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ABSTRACT 

In this present work, Polyaniline (PANI) and Polyaniline-Niobium Pentoxide (PANI-Nb2O5) composite were synthesized 
separately at room temperature by chemical polymerization of aniline without/with Nb2O5. Comparative study of XRD pattern 
of PANI and the composite confirms superficial deposition of PANI on Nb2O5 and the average size of the composite particle 
was found to be 10 nm. Aggregated granular morphology of the composite as compared to pristine PANI was confirmed by 
SEM images. Sensitivity of PANI-Nb2O5 composite to humidity at room temperature was tested using digital LCR meter at a 
selected frequency of 100 Hz and the results showed consistent variation in impedance from 60 KΩ to 360 KΩ within the 
relative humidity (RH) range 25% - 95%. Further, the response and recovery time of the composite were measured to be 80s 
and 90s respectively and the composite showed stable sensing ability over a period of one month. Copyright © 2015 VBRI 
Press. 
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Introduction  

Increasing demand for reliable fabrication of devices by 
precise, optimized and cost effective methods is currently 
the major concern of many researchers. So, researchers are 
involved in the synthesis of composites by incorporating 
metal/metal oxides into the conducting polymers via 

chemical or electrochemical route [1-7]. These composites 
have proved to be highly flexible materials in terms of 
enhancing their electrical and mechanical properties and 
thus offer exciting opportunities in various fields such as 
sensors, super capacitors, catalysis, light emitting diodes 

and fuel cells [8-12].    
Rapid modernization with the use of high technology 

has led to an increasing demand for humidity control in 
wide areas like food processing and preservation, 

agriculture, medicine and electronic industries [13]. As 
already established, major disadvantages of metal 
oxide/ceramic based humidity sensors besides operating at 
high temperature are, low sensitivity, high power 

consumption, complex fabrication and high cost [14]. To 
overcome these draw backs, conducting polymer 
composites  have been extensively synthesized and studied 
because of their favourable properties such as easy 
processability, degree of miniaturization and their operation 
at room temperature. Among all the conducting polymers, 
PANI is the most desired material because of its unique 

characteristics like controllable chemical and electrical 

properties, simple preparation and low cost [15]. But pure 
PANI in itself has low sensitivity to humidity because of its 

low hygroscopicity [13]. To improve its sensitivity 
retaining all its favourable properties, composites based on 
PANI have been extensively studied as humidity sensors. 
M.V. Fuke et al. have fabricated a humidity sensor using 
Ag-polyaniline nanocomposite deposited on optical fibre 
clad and tested for its sensitivity in the range 5% RH - 95% 

RH [16]. They have also studied humidity sensing 
properties of spin coated co-polyaniline composite in the 

relative humidity range 20% RH - 95% RH [17]. They have 
reported that sensitivity of the composite increases with 
humidity and thickness of the film. The composite has also 
shown quick response and recovery time with a low 
hysteresis effect. Q. Lin fabricated and studied humidity 
sensing properties of electrospun PANI composite 
nanofibres deposited on surface acoustic wave resonator 

with a central frequency of 433 MHz [18]. These fibres 
have shown good sensitivity, recovery and response time. 
Humidity sensing of orange dye PANI composite film 
deposited on glass substrate between silver electrodes has 

been studied by M.T.S. Chani et al [19]. They have 
reported a uniform change in impedance with relative 
humidity. Y. Li and others have studied surface acoustic 
wave impedance humidity sensor based on PANI-PVA 

composite [20]. Their study has shown an increase in 
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sensitivity at room temperature indicated by decrease in 
impedance of the composite in the relative humidity range 
10% RH - 90% RH with a short response and recovery 
time. Humidity sensing response of PANI-Cr2O3 composite 
has been studied by K.C. Sajjan et al. and have reported 
better sensing response of the composite in the relative 

humidity range 20% RH - 95% RH [21]. Though these 
sensors show improved sensitivity, their processability 
needs to be made simpler. Hence, to address this major 
concern , we have preferred niobium pentoxide as a 
component with PANI because it is a white n-type 
transition metal oxide semiconductor with a wide band gap 

(3.2-4eV) and has large dielectric constant (    40) [22]. Due 
to its compatible physical properties, it has been considered 
for use in fibre optics, gas sensors, catalysts, biocompatible 
materials, electrolytic capacitors and dye sensitized solar 

cells [23, 24].  So, this is the first ever attempt to fabricate 
humidity sensing device based on PANI -Nb2O5 composite 
because it was found to be  easily processable, operable at 
room temperature and so would be cost effective. 

In this direction, PANI and PANI-Nb2O5 composite 
were synthesized separately by chemical polymerization 
method and then they were structurally characterized using 
XRD and SEM techniques. Based on these studies, 
humidity sensitivity at room temperature of the composite 
has been tested and analyzed. Also, to examine the 
efficiency of the composite as a humidity sensor, its 
stability, recovery and response time have been studied 
with a special focus on its ability to work at room 
temperature. 

 

 

Fig. 1. Experimental setup for humidity sensing studies. 

 

Experimental 

Materials  

Aniline (C6H5NH2) (99.5%), ammonium persulfate 
[(NH4)2S2O8] (98%), hydrochloric acid (HCl) (34.5%) and 
niobium pentoxide (Nb2O5) (99.5%), all of analytical grade 
reagents were purchased from s.d. Fine Chemicals, 
Mumbai, India. Aniline monomer was doubly distilled 
before use.  
 
Preparation of PANI-Nb2O5 composite 

PANI-Nb2O5 composite was synthesized as follows: 0.67 g 
Nb2O5 powder (10 Wt. % with respect to aniline 
concentration) was dispersed in 180 ml de-ionized water at 
ambient temperature. 6.7g aniline monomer and 60 ml of 1 
M HCl solution were introduced into the above mixture and 
then the mixture was sonicated for 15 minutes to facilitate 
the adsorption of aniline on niobium pentoxide surface. 

7.5g ammonium persulfate in 60 ml de-ionized water was 
added drop wise into the above mixture after being stirred 
for 30 minutes and was allowed to polymerize at room 
temperature for at least 8 to 10 hours. Reaction product was 
collected by centrifugation and washed successively with 1 
M HCl, deionized water and acetone until the filtrate 
became colourless and then dried in vacuum at 60

o
C for 24 

h till a dark green powder was obtained. Similarly, pristine 
PANI was synthesized under similar conditions without 
Nb2O5.  
 
Characterisation of the samples 

XRD patterns of PANI and PANI-Nb2O5 composite were 
investigated using a Siemens D-5000powder X-Ray 
diffractometer with CuKα source radiation of wavelength 
1.54×10

-10
 m. SEM images of PANI and composite 

samples were recorded using Hitachi S-520 scanning 
electron microscope. 
 
Humidity sensing measurements 

For humidity sensing measurements, PANI-Nb2O5 
composite’s film was prepared by dissolving the composite 
in m-cresol and then coated on a glass plate in the form of a 
film of about 2 μm ( measured using Dektak Profilometer, 
Bruker) thickness using spin coating unit (Make: Delta 
Scientific Pvt. Ltd, India,  Model: Delta Spin I). Then, the 
film on which interdigitated silver electrodes were printed 
was placed in a specially designed glass chamber with 
facilities for evacuating and maintaining required relative 

humidity as shown in (Fig. 1). The chamber was fitted at the 
top with a cork through which the electrodes connected to 
the film pass through. The other ends of the electrodes were 
connected to a digital LCR meter (Make: Hioki, Japan, 
Model: 3532-50) to record impedance changes before and 
after exposing the sample to humidity, at a selected 
frequency of 100 Hz. The relative humidity in the chamber 
was varied using saturated salt solutions and monitored 
using humidity meter (Mextech-DT-615).  

 

Results and discussion 

X-ray diffraction  

The XRD pattern of PANI, PANI-Nb2O5 composite and 

that of Nb2O5 with assigned hkl values are shown in (Fig. 

2). The XRD pattern of pristine PANI [Fig. 2(a)] reveals 
some degree of crystallinity with the appearance of broad 
peaks corresponding to (100) and (110) planes [JCPDS File 
No. 53-1718] in the region 2θ = 15˚ - 25˚ similar to those 

reported in our earlier literature [3, 25].The XRD pattern of 

Nb2O5 (Fig. 2(c)) clearly shows peaks corresponding to the 
planes (001) (100) (101) (002) (110) and (102) in the range 
2θ = 20˚ - 60˚ and the peaks when compared with JCPDS 
File No. 27-1312 were confirmed to be of Nb2O5 thus 
attributing to its monoclinic structure. The same pattern for 

Nb2O5 has been confirmed in the previous literature [26]. 
Comparison of XRD patterns of PANI and PANI-

Nb2O5 composite (Fig. 2(b)) shows predominance of 
Nb2O5 in the composite. This implies that the presence of 
Nb2O5 suppresses short range order of PANI.  

However, the diffraction pattern of PANI-Nb2O5 
composite is similar to that of pure Nb2O5, indicating that 
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there is no intercalation of PANI into Nb2O5 and that PANI 
has just deposited on Nb2O5 particles and has no effect on 

the crystalline behavior of Nb2O5 [25]. Applying the 

Sherrer formula [27] using Eq. (1) to the most prominent 
sharp peak at 23º, we obtained the size of the crystallite t to 
be 10nm.  
 

cos

k
t

b




  -------------  (1) 

 

where b  is the breadth in radians,   is the Bragg angle 

and   is the wavelength of radiation. The coefficient k 

normally takes a value close to 0.9. 
 

 

Fig. 2. X-ray diffraction pattern of (a) Pristine PANI (b) PANI-Nb2O5   

composite and (c) Nb2O5. 
 

(B)(A)

(C)

 
 

Fig. 3. Scanning electron micrograph of (a) Pristine PANI (b) Nb2O5 and 
(c) PANI- Nb2O5 composite. 

Scanning electron microscopy 

The morphology of PANI, Nb2O5 and PANI-

Nb2O5composite are shown in (Fig. 3). The morphology of 

pristine PANI shown in (Fig. 3(a)) is a typical 
agglomerated structure and the material shows spherical 
particles/grains of few microns in size. Combination of a 
few particles into larger grains of irregular shape is also 
seen. 

Scanning electron micrograph of Nb2O5 shown in (Fig. 

3(b)) reveals a spherical morphology with uniform surface. 
This surface may act as template during the growth of 
PANI enabling fast and uniform deposition of PANI on 

Nb2O5. (Fig. 3(c)) shows the morphology of the composite 
in which Nb2O5 particles appear to have influenced the 
growth mechanism of PANI-Nb2O5 composite leading to 
aggregated granular porous morphology with submicron 
size particles. 

The average grain size Dav of the composite material 

calculated using Mendelson’s formula [28] using Eq. (2) is 
0.5μm. 
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where LC  is total length of the test line used, iN  is 

number of intercepts and M ¢ is the magnification of the 
photograph.  

 
Humidity sensing response studies 

Sensing response percentage S  of the composite for various 
RH %  was measured at 100 Hz using fractional base line 

manipulation method [29] using Eq. (3).  
 

0

0

100RH
H

Z Z
S

Z


 

   

-------------  (3)

                        

 

 

 

Fig.  4. Variation of Sensing response and impedance with relative 
humidity at 100 Hz. 

 
Sensing responses characteristic curve of the 

composite thus obtained by the above method is shown in 

Fig. 4. It can be seen that the composite is sensitive and its 
response is linear in the range 25 % RH - 95 % RH.  Also, 
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Increase in Sensing response of the composite in the range 
25 % RH - 95 % RH with increasing humidity can be 
attributed to the following probabilities; (i) Under dry 
conditions, the polymer chains would tend to curl up into 
compact coil form restricting the mobility of Nb2O5 ions 
which are loosely attached to the polymer chain by weak 
van der walls forces of attraction. On the contrary, at high 
humidity, the composite absorbs water molecules resulting 
in the uncurling of the compact coil form into straight 
chains that are aligned with respect to each other which 

would facilitate faster hopping of charge carriers [21, 30]. 
(ii) Geometry of the polymer with pores as revealed by 
SEM studies is favourable for enhanced mobility of Nb2O5 
ions across the polymer chains leading to decreased 

impedance response of the composite [13].  
 

 

Fig. 5. Response and recovery characteristic curves of PANI-Nb2O5 
composite at100 Hz. 
 

 

Fig.  6. Stability of PANI-Nb2O5 composite at 100 Hz. 

 
Response and recovery time are the important 

parameters to test the efficiency of the composite to act as 

sensor [31]. Humidity sensing response and recovery 
characteristic curve of PANI-Nb2O5 composite at 100 Hz is 

shown in Fig. 5. For the purpose, two chambers, one with 
25 % RH and another with 95 % RH were maintained 
separately. The response time of 80 s was recorded when 
the sample was moved from dry air to 95 % RH and a 

recovery time of 90 s was recorded when the sample was 
moved from 95 % RH to dry air, switching time being 1s in 
both the cases. These results show that the composite can 
become a good humidity sensing device. To examine the 
practical viability of the composite for devising it as a 
sensor, variation of sensing response at 55 % RH and at 95 
% RH at a frequency of 100 Hz after every one week for 

one month was studied [32]. It is seen from the Fig. 6 that 
the material had stable sensing ability both while adsorption 
and desorption during that period with a negligible 
degradation of 1 % in sensing response. This finding 
suggests that the composite apart from being a good sensor 
is also stable and so it can be practically feasible to device 
it as a sensor. 
 

Conclusion 

In this work, selection of Nb2O5 as composite material with 
PANI, synthesis of the composite by chemical 
polymerization method and its structural characterization 
by XRD and SEM techniques has yielded a good humidity 
sensing material. Impedance measurements of the 
composite in the relative humidity range 25% RH - 95% 
RH have shown consistency in sensing response. Response 
and recovery time of the composite at 95% RH were found 
to be 80s and 90s respectively thus confirming the practical 
viability of the composite to device it as sensor. Also, the 
composite has shown stable sensing ability over a period of 
one month. All these results confirm that the composite has 
the potential to become an efficient humidity sensing 
device operable at room temperature besides being easily 
processable and cost effective. This study also has 
expanded the scope of selection of PANI-Nb2O5 composite 
for various gas sensing and thus extends the area of 
applications of the composite.  
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