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ABSTRACT In the present research program, we have described the synthesis of Poly metachloroaniline–graphene (Pm-
ClAn/RGO) nanocomposites were prepared via in situ bulk polymerization using two different preparation 

techniques. In the first approach, a mixture of graphite oxide (GO) and Poly (PmClAn)monomers (PmClAn) were polymerized using a 
bulk polymerization method with a free radical initiator. After the addition of the reducing agent hydrazine hydrate (HH), the product 
was reduced via microwave irradiation (MWI) to obtain R-(GO-PmClAn) composites. In the second approach, a mixture of graphite 
sheets (RGO) and PmClAn monomers were polymerized using a bulk polymerization method with a free radical initiator to obtain 
RGO-(PmClAn) composites. The composites were characterized by FTIR,  XRD, SEM  and conductivity. The results indicate that the 
composite obtained using the first approach, which involved MWI, had a better morphology and dispersion with enhanced thermal 
stability compared with the composites prepared without MWI.
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Introduction:
In last couples of years, graphene has been used as alternative 
carbon-based nanofiller in the preparation of polymer nano-
composites and have shown improved mechanical, thermal, 
and electrical properties .The recent advances have shown 
that it can replace brittle and chemically unstable indium tin 
oxide in flexible displays and touch screens [1-4] . It is well 
established that the superior properties of graphene are as-
sociated with its single-layer. However, the fabrication of 
single-layer graphene is difficult at ambient temperature. If 
the sheets are not well separated from each other than gra-
phene sheets with a high surface area tend to form irrevers-
ible agglomerates and restacks to form graphite through p–p 
stacking and Vander Waals interactions . Aggregation can be 
reduced by the attachment of other small molecules or poly-
mers to the graphene sheets [5-8].

Graphene consists of a honeycomb lattice of carbon atoms. It 
is a purely two-dimensional material, were the sp2-bonds be-
tween the carbon atoms [9-11] are responsible for the high 
mechanical strength of the sheet. The binding between dif-
ferent graphene layers, in multilayer graphene or graphite is 
much weaker, since it is mostly due to van der Waals interac-
tions. The  π conjugate system, constituted by the carbon pz-
orbitals, is responsible for electrical conductivity of the gra-
phene layer. Since it can be seen as the basic building block 
for other carbon allotropes such as fullerenes [12-15], carbon 
nanotubes [16], or graphite, its band structure has been in-
tensively studied theoretically [17-19]. Tight binding calcula-
tion of graphene’s band structure reveals an unusual semi-
metallic behavior with a linear dispersion around the meeting 
points of the conduction and valance band. Here, the charge 
carriers are mass-less and mimic relativistic particles, such as 
photons. This makes it possible to study quantum electrody-
namics in a solid state material [20,21].  

One of the advantages of graphene oxide (GO) is that it can be 
easily dispersed in water and physiological environments due 
to its abundant hydrophilic groups, which include hydroxyl, 
epoxide and carboxylic groups on its large surface . Recently, 
the El-Shall group demonstrated a novel approach for the pro-
duction of GR sheets (RGO) prepared via the Hoffman Hum-
mers method via reduction of GO using hydrazine hydrate 
(HH) facilated by using MWI. The resulting product is com-
posed of graphene sheets with polar functional groups, even 
after the reduction [22]. GO has an affinity for polar solvents 
and polymers [23]. This affinity makes GO an important in-
termediate in the preparation of RGO polymer composites via 
chemical reduction.  

A survey of the literature reveals that m-chloroaniline has not 
been polymerized in the presence of modified graphene. We 
wish to present here the synthesis and characterization of 
polymerization m-chloroaniline with functionalized graphene 
with different ratios of graphene. The composites have been 
characterized using  FTIR,  SEM,  XRD,  and conductivity.  

Experimental
Materials
Graphite powder, H2SO4, NaNO3, NaOH, H2O2 (30%), K3Fe 
(CN)6 and KMnO4 were purchased from Sigma-Aldrich . All 
the chemicals were of analytical reagent grades and used as 
received, without further purifications. The aqueous solutions 
were prepared in Milli-Q water (18 MΩ cm-1).

Preparation of Graphite Oxide (GO)
Graphene oxide (GO) was synthesized from graphite  powder 
using modified Hummer’s method. In brief, 1  g of graphite and 
0.5 g of sodium nitrate were mixed together followed by the 
addition of 23 ml of conc. sulphuric acid under constant stir-
ring. After 1 h, 3 g of KMnO4 was added gradually to the above 
solution while keeping the temperature less than 20°C to pre-
vent overheating and explosion. The mixture was stirred at 35 
°C for 12 h and the resulting solution was diluted by adding 
500 ml of water under vigorous stirring. To ensure the comple-
tion of reaction with KMnO4, the suspension was further treat-
ed with 30% H2O2 solution (5 ml). The resulting mixture was 
washed with HCl and H2O respectively, followed by filtration 
and drying, graphene oxide sheets were thus obtained. 

Preparation of RGO
The dried GO (400 mg) was stirred and sonicated in deion-
ized water (20 mL) until a homogeneous yellow dispersion 
was obtained. The GO can be dispersed easily in water due to 
the presence of a variety of hydrophilic oxygen groups (OH, O 
and COOH) on the basal planes and edges. The solution was 
placed inside a conventional microwave after the addition of 
HH reducing agent (400 µL). The microwave oven was op-
erated at full power  in 30 s cycles (on for 10 s and off and 
stirring for 20 s) for a total reaction time of 2 min [16]. The 
yellow dispersion of GO gradually changed to a black color 
indicating the completion of the chemical reduction to RGO. 
The RGO sheets were separated using a centrifuge (Centurion 
Scientific Ltd., West Sussex, UK) operated at 6,000 rpm for 25 
min and dried at 70 °C overnight.

Preparation of the RGO-(PmClAn) Nanocomposites via the 
in Situ Method
RGO powder [2.0 (wt./wt.%)] was added to the PmClAn 
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monomer, stirred and sonicated for 1 h. The benzoyl per-
oxide (BP) initiator (5.0 wt.%) was added to the suspension 
and stirred until the initiator dissolved. Then, the mixture 
was heated to 60 °C to initiate the polymerization using a 
shaking-water bath. The reaction mixture was maintained at 
60 °C for 20 h. After the polymerization finished, the product 
was poured into an excess of methanol, stirred for 20 min and 
washed with hot water to remove the PmClA nmonomers. 
Then, the product was filtered and dried at 80 °C overnight.

Preparation of the R-(GO-PmClAn) Nanocomposites via 
the MWI Method
GO powder [2.0 (wt./wt.%)] was added to the PmClAn mono-
mer, stirred and sonicated for 1 h. The benzoyl peroxide (BP) 
initiator (5.0 wt.%) was added to the suspension and stirred 
until the initiator dissolved. Then, the reaction mixture was 
maintained at 60 °C for 20 h to promote polymerization using 
a shaking-water bath (GFL). After the polymerization finished, 
the product was poured into an excess of methanol, stirred 
for 15 min and washed with hot water to remove PmClAn 
monomers. Then, the product was filtered and dried at 80 °C 
overnight. Four hundred milligrams of the dried composite of 
GO-PmClAn was dissolved in DMF, stirred and sonicated for 1 
h. Then, the composite was placed inside a conventional mi-
crowave oven (Kenwood MW740) following the addition of 
HH (400 μL). The microwave oven was operated at full power 
(900 W) in 30 s cycles (on for 10 s and off and stirring for 20 
s) for a total reaction time of 2 min [16]. Then, the composites 
were separated using a centrifuge (Centurion Scientific Ltd.) 
operated at 5,000 rpm for 15 min and dried in an oven at 70 °C 
overnight. For comparison, the neat PmClAn was prepared via 
a similar procedure in the absence of the RGO and GO.

Measurement:
IR spectra:
The Fourier Transform Infrared (FT-IR) spectra were recorded 
on a Nicolet 8700 spectrometer, in the range 400–4000 cm-1.

XRD:
X-ray diffraction (Rigaku, D/Max, 2500V, Cu-Kα radiation: 
1.54056A°) experiments were carried out on both the plain Pm-
ClAn and the composite samples. Wide-angle X-ray diffractograms 
were recorded at temperature of 300 C after isothermal crystalli-
zation at this temperature for 1 h in the range of 0-70(2q).

SEM:
Morphology of the PmClAn/c-graphene composite was inves-
tigated using a Philip XL 30 scanning electron microscope at 
an accelerating voltage of 25 kV. The sample was fractured at 
liquid nitrogen temperature and then was coated with a thin 
layer of gold before observation.

Conductivity:
The standard Van Der Pauw DC four probe method was 
used to measure the electron transport behavior of PmClAn, 
PmClAn/c-graphene composites. The samples of PmClAn and 
PmClAn/c- graphene were pressed into pellet. The pellet was 
cut into a square. The square was placed on the four probe 
apparatus, providing a voltage for the corresponding electrical 
current could be obtained. The electrical conductivity of sam-
ples was calculated by the following formula: σ (S/cm) =(2.44 
×10/S) ×(I/E), where σ is the conductivity; S is the sample 
side area; I is the current passed through outer probes; E is 
the voltage drop across inner probes.

Result and Discussion:
FTIR spectral analysis:
FTIR spectral analysis was performed to confirm the chemical 
structure of all of the RGO/ (PmClAn) nanocomposites. Fig-
ure 1 summarizes the FTIR spectra of the GO, RGO, neat Pm-

ClAn, RGO-( PmClAn) and R-(GO- PmClAn) nanocomposites. 
In figure 1a, the characteristic FTIR features of GO include the 
presence of different types of oxygen functionalities, which 
have been confirmed by the band at 3421 cm−1, which corre-
sponds to the O-H group, the bands at 1722 and 1620 cm−1, 
which correspond to the C=O carbonyl/carboxyl and C=C aro-
matic groups, respectively, and the band at 1223 cm−1, which 
corresponds with the C-O . In figure 1b, indicates that the O-H 
band at 3431 cm−1 was reduced in intensity due to the de-
oxygenation of the GO-oxygenated functionalities. The spec-
trum of RGO also contains bands at 1625 cm−1 and 1141 cm−1, 
which correspond to C=C and C-O groups, respectively.  The 
spectrum also had a band at 1151 cm−1 that has been assigned 
to the C-O-C group. The bands between 1272 cm−1 and 992 
cm−1 originate from the C-O group. For the RGO-( PmClAn) na-
nocomposites, In figure 1c shows the characteristic bands at 
3421, 1725 and 1622 cm−1 that correspond to the O–H, C=O 
and C=C groups for the RGO-( PmClAn) nanocomposites, re-
spectively . When MWI was employed in the preparation of 
R-(GO- PmClAn) nanocomposites (Figure 1d), there was an in-
crease in the intensity of the C=C bands and a decrease in the 
intensity of the C=O bands. In addition, strong characteristic 
bands associated with aliphatic C-H and -CH2 groups were ob-
served at 2921 and 2856 cm−1, respectively, in the spectrum of 
the R-(GO- PmClAn) nanocomposites .

 

Figure 1.FTIR spectra of (a) GO; (b) RGO;  (c) RGO-
(PmClA) nanocomposites and (d) R-(GO-PmClA) nano-
composites

XRD
The X-ray diffraction data for RGO,   RGO-( PmClAn) and R-
(GO- PmClAn) composites are shown in Fig. 2. The XRD pat-
tern of GO displayed in Figure 2a showed a characteristic 
peak (2θ) at approximately 9.33°, which corresponds with a 
d-spacing of 0.95 nm. After GO was reduced   (Figure 2b), the 
d-spacing decreased. In addition, the peak appeared at 2θ = 
12.41°, with a d-spacing of 0.71 nm. This result confirms the 
chemical reduction of GO and formation of RGO   . In addition, 
this result also indicates the removal of large number of ox-
ygen-containing groups and the formation of much more ex-
foliated RGO sheets, as well as a change in the hybridization 
of the reduced carbon atoms from tetrahedral sp3 to planar 
sp2 . The XRD pattern of the RGO-( PmClAn) nanocomposites 
(Figure 2c) had a broad peak, indicating an amorphous struc-
ture, which corresponds primarily with the PmClAn with a 2θ 
of 27.40° and a d-spacing of 0.32 nm. The XRD pattern of the 
prepared R-(GO- PmClAn) nanocomposites prepared via MWI 
(Figure 2d) showed an increase in the d-spacing, with a band 
at 2θ = 26.70° and a d-spacing of 0.33 nm.  In addition, the 
characteristic peaks of RGO and GO do not appear in the pat-
terns of the  composites, which indicates that the RGO layers 
were exfoliated in the composites .
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Figure 2.XRD patterns of (a) Graphite; (b) GO; (c) RGO; 
(d) RGO-(PmClA) nanocomposites and (e) R-(GO-PmClA) 
nanocomposites

SEM
The SEM pictures of the GO,  RGO,   RGO-( PmClAn) and R-
(GO- PmClAn) composites,   in Fig. 3. Figure 3a shows the pre-
pared GO (Figure 3a) was not fully exfoliated and had a flaky 
texture. This result suggests a partially exfoliated structure 
and reflects its layered microstructure containing large in-
terlayer spacing and thick multilayer stacks. Figure 3b shows 
the SEM image of RGO, which reveals that the RGO consisted 
of randomly aggregated thin crumpled sheets that are closely 
associated with each other, forming a disordered solid . The 
SEM image of the RGO-(PMMA) nanocomposites prepared 
via the in situ method (Figure 3c) shows that RGO is stacked 
up, and not well dispersed in the PmClAn matrix. For the R-
(GO- PmClAn) nanocomposites (Figure 3d), the wrinkled and 
crumpled profile of RGO was observed with significant chang-
es in the morphology .

 

Figure 3.The SEM micrographs of (a) GO; (b) RGO; (c) 
RGO-(PmClA) nanocomposites; (d) R-(GO-PmClA) nano-
composites
 
Conductivity:
The electrical conductivities PmClAn/RGO composites were 
measured using the standard Van Der Pauw DC four-probe 
method shown in Fig. 4 . The conductivity of PmClAn synthe-
sized in the presence of hydrochloric acid at room tempera-
ture is of 1.11× 10-4 S/cm. Meanwhile, by the addition of 2 

wt% RGO into PmClAn, the conductivity at room temperature 
increases from 1.11 to 8×10-4 S/cm. Further, the conductiv-
ity at room temperature gradually increases to 11× 10-4, 19 
×10-4 S/cm for 5 and 10 wt% RGO ccontent. The reason for 
improvement in conductivity is the π–π* interaction between 
the surface of RGO and the quinoid ring of the copolymer 
chain . 

 

Fig. 4 Conductivity versus the weight percent of RGO /Pm-
ClAn composites
 
Conclusions
R-(GO-PmClAn) and RGO-(PmClAn) using in situ bulk po-
lymerization facilitated by MWI.  The nanocomposites were 
characterized using FT-IR , XRD, SEM and conductivity analy-
sis. The morphology of RGO-(PmClAn) composites contains 
both the thinner fibrous phase and the larger block phase. 
It is assumed that RGO-(PmClAn) were used as a core in the 
formation of tubular shells of the fibrous PmClAn /c-MWNT 
composites. The highly ordered structures of nanocomposites 
were confirmed by XRD patterns. Room temperature conduc-
tivity of nanocomposite increased with the increase of RGO.
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