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In this paper, GO/PANI/NPs (NPs = CdSe, CdSe/CdS, CdSe/ZnS) nanocomposites have been prepared using chemical
method. The electrical properties of CdSe quantum dots, core shell nanoparticles (CdSe@CdS and CdSe@ZnS), graphene
oxide/polyaniline nanocomposite (GO/PANI) and graphene oxide/polyaniline/nanoparticles (GO/PANI/NPs) nanocomposites
have been measured using electrometer/high resistance meter (Keithley 6517A) at different wt% ratio. The above obtained
nanoparticles (CdSe, CdSe@CdS and CdSe@ZnS) show the electrical current in nano ampere (nA) range while GO/PANI
nanocomposites show the electrical current in miliampere (mA) range in the /- measurement. The results of this study have
been expected to reveal the effect of finite particle size on the conductivity of nanoparticles. The observed electrical
conductivity of GO/PANI/NPs nanocomposites has been significantly reduced after the mixing of above obtained nanoparticles
in different wt% ratio with GO/PANI nanocomposites. The knowledge of electrical conductivity and the effective mechanism
for the conduction in nanocomposite is important for the fabrication of an electronic device such as solar cell.
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1 Introduction

In the past few years, after discovery in 2004,
graphene has attracted more attentions and been widely
studied by the researchers'. Graphene is a carbon-based
nanomaterial with single-atom thickness and due to the
unique structure and remarkable mechanical, optical,
thermal and electrical properties, graphene has been
studied to produce high-performance polymer
composites™. Graphene oxide (GO) is a chemically
modified graphene sheet, which contains a wide range
of oxygen functional groups such as epoxide, alcohol,
and carboxylic acid both on the basal planes and at the
edges of the sheets®. GO could be easily modified to
produce homogeneous colloidal suspensions to
synthesize the graphene-based materials due to
existence of these oxygen functional groups’. Now a
days, GO has been widely used in nanoelectronics’,
electrochemical sensors and biosensors™, lithium
battery’, and supercapacitor'’, etc. The different GO-
based nanocomposites have also been synthesized and
used to construct the biosensor. The GO based
composites using polystyrene'!, polyaniline'’, Au
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nanoparticles”, etc., were synthesized to entrap
enzymes and proteins for biosensing.

The dispersion of graphene within different polymer
matrices has made the new class of polymer
nanocomposites'®. The development of nanocomposite
materials speaks to a productive route to enhance the
exhibitions of polymer and extend their application
scopes.

Advantages of graphene oxide (GO) are easy
dispersibility in water and other organic solvents due to
the presence of oxygen and hydroxyl functionalities'.
This remains a very important property when mixing
with polymer matrices to improve their spectroscopic,
electrical and mechanical propertiecs. GO can be
obtained by the exfoliation of graphite yielding well
separated two-dimensional'®. It offers extraordinary
electronic, thermal and mechanical properties. Many
reports have been made not only on graphene’s very
high electrical conductivity at room temperature but
also its potential use as nano-sensors, transparent
electrodes and many other applications'’.

GO/PANI nanocomposites have excellent optical,
electrical, and other physical and chemical properties.
GO/PANI nanocomposites have been widely studied
in the area of nanoelectronic devices, sensors, energy
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storage and conversion, bioscience and technology'®.
Polyaniline (PANI) is a polymer and widely used due
to its relatively easy preparation and high degree of
electric conductivity'”*.

During the last two decades, group II -VI
semiconductor nanoparticles have been of great current
interest due to their novel physical and chemical
properties”*%.  Three-dimensional ~confinement of
charge carriers in quantum dots (QDs) transforms
continuous optical spectra of a bulk semiconductor into
discrete atomic-like spectra. Quantum confinement of
charge carriers alters many properties of nano particles
including electrical conductivity. These variations in
electrical properties are the results of band structure
modification, the predominant contribution of the
largely defective and strained grain boundaries in nano
materials™ ™.

In polycrystalline semiconductors, the electrical
properties are often predominated by a double
depletion layer that forms around grain boundaries™*’.
According to grain-boundary trapping theory, free
carriers are trapped by the trapping states at the
boundary causing a depletion of free charges in the
grain region nearest to the boundary®. That depletion
causes space charges which establish an energy barrier
between two adjacent grains. This grain boundary
potential barrier extends over a length corresponding to
the Debye screening length®”. When the grain size
becomes comparable to the Debye screening length
electrons are trapped at the interface or in the surface
states and the grain interior becomes entirely depleted
of electrons.

In small size nanocrystalline materials, the carriers
are effectively captured in the traps at grain boundaries.
However, in larger samples, the number of traps per
volume may be smaller, and hence number of electrons
trapped at the interface will also be smaller. It was also
reported in the case of semiconductors that, when grain
size decreases, there is a greater chance for charge
carriers to escape to the surface™. Quantum mechanical
tunneling and barrier emission are two distinct
mechanisms whereby an electron or a hole incident to a
potential barrier can reach the other side’. As the size
of QDs decreases the possibility of more charge
carriers being trapped in shallow trap states for smaller
size QDs increases.

In the present paper, synthesis, characterization and
electrical properties of GO/PANI/NPs nanocomposites
have been studied. The results of this study are
expected to reflect the effect of finite grain size on the

conductivity of nanocomposite. For electrical
measurement, the nanocomposite samples were
prepared in the form of cylindrical compacts having a
diameter of 10mm and a thickness of about 1mm by
applying a uniaxial pressure of 100kg/cm® for 1 min
using a hydraulic press. All the samples were prepared
under the same conditions. The conductivity of all the
samples has been determined through the I-V

measurements using the electrometer at room
temperature.
2 Experimental Method

2.1 Materials

Materials used were graphite flakes, sodium nitrite,
hydrogen peroxide (30%), sulphuric acid (70%), and
potassium permanganate (99%), aniline, ammonium
per sulfate, dihydrate purified ((CH;COO),Cd.2H,0,
>98%, Merck), highly pure Selenium powder (Se,
99.99% HPLC), trioctyl phosphene oxide (TOPO,
99%, Aldrich), trioctyl phosphene (TOP, 97%,
Aldrich), hexadecyl amine (HDA, 98%, Aldrich),
tetradecyl phosphonic acid (TDPA, 97%, Aldrich) etc.

2.2 Preparation of GO/PANI/NPs nanocomposite

In a typical recipe, graphene oxide (GO) was
prepared from graphite powder by a modified
Hummers method according to the literature®*. The
GO was dispersed in aqueous solution (100 mg/ 30
mL) by ultra-sonication. 2 mL of aniline in 0.5M HCI
were introduced in aqueous solution of GO. The
dispersed solution was ultrasonicated for another 25
min. Then 1.5 mg of ammonium per sulfate dissolved
in 0.5M HCI was added drop wise into the reaction
system and stirred continuously for 2 h. The
precipitates were collected by filtration and repeatedly
washed with deionized water, ethanol, and dried at
50°C in vacuum for 24 h*>*.

CdSe quantum dots and core shell nanoparticles
(CdSe@CdS, CdSe@ZnS) were prepared using the
procedure mentioned in the literature’””®. To prepare
GO/PANI/NPs nanocomposites, 0.5 mg/mL GO/PANI
solution was mixed with NPs solution with the volume
ratio of 1:3 by mild sonication for 10 min. The
precipitates were collected by centrifugation and
repeatedly washed with deionized water, ethanol, and
dried it at 50°C in vacuum for 24 h**.

2.3 Characterization techniques

The above synthesized GO/PANI/NPs nanocom
posites were characterized for their crystal structure
and phase using Panalytical Xpert Pro X-ray
Diffractometer (XRD) operating at 40 kV and 35mA
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with A = Cu-Ka (1.5418 A) radiation in an angle range
of 100 to 700. Transmission electron microscopy
(TEM) investigations were carried out using Tecnai 20
G2 S-Twin TEM with e-beam voltage of 200 kV.
Chemical bonding was determined by using Fourier
transform  infrared spectroscopy (IR  Affinity,
Shimadzu). Electrical properties have been measured
using Electrometer/ High Resistance Meter (Keithley
6517A).

3 Results and Discussion

3.1 Structural and morphological

GO/PANI/NPs nanocomposites
Figures 1 and 2 show the X-ray diffractograms of

GO/PANI and GO/PANI/NPs nanocomposite. The

peaks centered at 20 values of 15.3°, 20.54° and 25.26°,

correspond to (011), (020) and (200) planes which are

characterization of

400 -

PANI —— GOIPANI |

350
300 -
250

200 -

Intensity (a.u.)

150

100 - G0

50

0 T v T T T v T v T v T
10 20 30 40 50

20

INDIAN J PURE & APPL PHYS, VOL. 56, DECEMBER 2018

the characteristic Bragg diffractions of PANI**. We
observed that for GO/PANI there is a weak peak with
low intensity which appears at 26=11.38° which is due
to graphene oxide. No impurity-related ripples or small
peaks were observed in all spectra, demonstrating the
purity and good dispersion of GO in PANI polymeric
matrices. The increase in the broadness of this peak
reveals the increase of these amorphous regions in the
samples. The interaction between the PANI and GO
results in decreasing crystallinity with rich amorphous
phase. The amorphous nature is responsible for higher
conductivity and affirms the complexation between GO
and PANI*. XRD pattern of GO/PANI/NPs is more or
less similar to that of the XRD of PANI/NPs and the
absence of GO reflection peak in GO/PANI/NPs
confirms that GO is covered by PANI”. In the XRD
pattern of GO/PANI/CdSe nanocomposite, diffraction
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Fig. 1 — XRD pattern of GO/PANI and GO/PANI/CdSe nanocomposites.
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Fig. 2 — XRD pattern of GO/PANI/CdSe@CdS and GO/PANI/CdSe@ZnS nanocomposites.
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peaks at angles (26) 25.391, 41.9990, 45.8100, 49.7180,
63.8840 which correspond to planes (002), (110), (103),
(112), (203) of CdSe are present along with GO/PANI
peak. In the XRD pattern of GO/PANI/CdSe@CdS and
GO/PANI/CdSe@ZnS  nanocomposite  (Fig.  2),
diffraction peak of core/shell (CdSe@CdS and
CdSe@ZnS) is present along with PANI peak.

The TEM image of GO/PANI/NPs (NPs = CdSe,
CdSe@CdS and CdSe@ZnS) nanocomposite is shown
in Fig. 3. As shown from Fig. 3, some corrugations of
GO sheet, nano structure of PANI and (a) CdSe
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quantum dots or (b-c) core/shell nanoparticles
(CdSe@CdS and CdSe@ZnS) nanoparticles were
clearly observed in our sample. The growth of PANI on
the graphene surface is difficult to observe by TEM
images due to the much smaller size of the graphene
nanosheets.

The EDAX measurements of the synthesized
GO/PANI/CdSe nanocomposite were performed
using a Tecnai 20 G* S-Twin TEM fitted with an
EDAX (Bruker Company). EDAX of sample has been
shown in Fig. 4. EDAX of sample in Table 1 shows

Fig. 3 — TEM micrograph of (a) GO/PANI/CdSe, (b) GO/PANI/CdSe@CdS and (c) GO/PANI/CdSe@ZnS nanocomposites.
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Fig. 4 — EDX micrographs of GO/PANI/CdSe nanocomposite.
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graphene, PANI, cadmium and selenium present in
the sample to be in a stoichiometric atomic ratio.

The additional evidence in the synthesis of
GO/PANI and GO/PANI/NPs nano composites is
provided by the Fourier transforms infrared (FT-IR)
spectra shown in the Figs 5 and 6. In Fig. 5 (a), the
typical FT-IR of graphene oxide peaks located at 1496
cm™ are showing the stretching and bending of the

Table 1 — Elemental analysis of GO/PANI/CdSe nanocomposite
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widespread O-H groups in the sample. The
characteristic peaks of oxygen are located at wave
number of 1164 cm™ which are corresponding to C—O
(epoxy or alkoxy) bond. This suggests that the oxidation
of graphite took place during synthesis using modified
Hummers method which is consistent with the existing
literature. The PANI shows C=C stretching vibration
band at 1498 cm’, is attributable to the benzenoid which
is overlapped with graphene oxide peaks located at 1496
em’' . In addition, a stretching band** assigned to C-N

EL AN Series Ejntno/ C] I\[]O?l})/]c [Attor(;'] asi C E;rE)rt %] also appears at 1300 cm”. The FT-IR spectrum of
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Fig. 5 — FTIR spectra of (a) GO/PANI and (b) GO/PANI/CdSe nanocomposites.
130 - 140 -
(a) ~— GO/PANI/CdSe@CdS (b) ~—— GO/PANI/CdSe@Zn$
120 . 1301
510 1201
110
g 100 - 8
£ £ 100
g 90 £
& € 90-
= &
e 80 =
e X 80 N-H
70 -
60 60 -
50 T T T T T T T 1 50 T T T T ¥ T T T ». 1
500 1000 1500 2000 2500 3000 3500 400 500 1000 1500 2000 2500 3000 3500 4000

Wave number (cm’’)

Wave number (cm™)

Fig. 6 — FTIR spectra of (a) GO/PANI/CdSe@CdS and (b) GO/PANI/CdSe@ZnS nanocomposites.
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1604 cm™ s attributed to C=C stretching in the quinoid
ring of the emeraldine base and emeraldine salt and
1303 cm™ is attributed to C-N stretching, respectively.
These results illustrate that this resulting-product
contained polyaniline.

3.2 Electrical studies of GO/PANI/NPs nanocomposites
CdSe quantum dots and core shell (CdSe@CdS and
CdSe@ZnS) nanoparticles show the electrical current in
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electrical current of above obtained nanoparticles of
small grain size and large grain boundaries can be
explained within the framework of electrical transport in

polycrystalline semiconductors that have potential
barriers at grain boundaries.
Electrical ~ conductivity of  GO/PANI  and

GO/PANI/CdSe has been shown in Fig. 8. Current-
voltage characteristics of GO/PANI/CdSe@CdS and
GO/PANI/CdSe@ZnS nanocomposites have been

nano ampere (nA) range (Fig. 7). The observed dc  shown in Fig. 9. When we mix the above obtained
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Fig. 7— I-V curves of (a) CdSe, (b) CdSe@CdS and (c¢) CdSe@ZnS nanoparticles.
0.006. (@) PANIGO Composite ——ForwardBias 00,0 (D) —— GO/PANI:CdSe wt% (1:1)
= Reverse Bias ——— GO/PANI:CdSe wt% (1:2)
0.0035 - —— GO/PANI:CdSe wt% (1:3)
0.005 -
0.0030 -
__0.004- _
2 g 0.0025
§ 00031 § 0.0020 -
3 3
' p—. 3 0.0015 -
0.0010 -
0.001 -
0.0005 -
0.000 - 00000 X\
0.5 -04 -03 -02 -01 0.0 01 02 03 0.4 05 .0.5 -04 03 02 0.1 0.0 0.1 02 03 0.4 05
Voltage (V) Voltage (V)
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Fig. 9 — I-V curves of (a) GO/PANI/CdSe@CdS and (b) GO/PANI/CdSe@ZnS nanocomposite at different wt% ratio.
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nanoparticles in different wt% ratio with GO/PANI
nanocomposites, the  electrical  behavior  of
nanocomposite is significantly changed according to
different wt% ratio of nanoparticles (CdSe or
CdSe@CdS or CdSe@ZnS). When we mix the
GO/PANI with described nanoparticles in 1:1 wt %
ratio, the electrical current of GO/PANI/NPs
nanocomposite is almost similar to GO/PANI
nanocomposite. This may be due to the dominating
electrical conduction of GO/PANI as compared to NPs
for 1:1 wt % ratio. When we mix the GO/PANI with
NPs in 1:2 wt % ratio, the electrical conductivity of
composite lies between the electrical conductivity of
GO/PANI and NPs. Finally when we mix the GO/PANI
and NPs in 1:3 wt % ratio, the electrical conductivity of
composite is similar to NPs conductivity.

4 Conclusions

The GO/PANI/NPs nano composite were effectively
synthesized and structurally characterized by XRD, TEM,
EDX and FTIR. NPs and GO/PANI nanocomposites
show the electrical current in nano ampere (nA) and
miliampere (mA) range, respectively. The electrical
behavior of GO/PANI/NPs nanocomposites is
significantly reduced according to different wt% ratio of
NPs which might be due to dominating -electric
conduction in GO/PANI over the electrical conduction in
NPs. The GO/PANI nanocomposites would have
potential applications in chemical sensors, biosensors or
flexible nanoelectronic devices in the light of their
electrical conduction.
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