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Abstract

Polyaniline synthesized by chemical polymerizatrmathod and thin films were prepared by
spin coating method. Room temperature sensing pgrep®f polyaniline thin films were studied
for various oxidizing (NO and @)l as well as reducing (NHand HS) gases. It has been
observed that a polyaniline film possesses higlsigeity and fast response time for ammonia
gas. Fourier transform infrared spectroscopy redeaformation of polyaniline. The
morphological study showed that formation of umfiogranular structure with average grain size
of 60nm.

Keywords. Ammonia Sensor, Polyaniline, chemical polymer@matiFourier transform infrared
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I ntroduction

The use of conducting polymers as sensing elemerntemical sensors is attracting attention
due to their high sensitivity in changes of thec&leal and optical properties when exposed to
different types of gases or liquids [1-5]. The easgynthesis of these polymers and sensitivity at
room temperature add to the sensor’s advantages.CHm be of importance particularly as
ammonia gas sensors that are used in differenicapiphs such as industrial process, fertilizers,
food technology, clinical diagnosis, farms and emwmental pollution monitoring. Conducting
polymers that have been investigated for chemiesisars are polypyrrole, polyacetylene,
polyaniline (PANI), polythiophene, porphyrin amétvinylcarbazole. Among these conducting
polymers, polypyrrole and polyaniline are widelyastigated for Nkl sensing. Polypyrrole was
the first polymer used for Ndtletection; however, its sensitivity was quite lamd response was
also irreversible. Polypyrrole films are not eaplypcessible whereas polyaniline is soluble in
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common organic solvents from which free standidgdi can be cast. Polyaniline is also
considered to be one of the most technologicalymsing conducting polymers because of its
easy preparation, low cost, and relatively staldetecal conductivity in air. Polyaniline has also
been used in different applications such as displagnsors, electrodes for batteries and
photovoltaic cells. Electronic properties of Poljiale depend on the degree of protonation and
the method of synthesis [6-11].

In this paper, we report on the spin coated Polyenthin film having novel microstructure at
the surface for NEldetection at room temperature with better respanserecovery times.

Materials and M ethods

Polyaniline was chemically synthesized by oxidatimethod at~0 °C. The precipitate was
collected, washed repeatedly with 1M HCI and dueder vacuum for 48 h. The PANi powder
so obtained is in the HCI doped state (PANi -HEDr preparation of emeraldine—base PAN;,
the PANi -HCIl powder was put in a 0.1M ammonia $solu and stirred for 3h at room
temperature. The precipitate was filtered, washél deionized water until the water became
neutral and then dried in vacuum for 48 h to obtineraldine PANi. PANi (0.2 gm) was
dissolved in 30ml of m-cresol to prepare the solution. The solution pragi@n required 3—4
days of stirring with an initial heating at 8G for 40 min to make the solution homogenous. A
thin film of Polyaniline was deposited on glasssudites using spin coating technique at a speed
of 3000 rpm. The film was dried in air for 30mir2[113]. The thickness of the film wasl40

nm as measured using Tencor Alpha step 100. Fewaesform infrared (FTIR) spectroscopy
was done in a reflectance mode using PerkinElmexctpm BX2. Surface morphological
studies were carried out using scanning electroarascopy,Quanta-2000, Holland using
acceleration voltage of 25kV.For this purpose thifer of gold (5@) was deposited on the film
using physical vapour deposition and Atomic forcecroscopy (AFM) using (Digital
Instruments) Nanoscope llla. Roughness of the fitas determined from the AFM images.
Absorption study was carried out with a PerkinElmo@mbda 900 UV/VIS/NIR spectrometer.

In order to measure the gas response, the resstdiribe films was measured in air ambient and
in gas atmosphere. For resistance measurementgdlgoelectrodes, separated by 1mm, were
deposited on polyaniline film and silver wires werttached using silver paint. The resistance
was measured using Rigol 6% digit DMM. For monitgrthe response of the films to various
gases, the films were mounted in 250cc air tigimta@ioer and the known gas (MHH,S, Ch or
NO) of particular concentration was injected thhdoug syringe. All the gas sensitivity
measurements were carried out at room temperature.

Results and Discussion

Fourier transform infrared measurement
Proper formation of the Polyaniline film in a comting form was established by FTIR
measurement (Fig. 1)The peaks at 1,591 and 1,497 tariginate from aromatic C-C stretching
vibrations whereas those at 1,307 and 1,167 @re due to aromatic amine stretching. The peak
at 832 crit comes from the out of plane hydrogen deformatibaromatic rings in PANi unit
sequences [12-14].
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Fig.1. FTIR spectrum of a Polyanilinefilm

Surface morphology

The microstructure of a polyaniline thin film isasfn in Figure 2. The film has honeycomb
morphology with an interlocking arrangement of gabyparticles and the average grain size is
approximately 50 nm to 100 nm [12-14].

Fig.2. SEM of a Polyaniline film

AFM micrographs of the Polyaniline thin film (Figur3) show the less aggregation of the
polymer with a surface roughness~of nm and confirm the extended coil conformationisTis
supported by the free carrier tail in the absorpgpectrum shown in Figure 4. The Polyaniline

Scholars Research Library 111



V B Patil et al Arc. Apl. Sci. Res,, 1 (2) 109-114

film exhibits the absorption edge at470 nm (benzene-n* transition). This behavior is

consistent with a delocalized polaron band strectéx steadily increasing free carrier tail,
starting from~850nm to the near IR region confirms the extendetl conformation of the

Polyaniline[12-14].

um

Fig. 3. Atomic force micrographsof a Polyaniline film
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Fig. 4. An absor ption spectrum of a Polyaniline film

Gas sensing properties

The gas sensing studies were carried out fog, RS, Cb and NO gases. All the measurements
were carried out at room temperature. For redugeses like NB H,S the resistance of the
films increases on exposure to the gas and forizrgl gas like Gl ,NO the resistance of film
decreases. Typical gas response curves of polgarfilms for 25 ppm concentrations of jH
H,S, Chand NO are shown in Fig.5. The response of themeasa defined as
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Response = | (Rs Rair)/Rair] X 100

It is seen that the response values forsN&b ppm), HS (25 ppm), Gl (25 ppm) and NO (25
ppm) are respectively 14, 1.5, 4.5 and 3.0. Theaese for NH is better by a factor of ~ 10 and
also faster than other gases. A high responsenfonania indicates that the polyaniline films are
selective for this gas. The higher response towhlitdsthan NO, Cl and BS can be explained
on the basis of different interactions between isgnlm and adsorbed gas. Polyaniline is a p-
type material and when it interacts with pJkhere is reduction in charge carrier densityc8in
the majority carriers (holes) density gets decréahiee to electron donating nature of Ngés.
This results in decreasing the conductivity of mateand film resistance increases. In case of
oxidizing gas like NO there is an increase in chacgrrier concentration, since NO gas is
electron accepting in nature [15-17]. Hence it @ases the conductivity of the material. The
interaction of NO, HS, Cb with polyaniline film is very less as compared Néis;, hence it
shows very less and sluggish response.
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/ 25ppm Cl,

—v—25ppm H,S

10 o L] =

Response

T T T T T T
250 500 750 1000
Time (seconds)

Fig. 5. Gasresponse curves of a polyanilinefilm

Conclusion

Proper formation of the Polyaniline film in a comting form was established by FTIR
measurement .The microstructure of polyaniline fiim shows honeycomb morphology with
an interlocking arrangement of gobular particled Hre average grain size is approximately 50
nm to 100 nm. AFM micrographs of the Polyanilihetfilm shows the less aggregation of the
polymer with a surface roughness~of nm and confirms the extended coil conformatiome T
Polyaniline film exhibits the absorption edge~a70 nm. Gas sensing characteristics shows high
response for NElis better by a factor of ~ 10 and also faster thidner gases. A high response
for ammonia indicates that the polyaniline filme aelective for this gas.
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