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Abstract: The paper presents synthesis, characterization and humidity sensing properties of polyaniline-zinc 
oxide composites. Polyaniline is prepared by oxidative polymerization of aniline under acidic condition and is 
mixed with different proportions of ZnO. These mixtures were pressed into pellets of organic-inorganic 
composite and then subjected to varying humidity. The pellets show change in their electrical resistance with 
change in relative humidity of the ambience. Critical dopant concentration leads to higher sensitivity to humidity 
and lower response and recovery times as compared to that for polyaniline reported earlier by the authors. The 
resistance falls from MΩ to KΩ as relative humidity increases from 20 to 90 RH %. The structural, 
morphological, FTIR and transmission studies of the composites have also been done. The XRD pattern of the 
composites at low metal composition is similar to polyaniline. Peaks corresponding to ZnO appear as the 
percentage doping increases. The FTIR spectra recorded in the range 4000-400 cm-1 show characteristic 
polyaniline bands between 750 –1800 cm-1. SEM shows rods and pebble-like aggregates which are evenly 
distributed on the surface of the samples. The increased surface area is useful for adsorption of gases and 
vapours for their detection. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 

 

The possibility of reliable, reasonably accurate, 
relatively inexpensive and commercially viable 
humidity sensors is under investigation using 
organic-inorganic composites. Humidity sensors are 
useful for the detection of relative humidity in 
various environments [1-3]. Humidity, the 
concentration of water molecules in air, affects 
various materials used in daily life and industrial 
processing of drugs, beverages, food, electronic 
goods etc. High and low humidity affects human 
beings adversely. Excessive high humidity causes 

corrosion in metallic components and failure of 
electronic as well as optical devices [4, 5]. Therefore, 
humidity is an important parameter to be controlled. 
Recently, there have been increased demands for 
humidity sensing elements for use in automatic 
humidity control systems. Polymer, polymer 
composites and modified polymers with hydrophilic 
properties [6] show excellent humidity sensing 
properties. Conductivity of polyaniline can be varied 
over a broad range and hence, it can find wide use in 
making sensors [7-12]. Capacitive humidity sensors 
utilize conductive plates formed on a dielectric film. 
This forms a capacitor that is sensitive to the amount 
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of water vapours in the air. The active portion of the 
sensor changes its dielectric constant as it absorbs 
atmospheric humidity, which varies the sensor’s 
capacitance in proportion to variation in relative 
humidity. Another mode of humidity sensors is 
resistive sensors which uses a moisture-sensitive 
material between two metal plates or on an inter-
digitated electrode substrate [13, 14]. The device’s 
resistance varies with variations in relative humidity. 
The main advantage of resistive technology for 
humidity sensors is that it suits to varying, difficult 
and condensing environments. It can be synthesized 
easily and has long stability. In the present work ion 
conducting metal doped polyaniline pellets have been 
used as sensing material which is based on variation 
of the electrical conductivity with variation in 
humidity. 
 
 
2. Experimental 

 
Polyaniline, in general, is synthesized using two 

major polymerization approaches: electro-
polymerization and chemical polymerization. In the 
present work polyaniline is synthesized by chemical 
polymerization method in which aniline 
hydrochloride is used as monomer unit. The synthesis 
is done by oxidative polymerization with ammonium 
peroxysulphate. Undoped PAni sample, named P1, is 
taken as reference sample. Polyaniline-zinc oxide 
composite is obtained by adding ZnO (S D Fine 
Chem Ltd., 99 % pure) powder in 0.2M aniline 
hydrochloride during the polymerization stage in  
6 different proportions i.e. 4, 6, 8, 10, 30 and 50 % by 
weight and oxidation is facilitated by 0.25 M 
ammonium peroxysulphate solution. After 24 hrs of 
polymerization, the precipitate of polyaniline-zinc 
oxide is collected and washed thrice, alternately, by 
100 ml portions of 0.2 M HCl and acetone solutions. 
The precipitate is dried in air first at room 
temperature and then at 60 °C. As a result a green 
colored zinc oxide doped emeraldine salt form of 
polyaniline is formed. The precipitates were then 
pressed using hydraulic press machine and six pellets 

were prepared for study. These samples named as 
PZ1, PZ2, PZ3, PZ4, PZ5 and PZ6 have 4, 6, 8, 10, 
30 and 50 % ZnO, by weight, respectively. The 
thickness and weight of each pellet was 0.62 mm and 
0.127 gm respectively. Structural, morphological, 
FTIR, optical transmission and humidity sensing 
characteristics of each sample are studied. 

 
 

3. Results and Discussion 
 
3.1. FTIR Transmission Spectra 

 
The FTIR transmission spectra were recorded in 

KBr medium using a Perkin Elmer 
spectrophotometer in the range 450-4000 cm-1. The 
FTIR spectra of polyaniline generally show strong 
absorption bands in the region 500-2400 cm-1 [15]. 
The FTIR of sample pellet PZ4 (polyaniline-10 % 
ZnO), Fig. 1a, shows peaks at frequency  
3851.65 cm-1 and 3748.34 cm-1 for N-H stretching of 
aromatic amine, 3438.41 cm-1 and 2357.61 cm-1 for 
N-H primary carbon stretching and ν(N-H)+ 
unsaturated amine respectively. Peaks at  
1646.65 cm-1, 1555.33 cm-1, 1539.45 cm-1,  
1503.72 cm-1, 1456.07 cm-1 and 666 cm-1 are, NH2 
bending vibration, C-C Stretching, C=N stretching 
mode of vibration for the quinonoid of polyamide, 
C=C ring stretching vibration, C-H deformation in 
CH2 group and C-H deformation respectively. 

The FTIR spectrum of PZ6 i.e. polyaniline-50% 
ZnO, Fig. 1b shows shift in the absorption peaks 
because of metal oxide doping. The absorption peak 
around 3430.46 cm–1 is attributed to N-H stretching. 
Other peaks are at frequency 2357.61 cm–1,  
1555.33 cm–1, 1503.72 cm–1, 1301.24 cm–1,  
1134.49 cm–1 and 666.00 cm–1 for ν(N-H)+ 
unsaturated amine, C-C stretching, C=C ring 
stretching vibration, C-N Stretching, C-H in plane on 
1-4 ring aromatic amines and C-H out of plane 
bending respectively [16]. It is seen that the peaks at 
2357.61 as well as 1555.33 cm-1 do not depend on the 
concentration of the metal content. 

 
 

 
 

Fig. 1. (a) FTIR of sample PZ4 i.e. PAni-10 % ZnO. 
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Fig. 1. (b) FTIR of sample PZ6 i.e. PAni -50 % ZnO. 
 

 
3.2. X-ray Diffraction (XRD) 

 
The XRD spectra of PAni, sample P1, is shown in 

Fig. 2 whereas Figs. 3a to 3e show the XRD spectra 
of polyaniline-zinc oxide composite samples. Broad 
reflection at 2θ equal to 25.70°, 25.36°, 25.69° in 
case of PZ1, PZ2, PZ3 respectively [17] and 2θ equal 
to 16.40°, 21.30°, 25.50° in case of PZ4 is obtained. 
Comparing these with the reflection peaks 15.77°, 
20.32° and 25.20°, Fig. 2, occurring for polyaniline it 
is seen that the composites behave as a single phase 
system up to 10 % ZnO. As the concentration of ZnO 
increases to 30 and then 50 % in composites PZ5 and 
PZ6 respectively, ZnO explicitly shows itself. In 
XRD spectra of PZ6, Fig. 3e, peaks at 2θ =16.50°, 
21.35°, 26.35° due to polyaniline, although slightly 
shifted, and peaks at 2θ value of 31.80°, 36.30°, 
47.65°, 56.65°, 63.00°, 68.00° corresponding to 
(100), (101),(102), (110), (103) and (112) set of 
diffraction planes, due to zinc oxide [18] are 
observed. It is also noted that a shift to larger 
reflection angles occur due to incorporation of zinc 
oxide in polyaniline. The peaks along with a hump in 
the XRD spectra indicate that composite is of semi-
crystalline nature. Crystallinity in PAni is intrinsic 
due to the presence of polarons or charge  
defects [19]. 

 
 

 
Fig. 2. XRD pattern of sample P1 i.e. PAni pellet  

of thickness 0.62 mm. 

 
(a) 

 

 
(b) 

 

  
(c)  

 
Fig. 3 (a-c). XRD pattern of samples (a) PZ1 i.e. PAni - 

4%ZnO, (b) PZ2 i.e. PAni -6%ZnO,  
(c) PZ3 i.e. PAni -8%ZnO, 
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(d) 

 

 
(e) 

 
Fig. 3 (d-e). Continued. XRD pattern of samples (d) PZ4 
i.e. PAni -10%ZnO, (e) PZ6 i.e. PAni -50%ZnO. All the 

pellet samples are of thickness 0.62 mm. 
 
 
3.3. Scanning Electron Microscopy (SEM) 

 
The SEM of sample PZ1, Fig. 4a shows rods and 

pebble-like aggregates which are evenly distributed. 
SEM of sample PZ2, Fig. 4b shows spongy surface. 
For sample PZ3 the SEM Fig. 4c shows small and big 
pebble-like smooth aggregates on the surface. SEM 
of PZ4, Fig 4d, also shows homogeneously 
distributed small pebbles, thereby increasing the 
surface area of the pellet. However, few cracks are 
also seen. The increased surface area may be useful 
for adsorption of gases and vapours for their 
detection. Fig. 4e, SEM of PZ5 shows very thin 
rectangular structures standing on one of their edges 
giving an appearance of needle-like structure 
distributed everywhere on the surface. Fig. 4f i.e. 
SEM image of PZ6 sample shows more porosity. 

XRD and SEM studies thus suggest that due to 
doping of PAni with zinc oxide, PAni undergoes 
interfacial interactions with metal crystallites and 
looses its own spongy morphology [20]. 

 
 

3.4. Optical Characterization 
 
The UV-Vis transmission spectra of PAni-ZnO 

composites were recorded at room temperature using 
Systronics Spectrophotometer. The composite was 

dispersed in NMP. Before putting the sample in the 
cuvette, the base line correction was done to get the 
100 % transmittance. The transmission spectra of all 
the samples have been recorded in the wavelength 
range from 300 to 850 nm. Sample P1 i.e. polyaniline 
shows a maximum transmission of 60 % at 850 nm 
(curve a, Fig. 5). Samples PZ1 (PAni: 4%ZnO), PZ4 
(PAni: 10%ZnO) and PZ5 (PAni: 30%ZnO) exhibit a 
maximum transmission of 78, 64, and 84 % 
respectively at 850 nm as shown by curves b, c, and d 
of Fig. 5. 

 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 4 (a-c). SEM of sample pellets (a) PZ1  

i.e. PAni -4%ZnO, (b) PZ2 i.e. PAni -6%ZnO,  
(c) PZ3 i.e. PAni -8%ZnO, 
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(d) 

 

 
(e) 

 

 
(f) 
 

Fig. 4 (d-f). Continued. SEM of sample pellets  
(d) PZ4 i.e. PAni -10%ZnO, (e) PZ5 i.e. PAni -30%ZnO,  
(f) PZ6 i.e. PAni -50%ZnO. All the pellet samples are of 

thickness 0.62 mm. 
 

 
 

Fig. 5. Variation in percentage transmission with variation 
in wavelength. Curves a, b, c, and d correspond to samples 

PZ1 (PAni: 4%ZnO), PZ4 (PAni: 10%ZnO) and PZ5 
(PAni: 30%ZnO) respectively. 

Two strong absorption peaks are exhibited by 
polyaniline. PAni sample shows two strong peaks at 
316 nm for exciton transition of π-π* and at 580 nm 
for transition between benzenoid and quinoid ring. 
The location of these peaks depends on the degree of 
oxidation and change of polymerisation respectively 
[21]. For the PAni-ZnO composites, the first peak 
shifts to 308 nm whereas the second peak lies 
between 572 and 595 nm. 

 
 

3.5. Humidity Sensing 
 
The change in the resistance of these PAni-ZnO 

composites with change in RH from 20 to 90 % was 
monitored using a laboratory set-up. Relative 
humidity is measured using a hygrometer and the 
resistance is measured using Keithley electrometer. 
All the observations have been taken at room 
temperature i.e. at 24 °C. 

The humidity is first lowered to 20 RH% by 
keeping CaCl2 in the chamber. Water vapour at room 
temperature is then introduced steadily, with the help 
of air compressor which is attached to a flask 
containing water, in order to increase humidity inside 
the chamber from 20 to 90 RH%. 

Fig. 6 shows the variation of resistance with 
change in relative humidity for samples PZ1, PZ2, 
PZ3, PZ4, PZ5 and PZ6. It may be recalled that the 
suffix 1, 2, 3, 4, 5 and 6 refer to addition of 4, 6, 8, 
10, 30 and 50 % of ZnO, by weight, respectively. At 
20RH% PZ1, PZ2, PZ3, PZ4, PZ5, PZ6 show 
67.802, 65.812, 60.974, 79.999, 59.972 and  
6.485 MΩ resistance respectively whereas 70.86, 
608.6, 4.98, 4.97, 43.5 and 319.7 kΩ resistance at  
90 % RH respectively. The resistance Rd decreases 
monotonously with increase in ZnO concentration in 
the composite samples. Resistance of sample PZ4, 
however is not in-line with those of other samples. 
The resistance of the reference sample i.e. PAni alone 
falls from 5.471 GΩ to 593.5 MΩ as RH increases 
from 20 to 70 RH% and then further falls to 13.9 MΩ 
as humidity approaches 90 RH%. 

 

 
 

Fig. 6. Variation in resistance with change in relative 
humidity for samples PZ1, PZ2, PZ3, PZ4, PZ5 and PZ6. 
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The ratio of resistance in dry condition Rd, the 
value taken at 20 % RH to Rh, the resistance at a 
particular RH value i.e. Rd/Rh gives the sensitivity S 
[14] of the sample towards humidity. 

Although the sensitivity for PAni-ZnO composite 
in the lower humidity range i.e. 20-50 RH% is almost 
equal to that exhibited by the reference PAni sample 
[20] but the actual value of resistance drops by three 
orders of magnitude. In the higher humidity range i.e. 
55 to 90 RH%, sample PZ4 shows maximum 
sensitivity. At 90 RH% it is nearly forty times of that 
shown by sample P1. Thus optimum concentration of 
ZnO is around 10 wt%. For composite samples as the 
resistance value lies between kΩ to few MΩ it can be 
measured by multimeter instead of Keithley 
electrometer. 

The response and recovery times of the samples 
P1, PZ4 and PZ6 have been determined. For 
observing the response time, sample pellets are kept 
in the atmosphere of Ca(NO3)2.4H2O (51 RH%) and 
the resistance is monitored allowing the reading to 
stabilize after which the sample pellets are 
immediately transferred to the humidity cabinet 
which has fixed humidity value of 80 RH%. The 
resistance falls and stabilizes after sometime. Next, 
for observing the recovery time, the sample pellets 
are transferred back to Ca(NO3)2.4H2O (51 % RH) 
and increase of resistance with time is noted and 
graph is plotted. Here the response and recovery 
times are defined as the time taken by the sensor to 
reach 75 % of the total resistance change. 

The response and recovery time of the sample P1 
is found to be 1 minute for a humidity change of  
30 RH% i.e. 51 to 80 RH%. Sample PZ4, Fig 7(a), 
shows minimum response and recovery times which 
are 36 and 48 seconds respectively. Sample PZ6,  
Fig 7(b) shows higher response (48s) and recovery  
(1 min) times as compared to sample PZ4. 

Combination of zinc with polyaniline increases 
the charge transfer capacity of polyaniline. The 
decrease in the resistance or increase in the 
conductivity with increasing humidity can be 
attributed to the mobility of the metal ion which is 
loosely attached to the polymer chain by weak Van 
der Waals forces of attraction [22]. At low humidity, 
the mobility of the metal ion is restricted because 
under dry conditions, the polymer chains would tend 
to curl up into compact coil form. On the contrary, at 
high humidity, the polymer absorbs water molecules, 
and the expansion of polymer chains take place, 
followed by the uncurling of the compact coil into 
straight chains that are aligned with respect to each 
other [22]. This geometry of the polymer is 
favourable for enhanced mobility of the metal ion or 
the charge transfer across the polymer chains and 
hence the conductivity. 

 
 

4. Conclusion 
 

Metal dopant influences the physical and 
chemical properties of conducting polyaniline. The 

resistance of polyaniline decreases with increase in 
ZnO dopant concentration and lies between kΩ to 
few MΩ which facilitates measurement by 
multimeter instead of Keithley electrometer. 
Combination of zinc with polyaniline increases the 
charge transfer capacity of polyaniline. Thus the 
polyaniline-ZnO composites give distinct response to 
a specific analyte i. e. water vapour. For all the 
samples the resistance decreases with increase in 
relative humidity because of adsorption of water 
molecules by the pellet surface. It is concluded that 
polyaniline-zinc oxide composite pellets may lead to 
efficient humidity sensors. For critical concentration 
of 10 wt% of ZnO in PAni the sensitivity to humidity 
is highest and also the best response and recovery 
times of 36 and 48 seconds respectively are obtained. 
The morphological changes, as revealed by SEM, 
result in an increase in the surface area of the sensors 
which also contribute towards enhanced sensitivity. 

 
 

 
 

(a) 
 

 
 

(b) 
 

Fig. 7. Response and recovery time curves for sample  
(a) PZ4, (b) PZ6. 
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