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Abstract: This paper presents hitherto unreported humidity sensing capacity of emeraldine salt form
of polyaniline. Humidity plays a major role in different processes in industries ranging from food to
electronic goods besides human comfort and therefore its monitoring is an essential requirement
during various processes. Polyaniline has a wide use for making sensors as it can be easily synthesized
and has long stability. Polyaniline is synthesized here by chemical route and is found to sense humidity
as it shows variation in electrical resistance with variation in relative humidity. Results are presented
here for a range of 15 to 90 RH%. The resistance falls from 5.8 to 0.72 Giga ohms as RH varies from
15 to 65 % and then falls to 13.9 Mega ohms as RH approaches 90 %. The response and recovery
times are also measured. Copyright © 2010 IFSA.

Keywords: Humidity sensor, Scanning electron microscopy, FTIR spectra

1. Introduction

There is a continuing need for accurate, reliable, inexpensive sensing systems for measuring relative
humidity (RH), not only for human comfort but also for a broad spectrum of applications in chemical
industry, process control, atmospheric sciences, agriculture [1], air conditioning systems, electronic
devices, tyre industries, sugar industries and drying processes for ceramics and food [2].

Humidity is one of the most common constituents present in the environment and its measurement is
indispensable when it comes to monitoring of various environmental parameters. For instance,
detecting organic pollutants in indoor atmosphere [3], organic vapor monitoring [4], maintenance of
Green houses, performance of air/ smoke filters [5], hydrocarbon sensing [6] are all affected by
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relative humidity conditions. Therefore, sensing and controlling relative humidity is of great
importance.

There is a growing demand for a sensing system that has high sensitivity, wide dynamic range, good
stability, quick response, good reproducibility, simple structure and minimal cost. Metal oxide films
sensitive to humidity have been reported earlier [7, 8] where sensing has been done using optical
means. However, metal oxide humidity sensors depending upon measurements of electrical parameters
require high temperature operation and consume significant amount of power [9]. In the recent years
there has been significant progress in the field of polymer based humidity sensors [10-13]. According
to their sensing mechanisms these can be either resistive type or capacitive type [14]. In addition to the
traditional quaternary ammonium and sulfonate compounds [15, 16], polymers containing
phosphonium [17] have also been studied for humidity sensing. Copolymers, mutually reactive
copolymers [18] and conjugated polymers have also been reported for humidity sensing. Conjugated
polymers especially conducting polymers like polypyrrole [19], polyethylene, polypropylene [20] etc.
have shown humidity sensing properties. Besides these metal-polymer nanocomposites for instance
iron oxide-polypyrrole [21] have also been reported for relative humidity sensing.

Among all the conducting polymers, polyaniline is important owing to its simple synthesis,
environmental stability and high enough electrical conductivity. The conductivity of polyaniline
depends on two variables: the degree of oxidation and the degree of protonation and can reversibly be
controlled by the protonation of the charged amine sites and/or the oxidation of the main polymer
chain [22, 23]. It can be modified to conduct across a wide range, from being utterly non-conducting
for insulation use to conducting for other electrical purposes [24].

2. Experimental

There are two major polymerization approaches to synthesize polyaniline: electro-polymerization and
chemical polymerization [25]. In this paper, the chemical polymerization technique, a standard
procedure [26] for the synthesis of emeraldine salt form of polyaniline is followed. The synthesis of
polyaniline is done by oxidative polymerization with ammonium peroxysulphate [27]. The starting
material taken is aniline hydrochloride (99.95% pure) since; efficient polymerization of aniline is
achieved only in acidic medium, where aniline exists as anilinium cation [28].

0.2 M aniline hydrochloride and 0.25 M ammonium peroxysulphate solution are prepared in two
volumetric flasks. Both the solutions are kept separately for 1 hour at room temperature before mixing.
It is then briefly stirred and left for polymerization for 24 hours. Next day, the precipitate of
polyaniline is collected and washed by three 100 ml portions of 0.2M HCI and acetone solutions. The
precipitate is then dried in air first at room temperature and then at 60°C. As a result a green colored
emeraldine salt form of polyaniline is formed.

It is crushed using a mortar and pestle and then three pellets are prepared with the help of a hydraulic
press machine by applying a pressure of 7 tons. The thickness of the pellets is found to be
0.55, 0.62 and 0.89 mm respectively. Diameter of all the pellets is 13 mm.

The surface morphology of the pellet is investigated with the help of Scanning Electron Microscope
(SEM). The FTIR spectra of the composites are recorded on Perkin-Elmer Spectrophotometer.

The variation in the resistance of the pellet is studied by controlling the humidity in a closed chamber
within a range of 15 to 90% RH. 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.
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3. Results and Discussion
3.1. Characterization

The study of surface morphology of the pellet is carried out using SEM (Model No. 430, LEO
Cambridge, England). The specimens are mounted on 10mm diameter stub with the help of conducting
adhesives and are sputtered with a thin layer of Au-Pd to make them conducting. These stubs are then
fixed on the viewing stage of the SEM instrument having three-dimensional movement as well as
rotation and tilt facility. The specimens are scanned thoroughly to check the uniformity of the pellet.

The SEM of 0.62 mm thickness (Fig. 1) shows the formation of a spongy amorphous structure. The
particle formation in polyaniline takes place by heterogeneous nucleation. As a result granular coral-
like structures are formed. As a characteristic of polyaniline, secondary nucleation [29] also takes
place because of which the granular coral-like particles come together to form aggregates.

Fig. 1. SEM image of polyaniline pellet having 0.62 mm thickness.

The FTIR transmission spectrum (Fig. 2) is recorded on Perkin-Elmer spectrophotometer. In FTIR, the
infrared radiation is split into two beams, out of which one is kept static and the other moving. These
are combined to give a modulated beam which is passed through the sample. It is then digitized and
Fourier-transformed by the computer to give the infrared spectrum [30].

The spectrum of polyaniline pellet is recorded in the range 450-4000 cm™ [31]. The spectrum shows
strong bands in the region 750 to 1800 cm™ which is characteristic of polyaniline [32]. It also shows
aromatic C-C stretching at frequency 1555 cm™ and C-N stretching at frequency 1305 cm™ as also
mentioned in Ref. [33].

3.2. Humidity Sensing

The variation of resistance with variation in relative humidity (Fig. 3) is recorded for the three
polyaniline pellets. A laboratory set-up is designed for humidity sensing in which the humidity is first
lowered by introducing CaCl, in the chamber [34]. Then water vapors are introduced in the chamber
with the help of air compressor which is already attached to a flask containing water in order to
increase humidity inside the chamber from 15 to 90% RH. The polyaniline pellet with 0.55 mm
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thickness shows response only in the high humidity range i.e. 53 RH% onwards which does not follow
any regular pattern and therefore the response is not shown here. The sample with 0.62 mm thickness
shows almost linear response in two regions i.e.15 to 70 % and 70 to 90 %. The resistance falls from
5.8 GQ to 93.5 MQ as RH increases from 15 to 70 % and then falls to 13.9 MQ as RH approaches
90 %. Similarly, the sample with 0.89 mm thickness also shows almost linear response, with resistance
falling from 6.45 MQ to 1.04 MQ in the 15-50 % relative humidity range and then falling to 0.04 MQ
as relative humidity approaches to 90 % . It is also seen that the resistance of the pellets decreases with
increasing thickness.
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Fig. 2. FTIR spectra of Polyaniline.
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The variation of sensitivity as a function of relative humidity is calculated and is given in the Table 1.
Here, the sensitivity is defined as the ratio of resistance in dry condition Ry (value taken at 20% RH) to
Ry, (resistance at a particular RH value), i.e. S= R4/Ry, [21].

Table 1. Sensitivity of the polyaniline pellets.

RH % Sensitivity of 0.62 mm thick pellet | Sensitivity of 0.89 mm thick pellet
15 0.93 0.95
20 1.00 1.00
25 1.09 1.23
30 1.20 1.57
35 1.35 2.05
40 1.63 2.52
45 1.98 3.65
50 2.56 5.90
55 3.57 8.30
60 4.47 11.81
65 7.58 18.06
70 58.50 34.11
75 64.25 47.23
80 81.78 51.17
85 110.75 55.82
90 391.18 153.50

For both the pellets sensitivity rises gradually in the range 15-65 % and then rapidly in the 65-90 % as
shown in the table. However, when the sensitivities of both the pellets are compared with each other in
the first range of 15-65 % and in the second range of 65-90 %., it is seen that the 0.62 mm pellet shows
smaller rise in the sensitivity in the first range and a much faster rise, around three times, in the second
range. Since, the pellet with 0.62 mm thickness exhibits greater sensitivity in the higher humidity
range its response and recovery curves are shown in Fig. 4. The response and recovery time of this
sample is found to be Iminute for a humidity change of 30RH% i.e. 51 to 80RH%. Here the response
time is defined as the time taken by the sensor to reach 75 % of the total resistance change [35]. The
observations using the pellets are repeated twice, initially after a time gap of 1 month and then after
two months. The results are found to be reproducible.
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Fig. 4. Response and recovery time for 0.62 mm polyaniline pellet for the humidity change from 51 to 80 RH%.
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3.3. Sensing Mechanism

The decrease in resistance with increase in relative humidity is because of adsorption of water
molecules by the pellet surface. Typically on exposure to water vapor, polyaniline becomes
protonated, and an increase in conductivity is observed. The humidity sensing property of polyaniline
to water vapor can be regarded as electron hopping assisted by proton transfer mechanism [36] as
shown below. The acid base reaction is given by

The protonation is occurring at the charged amine nitrogen sites and since water has a higher binding
affinity to these sites as compared to hydrogen gas, interference of H, gas is not likely to occur while
sensing humidity using polyaniline pellets. Moreover, oxygen will also not interfere with the sensing
of humidity as the hydrogen bonding is the basis of sensing mechanism.

5. Conclusion

This paper presents hitherto unreported humidity sensing capacity of emeraldine salt form of
polyaniline. Polyaniline has been successfully synthesized by oxidative chemical polymerization of
aniline hydrochloride and its formation is confirmed by FTIR study. The SEM studies show uniform,
spongy, amorphous surface morphology which is suitable for humidity sensing application. The
electrical conductivity of polyaniline pellets is found to increase with their increasing thickness. At
room temperature the polyaniline samples exhibit good sensitivity towards humidity with a response
and recovery time of 1 minute for 30 RH% change i.e. from 51 to 80 RH%. It is expected that sensing
humidity with polyaniline pellets is comparatively advantageous as the gases falling short of hydrogen
bonding or having lesser binding affinity as compared to water molecule will not interfere.
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