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Abstract 
 
Highly transparent and water soluble nanocomposite of conducting Polyaniline wrapped - Multi-Walled 
Carbon Nanotubes (PANI - MWCNTs) was synthesized by an in-situ chemical polymerization method 
using sulphonic acid as a dopant. MWCNTs were functionalized prior to their use and then 
polymerized using ammonium per sulphate as an oxidizing agent. The nanocomposite was subjected 
for physico-chemical characterization using spectroscopic (UV-Vis and FT-IR), FE-SEM and thermal 
analysis. The UV-Visible spectrum of the salt phase (dark green) of the PANI-MWCNTs 
nanocomposite shows a free carrier tail with increasing absorption at higher wavelength, which 
confirms the presence of conducting emeraldine salt phase of the polyaniline and is further supported 
by FT-IR analysis. However, the base form (deep blue) of the nanocomposite shows a sharp peak at 
600 nm representing an insulating pernigraniline phase of the polymer. The FE-SEM image shows the 
uniform wrapping/coating of the polyaniline over functionalized MWCNTs.  The synthesized 
nanocomposite was then successfully used for the determination of pH of the solution (pH 1-12) and 
found to be a potential candidate for optical pH sensing. 
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Introduction 

CNT has attracted a great deal of interest, both 
as advanced reinforcement [1, 2] and in a wide 
range of electronic industrial applications [3].  
Its graphite structure with high-chemical stability 
during synthesis, its mechanical endurance 
under ultrasonication, and its electrical 
conductivity make CNT well suited to 
synthesizing a PANI/CNT composite. However, 
pristine CNT has no functional group to develop 
dispersibility in organic polar solvents and a 
polar interaction between the CNT and the 
polymer matrix. Thus, specific modifications 
were required through vigorous oxidation 
methods on the surface of the CNT, such as 
acid treatment or plasma treatment.  

Polyaniline (PANI), an interesting conducting 
polymer, has been known for more than four 
decades, and is still of interest both 
academically and industrially. Because of its 
unique processibility together with the 

availability of relatively inexpensive monomer 
and high yield of polymerization, it has become 
one of the most technologically important 
polymeric materials. To improve the electrical, 
magnetic, and optical properties of CNTs, 
conjugated or conducting polymers are 
attached to their surfaces by in-situ 
polymerization. Among the various conducting 
polymers, PANI is of particular interest in 
synthesizing polymer-MWCNTs composites 
because of its environmental stability, good 
processability, and reversible control of the 
conductivity [4,5]. 

Recently, functionalized multi walled carbon 
nanotubes (f-MWCNTs)-Polyaniline (PANI) 
nanocomposite has attracted much attention 
due to their enhanced electronic properties [6] 
They are promising nanocomposite for new 
applications in chemistry, physics and 
particularly in development of new devices such 
as hydrogen storage, supercapacitor, 
biosensors, electromechanical actuators, 
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nanoprobes for high-resolution imaging and 
many more [7,8]. 

A typical method to prepare PANI/Multiwalled 
carbon nanotube (MWCNT) composites is an in 
- situ aqueous solution polymerization or 
emulsion polymerization [9,10]. 

There is an advantage of an in-situ 
polymerization of f-MWCNTs to obtain good 
homogeneity which is lacking in an ex-situ 
polymerization. Hence, the attempts have been 
made to f-MWCNTs by in-situ polymerization.  

The objective of this work is to demonstrate the 
covalently functionalization of multiwalled 
carbon nanotube (MWCNTs) and its utilization 
for the synthesis of PANI-MWCNTs 
nanocomposite via an  in-situ polymerization 
with attractive physico-electrochemical 
properties. The nanocomposite was then 
characterized by using UV-Vis, and FT-IR 
spectroscopy. Morphology of the 
nanocomposite was studied by using FE-SEM 
analysis and the synthesized nanocomposite 
was then successfully used for optical pH 
sensing.  

Experimental 

i) Materials  

Commercial MWCNTs (diameter 20–35 nm, 
length 10–50 µm) with a purity of >95% was 
used as received. Aniline monomer (99% 
purity,) was distilled under reduced pressure 
and stored at low temperature prior to use. 
Oxidizing agent, ammonium per sulfate (APS) 
and protonating acid, Dodecylbenzene 
sulphonic acid (DBSA) is of analytical reagent 
(AR) grade and used as received. All the 
solutions were prepared using double distilled 
water.  

ii) Functionalisation of MWCNTs 

The MWCNTs was first ultrasonicated using 
mixture of concentrated sulfuric acid (H2SO4) 
and nitric acid (HNO3) in a ratio of 3:1 for 8 
hours at room temperature. After sonication in 
acid, MWCNTs were centrifuged and washed 
repeatedly with distilled water till the pH was 
neutral. The product was dried in an oven at 
1500C for 2-3 hours. Fine black powder was 
obtained and denoted as f-MWCNTs 
(functionalized -MWCNTs). 

iii) Synthesis of acid doped PANI-MWCNTs 
nanocomposite 

The conducting nanocomposite of PANI-
MWCNTs was synthesized by  an in-situ 
polymerization. In this synthesis, initially f-
MWCNTs (1%) were dispersed in water and 
then ultrasonicated for 30 min. Then organic 

acid DBSA (1.5 M) was added with vigorous 
stirring. The precooled solution of aniline 
monomer (0.55 M) was added to the above 
dispersion with constant stirring. Finally, the 
oxidising agent ammonium persulphate (NH4)2 
S2O8 (0.55 M) was added drop wise over a 
period of 30 min with constant stirring to initiate 
the polymerization of aniline. The monomer to 
oxidizing agent ratio was kept as 1:1. After 2 hr, 
the dark suspension turned green, indicating 
the formation of the conducting emeralidine salt 
phase of the polyaniline. The reaction was 
continued under stirring for 24 hr at room 
temperature, in order to ensure the complete 
polymerization of aniline. The greenish black 
precipitate obtained was filtered and washed 
thoroughly with deionized water to remove the 
impurities of unreacted monomer, excess acid, 
and oxidant, and then the product was dried in 
an oven at 600C for 24 h. The free flowing 
greenish black powder of PANI-MWCNTs 
nanocomposite was then subjected for 
physicochemical characterization. 

iv) Characterization 

UV–Vis spectra of PANI-MWCNTs were 
recorded using Perkin-Elmer 
spectrophotometer in the range of 300–1100 
nm. FTIR spectra were studied using Perkin-
Elmer Spectrum 2000 spectrophotometer in the 
range of 400 - 4000 cm-1. The samples were 
prepared in the pellet form using spectroscopic 
grade KBr powder. The morphology of the 
nanocomposite was studied using Field-
emission scanning electron microscopy 
(FESEM; Hitachi S-4800 II). 

Results and Discussion 
Figure 1. shows the UV-Visible absorption 
spectra of PANI-MWCNTs nanocomposite 
recorded in the range of 300–1100 nm. 

 
Figure 1. UV-Vis. Spectra of Polyaniline –
MWCNTs nanocomposite  

The as synthesized nanocomposite shows the 
presence of small peak at 350 nm, a sharp 
peak appearing at 420 nm and an increasing 
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absorption at 820 nm. The peak at 320 nm 
corresponds to the π - π* transition of the 
benzenoid rings. While, the shoulder at 420 nm 
represents polaronic peak representing the 
protonation of the polymer, and the sharp peak 
at 820 nm showing free carrier tail, confirms the 
presence of conducting emeraldine salt phase 
of the polymer [11]. 

The detailed structural investigations of PANI–
MWCNTs nanocomposites was carried out by 
FT-IR spectroscopy and presented as Figure 2 
while, the Table 1 gives the characteristic 
frequencies of the PANI-MWCNTs 
nanocomposite. The nanocomposite prepared 
by in-situ polymerization process shows all the 
characteristic peaks of polyaniline in its 
conducting emeraldine salt (ES) phase. 
However, a new band appearing at 1660 cm-1, 
which is attributed to the carbonyl stretch of the 
amide. This clearly indicates that the polyaniline 
would become covalently functionalized to the 
MWCNTs via the formation of an amide bond. 

 
Figure 2 FT-IR spectra of PANI-MWCNT 

nanocomposite 

Table 1. Characteristic frequencies of Polyaniline – 
Carbon nanotubes nanocomposite 

Wavenumber (cm-1) Band Characteristics 

878 Paradisubstituted 
aromatic rings indicating 
polymer formation. 

634 C-H out of plane 
bending vibration. 

1030 -SO3
- group of the 

dopant ion 

1109 C-H in plane bending 
vibration. 

1288 Aromatic C-N stretching 
indicating secondary 
aromatic amine group. 

1460 C-N stretching of 
benzenoid rings. 

1628 C-N stretching of quinoid 
rings. 

1660 Carbonyl stretch of the 
amide 

3400 N-H stretching vibration 

The FE-SEM image of the f-MWCNTs and 
PANI-MWCNTs nanocomposites are shown in 
Figure 3 (a and b). The magnifications were 
selected such that the morphology could be 
seen clearly. 

   
       (a)                   (b)             (c)  

Figure 3 FE-SEM image of  pristine f-MWCNTs 
(a) PANI-MWCNTs nanocomposite(b) and core 
shell structure of nanocomposite(c) 

Figure 5a, clearly shows the intermingled 
ropes/tubes with smooth surfaces of f-MWCNTs 
with varying diameter in the range of ~25-35 nm 
and length up to few microns. However, in the 
nanocomposite, a tubular layer of uniform 
wrapping/coating of PANI is clearly observed on 
the surface of the f-MWCNTs (fig.3b) forming a 
core - shell structure (fig.3c). As seen in the 
figure, the diameter of PANI-MWCNTs 
composites was logically found to be increased 
as compared to that of the pure/pristine f-
MWCNTs due to wrapping of the polymer over 
it. 

After successful synthesis and characterization 
of the PANI-MWCNT nanocomposite the water 
dispersible and highly transparent 
nanocomposite was then used for optical pH 
sensing.   

Figure 4 a shows the dispersion of polyaniline-
MWCNT nanocomposite at different pH. The 
nanocomposite solution is dark green in colour 
at acidic condition (pH =1) and it is quite 
obvious because polyaniline at acidic condition 
are in the conducting emeraldine salt phase 
which is emeraldine green in colour. As the pH 
is increased from acidic to the basic side there 
is dramatic decrease in the intensity of the 
green colour of the polyaniline in the 
nanocomposite. At highly basic condition 
(pH=12) the colour of the nanocomposite 
solution  turned to dark/intense blue indicating 
the transformation of polyaniline emeraldine salt  
(conducting) phase to its  pernigraniline base 
(insulating) form. 

DOI 10.5162/IMCS2012/P1.3.2

IMCS 2012 – The 14th International Meeting on Chemical Sensors 936



 
(a)                                                                       

 
(b) 

Figure 4  (a) photograph of Polyaniline – 
MWCNTs nanocomposite  dispersion in water 
at different pH, (b) Polyanine-MWCNTs 
nanocomposite thin film coated on glass substrates 
at two extreme pH ( pH =1 and pH =12) 

At intermediate pH values of 5 and 9 which is 
nearer to neutral pH, there is a slight tinge of 
green and blue colour to the nanocomposite 
solution respectively. This pH dependent 
change in the oxidation state of the polyaniline-
MWCNT nanocomposite which is very easily 
reflected by the change in the colour (optical 
change) can be efficiently used for the 
development of optical pH sensing 
measurements.  Also, we have coated this 
nanocomposite dispersion with two extreme pH 
on the microscopic glass slides (Fig.4 b) where, 
the transparency and uniformity of this 
nanocomposite film is clearly observed.  The 
film is highly transparent with more than 80 % 
transmittance. It is also possible to make the 
miniaturized optical sensor device using PANI-
MWCNT nanocomposite coated optical fibers. 
The efforts towards the development of this 
type of device are in progress in our laboratory. 

Conclusions 

Highly transparent  and water soluble 
nanocomposite of conducting polymer, 
Polyaniline (PANI) and Multi-walled Carbon 
Nanotubes (MWCNTs) was prepared by an  in-
situ chemical polymerization method using 
sulphonic acid as a dopant.. The synthesized 
nanocomposite was characterized by using 
spectroscopic (UV-Vis and FT-IR) analysis. The 
synthesized nanocomposite was then 
successfully used for the determination of pH of 

the solution and can be considered as a 
potential candidate for optical pH sensing. 
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