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ABSTRACT 
 
The paper describes the synthesis and characterization of polyaniline (PANI)/CrO3 composites. Samples of 

PANI/CrO3 composites were synthesized by chemical oxidative polymerization of aniline added with various weight 

% of CrO3 in the presence of ammonium persulphate as an oxidant. The samples were characterized by Fourier 
Transform Infrared (FTIR) Spectroscopy, Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD) and their 

thermal and electrical properties have also been investigated. The results of FTIR and SEM techniques confirm the 

presence of CrO3 in the composites. The FTIR spectra show that the intensity of characteristic peak of metal oxide 

increases and also there exist small shifting in the frequencies of characteristic bands of PANI in the composite. In 

the SEM micrograph of PANI/CrO3 composites, the smaller size particles are observed as compared to PANI. It 

reveals that CrO3 particles are embedded in the PANI structure. From Thermo Gravimetric Analysis (TGA), it is 

concluded that the thermal stability of PANI is more in composite form. First, it increases with increase in CrO3 

content up to 10 weight% and thereafter it starts decreasing. The DC electrical conductivity also shows similar kind 

of behavior. DC conductivity of PANI as well as PANI/CrO3 composites increases with increase in temperature. 

Due to higher value of conductivity and thermal stability as compared to PANI, these composites can act as good 

conducting materials at higher temperatures. The composite can also act as a promising material for high 
performance humidity sensors. 

 

Keywords: Polyaniline; Fourier transform infrared spectroscopy; Scanning electron microscopy; X-ray diffraction; 

Thermo gravimetric analysis 

_____________________________________________________________________________________________ 

 

INTRODUCTION 

 
Conducting polymers have a wide range of applications such as rechargeable batteries, organic field effect 

transistors, sensors, plastic solar cells and anticorrosive materials due to their unique physical and chemical 

properties. PANI is one of the most studied conducting polymers having four different structures (leuco-emeraldine 

base, emeraldine base, Pernigraniline base and emeraldine salt). PANI, whose only electrically conductive form is 
the emeraldine salt, is the most attractive conducting polymer due to its low cost, high environmental, chemical and 

electrical stability at ambient conditions, good electrical conductivity and potential applications in molecular 

electronics [1,2] and in field effect transistors [3]. Also it has attracted much attention due to its possible 

applications in electrochromic display devices, schottky diodes [4], sensors [5], optoelectronic devices, and 

electromagnetic shielding [6]. PANI can be prepared in powder form using the chemical oxidative polymerization 

method and in thin film form using the plasma polymerization technique, the electrochemical deposition method, the 

spin coating or solution casting methods.  

 

In recent years, focus of the research has been to mix conducting polymers such as PANI and its derivatives with 

different materials to produce new materials with exciting properties. A number of studies have been reported on the 

structural, thermal and electrical properties of polymeric composites of PANI, as well as polypyrrole, containing 

oxides such as TiO2 [7], SnO2 [8], Co3O4 [9], Fe3O4 [10], Y2O3 [11], CeO2 [12], CuO [13], Cr2O3 [14] and ZnO [15]. 

The properties of these systems are sensitive to particle size, inter-particle interaction and temperature. These 

materials, which are produced as polymeric composites containing blends, copolymers, metal powders and metal 
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salts can exhibit interesting physical and chemical properties. The polymer nano-composites have attracted great 

interest owing to their novel properties derived from the successful combination of the characteristics of parent 

constituents into a single material. Also there exist, unparallel advantage such as tunable mechanical properties for 

the diverse applications such as microwave absorption layers, solid state electrolytes, catalysts and super capacitors 

[16]. 

 

CrO3 has been extensively explored for the purpose of developing widespread industrial applications, owing to the 

convergence of a variety of mechanical, physical and chemical properties in one single oxide material. Therefore, 

CrO3 is selected for preparation of composites with PANI. Till now although a number of studies on PANI and its 

oxide composites have been reported and majority of researchers are still focusing on their synthesis and 

characterization. The survey of literature reveals that there is no report on the synthesis and characterization of 

PANI/CrO3 composites to the best knowledge of authors. Also the evaluation of dynamic parameters for PANI and 

oxide composites using techniques such as TGA etc. is scarce.  

 

In the present paper, the synthesis of PANI and PANI/CrO3 composites by chemical oxidative polymerization of 

aniline hydrochloride with ammonium persulphate using different concentrations of CrO3 is reported. The 

characterization of the samples has been performed using SEM, FTIR spectroscopy, XRD and Thermal analysis. 

The variation in dc conductivity of these composites has also been studied as a function of temperature and 
concentration.  

 

EXPERIMENTAL SECTION 
 

2.1. Synthesis of PANI 
To prepare PANI, 0.2 M aniline hydrochloride (Aldrich) was oxidized with 0.25 M ammonium persulphate 

(Aldrich) in aqueous medium. Both solutions were left to cool in the refrigerator for 2-3 hours and then mixed in a 

beaker drop-wise, maintained at a temperature between 0-4 
0
C in an ice bath, stirred for 2 hours and left for 24 hours 

at rest to polymerize in refrigerator. Thereafter PANI precipitate was collected on a filter paper and was washed with 

1M HCl and subsequently with acetone till the filtrate turned colourless. PANI (emeraldine) hydrochloride powder 

was dried in air and then in vacuum at 45
0
C. PANI prepared under these conditions was taken as standard sample. 

 

2.2. Synthesis of PANI/CrO3 Composites 
The samples of PANI/CrO3 composites were prepared by adding 5, 10, 20 and 40 weight percentage of 0.1 M 

Chromium Oxide (Aldrich) to 0.2 M aniline hydrochloride solution in distilled water before oxidizing with vigorous 

stirring for 2 hours. Following this procedure, four different PANI/CrO3 composites were prepared and named as 

Cr5, Cr10, Cr20 and Cr40 respectively. 

 

ANALYTICAL TECHNIQUES 
The samples were characterized by FTIR, SEM, XRD and TGA techniques. FTIR analysis was done by using 

Shimadzu IR affinity-1 8000 FTIR spectrometer by mixing the powder sample with dry KBr. SEM was done using 

Microtrac Semtrac Mini SM-300. XRD studies of the samples were performed by using Rigaku table-top X-ray 

diffractometer. TGA analysis was performed by TA instrument, model no. SDT Q600 in nitrogen atmosphere with a 
heating rate of 10

0
C/minute. DC conductivity measurements were also made by using Keithley 6517B electrometer.  

 
RESULTS AND DISCUSSION 

 
4.1. Fourier Transform Infrared Spectroscopy 

Fig. 1 shows the FTIR spectra of PANI and PANI/CrO3 (wt% 40). The FTIR spectrum of PANI shows characteristic 

vibrations in the region of 1000-1500 cm
-1

. It shows major characteristic bands at 626 cm
-1

, 804 cm
-1

, 1038 cm
-1

, 

1292cm
-1

, 1458cm
-1

 and 1569 cm
-1

. The bands at 626 and 804 cm
-1

 are due to C-H out of plane bending vibration 

and para-disubstituted aromatic rings, respectively [17, 18]. A band appearing near 1292 cm
-1

 represents the C-N 

stretching vibration [17, 18]. In plane bending vibration in C-H occurs at 1038 cm
-1 

[19, 20]. The presence of bands 

in the range of 1450-1600 cm
-1

 is attributed to non- symmetric C6 ring stretching modes [17, 19]. 
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Figure 1. FTIR spectra of PANI and PANI/CrO3 composite (Cr40) 

 

The higher frequency vibration at 1569 cm
-1

 has a major contribution from the quinoid rings, while the lower 

frequency mode at 1458 cm
-1

 shows the presence of benzenoid ring units [19, 20].The broad band observed between 

2400-2750 cm
-1

 is due to aromatic C-H stretching vibrations while the band at 2950-3300 cm
-1

 is due to N-H 

stretching of aromatic amines [19, 20]. 
 

The characteristic peak at 626 cm
-1 

is assigned to the presence of metal oxides [21] and in the spectrum of the 

composite; the intensity of this peak is observed to increase. Also there exists a small shifting in frequencies of all 

the bands existing in PANI. Thus the results confirm the presence of CrO3 in the composite. 

 

4.2. Scanning Electron Microscopy 
According to the SEM micrograph of pure PANI (Fig. 2(a)), relatively bigger size particles with weak bonding are 

observed. The structures with bigger sized particles such as that seen for the pure PANI could not be seen in the 

SEM micrograph of PANI/CrO3 composites (Fig. 2(b)), rather smaller particles are observed. The micrograph shows 

a heterogeneous distribution of these particles suggesting a strong bonding. Thus, it was considered that the CrO3 

particles are embedded within the structure built by PANI chains. It shows that it is easy to control the composite 

structure by using various types and shapes of metal oxides [22, 23]. 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 2. SEM micrograph of a) pure PANI, b) PANI/CrO3 composite (Cr40) 
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4.3. X-ray Diffraction Analysis 

The XRD study of pure PANI, CrO3 and PANI/CrO3 composites have been investigated and published elsewhere 

[24]. The XRD patterns of PANI/CrO3 composites show the presence of CrO3 in PANI. 

 

4.4. Thermo Gravimetric Analysis 
A TGA thermogram of PANI and PANI/CrO3 composites in nitrogen atmosphere is shown in Fig. 3. The TGA 

analysis of PANI/CrO3 composites indicates four steps of weight loss. 

 
1.  First stage starts at about 100

0
C is considered as initial dehydrating stage and due to desorption of water 

absorbed at the surface of doped polymer [20]. 

2.  Second stage at about 250
0
C is due to the removal of protonic acid component [20]. 

3. The subsequent stages (third at about 500
0
C and fourth at about 600

0
C) indicate breaking-up of the polymer chain 

which can lead to production of gases [25]. 
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Figure 3. TGA thermogram of PANI and PANI/CrO3 composites 

 

4.4.1. Activation Energy 

The activation energy of pure PANI and PANI/CrO3 composites has been deduced using the expression [26, 27] 
 

                      ln � �� ��	
��
�
��

� �  E������                                                                                                                (1) 

 

where w0 is the initial weight, w is the remaining weight at temperature T, wf is the final  weight, Ea is the activation 

energy, R is gas constant and θ = T-Ts with Ts as the reference temperature corresponding to  ��
��
�	
��

� = 1/e. 

 

From equation (1), the activation energy Ea can be calculated from the slope of the fitted straight line between  

ln [ln ��	
��
�
��

�]  and θ as illustrated in Fig. 4 (for Pure PANI and PANI/CrO3 composites). 
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Figure 4. Plot of ln [ln���
��
�
��

�] vs. θ for PANI and PANI/CrO3 composites 

 

The values of activation energy thus obtained have been listed in Table 1. It is clear from the table that the value of 

activation energy first increases with increase in CrO3 content up to 10 weight% of CrO3 and thereafter it starts 

decreasing with increase in concentration of CrO3. The increase in activation energy signifies the increase in thermal 
stability of the polymer while decrease in activation energy shows the decrease in thermal stability [27, 28]. The 

increase in activation energy may be due to increase in packing density and reorganization of molecular 

arrangements etc. in the polymeric sample and decrease may be due to lattice imperfections. 

 

4.4.2. Frequency Factor 
Frequency factor is a constant indicating how many collisions have the correct orientation to lead to products and is 

related to rate of reaction. The values of frequency factor for pure PANI and its composites with CrO3 have been 

determined by substituting the values of the corresponding activation energy (Ea) in the following expression [29, 

30] 

 

� � ���
����   exp (

��
���)                                                                                                                                                (2) 

 

where A is the frequency factor and β is the constant rate of heating and other letters have their usual meanings. The 

calculated values of frequency factor are listed in Table1. It is clear from the table that the value of frequency factor, 

like activation energy, increases with increase in CrO3 content up to 10 weight% and thereafter it decreases. The 

increase in the frequency factor shows that there is an increase in the rate of reaction and its decrease shows the 

reverse trend. This increase may be due to the scissoning of the polymeric chains which increases the rate of 

reaction as the concentration of CrO3 increases [28, 29]. 
 

4.4.3. Entropy of Activation 
The entropy of activation (∆S) is the difference between the entropy of the transition state and the sum of the 

entropies of the reactants and is calculated using [29, 31] 

 

� � 2.303%�&'()*+��,                                                                                                           (3) 

 

where h is Planck’s constant and k is Boltzmann constant and other letters have their usual meanings. Perusal of data 

presented in Table1 shows that  entropy of activation first increases with the increase in doping concentration of 

CrO3  become maximum corresponding  to 10 weight% of CrO3, thereafter it starts decreasing with increase in 

concentration of CrO3 [29]. Increase in ∆S with increase of CrO3 concentration suggests the increase in rate of 

reaction. Further, negative value of ∆S indicates that the activated complex has more ordered structure than the 

reactants [31]. 
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Table 1. Values of various kinetic parameters for PANI and PANI / CrO3 composites 
 

Sample Ea(KJ/mol)          A (1010 ) (s-1)                ∆S(J/mol/K)            ∆G(KJ/mol) 

PANI    136.714                 0.0926                          -187.568                  286.393 

Cr5 197.687                 990.152                         -56.36                     238.838 

Cr10 203.914                1146.94                          -51.038                   244.286 

Cr20 171.3                     344.96                          -155.49                   295.787 

Cr40 152.3                     170.665                        -173.21                   285.689 

 

4.4.4. Free Energy of Change of Decomposition 
Free energy of change of decomposition (∆G) is given as the difference between the enthalpy of the transition state 

and the sum of the enthalpies of the reactants in the ground state. It may be considered to be the driving force of a 

chemical reaction. ∆G determines the spontaneity of the reaction [29]. The values of ∆G are calculated using the 

expression [29, 31]
 

 

 �- � ./ 0 12�                                                                                                                          (4) 

   

The values thus calculated are listed in Table1. The positive values of ∆G in case PANI/CrO3 composites signify the 

non-spontaneity of the degradation reaction [29]. 

 

4.5. DC Conductivity 
Current (I) - Voltage (V) characteristics of PANI and its various composites with CrO3 at 333K and the composite 

with 20 weight % of CrO3 at various temperatures are shown in Fig. 5 & Fig. 6 respectively. The current increases 

non-linearly with applied voltage and the conduction mechanism in such conducting polymers is very much 

different from intrinsic semiconductors [32].  

 

In conducting polymers, the negative and positive charges initially added to the polymer chain do not simply begin 

to fill the rigid conduction or valence bands. In conducting polymers, there are no permanent dipoles. In fact, there 

exists random charge (polaron) trapping in the sample. 
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Figure 5. I-V characteristics of PANI and PANI/CrO3 composites at 333K 

 

The lattice distortions occur around the doped charge due to strong coupling between electrons and phonons under 

the influence of applied external field [33]. As a result of this, the charge trapping become strong and their localized 

motion serves as an effective electric dipole. This leads to formation of quasi particles such as polarons and 

bipolarons. Here the charge transport is through these polarons and bipolarons. With the increase in applied electric 

field, the formation of polarons and bipolarons increases contributing to the increase in current with respect to 

voltage, resulting in non-linear curve [33]. 

 

From the measured I-V characteristics of these samples, the values of dc electrical conductivity (σ) have been 

estimated at different temperatures at 1V:  
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3 � 456
75)                                                                                                                                (5) 

where I is the current, L is the thickness, V is the voltage and A is the area of cross section of the sample.  
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Figure 6. I-V characteristics of PANI / CrO3 (20 wt %) composites at various temperatures 
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Figure 7. Temperature dependent dc conductivity of PANI and PANI/CrO3composites 

 

The calculated values of dc conductivity for PANI and PANI/CrO3 composites are listed in Table2. As mentioned in 

the Table the dc conductivity first increases when doped with CrO3 and reaches maximum for Cr10 and thereafter it 
decreases. Due to multiple doping effects [34] of Cr

6+
, there is an initial increase in σ with an increase in 

concentration of doping up to 10% CrO3 [35]. But with further increasing content of CrO3 it may lead to structural 

distortion [36]as a result of unbalanced charge distribution on the chains resulting in a decrease in σ value [37].
 

 

DC conductivity of PANI as well as PANI/CrO3 composites increases with increase in temperature. This may be due 

to increase in free charges with increase in temperature [17]. 
 

Table 2.DC conductivity of PANI and PANI/CrO3 composites at various temperatures at 1V 

 

Temp(K)                             Conductivity (10-4) (S/cm)                                                 

 PANI   Cr5   Cr10 Cr20 Cr40 

313 1.91 3.89 4.04 3.39 2.82 

333 2.10 4.07 4.26 3.57 2.99 

353 2.42 4.15 4.37 3.77 3.05 

373 2.73 4.22 4.41 3.88 3.16 

393 2.91 4.24 4.53 3.93 3.2 
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The temperature dependence of the conductivity σ (T) of disordered semi conducting materials are generally 

described by the Mott’s variable range hopping (VRH) model, which is another possible charge transport 

mechanism in conducting polymers. Mott’s VRH mechanism is a phonon assisted quantum-mechanical transport 

phenomenon in which the movement of charge carriers to a nearby localized state of different energy is explained 

through the thermodynamic procedures, whereas the movement of charge carriers to a farther off localized state of 

similar energy is given by quantum mechanical tunneling [38]. 

 

The details worked out on this process lead to a characteristic temperature dependence of conductivity of the form  

ln σ (T) α T 
{-1 / (1+d)}

, where σ is the conductivity of the sample and T is the temperature. Mott’s model for hopping 

is given by                                                 

 

 3(1, � 38exp �0 �T	T �
γ                                                                                                    (6) 

 

where the pre-exponential factor σ0 is the high temperature limit of conductivity, T0 is the Mott’s characteristic 

temperature associated with the degree of localization of the electronic wave function. The exponent γ = 1/ (1+d) 

determines the dimensionality of the conducting medium [39]. 
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Figure8. Plot of ln σ vs T -1/4 of pure PANI and PANI/CrO3 composites 

 

The possible values of γ are 1/4, 1/3 and 1/2 for three, two and one-dimensional systems respectively [40].  The plot 

of lnσ (T) vs. T 
-1/4

 is a straight line as shown in Fig. 8 and indicates that three dimensional (3D) charge transport 

occurs in all the present samples. The values of T0 and lnσ0 obtained from the slopes and intercept are obtained from 

the above mentioned plots and presented in Table3. 

 
Table 3The values of lnσ0 and T0 

 

Sample ln ó0 (S/cm) T0 (103) K 

PANI -0.6052 1255.45 

Cr5 -6.3535 1.349 

Cr10 -5.8027 4.534 

Cr20 -5.1994 16.650 

Cr40 -5.8985 7.344 

 

CONCLUSION 
 

PANI and PANI/CrO3 composites are synthesized by oxidative polymerization of aniline hydrochloride in presence 

of different weight% of CrO3 and ammonium persulphate as an oxidant. In FTIR spectra of PANI/CrO3 composites 

there exists small shifting in frequencies of bands as compared to that of PANI. Also, the peak of CrO3 is prominent 

in case of composite, thereby, confirming the presence of CrO3 in the composites. The SEM study shows a 

heterogeneous distribution with a strong bonding in case of composites. PANI/CrO3 composites show higher 
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thermal stability and a high value of dc conductivity as compared to that of PANI. In case of PANI/CrO3 

composites, the dc conductivity and thermal stability are maximum for 10 weight% of CrO3 and then they start 

decreasing with further increase in concentration of CrO3. DC conductivity of PANI as well as PANI/CrO3 

composites increases with increase in temperature. Due to higher value of conductivity and thermal stability as 

compared to PANI, these composites can act as good conducting materials at higher temperatures. The composite 

can also act as a promising material for high performance humidity sensors. 
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