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Abstract

MnO,-Doped Polyaniline/Poly (Vinyl alcohol) thin films were prepared chemical oxidative polymerization, using microwave oven
technique on glass substrate. These thin films prepared by using Analytical Reagent grade solutions of Polyaniline, Poly (Vinyl
alcohol), MnO,, primary dopant hydrochloric acid are mixed in stoichiometric proportion. The solutions were kept in microwave for
10 sec then oxides with ammoni um per oxydi sul phate oxidant, then after kept in water bath to obtain the uniform thin films. Films were
dries it in air medium for an hour. The electrical and gas sensing properties of these films were investigated. MnO, Doped
Polyaniline/Poly(Vinyl alcohol) thin films showed better ammonia and trimethyl ammine vapour response as compared to undoped
Polyaniline/ Poly (Vinyl alcohol) thin films. The gas response was observed to be increased with their stoichiometric composition of

films.
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1. INTRODUCTION

Ammonia is extensively used in many chemical indest
food processing, medical diagnosis, fertilizer daiets,
refrigeration systems, environmental protection étcsmall
leakage of ammonia in the system can result thdthhea
hazards. Ammonia is harmful and toxic in nature eltposure
may cause chronic lung disease, irritating and ewaming
the respiratory track. Therefore all industries kitog on and
for ammonia should have an alarm system detectimd a
warning for dangerous ammonia concentrations [1-2)]
Detection and measurement of ammonia concentratton$
considerable commercial and medical interest. Anmimon
sensors based upon Polyaniline and polypyrrole-goiyyl
alcohol) thin film coatings have been reported [8].is
therefore necessary to monitor ammonia and trinhethy
ammonia gas. The efforts are made to develop th©,Mn
Doped Polyaniline/ Poly(Vinyl alcohol) thin filmsased NH
andtrimethyl ammonia gas sensors.

Our interest lies in room temperature sensing ahamia and
trimethyl ammonia vapors using MagCDoped Polyaniline /
Poly(Vinyl alcohol) thin films—based sensors. s sensing
characteristics of a given sensing element depepds the
material used, the method of preparation, and #sailting
nano-to micro-structure. In the present study, Rumg MnQ-

Doped Polyaniline/ Poly (Vinyl alcohol) thin filmsywere
prepared chemical oxidative polymerization, usirigrowave

oven technique on glass substrate. The electrindl gas
sensing properties of these films were investigaldte fact
we are able to measure ammonia and trimethyl amanoni
concentrations using Mn&boped Polyaniline / Poly(Vinyl
alcohol) thin films at room temperature makes fiesa
variety of new sensing applications, such as ttass®ciated
with clinical use and monitoring food safety[4].

2. EXPERIMENTAL
2.1. Chemical Used for Synthesis

Analytical grade aniline (Rankem ,Ranbaxy New Dgelhas

purified by distillation under reduced pressurepnesence of
zinc dust prior to use ,Poly(vinyl alcohol) (mw.Qd0

quiligen fine—chem., India). Hydrochloric acids &jgen fine
—chem. India). Ammonium peroxydisulphate (Specttre@,

India). All processes were carried out in doublstitied

conductivity water.

2.2. Synthesis of MnO,-Doped PA-PVA Blend Thin
Films

We have synthesized Ma@opedPA-PVA blend thin films
at room temperature on glass substrate by usingniché
oxidative polymerization method. Initially we hagetimized
the molar concentration of monomer (aniline 0.4Rptmary
dopant (HCL1M), polymer additive matrix (PVA-50mghen
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MnO, with different molar concentration ratio likeD.1m
to.0.5m)ar e mixed instoichiometric proportic. The solutions
were kept in microwave oven for 10 sec, then oxdath
ammonium peroxydisulphate as oxidatiten after kept i
water bath at 18c for 24 hourto obtain the thin uniform ar
good morphology filmsThese synthesis films washed w
distilled water to remove monomer another substrateain
without polymerization. The synthesis films driedthwdryer
at room temperature.

2.3. Characterization

The structural and morphological characterization ofQ,-
Doped PA-PVA blend thin films was performed L-visible
and FTIR. The UWisible and FTIR spectra of all polym
samples were recorded at room temperature in Dih
sulphoxide (DMSO) solvent. Theurface morphology we
characterized by using scanning electron micros¢SgM) at
different magnification range by (JECJSM-6360 A).
Synthesized PANI-PVA doped Mn@ilms were subjected t
the Ammonia and TMA gas at room temperature by g
indigenousy developed computer controlled gas sel
system and electrical conductivity {I-<characteristics) of th
films was recorded using four probenethods compute
control system.

3. RESULTSAND DISCUSSION

3.1FTIR Study

The infrared absorption spectrum ofnthesized PAMPVA
doped MnQ@ composite film is shown in Figure.l. The brc

-1
strong bands between 3450 —3350 cfRresponds to tf
stretching vibrations of the intr@olecular hydrogen bonw

O-
1) of PVA and this frequency also shows the absonptif N—

. . refers
H stretching of polyaniline. The frequency at 292f

to the stretching vibration of €& bond. The absorption
1652 cm' was assigned to the C=C ring stretching
polyaniline. The band at 1380 ¢mis due to C-H
vibrations[7]. The peak at 1136 &is due to (-C stretching.
The peak at 1080 chrtorresponds to the-plane deformation
of O-H group and G symmetric stretching of PVA. Tt
band at 1020 cthis due to inplane deformation of —-H bond
and N-H bond of polyaniline ring, Here d do MnG, dopant
films it slightly change and percentage of trantamite is les
in DMSO solvent.

Fig-1 FTIR Study of PANI-PVA and Mn@doped PAN-PVA

3.2UV-Visble Spectra

The UVisible absorption spectra of Mr, doped PANI-
PVA films were recorded in air backgrounds on g
deposited thin films using UV Visible 1601 Shimadzt-

spectrophotometer in the range of - 900 nm. The PANI-
PVA blend thin films show three peaks at 308nm,Ad6and
809 nm respectively. e first peak was due t¢-n* transition
at 308 nm. The second peak fe-n* transition at 446 nm
corresponds to benzenoid, rings while the sharpwgoThird
peak represents Together with the extended taB0& nm
representing the conducting emeraldt can be assigned to
the localized polarons which are characteristiguatonatec
MnO, doped PANIPVA film. with the extended tail at 81
nm([8] Fig-2.

Fig-2 UV-Visible absorption spectra of M, doped PANI-
PVA films

3.3 SEM Study:

The microstructure ofhe blends, characterized by scanr
electron microscopy (SEM) is presented in Fig. 13.this
Figure it is shown the Mn, doped PANI-PVA grains
embedded in the PVA matrix[!

As shown in Fig. 3&EM micrographs coMnO, doped PANI-
PVA composite thin film taken at different magnificats
showed the polycrystalline nature of the film with averag:
grain size 0f<0.250um.The evolved microstructure MnO,
doped PANI-PVAfilms consisting o MnO, a network of
grains is schematically sho' in Fig. 3a. The absence of
interaction between Mn, in composite films helps us to
understand the fig.3b. is only PA-PVA composite thin film

having uniform surface morpholot

Fig 3(a) SEM micrographs cMnO, doped PANI-PVA
composite thin film (b}PANI-PVA composite thin film

3.4 X-RD Study

From the XRD analysis of the composite film, it can be s
that the MnQ@ dopant PAN-PVA film exhibited broad
scattering peaks at62value around z° C and 40° C
respectively, which suggest that thelv, dopant PANI-PVA
film highly disordered little bite crystalline imature.
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Polyaniline-polyvinylacohol composite films are tuially
amorphous. Previous X-ray scattering studies dfporole
films have been reported to be highly disordered aon-
crystalline [6]Fig -4 shows the X-RD diffractogramfi MnO,
doped PANI-PVA film conducting polymer compositkrfi

Fig. -4 XRD-diffractogram of MnQ doped PANI-PVA film

3.5 Electrical Characterization

The synthesized MnQdoped PANI-PVA films are subjected
to | — V characterization to room temperature o@a ¢hmic
behaviour of the film. The electrical characterfi@atof film is
done by the four -probe method at room temperateig. 5
shows the |-V characteristics MpQloped PANI-PVA film
which gives the linear relationship. As we incretise=applied
voltage the current is increase in proportion wite applied
voltage. This reveals that the Polyaniline filmshten ohmic
behaviour [8].

Fig-5 | — V characterization

3.6 TMA and Ammonia Gas Sensing

To observe the TMA and ammonia gas-sensing chaistate
of the synthesized Mn{Odoped PANI-PVA Blend thin films
at room temperature, we have used the Four-pratimitgie
of resistivity measurement, this film was encloséd
indigenously designed and fabricated a gas chanmibee.
synthesized Mn@doped PANI-PVA films were exposed to
TMA and ammonia gas for 5 minutes. The recoveryetinas
measured by exposing the film to the air for 5 résu The
change in resistivity of the film was measuredratraerval of
10s. All the sample films show response to the amanand
TMA gases vapor. We have explored the ammonia aid T
gas-sensing curves of MnCdoped PANI-PVA films at
different concentrations of ammonia gas 5 ppm 1 |0m. It
was observed that the resistivity of the Mndped PANI-
PVA films increases in the presence of ammonia &k
gases and after a few minutes becomes saturatecthend
resistivity decreases steadily to a minimum valben the
ammonia and TMA gas was removed however, a dadfnfits
original value was observed. The conductivitieshefse films
were decreased by exposure to JN¥hpors. The sensing
mechanism is explained by the compensation effedtl]. it
can be seen from the figures, the conductivitiepa§mers
show marked changes when exposed tg Nak. The change
in conductivity of polymers can be attributed te ttifferent
nature of both dopant anions and N\k4s. Dopant anions have
different sizes and to NHvapors can differently diffuse in
Polymer matrix. The gas sensing behaviour Showeite qu
good response to the ammonia and TMA gas concimtriat
the range 20-800 ppm, for Mp@oped PANI-PVA films for
both gases. The surface morphology observed foOMn

doped PANI-PVA was porous, granular and globular

responsible for good response for both TMA and Amiao

gas vapour.

Fig.6-TMA and ammonia gas-sensing characteristics of MnO
doped PANI-PVA films.

CONCLUSIONS

e MnO, doped PANI-PVA doped nanocrystalline gas
sensing material was successfully prepared by miave
oven technique.

 We have developed MnQdoped PANI-PVA thin film
gas sensor by using microwave oven technique.

» The high sensitivity and good selectivity for amnzoand
TMA detection have been achieved from the graphical
study fig- 6, of times against change in resistant
MnO, doped PANI-PVA thin films.

e The MnGQ doped PANI-PVA film presents better
sensitivity compared to pure PANI-PVA due to the
distribution of particles Mn@ in grain boundaries of
nanocrystalline PANI-PVA films fig-3 from study of
surface morphology.

« The TMA measurement results indicate that the
developed TMA sensor’s working at room temperatsre
about 27-37C, it is much less than commercial available.

e The sensor has good sensitivity to low ammonia
concentration such as 5 ppm.

* The selectivity of the sensors was studied by exgathe
sensor to various inference gases like TMA ands#rsor
is less sensitive to common interference gases.

FUTURE WORK

* In future we are study of other metal oxides dofikeas
for ammonia gas sensing material

* In future we are study high temperature based gasirsg
films material [14].

. In future we are study biosensor application ofsth
types of films.

* In future we are study various different types afes
sensing ability [15].
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