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ABSTRACT 

Polyaniline/TiO2 nanocomposites have been prepared by sol-gel technique using citric acid and saturated solution of α-dextrose 
as a surfactant in presence of hydroxyl group at an anomeric position in sugar chain. The FTIR spectrum indicates the 
benzenoid, quinoid and MO peaks confirm the formation of PANI/TiO2 nanocomposites. The XRD studies show the monoclinic 
structure and the TEM study of nano TiO2 reveals that the average particles size is 9 ±2 nm whereas the composite size is 13 ± 2 
nm and further it is observed that the TiO2 nanoparticles are intercalated to form a core shell of PANI. The formation of core 
shell is significant up to 30wt% observed from the SEM. The TGA-DSC curves show the thermal stability of polyaniline and its 
nanocomposites at 660 °C of temperature. Copyright © 2013 VBRI press.  
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Introduction  

The conducting polyaniline (PANI) has been recognized to 
be the most important and has exhibited great potential for 
commercial applications due to its unique electrical, optical 
and photoelectrical properties, as well as its ease of 

preparation and excellent environment stability [1-3]. 
Nanocrystalline TiO2 has also been frequently used for 
preparing various nanocomposites with conducting 
polymers owing to its excellent physical and chemical 
properties, and promising applications in advanced coating, 

sensor, solar cell, photo catalyst, and so on [4]. Therefore, 
PANI/ TiO2 nanocomposites have been most intensively 
studied among various nanocomposites, because it could 
combine the merits of PANI and nanocrystalline TiO2 
particles within a single material and are expected to find 
applications in electrochromic devices, nonlinear optical 

system, sensors and photoelectrochemical devices [5-7]. 
Most of the properties of these materials are based on the 
synergism between the properties of the components are a 
direct result from their chemical and structural composition 
and so they can be tailored. For instance, coatings based on 
organic–inorganic hybrid materials are capable to combine 
the flexibility and easy processing of polymers with the 
interesting properties of the inorganic part: hardness, 
thermal stability, electrical and electrochemical 
distinguished properties. The thermal stability of PANI 
base form is much higher than that of the others due to its 
conjugated stiff backbone and absence of counter ions. For 
its salt forms, their thermal stability increases with the 
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increase of dopant size. Nevertheless, PANI–HCl and 
PANI–XSA have relatively less weight loss at high 
temperature because of the relatively low molecular weight 

of their dopants [8-9]. 
The structural study also carried by employing 

differential scanning calorimetry (DSC) of conductive 
composite films of EVA copolymer and PANI-DBSA 
complex, cast from water-xylene medium, PANI-DBSA 
being prepared in situ by oxidative polymerization of 
aniline in presence of DBSA. During processing and 
storage, such composites can be exposed to elevated 
temperature and changes in their structure can take place 
(chain defects, crosslinking, etc.). Thus, we consider that 
the thermal analysis is important for elucidating the 
interactions among the three constituents in the systems 
studied (PANI, DBSA and EVA copolymer) which are 
responsible for the structural changes, phase transitions and 

electrical conductivity of the composites [10, 11]. 
The combination of nanocrystalline TiO2, and 

polyaniline-TiO2 nanocomposites is attractive because of 
the combination of polyaniline and metal oxide exhibits 
excellent electrical, mechanical and optical properties such 
as surface hardness, modulus, strength, transparency, high 
refractive index and acids and their derivatives are highly 
promising coupling molecules that allow the anchoring of 

organic groups to inorganic solids [12-15]. In this paper, 
author reports the synthesis of core-shell structured 
polyaniline/TiO2 nanocomposites. The prepared samples 
were characterized by FTIR, XRD, SEM and TEM. Effect 
of core shall morphology on thermal properties of prepared 
composites is elucidated.  

 

Experimental 

Materials  

All Chemicals used were analytical grade (AR). The 
monomer aniline was doubly distilled prior to use. 
Ammonium persulphate ((NH4)2S2O8), hydrated titanium 
nitrate (TiO2 (NO3)2.6H2O), hydrochloric acid (HCl) were 
procured from Sigma Aldrich and were used as received.  

 
Synthesis of polyaniline 

Aniline (0.1mol) was dissolved in 1M HCl to form aniline 
hydrochloride solution. To this reaction mixture, 0.1M of 
ammonium persulphate [(NH4)2S2O8] which acts as an 
oxidant was added slowly with continuous stirring at 0–
50C. After complete addition of the oxidizing agent, the 
reaction mixture was allowed to keep for 24 h without 
stirring. The greenish black precipitate of the polyaniline 
was recovered by vacuum filtration and washed with 
acetone and 0.1N HCl in order to remove the oligomers and 
chlorine ions respectively. The precipitate was dried in an 
oven for 24 h at 50 0C to achieve constant weight. 
 
Preparation titanium dioxide 

Two step sol-gel preparation methods are used to 
synthesize nano TiO2 which has been described as follows. 
In the first step, 160 ml of 0.1N titanium nitrate hydrated 
[TiO2 (NO3)2.6H2O] and 480 ml of 0.1N citric acid are 
mixed thoroughly by stirring at room temperature. To this 
mixture, ammonia is added drop-wise with constant stirring 

using magnetic stirrer for 5-6 h at room temperature. The 
purpose of adding ammonia is to maintain the pH at 4. 
Finally, a gel is formed. In the second step, the saturated 
solution of alpha dextrose is added to above gel and stirred 
for 2h at 1200C which turns to a spongy type solid residue. 
This spongy gel is ignited at a temperature of about 3000C 
for 1h in air ambient. Finally, fine graded TiO2 
nanoparticles are formed. 

 
Preparation of composite      

Aniline hydrochloride / [TiO2 (NO3)2 6H2O] / citric acid 
are taken in the molar ratio of 1:2: 3 and are stirred 
thoroughly for 1h at 250C. To this mixture, ammonium 
persulphate [(NH4)2S2O8] as oxidant and saturated solution 

ofdextrose is added with constant stirring at  70 0C for 
5-6 h which acts as surfactant because of a free hydroxyl 
group present at the anomeric position exist as an 
equilibrium mixture between acyclic and cyclic forms. It 

finally gives a green gel precipitate [16 -17]. The gel is 
further refluxed with 0.1N HCl to enhance the protonation 
processes and then vigorously washed with distilled water 
and acetone to remove the excess α-dextrose, citric acid 
and oligomers from the composite. Further, the composite 
is dried at 800C for 5-6 h to achieve constant weight. The 
various weight percentages of 10, 20, 30, 40 and 50 wt % 
of Polyaniline/TiO2 nanocomposites have been prepared by 
same method.  

The pellets of 10 mm diameter are prepared with 
thickness varying up to 2 mm by applying pressure of 
1Tons in a UTM – 40 (40 Ton Universal testing machine). 
For temperature dependent conductivity, the pellets are 
coated with silver paste on either side of the surfaces to 
obtain better contacts. 

 
Characterization  

Infrared spectroscopy 

The IR spectra of all the samples are recorded on Perkin 
Elmer (model 783) IR spectrometer in KBr medium at 
room temperature. For recording IR spectra, powders are 
mixed with KBr in the ratio 1:25 by weight to ensure 
uniform dispersion. The mixed powders are pressed in a 
cylindrical dye to obtain clean discs of approximately 1 mm 
thickness. 
 
X-ray diffraction 

X-ray diffraction Phase identification was carried out by a 
Shintag X1 diffractometer with Cu Kα (1.54 A0) radiation in 
θ – θ configuration at ambient emperature. The patterns 
were recorded in the 2-700 range at 0.050 step size using 3-s 
acquisition time per step. The mean particle size (PS) was 
calculated using the Debye–Scherrer equation given below. 
where K is a constant equal to 0.9 λ is the wavelength of 
the Cu Kα radiation, β is the half-peak width of the 
diffraction peak in radiant and θ is the Braggs angle of 
(311) plane.  
 

PS = 0.9 λ /Cos θ   (1) 
 

where  is full width half maxima, θ is angle of reflection. 
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Scanning electron microscopy and transmission electron 
microscopy 
 
The powder morphology of polyaniline and its composites 
sintered in the form of pellets (to measure grain size) are 
investigated using Phillips XL30 ESEM scanning electronic 
microscope (SEM). The samples in the form of pellets are 
mounted on aluminum plat form and conducting gold is 
sputtered on the sample to avoid charging at the sample 
surfaces and hence selected areas were photographed.  The 
particle morphology of polyaniline and its composites 
sintered in the form of pellets are investigated employing 
JEOL 2000 FX–II TEM was used at an accelerating voltage 
of 200 kV. 
 
Thermogravimetric-differential scanning calorimeter (TG-
DSC) 
 
Thermal studies (TG/ DSC measurements) were performed 
on Linseis STA PT-1600 (Germany) Thermal 
analyzer.10mg of completely dried sample is taken in a 
clean alumina crucible and heated up to 50oC - 700 oC in 
the nitrogen atmosphere at the rate of 10o C/min. 
 

Results and discussion 

Infrared Spectroscopy 

Fig. 1(a-c) shows FTIR spectra of pure polyaniline and 
polyaniline/TiO2 nanocomposites. The vibrational bands 
are found to be at 503 cm−1, 808 cm−1, 1133 cm−1, 1294 
cm−1, 1491 cm−1 and 1581 cm−1. The bands at 503 cm−1 and 
808 cm−1 are due to C–H out-of-plane bending vibration 
and para disubstituted aromatic rings, respectively. A band 
appearing near 1294 cm−1 represents the C–N stretching 
vibration. The C–H in the plane bending vibration occurs at 
1133 cm−1.  
 

 
 
Fig. 1 (a-c) Shows the FTIR spectra of polyaniline, pure nano TiO2 and 
polyaniline / TiO2 nanocomposites. 

The presence of two bands in the range of 1450–1600 
cm−1is assigned to the non-symmetric C6 ring stretching 
modes. The higher frequency vibration at 1581 cm−1 has a 
major contribution from the quinoid rings, while the lower 
frequency mode at 1491 cm−1 depicts the presence of 

benzenoid rings. The broad band observed at 3280–3500 
cm−1is due to the N–H stretching of aromatic amines and at 
2500–3000 cm−1 is due to aromatic C–H stretching 
vibrations. Thus an FTIR spectra peak confirms the 
formation of composites and also suggests a Vander walls 
kind of interaction between the polymeric chain and TiO2 
nanoparticles. 
 
X-ray diffraction 

Fig. 2 (a-c) shows the XRD patterns of polyaniline / TiO2 

nanocomposite respectively. Fig. 2 (a) reveals that the 
polyaniline is amorphous in nature. An intensity peak is 
found to be around 26° for polyaniline which may be 
assigned due to the scattering of polyaniline chains at 
interplanar spacing. When (NH4)2S2O8 is added to the 
reaction system, it is observed that  polymerization 
proceeds initially on the surface of TiO2 nanoparticles due 
to the restrictive effect of the surface and there after 
polyaniline encapsulates the crystalline behavior of 
polyaniline / TiO2 nanocomposite which are hampered. 
Therefore, the degree of crystallinity of polyaniline 
decreases and the diffraction peaks emerged with TiO2 
peaks and hence cannot be distinguished. Comparing the 
curves of pure TiO2 and polyaniline/TiO2 nanocomposite it 
is seen that polyaniline deposited on the surface of TiO2 
nanoparticles has no effect on crystallization performance 

.It is seen from Fig. 2 (b- c) that the monoclinic peaks of 
TiO2 indicates the crystalline nature of the TiO2 and 
PANI/TiO2 nanocomposite. By comparing the XRD 
patterns of PANI/TiO2 nanocomposite with that of TiO2, 
the prominent peaks corresponding to 2θ = 25.610, 38.12 0

, 

47.53 0 and 54.03 0 are due to (110), (101), (111) and (211) 
planes which indicates the presence of TiO2 in PANI 
[JCPDS file no. 21 -1276]. By comparing the XRD patterns 
of pure polyaniline with its composite, it is observed that 
TiO2 has retained its structure even though it is dispersed in 
PANI after polymerization reaction. 
 

 
 

Fig. 2 (a-c) shows those XRD spectra of polyaniline, pure TiO2 and 
PANI/TiO2 nanocomposites. 
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(a) (b)

(c) (d)

(e) (f)

 

 

Fig. 3 (a-f) Shows the SEM image of polyaniline and PANI/TiO2 

nanocomposites at different weight percentage (10, 20, 30, 40 and 50 wt 
%). 

 

Scanning electron microscopy 

Fig. 3 (a) shows the SEM image of pure polyaniline at 
room temperature. Through careful observations, it is found 
that the particles are highly agglomerated and well 
interconnected with each other. The granular shape 
particles are tied with the polyaniline fibers and have an 

average grain size of 0.65m.  Fig. 3 (b) shows the SEM 
image of 10 wt % of gelatinous polyaniline/TiO2 

nanocomposites at the temperature of 400C after 4h. The 
particles are agglomerated into an irregular shape and have 
initiated the formation of a granular structure. This may be 
due the presence of small percentage of TiO2 nanoparticles 
in polyaniline matrix. The average grain size is ranging 

from 0.8m to 1m. Fig. 3(c) shows the SEM image of 20 
wt % of gelatinous polyaniline/TiO2 nanocomposites at the 
temperature of 400C after 4h. The particles are highly 
clustered, homogeneous, regular and spherical in shape. 
Here the granular morphology itself shows the formation of 
PANI core-shell over the TiO2 nanoparticles. This indicates 
that there was a formation of two layers over the 

PANI/TiO2 nanocomposite of citric acid and -dextrose 
which causes the strain in the polymer chain to form the 
circular structure. The average grain size is in the range of 

0.6m to 1.5m. Fig. 3(d) shows the SEM image of 30 
wt % of gelatinous polyaniline/TiO2 nanocomposite at the 
temperature of 400C after 4h. The particles are clustered 
homogeneous and circular in shape and have almost similar 

in size. The average grain size is of about 2m. This 
clearly indicates that there is a continuous increase in the 
volume of the core shell with increase in percentage of 
nanocrystalline TiO2 in polyaniline matrix.  

Fig. 3(e) shows the SEM image of 40 wt % of 
gelatinous polyaniline/TiO2 nanocomposite at the 
temperature of 400C after 4h. The particles are highly 
agglomerated in a semicircular fashion. The outer surface 
of the shell looks rough when you compared with 10, 20 
and 30 wt. % of its composites. This is due to crack at outer 
surface of the shell which attributes to the formation of core 
shell more significant below 30 weight percentage of 
nanocrystalline titanium dioxide particle in polyaniline. 

Hence the average granular size decreases to 1.6 m. Fig. 

3(f) shows the SEM image of 50 wt % of gelatinous 
polyaniline/TiO2 nanocomposite at the temperature of 400C 
after 4h. The particles are found to be loosely held with 
each other which cause more porosity in the composites. It 
is seen that the shells are completely ruptured due to 
predominant wt. % of nanocrystalline TiO2 particles over 
the polymer matrix. This clearly indicates that the increase 
in nano TiO2 nanopartciles decreases the strain in the 
polymer chain due to surfactant and also decreases the 
binding force between the particles and matrix.  Therefore, 

the average granular size decreases up to 1.3 m. Fig. 3(b) 

and Fig. 3(f) shows that formation of core-shell is more 
significant, if TiO2 nanoparticles is less than 30 wt.% in 
polyaniline matrix than this  may give a high thermal 
stability and good other properties. Therefore, these 
materials can be used in electronic device. 
 
Transmission electron microscopy 

Fig. 4(a-b) shows TEM images of TiO2 and 
polyaniline/TiO2 nanocomposites. The TEM image of 
polyaniline/TiO2 nanocomposite shows the granular 
structures. An obtained average size of this was found to be 
of about 7nm and 13nm, respectively. The surface to 
volume ratio of TiO2 nanoparticles decreases the size of 
composites from bulk to nano because the particle size 
decreases with an increase in the concentration of the 
composite. Thus polyaniline provides strength and stiffness 
to polyaniline/TiO2 nanocomposite, whereas polyaniline 
matrix acts as a binder that distributes external load to the 
fibers. In addition to increasing the rigidity of the polymer 
matrix, the particles are added to modify rheological 
property. The conformational energy map of polyaniline 
matrix macromolecules displays a very rigid and extended 
structure.  This may be attributed to the formation of intra 
residue hydrogen bonds between the molecules resulting in 
a randomly shaped structure.  
 
Thermogravimetry-differential scanning calorimetric 
analysis (TG-DSC analysis) 
 
The TGA-DSC curves of pure polyaniline and 
polyaniline/TiO2 nanocomposites with various weight 

percentages is shown Fig. 5 (a, b). From Fig. 5(a)  it is 
found that an offset decomposition temperatures of 
composites were higher than that of pure PANI and shifted 
towards the higher temperature range as the content of 
nanostructured TiO2 increased whereas the onset value 
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decreases because the small particles changes the rate of 
reaction and hence the shape of the TGA curves also 
altered.  
 

(B)(A)
(a)

(B)(A)
(b)

 
 

 

 

Fig. 4. shows the TEM image of (a) pure nanostructured titanium dioxide 
and (b) 30 wt% of polyaniline/TiO2 nanocomposite. 

The decomposition starts much earlier and 
comparatively low temperature of PANI with the samples 
having nanostructure titanium dioxide. This behavior 
confirmed the increased thermal stability of composites as 
the content of nanostructured TiO2 is increased and that 
could be attributed to the retardation effect of 
nanostructuredTiO2 as barriers for the degradation of PANI 

[18-20]. From the graph it is found that the onset 
temperature is 238.9 °C and at the offset point found is at 
344.7 °C. The result agrees with the moisture evaporation 
which are trapped inside the polymer or bound to the 
polymer backbone as evidenced by the first degradation 

stage of TGA curve [21]. 
 
 

(A)

(B)

 
 
Fig. 5. (a) TGA curve of pure polyaniline and polyaniline/TiO2 

nanocomposites at different weight percentage (10, 20, 30, 40 and 50 wt 
%) and (b) DSC curve of pure polyaniline and polyaniline/n-TiO2 
composites at different weight percentage (10, 20, 30, 40 and 50 wt %). 

It can be observed from DSC curved Fig. 5(b) that the 
thermal decomposition of polyaniline and polyaniline/TiO2 
nanocomposites curve weight percentages shows a three-
stage decomposition pattern. For pure polyaniline it shows 
a large weight loss occurring below 650 °C and can be 
describe to the elimination of water, acetone and HCl. For 
pure polyaniline three mass losses could be detected in the 
temperature range of 50−650 °C. The first weight loss 
observed at 80 to 140 °C was essentially due to 
deabsorption of water absorbed on the doped polymer. The 
loss of 140 to 200 °C can be primarily related to the 
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expulsion of the doped HCl from PANI. The main loss at 
200 to 450 °C can be described to thermal degradation of 
skeletal polyaniline chain structure. This curve also 
indicates that there is a sharp weight loss near 200 °C and 
continues until 650 °C at which PANI almost completely 
decomposed. The total mass change of PANI at the 
temperature range from 50 to 660 °C is about 86.97%. The 
DSC curve peaks indicates the endothermic process where 
energy is required to break the bonds in the successive 
elimination of H2O2 CO and CO2.  

The same behaviour is observed even for all weight 
percentage of polyaniline/TiO2 nanocomposites. But 30 
wt% of polyaniline/n-TiO2 composites shows a less weight 
loss occurring above 6500C and can be use for the 
elimination of organic moieties, water and HCl in the 
temperature range of 50−650 °C. 

In DSC curve generally the glass transition temperature 
(Tg) of PANI powders is not evident in the thermographs 

[22]. The exothermic transition observed at 179.3 - 266.1 
°C is believed not to be Tg. Instead it would be attributed 
to a series of chemical reactions. Basically bond scissioning 
followed by a bond formation are involved when the 
powders are heated. The bond scissioning is endothermic, 
which is compensated by the generated heat by bond 
formation and shows an exothermic peak at around 150 - 
300 °C. The decreased peak temperatures from 273 °C 
(pure PANI) to 179.7, 222.5, 238.4, 245.2 and 264.2 °C for 
the PNCs filled with a particle loading of 30, 50, 40, 20 and 
10 wt%, respectively, further demonstrate the ordered 
polymer structure as well as good interfacial interactions 
between the metal oxide and the polymer matrix. 

 

Conclusion 

The core shell of polyaniline/TiO2 nanocomposites have 
been prepared by sol-gel technique using citric acid and α-
dextrose as a surfactant.  The higher frequency vibration at 
1581 cm−1 has a major contribution from the quinoid rings, 
while the lower frequency mode at 1491 cm−1, 3419 cm−1 
and 634 cm−1 depicts the presence of benzenoid ring units 
and corresponds to Ti–O–Ti and O–H stretching 
frequencies. Hence the FTIR results confirm the formation 
of PANI/TiO2 nanocomposite. The XRD studies show the 
monoclinic structure and the TEM study of TiO2 reveals 
that the size is of the order of 9 nm where as the 
nanocomposite size it is of the order of 13nm and further it 
is observed that the TiO2 nanoparticles are intercalated to 
form a core shell of PANI.  The formation of core-shell is 
more significant, if TiO2 nanoparticles less than 30 wt % in 
polyaniline matrix is revels from the SEM image. The TG-
DSC curve shows the offset decomposition temperatures of 
nanocomposites were higher than that of pure PANI and 
shifted toward the higher temperature range as the content 
of nanostructured TiO2 increased whereas the onset value 
decreases because the small particles change the rate of 
reaction and hence the shape of the TG curves also altered. 
This behavior confirmed the increased thermal stability of 
polyaniline/TiO2 nanocomposites compared with pristine 
polyaniline.   
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