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Poly(o-anisidine)-tin oxide (POA-SnO,) nanocomposites has been investigated for the fabrication
of low temperature operative (100°C) liquefied petroleum gas (LPG) sensor. The POA-SnO,
nanocomposites have been synthesized through an in situ chemical polymerization of o-anisidine
in presence of SnO, nanoparticles. The POA-SnO, nanocomposite shows better LPG sensing
properties than that of pure POA. The nanocomposite with 50 wt. % SnO, exhibits an excellent
LPG sensing characteristics at the operating temperature of 100°C such as higher relative gas
response (~23.47% to 3.4% of LPG), extremely rapid response (~6s), fast recovery (~33s),
good reproducibility, and remarkable selectivity. The application of POA-SnO, nanocomposites
for fabrication of the LPG sensor was demonstrated. © 2011 American Institute of Physics.

[doi:10.1063/1.3667107]

. INTRODUCTION

Over the last decade, considerable attention has been
focused on the development of suitable gas sensitive materi-
als for the fabrication of low cost, selective and low tempera-
ture operative gas sensors.' Metal oxides* and conducting
polymers’ have been widely investigated as sensing materi-
als for the fabrication of gas sensors. However, both of them
have certain advantages and drawbacks. Though metal
oxides, such as Sn0,.° Fe,03,” WO5.,® and ZnO,’ either in
undoped or doped forms have emerged as economical sen-
sors for monitoring toxic gases, the need for elevated operat-
ing temperatures increases power consumption, reduces
sensor life and limits the portability. In particular, SnO, is
extensively used in the fabrication of gas sensors for detect-
ing various toxic and flammable gases.®'®™'? In order to
enhance the gas response and selectivity toward certain gases
or to reduce the operating temperature, SnO, is commonly
modified by a small amount of dopants or its particle size is
reduced to the nanoscale (<10 nm).lo’m’14 However, the gas
sensors based on SnO, are still operated at temperatures
above 200°C due to its high resistance.'” Consequently, the
development of low temperature operative SnO, based sen-
sors with high gas response and low fabrication cost has
attracted much attention.

Conducting polymers such as polyaniline (PANI),'¢ poly-
pyrrole (PPY)"” and polythiophene (PTH)'® are also being
investigated for gas sensing applications, as they have distinct
advantages of easy processing, low cost and room temperature
operation. However, similar to the metal oxides, they also ex-
hibit certain limitations such as a low gas response, irreversi-
bility, long recovery time and lack of specificity.
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Among several different strategies for fabricating selec-
tive and low temperature operative gas sensors, the combina-
tion of nanostructured metal oxides with conducting
polymers has been particularly interesting. In recent years,
conducting polymer-metal oxide composites have been syn-
thesized and based on these composites gas sensors have
also been developed by few research groups. Geng et al.
synthesized PANI-SnO,,'” PPY-WO5;,° PPY-ZnO,*' and
PPY-y-Fe,05,%* composites and investigated the gas sensing
properties. Tai er al.*>** investigated the NH; and CO sens-
ing properties of PANI-TiO, nanocomposite thin films. Ma
et al.® also prepared the PANI-TiO, composite film by using
a combination of in situ polymerization and sol-gel methods
and examined the gas sensitivity to trimethylamine at room
temperature. Ram et al.?® studied the CO sensing properties
of a self-assembled PANI-TiO, or PANI-SnO, ultrathin
films. Suri ez al.?’ studied the gas sensors (CO,, N, and CHy)
based on PPY/o-Fe,O; nanocomposites. Apart from this,
there are few scattered studies on the gas sensors based on
other conducting polymer-metal oxide nanocomposites such
as PPY-MoO5,?® PANI-In,03,%° PPY-SnO,,* cobalt porphy-
rin-Sn02,3l etc. were reported in the literature. However, to
our knowledge, there is still no report about LPG sensing at
low operating temperatures using conducting polymer-metal
oxide nanocomposites.

LPG is widely used as fuel for domestic heating and
industrially to provide a clean source of energy for burn-
ing.*? Tt is potentially hazardous due to the high possibility
of explosion accidents caused by leakage or by human error.
This has stimulated considerable interest for scientific
research to develop reliable, efficient, simple and cost-
effective chemical sensors to monitor LPG having good sen-
sitivity and selectivity in recent years and many efforts, in
this field, are today devoted to the synthesis of novel sensing
materials with enhanced performance.

© 2011 American Institute of Physics
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The present study reports, for the first time to the best of
our knowledge, on LPG sensor featuring a POA-SnO, nano-
composite as the sensitive layer. In this study, the POA-
SnO, nanocomposites were synthesized by using an in situ
chemical polymerization route and their LPG sensing prop-
erties were investigated, particularly focusing on the low
temperature detection (25-100°C). The POA was chosen as
an organic counterpart for this study to explore the possibil-
ity of utilizing it as an alternative to PANI for gas sensing
application. The nanocomposite with 50 wt. % SnO, exhibits
an excellent LPG sensing characteristics such as higher rela-
tive gas response, extremely rapid response, fast recovery,
good reproducibility and remarkable selectivity. A sensing
mechanism was also discussed based on experimental
findings.

Il. EXPERIMENTAL

Analytical reagent grade chemicals and de-ionized water
were used throughout the present study. The monomer o-
anisidine was procured from Fluka and it was doubly dis-
tilled prior to being used for the synthesis. The tin oxide
(SnO,), ammonium persulphate [(NH4),S,0g] and hydro-
chloric acid (HCI) were purchased from E-Merck (India) and
were used as-received.

In a typical experiment, SnO, nanoparticles (25—40 nm
in diameters) were added to HCI (1 M) and sonicated for 2h
in order to keep them well dispersed and suspended in the so-
lution. After sonication, o-anisidine was added to this disper-
sion of SnO,. The oxidant (NH,4),S,05 (0.1 M) was then
slowly added drop wise to well dispersed reaction mixture
with continuous stirring at 0-5 °C and the reaction was con-
tinued for another 24 h. The dark green colored suspension
was then filtered and washed several times with de-ionized
water and methanol, and dried at 80°C under vacuum for
24 h. Different POA-SnO, nanocomposites were synthesized
using 30, 50, and 70wt. % of SnO, with respect to
o-anisidine, which are referred as POA-Sn0O,-30, POA-
Sn0,-50, and POA-Sn0O,-70, respectively. For comparison,
pure POA was also synthesized following the same proce-
dure without SnO, nanoparticles. The transmission electron
microscopy (TEM) was used to determine the morphology
of the POA-SnO, nanocomposite with a JEOL (1200 EX,
JEOL, Japan).

The POA-SnO, nanocomposite powder was pressed into
pellet form of (diameter ~1 cm and thickness ~0.1 cm) and
the electrical contact leads were fixed 0.7 cm apart with the
help of silver paste on the surface of the pellet to form sens-
ing element. The LPG sensing experiments were carried out
in a static gas chamber in air ambient. The sensing element
was kept directly on a heater in the chamber and temperature
was varied from room temperature (25°C) to 100°C. The
temperature of the sensing element was monitored by
chromel-alumel thermocouple placed in contact with the sen-
sor. The known volume of the LPG was introduced into the
gas chamber prefilled with air and it was maintained at
atmospheric pressure. The dc current signal was measured as
a function of time at a constant applied voltage of 1V using
an electrochemical measurement System (1287, Solartron,
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UK) controlled by CorrWare software from Scribner Associ-
ates Inc. supplied by Solartron, UK. The resistance as a func-
tion of time was calculated from this data. The performance
of the sensing element is presented in terms of gas response
(S), which is defined by the relation:

R, — R,
S:gT x 100%, (1)

a
where R, and R, are values of the resistance in air and in
presence of LPG, respectively.

lll. RESULTS AND DISCUSSION

More recently, we have synthesized the POA-SnO,
nanocomposites by using an in situ chemical polymerization
route and investigated humidity sensing properties.** The po-
lymerization of o-anisidine has been successfully achieved
on the surface of the SnO, nanoparticles as revealed by XRD
and FTIR studies. In this study, the POA-SnO, nanocompo-
sites were synthesized by using same procedure as reported
earlier®® and their LPG sensing properties were investigated,
particularly focusing on the low temperature detection
(25-100°C).

A. TEM analysis

The TEM image of the SnO, nanoparticles is shown in
Fig. 1(a). It indicates the presence of SnO, nanoparticles
with clear boundaries and crystal line with an average size of
~25-30nm. The HRTEM image [Fig. 1(b)] shows well
developed lattice fringes, which are in agreement with the
XRD result (not shown here). The selected area electron dif-
fraction (SAED) pattern [inset of Fig. 1(a)] shows a spot
type pattern indicative of polycrystalline nature of the SnO,
and no evidence was found for more than one pattern, sug-
gesting the single phase nature of the material. The TEM
image of the POA-SnO,-30 nanocomposite shown in
Fig. 1(c) indicates the presence of dark colored SnO, nano-
particles are enwrapped and interconnected with POA in the
nanocomposite. It is observed that the SnO, nanoparticles
are homogeneously distributed in the nanocomposite. The
HRTEM image [Fig. 1(d)] indicates well developed lattice
fringes and the SAED pattern of POA-SnO,-30 nanocompo-
site [inset of Fig. 1(c)] shows the diffraction rings composed
of spots corresponding to the different planes of the tetrago-
nal SnO,, which is in agreement with the XRD result (not
shown here).

B. LPG sensing characteristics

The LPG sensing experiments were performed at differ-
ent temperatures in the range between room temperature
(25°C) and 100 °C in order to find out the optimum operat-
ing temperature for LPG detection. Before exposing to the
LPG, the sensing element was allowed to equilibrate inside
the gas chamber at an operating temperature for 1 h. A num-
ber of experiments have been carried out to measure the gas
response as a function of the operating temperature. All the
time the gas response of the sensor element has approxi-
mately constant values, indicating the repeatability of the
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sensor. The gas response of SnO, nanoparticles, pure POA
and POA-SnO, nanocomposites to 3.4% LPG as a function
of operating temperature is shown in Fig. 2. SnO, nanopar-
ticles [Fig. 2(a)] did not show any response (i.e., no change
in pellet resistance upon exposure to LPG) to LPG at operat-
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FIG. 2. (Color online) Response of (a) SnO, nanoparticles, (b) pure POA
and nanocomposites (¢) POA-SnO,-30, (d) POA-SnO,-50, and (e) POA-
Sn0,-70 to 3.4% LPG as a function of operating temperature.
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FIG. 1. TEM and HRTEM images of
SnO, nanoparticles (a,b) and POA-
Sn0,-30 nanocomposite (c,d). The cor-
responding SAED patterns are shown
inset of (a) and (c).

ing temperatures in the range between 25 and 100°C.
By contrast, pure POA is found to be sensitive to LPG
[Fig. 2(b)] at operating temperatures in the range between 25
and 100°C and it exhibits relative response of ~0.67% to
3.4% LPG at 25 °C. Furthermore, its relative LPG response
increases with an increase in the operating temperature and it
is maximum (~12.24%) at the operating temperature of
100°C.

Interestingly, the POA-SnO, nanocomposites are rever-
sibly responded to LPG even at room temperature and with
increasing sensing temperature, the magnitude of relative
LPG response increases. It is observed that the relative
LPG responses of POA-SnO, nanocomposites (with 30 and
50 wt. % of SnO,) are much higher than that of pure POA
irrespective of the operating temperatures. The relative
LPG response is the maximum for the nanocomposite with
50wt. % of SnO, and it decreases on further increasing or
decreasing the concentration of SnO, in the nanocomposite.
The POA-SnO,-50 nanocomposite exhibits maximum rela-
tive LPG response of ~23.47% to 3.4% LPG at the operating
temperature of 100 °C, which is 1.92 times higher than that
of pure POA.

The POA-Sn0O,50 nanocomposite showing maximum
LPG response was chosen for further study to evaluate the
response and recovery times, reproducibility and selectivity.
In order to investigate the reproducibility and reversibility,
the POA and POA-SnO,-50 nanocomposite were repeatedly
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exposed to 3.4% LPG at the operating temperature of 25 °C.
Figure 3 represents the relative LPG responses of pure POA
and POA-Sn0O,-50 nanocomposite upon periodic exposure to
3.4% LPG at the operating temperature of 25 °C. As can be
seen from Fig. 3(a), the resistance of pure POA rapidly
increases upon exposure to LPG but it fails to return to the
initial value after removal of the gas. Thus, the POA indi-
cates the poor reversibility to LPG and its maximum relative
LPG response to 3.4% LPG at 25 °C is found to be ~0.67%.

When the POA-SnO,-50 nanocomposite is exposed to
LPG [Fig. 3(b)] at 25 °C, a rapid increase in the resistance is
observed. After the removal of the LPG, the resistance of the
nanocomposite was observed to recover slowly due to de-
sorption of LPG molecules from nanocomposite. The rela-
tive LPG response of POA-SnO,-50 nanocomposite to 3.4%
LPG at room temperature is found to be ~1.55%, which is
2.31 times higher than pure POA. The repeated tests reveals
that the relative LPG response values are maintained and the
recovery abilities are not reduced after several sensing
cycles. Such behavior indicates that the POA-SnO,-50 nano-
composite based sensor has a stable and repeatable charac-
teristic at 25 °C. Thus, the POA-SnO,-50 nanocomposite can
be reversibly used for the detection of LPG at 25 °C.

Besides the gas response, the response and recovery
times are also important for evaluating the performance of
gas sensors. The time taken by a sensor to achieve 90% of
the total resistance change is defined as response time in the
case of adsorption or the recovery time in the case of desorp-
tion. The response and recovery characteristics of pure POA
and POA-Sn0O,-50 nanocomposite to 3.4% LPG at the oper-
ating temperature of 25°C are shown in Fig. 4. As can be
seen from Fig. 4(a), pure POA responds rapidly after intro-
duction of LPG, however it does not recover when it is
exposed to air. Pure POA has response time of ~5—7s at
25°C. A considerable enhancement in rate of response is
observed for POA-Sn0O,-50 nanocomposite [Fig. 4(b)] at
room temperature. It is observed that the resistance of the
POA-Sn0O,-50 nanocomposite very rapidly increases when
exposed to the LPG and recovers immediately when it is
exposed to air. The POA-SnO,-50 nanocomposite has
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FIG. 3. (Color online) Repetitive response of (a) pure POA and (b) POA-
Sn0,-50 nanocomposite to 3.4% LPG at the operating temperature of 25 °C.

J. Appl. Phys. 110, 124501 (2011)

678 20.75
676 20.70
674 20.65

g 672 - 20.60 g

] 8

c =

S 670 2055 8

7]} L]

2 4

@ 668 20.50 C
666 = 20.45
664 . . . . . 20.40

0 10 20 30 40 50 60
Time (s)

FIG. 4. (Color online) Response of (a) pure POA and (b) POA-SnO,-50
nanocomposite to 3.4% LPG at the operating temperature of 25 °C.

response and recovery times ~3—5s and the recovery time
of ~40s at 25°C. This clearly indicates that the POA-
Sn0O,-50 nanocomposite is more sensitive to LPG at 25°C
than pure POA. The distinct response to LPG under the iden-
tical experimental conditions is attributed to the different
degree of interactions between the adsorbed LPG and the dif-
ferent sensing materials that is POA and POA-SnO,-50
nanocomposite.

The relative LPG responses of pure POA and POA-
Sn0O,-50 nanocomposite upon periodic exposure to 3.4%
LPG at the operating temperature of 100°C are shown in
Fig. 5. A comparison of the results from measurements at 25
and 100 °C suggests that the gas response for pure POA as
well as for POA-SnO,-50 nanocomposite is observed to
increase at the operating temperature of 100 °C. The maxi-
mum relative LPG response of POA-SnO,-50 nanocompo-
site to 3.4% LPG is found to be ~23.47, which is 1.92 times
higher than that of pure POA. The relative LPG response of
POA-Sn0,-50 nanocomposite is almost reproducible and
stable. Furthermore, no significant variation in the relative
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FIG. 5. (Color online) Repetitive response of (a) pure POA and (b) POA-
Sn0,-50 nanocomposite to 3.4% LPG at the operating temperature of
100°C.
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LPG response values is observed during the test for more
than three times as shown in Fig. 5(b).

The response and recovery characteristics of pure POA
and POA-Sn0O,-50 nanocomposite to 3.4% LPG at the oper-
ating temperature of 100 °C are shown in Fig. 6. Pure POA
exhibits a response time of about 10—12s at 100 °C, which
decreased to about 5-6s for the POA-SnO,-50 nanocompo-
site. A decrease in the recovery time is also observed for the
POA-Sn0O,-50 nanocomposite and it is found to be ~33s.
Thus, the POA-SnO,-50 nanocomposite exhibits a very fast
response (~5—6s) and rapid recovery (~33s) for LPG at the
operating temperature of 100 °C. Thus, the optimum operat-
ing temperature of 100°C is chosen in order to investigate
further the LPG sensing properties of the POA-SnO,-50
nanocomposite.

Figure 7 represents the relative LPG response of POA-
Sn0,-50 nanocomposite at the operating temperature of
100 °C to LPG with concentrations varying from 0.07 to 4%.
It is observed that the relative LPG response increases with
an increase of the LPG concentration. Furthermore, a base-
line remains stable and it has good reversibility. The depend-
ence of the relative LPG response of the POA-SnO,-50
nanocomposite on the LPG concentration at the operating
temperature 100°C is shown in Fig. 8. The relative LPG
response changed from 0.80% to 23.64% in the investigated
range of 0.07 to 4%. The POA-SnO,-50 nanocomposite is
able to detect up to 0.07% for LPG with reasonable relative
LPG response (~0.80%) at 100 °C. It is observed that the rel-
ative LPG response increases linearly as the LPG concentra-
tion increases from 0.14 to 4% and then it saturates with
further increase in the LPG concentration. It is found that the
response of POA-SnO,-50 nanocomposite can be empirically
represented as y=0.56+6.64 * x, R=0.9947 where x, y,
and R represents the LPG concentration, gas response and
correlation coefficient, respectively.) The dashed line shows
the linear fit to the experimental data, which suggests that
the POA-SnO,-50 nanocomposite can be reliably used to
monitor the concentration of LPG over this range.

In order to examine the cross sensitivity of POA-SnO,
nanocomposite based sensor to different gases and thereby to
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FIG. 6. (Color online) Response of (a) pure POA and (b) POA-SnO,-50
nanocomposite to 3.4% LPG at the operating temperature of 100 °C.
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FIG. 7. Response of POA-Sn0O,-50 nanocomposite upon sequential expo-
sure to LPG with concentrations varying from 0.07 to 4% at the operating
temperature of 100°C.

determine its selectivity to any particular gas, the behavior
of pure POA and POA-SnO,-50 nanocomposite at an operat-
ing temperature of 100 °C under different gases was studied
and the corresponding results are shown in Fig. 9. The gas
response was monitored in the presence of H,, CO, CO,, and
ethanol with concentration 3.4% each in addition to LPG. It
can be seen that there is a distinct difference in gas responses
of POA and POA-SnO,-50 nanocomposite to the tested
gases. Pure POA shows almost nearly equal response values
to H,, CO, CO,, and ethanol. On the other hand, the POA-
Sn0O,-50 nanocomposite exhibits highest response for LPG
and the least for H,. In order to quantify the selectivity to
LPG, the selectivity coefficient (K) was calculated further
according to definition®*

SLpG
K =218 2
Sy ()

where S; pg and Sy are the responses of sensors in LPG and
B gas, respectively. The selectivity coefficients for pure POA
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FIG. 8. (Color online) Relationship between gas response of POA-SnO,-50
nanocomposite and LPG concentration.
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FIG. 9. Bar chart showing the gas response of pure POA and POA-SnO,-50
nanocomposite for different gases. The gas concentration and operating tem-
perature in all cases were 3.4% and 100 °C, respectively.

were found to be 1.67 to H,, 2.05 to CO, 2.23 to CO,, 1.90
to ethanol, indicating the lack of selectivity to the tested
gases. The preferentially high response exhibited by the
POA-Sn0O,-50 nanocomposite toward LPG (23.47% to 3.4%
LPG at 100°C) compared to only 3.09-4.71% response in
case of other gases like H,, CO, CO,, and ethanol is remark-
able. The selectivity coefficient, K for the POA-SnO, nano-
composite varies in the order ethanol >H, > CO, > CO.
This means that the fabricated sensor based on POA-SnO,
nanocomposite could be used for the selective detection of
LPG when there is a mixture of LPG and CO. Based on the
observed results, it can be concluded that the formation of a
composite of POA with SnO, nanoparticles is not only effec-
tive in enhancing the gas response but also in making it
selective for the detection of LPG.

The experiments were also performed to investigate the
influence of humidity on the relative LPG responses of pure
POA and POA-SnO,-50 nanocomposite to 3.4% LPG at the
operating temperature of 100 °C. In these experiments, the
different relative humidity (RH) levels 11 = 0.30, 33 = 0.14,
43 +£0.20, 75 £ 0.15, 85 *£0.24, and 97 = 0.16%RH were
generated in a simple gas sensing setup fabricated in our lab-
oratory in order to investigate the effect of humidity on the
relative LPG responses of pure POA and POA-SnO,-50
nanocomposite. It is seen that the LPG responses of pure
POA and POA-SnO,-50 nanocomposite increases slowly in
the humidity range 11—-43% (not shown here) and thereafter,
no significant change in the responses was observed with a
further increase in RH.

C. Comparison with other sensors

Before this study, few research groups have also investi-
gated NH;, NO,, acetone and methanol gas sensing properties
of conducting polymer-SnO, composites. However, there is
still no report about LPG sensing at low operating tempera-
tures using conducting polymer-SnO, composites. Mostly,
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the conducting polymers PANI, PPY, and PTP were chosen
as organic counter parts to synthesize various conducting
polymer-SnO, composites. We have chosen the POA as or-
ganic counterpart in the present study to explore the possibil-
ity of utilizing them as an alternative to PANI for gas sensing
application.

As mentioned earlier, hydrothermally synthesized
PANI-SnO, hybrid was observed to be sensitive to ethanol
and acetone at 60 or 90°C with good reversibility.'” The
response time to ethanol and acetone was within 23—43 and
16-20s, respectively, at 90°C and the recovery time was
within 16-28 and 35-48 s, respectively. However, the etha-
nol and acetone sensing properties of pure PANI have not
been investigated and compared with those of the PANI-
SnO, hybrid. Deshpande er al.>* have synthesized the SnO,-
intercalated PANI nanocomposite, which showed better sen-
sitivity to ammonia gas at room temperature than SnO, with
the response and recovery times of 12—15s and 80s for
300 ppm ammonia gas, respectively. However, pure PANI
exhibited better sensitivity to ammonia than SnO,-interca-
lated PANI nanocomposite with relatively fast response
(8—10s) and slow recovery (160s). Zhang e al.>® studied
ammonia sensor based on PPY-coated SnO, hollow spheres,
which showed better response at room temperature than
SnO, and pure PPY with the fast response (~9s) and slow
recovery (several minute). Xu et al¥’ reported the NO, sen-
sor based on PTP-coated SnO, hollow spheres, which exhib-
ited higher gas response and shorter recovery time for
detecting NO, of ppm levels at 90 °C than the sensor based
on pure PTP. Kong ez al.*® recently reported the synthesis of
SnO,-PTP composites and studied their NO, sensing proper-
ties at low operating temperatures, which are better than
SnO,. However, the NO, sensing properties of the pure PTP
have not been investigated and compared with those of the
SnO,-PTP composites. But the present LPG sensor based on
POA-SnO, nanocomposites has a relative LPG response of
1.55% and 23.47% for 3.4% LPG at 25 and 100 °C, respec-
tively, as shown in Figs. 3 and 5. Furthermore, it has a high
response of 0.95—23.47% to 0.14—4% LPG (cf. Fig. 8), very
fast response (~5—6s), faster recovery (~33s), excellent
repeatability (cf. Fig. 7) and good selectivity (cf. Fig. 9)
when operating at 100°C. It is able to detect up to 0.07%
LPG with reasonable gas response (~0.80) at 100 °C.

The POA-SnO, nanocomposites also have better LPG
sensing characteristics than the semiconducting metal oxide
based LPG sensors reported in the literature. Jiao et al.®
reported the LPG sensor based on ZnGa,O, nanocrystals
(1020 nm) having a maximum sensitivity of ~7 at 410°C
and having response time of a few seconds, with a recovery
time of ~60's for 500 ppm LPG. Waghulade er al.** reported
the synthesis of CdO nanoparticles by using chemical co-
precipitation method and investigated their LPG sensing
performance. The CdO nanoparticles showed a maximum
sensitivity of 3.41 at 450 °C with the response and recovery
times of 3—5 and 8—10s for 25 ppm LPG, respectively. Sal-
unke er al.*! reported a chemical bath deposition of unsensi-
tized and Pd-sensitized CdO nanorods and investigated their
LPG sensing performance. The unsensitized CdO nanorods
exhibited a maximum response of ~0.14 at 425°C for



124501-7 Patil et al.

0.1 vol. % of LPG, which improved up to 0.35 at an opti-
mum temperature of 375°C after Pd-sensitization, with
response and recovery times of 30 and 90s, respectively.
Phani er al.** investigated the LPG sensing property of Pd
doped SnO,. The Pd (1.5 wt. %) doped SnO, showed a maxi-
mum sensitivity of 0.97 at 350°C for 1000 ppm. Sahay et
al.** reported a chemical spray deposited Al doped ZnO thin
films used for LPG sensors. The 0.5 at. % Al doped ZnO thin
films showed a maximum sensitivity of 0.89 at 325 °C for 1
vol. % of LPG. Chaudhari et al.** studied the LPG sensor
based on nanosized BaTiOs; (~65nm) thick films, which
showed a maximum sensitivity of 0.45 at 300°C for
5000 ppm LPG and an improvement in the sensitivity and se-
lectivity was observed by doping the BaTiO5; with CuO and
CdO. The LPG sensor based on POA-SnO, nanocomposite
in this work has a reproducible and stable response to LPG
even at room temperature. It is more sensitive to LPG than
that of pure POA when operated at 25 or 100 °C. In short,
the POA-SnO, nanocomposites can overcome the shortcom-
ings of lower gas response, long response time, slow recov-
ery and lack of selectivity of POA and higher operating
temperature of SnO,, thus presenting very promising sensing
material for the fabrication of LPG sensors operating at low
temperatures.

D. LPG sensing mechanism

The experimental results presented so far can be inter-
preted in relation to the possible LPG sensing mechanism of
the POA-SnO, nanocomposite. As already noted, pure POA
is a p-type semiconductor and it is sensitive to LPG at low
operating temperatures (25—100 °C). The adsorption of LPG
at POA surface donates electrons and consequently its resist-
ance increases. On the other hand, SnO, is an n-type semi-
conductor and the sensors based on SnO, are usually
operated at temperatures above 200 °C due to its high resist-
ance. The resistance of SnO, decreases, when exposed to the
reducing gas LPG. The POA-SnO, nanocomposite is sensi-
tive to LPG at low operating temperatures (25—100 °C) and
when exposed to LPG, it exhibits the properties of p-type
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semiconductor, that is, its resistance increases on exposure to
LPG. This observation suggests that the LPG sensing mecha-
nism of the nanocomposite is governed by POA, which is
supported by TEM study. As revealed by TEM study, the
SnO, nanoparticles are enwrapped and interconnected with
POA in the nanocomposite and therefore, the active sites on
the POA backbone are largely accessible to LPG. The rela-
tive gas response of nanocomposite toward LPG is notice-
ably higher than that of pure POA and SnO, nanoparticles
individually due to its loose and porous structure. The nano-
composite exhibits excellent LPG sensing characteristics
than pure POA, suggesting that the SnO, nanoparticles in the
nanocomposite are also playing active role in the sensing
process. In order to explain the gas sensing mechanism of
conducting polymer/metal oxide nanocomposites, several
researchers have postulated that conducting polymer and
metal oxide may form a p—n junction and the observed sens-
ing response of nanocomposite material may be due to the
creation of a positively charged depletion layer on the sur-
face of metal oxide.’*® The schematic representation of the
model based on the principle of formation of heterojunction
barrier is depicted in Fig. 10, to explain the LPG sensing
behavior of POA-SnO, nanocomposite. When the nanocom-
posite is exposed to the LPG, the LPG gas molecules are
adsorbed preferentially on POA and it leads to the interaction
of LPG at the interface of p-POA/n-SnO, heterojunction.
The adsorption of LPG at POA surface donates electrons and
results in more negative acceptor ions in the p-side and
hence a wider space charge layer. As the surface of SnO,
nanoparticles is generally covered with negatively charged
adsorbed O ions, an electron depletion layer is created on n-
side of the junction. As a result, the carrier concentration of
the heterojunction decreases and consequently, the potential
barrier height of the heterojunction increases and an increase
in the resistance of the nanocomposite is observed. It can be
said that in the POA-SnO, nanocomposite, POA identify
LPG (receptor function) and both POA and SnO, nanopar-
ticles provide conducting path (transducer function) and their
nanocomposite permits selective detection of LPG at low
operating temperatures (25—100 °C).

S

FIG. 10. (Color online) Schematic representa-
tion of LPG sensing model for POA-SnO,
nanocomposite.

Barrier height
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IV. CONCLUSIONS

This work reports the sensing characteristics of POA-
SnO, nanocomposite toward LPG. The POA-SnO, nano-
composite overcomes the shortcomings of lower gas
response, long response time, slow recovery and lack of se-
lectivity of pure POA and higher operating temperature of
SnO,. The LPG sensor based on POA-SnO, nanocomposite
has a reproducible and stable response to LPG even at room
temperature. It was shown that the POA-SnO,-50 nanocom-
posite is able to detect up to 0.07% LPG with reasonable gas
response at 100 °C and it can be reliably used to monitor the
concentration of LPG over the range (0.07—4%). Further-
more, it has a high response of 0.95-23.47% to 0.14—4%
LPG, very fast response (~5—65), faster recovery (~33s),
excellent repeatability and good selectivity when operating
at 100°C. Thus, it was demonstrated that the POA-SnO,
nanocomposite can be used as selective and reusable gas
sensing material for the fabrication of LPG sensors operating
at low temperatures.
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