocomposites (Inset shows the variation of band gap with
rGo concentration) (a) and (ah1)? versus hv plot for PANI and
PANI/rGO nanocomposites (b)

3.2 Optical Properties

The UV-Vis absorption spectra of PANI/rGO nano-
composites are as depicted in Fig. 4a. This absorption
spectra curve can be attributed in four spectral regions:
(i) 850-375 nm, (i) 375-400 nm, (iii) 400-450 nm, (iv)
beyond 450 nm. It is observed that the shape of spectra
is quite same in all spectral regions except the varia-
tion in intensity according to wt. % of rGO nanoparti-
cles in PANI/rGO nanocomposites. A minor band edge
shift in the regions (i1) and (iii) is also observed that
might be due to complex coordination among PANI
molecular chain segments and encapsulated rGO na-
noparticles PANI molecules [16].

The UV-Vis spectra Tauc's model is used to evaluate
optical band gap (Eg) of PANI/rGO nanocomposites [12].

ahv=A(hv-E,)", (1)
where, h is the Planck's constant, « is the absorption

coefficient, v and A are the frequency of light and pro-
portionality constant respectively. The value ‘n’ is con-
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sidered 1/2 and 2 for direct and indirect transitions,
respectively.

Fig. 4b depicts Tauc’s plot of PANI/rGO nanocom-
posites. The Eg of PANI is evaluated as 3.40 eV which
is in accordance to similar findings [12]. The values of
E; are found to be decreased for PANI/rGO nanocompo-
sites up to 3.18 eV (at 8 wt. % rGO concentration) that
indicates the presence of complex coordination among
PANI molecular chain segments and encapsulated rGO
nanoparticles PANI molecules [17].
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Fig. 5 — Relative dielectric constant versus frequency of PANI
and PANI/rGO nanocomposites (a) and loss tangent versus
frequency of PANI and PANI/rGO nanocomposites (b)

3.3 Dielectric Properties

Fig. 5 shows the variation of dielectric constant and
loss tangent for PANI/rGO nanocomposites at room
temperature. It is revealed that at low frequency, the
dielectric constant and dielectric loss are high. On in-
creasing frequency, these parameters decease strident-
ly and become almost constant at higher frequencies
depicting the predictable diffusion that can be attribut-
ed through Debye-like relaxation mechanism [18]. In
accordance to this, at lower frequency region, dipole
moment of rGO encapsulated PANI molecules tags
along the applied field that enhances dielectric con-
stant, whereas with the increase in the frequency, the
applied field unable to induce such dipole moment that
further causes decrement in dielectric constant accord-
ingly [19, 20].

From the results described above, it has been con-
sidered that the enhanced dielectric constants and
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losses might originate from the increased conductivity.
The increased conductivity is attributed to the for-
mation of a better charge transport network in the
relatively polyaniline matrix. The dielectric perfor-
mance of the PANI/rGO composites was enhanced
compared with that of either PANT or rGO alone.

4. CONCLUSIONS

In the light of above efficient investigations, the fol-
lowing conclusions are drawn:

(1) Pure PANI and PANI/rGO nanocomposites are
structurally confirmed through SEM and FTIR observa-
tions. SEM image of pure PANI shows the relatively flat
surface indicating uneven lumps in layered structure with
cracks. Apart from the distribution of uneven lumps and
smoothed boundaries, there are not any significant
changes observed from the SEM images of composites.
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IToxpameni onTnuni Ta giesekTpudHi Baactusocrti Hanokommno3utis PANI/rGO
IJIA 3aCTOCYBAHHSA B CYIIEPKOHIEHCATOPAaX
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IIpoBigHi mosTiMepHI HAHOKOMIIO3UTH IIMPOKO BUKOPHUCTOBYIOTHCS 3aBISIKU PI3HOMAHITHUM 3aCTOCYyBaH-
HSIM, 30KpeMa, sSK HOBITHIA CcymepkoHeHcaTop. PofoTa CTOCYeTbCsSI BUTOTOBJIEHHS HAHOKOMIIO3HTIB
PANT/rGO Tta mocitimsreHHs 1X MOP(OIOriYHIX, ONTUYHUX TA JIIeJIeKTPUYHUX BJacTuBocTel. Pobora 3ocepe-
mreHa Ha cuHTe3l HaHOKOMIO3UTIB (PANI)1..(rGO): (x =0, 0.02, 0.04, 0.06, 0.08), BHTrOTOBJIEHHUX METOOM
XIMIYHOI OKHCJIIOBAJILHOI IIOJIIMEpH3allii aHUINHY in-situ 3 BUKOPHUCTAHHSAM IIePOKCHINCYJIb(ATy AMOHII
(APS) 5K oxmcIOBaYa y MPUCYTHOCTI HAHOYACTHHOK KOJIOITHOTO 3MeHIeHoro okcuay rpadeny (rGO) mpu
temnepatypi 0-5 °C ays mosinmieHHs onTUYHUX 1 mgienekrpuynnx koHctant PANI gnsa sacrocyBanus B cy-
neprongencaropax. rGO cuHTe3yBaBCst 3 TPadiTOBOrO MOPOIIKY, BUKOPUCTOBYIOYN MOIUAMDIKOBAHUN METOI
Xammepca. Mopdoorio CHHTe30BaHUX KOMIIOSHIIMHMX MAaTepiajliB BUBYAJM 34 HOIIOMOIOK CKAHYIOYOl
estekrporHol Mikpockorii (SEM). Anmaumis cnexrpockorii FTIR mamorxommosurie PANI/rGO nporogumu 3a
nmomomorom cuexkTpockomii Perkin Elmer FTIR. JlienexkTpudsi BiIacTUBOCTI HAHOKOMIIO3UTIB BUBUAJIMCA 34
JIOIIOMOTOI0 aHaJsi3aTopa iMmenancy, 1 crocrepiraersess, mo BriawodeHHs rGO B PANI mokparnnye mienexrpu-
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4vHi BiaacTuBoCTI. J[JIsT MoC/TiIsKeHHS CIIeKTPIB IIOTJIMHAHHSA KOMITOSHUITIMHNX 3PAa3KiB BHKOPUCTOBYBAJIA CIIEK-
Tpodoromerp yibrpadioserosoro sunpominioBauusa UV-VIS-NIR. Eneprisa saboponenoi souu (Eg) HaHOKO-
MIIO3UTIB BU3HAUajacs 3a BimHommeHHAM Tayka. Bysmo momiuveno, 1o migsummeHHs koHieHTparii rGO B
KOMIIO3UTAaX 3MEHIIY€e ONTUYHY ITUPUHY 3a00pPOHEHOI 30HU, IO MOSICHIOE ITOCUJIEHHS JeI0KAII3allli eJIeKT-
POHIB Y3II0BK MOJIIMEPHOro JiaHirora. Taxkom mpupicT TpoTOHIB 3 pocToM kouteHTpalrii rGO posrsrye mia-
Ia30H LIIJILHOCTI CTaHIB Oisbine y Buaumy obsactb SEM-criexTpis.

Kinrouori cnora: Yibsrpadioseroruit criektp, CTpyKTypa HAaHOPO3MIpHUX Marepiasis, JliesexTpuysi BiaacTu-
BOCTI TBEPIUX TLI 1 PITHH.
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