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A SnO;/polyaniline (PANI) double-layered film sensor for NO, detection was fabricated using nanoporous
SnO, and PANI layers. The double layered film sensor has high selectivity and high response to NO,
gas even with low concentration. Furthermore, the double layered film sensor also has a low optimum
working temperature (140°C) and high stability over a long working time period. The response and
recovery time of sensor SsP500 is as short as about 17 s and 25s to 37 ppm NO; at 140°C, respectively.
The experiment results show that the porous characteristics of nanoporous SnO, and the thickness of

gﬁ{jwir:;;pomus material PANI have effect on the sensor response of double layered film sensors. The improved sensing properties
Polyzaniline mainly attributes to the formation of depletion layer at the p-n junction interface in SnO,/PANI double

layered film sensor, which makes great resistivity difference in air and NO; gas. Thus, the combination of
n-type SnO; thick film and p-type PANI thick film provides an effective strategy to design high property

Layered double thick film
NO; gas sensing

gas sensors.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

NO, is a colorless, flammable and hazardous gas, produced in
such processes as automobile exhaust, production of nitric acid, and
the combustion of coal and fuel [1]. It has also been widely used to
promote chemical reactions and rocket fuels because of its high
oxidation ability. However, the air pollution caused by nitrogen
oxides (NO,) is becoming a more and more important environ-
mental issue. NO, associated with other pollutants like volatile
organic compounds (VOC) can lead to the formation of ozone (03)
in lower atmosphere and smog in urban areas, which is believed
to be harmful to the respiratory system of human beings and ani-
mals. In addition, NO, gas can produce acid rain and damage plants
[2,3]. Therefore, it is an urgent work to develop the NO, gas sensor
with high sensitivity and relatively low working temperature for
the atmosphere monitoring.

Semiconducting tin oxide (SnO;) has been proven to be one of
the most attractive sensing materials for gas sensors, owing to its
suitable physical-chemical properties, and ability to detect many
reducing and oxidizing gases sensitively [4-6]. Till now, a lot of
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works have been carried out to fabricate NO, gas sensor based on tin
oxide (Sn0;) thin film. However, most of those sensors with limited
sensitivity must work at high temperature (300-450°C)[7,8]. Aswe
all know, low operating temperature (<200 °C) and high responding
rate are two major objectives [3]. Currently, worldwide efforts are
concentrated on developing the fast responding and recovery NO,
gas sensors operated at low temperature [9].

Gas sensors based on polyaniline (PANI) materials have been
attracting more attention in recent years [10-13] because of their
high sensitivity and unique conductivity properties at low temper-
ature. The high performance originates from its ability to transport
charge carriers along the polymer backbone and hop the carri-
ers between polymer chains. Thus PANI molecules can easily react
with de-/protonating (reductive and oxidative) agents inducing the
change of their conductivity at low temperature. The gas sensing
devices based on organic materials, such as PANI and polypyr-
role, exhibit high gas sensitivity at lower temperature. It has been
reported that organic-inorganic composite materials can synergize
or improve the properties of the pure organic or inorganic materials
in electronics, coating, optics, catalysis and so on [14-16].

In order to gain better gas sensing properties, we proposed
here a new route to prepare nanoporous-SnO;/PANI double-
layered film for sensing applications. The nanoporous SnO, can
be assumed as a special material, which possesses both high reac-
tivity of nanoparticles and mechanical strength of nanoceramics
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Fig. 1. (a) Schematic drawing of a sensor element. Al, O3 tubes (4.0 mm in length, 1.0 mm in internal diameter and 1.4 mm in external diameter) with a pair of Au electrodes
(2.0mm in distance) attached with Pt lead wires. (b) Electric circuit used in the sensor testing equipment. V4, is the heating voltage, R; is a constant resistance (=1 M), Vg,
is the voltage on Ry, Vc is the constant voltage (=5 V) applied on the R, and the sensor, the signal voltage Vs = V¢ — I, . Rs=V;/I is the resistance of the sensor, R; =R, (in air)

and R, =R, (in target gas).

[17-19]. Nanoporous SnO, layer is composed of interconnected
Sn0, nanoparticles, which form a framework with numerous pores,
and it exhibits higher sensor response and quicker response speed.
The SnO,/PANI double-layered film sensors simply prepared by this
new route show the advantages of sensitivity (with a gas response
of 8.1 to 37 ppm NO, at 140°C), selectivity, and rapid response for
NO, gas at the relative low working temperature (140 °C). These
characteristics enable it possible to use as a NO, gas sensor.

2. Experimental
2.1. Preparation of SnO, nanoporous material

The SnO, nanoporous material was prepared by a solvo-thermal
hot-press (SHP) process, which was conducted in a solvo-thermal
hot-press (SHP) autoclave [19]. The starting materials were SnO,
nanoparticles and dioxane. SnO, nanoparticles (with average size
of 50-70 nm) were purchased from Luoyang Institute of Materials,
Henan, China, and used as received. In a typical process, 6 g of SnO,
nanoparticles was ground after mixed with dioxane (e.g. 6 ml, 7 ml,
8 ml, 9ml and 10 ml) in a high-energy ball mill for 4 h with a tur-
ning speed of 180 r/min. The pretreated paste was mounted into a
SHP autoclave and its temperature was heated to 200 °C from room
temperature at a ramping rate of 3 °C/min, during which the pres-
sure in the autoclave was kept at 60 Mpa. After reacting for 90 min,
the autoclave was cooled naturally to room temperature. Thus SnO,
nanoporous material was obtained and named as SnO, nanoporous
material S to S5 according to different amount of dioxane addition.

2.2. Preparation of PANI

Aniline (analytical purity) was distilled under reduced pres-
sure and stored at low temperature (0°C) before used. Analytical
grade hydrochloric acid (HCl, 36-38%), ammonium peroxydisulfate
(APS, (NH4),S,0g) were used as received. 0.2 g of aniline (which
dispersed in 4ml 1M HCI) and 15 ml of anhydrous ethanol were
added into a three-neck flask in sequence, sealed, and dispersed
by ultrasonic treatment for 5 min. Thereafter the flask was trans-
ferred into a thermostatic bath of 0°C and stirred constantly for
15 min, followed by dropwise addition of precooled APS aqueous
solution (15 ml, 0.03 M) within 1 h and maintained at 0°C for 24 h.
The resulting emerald product was collected by filtration. The pre-
cipitates were sequentially washed 3 times with distilled water and
anhydrous ethanol, and finally dried in a vacuum oven at 50 °C for
12h.

2.3. Preparation of SnO,/PANI double-layered film sensors

1g of Sn0O, nanoporous material S; was ground in an agate
mortar for 10 min, and 2 ml de-ionized water was added into the

agate mortar and grinded for another 10 min. Then, the resultant
paste was coated onto the outer surface of an alumina (Al,03) tube
(4.0 mminlength, 1.0 mmininternal diameter and 1.4 mm in exter-
nal diameter) with a pair of Au electrodes (2.0 mm in distance)
attached with Pt lead wires, as shown in Fig. 1a. The SnO, coated
Al;03 tube was sintered at 650°C in air for 2 h to finish the prepa-
ration of SnO, nanoporous material film. The preparation process
of other SnO, nanoporous material thick film (e.g. S, S3, S4 and Ss)
was all the same as S;.

Finally, PANI paste was acquired by adding 100 mg PANI to 1 ml
NMP (N-methylpyrrolidone) and fully grounding. PANI paste was
coated on the outer surface of SnO, porous layer (e.g. S1, S,, S3,
S4 and Ss), respectively. After drying at room temperature in air
for 12 h, SnO,/PANI composite sensors denoted as S;P100, S;P100,
S3P100, S4P100 and SsP100 were fabricated, respectively.

Furthermore, in order to find the effect of PANI concentration
on sensing properties of layered double thick film, PANI paste
with different proportions were prepared by adding 10, 50, 100,
200 and 500 mg PANI to 1 ml NMP, respectively. Five concentra-
tions of PANI paste were coated on the outer surface of SnO,
nanoporous material thick film Ss, respectively. After drying at
room temperature in air for 12 h, layered double thick film sensors
S5P10, S5P50, S5P100, S5P200 and S5P500 were fabricated, respec-
tively. Three sensors of each kind were fabricated by the same
procedure.

Pure PANI thick film sensors (denoted as P-0) were also fabri-
cated as a reference using only PANI paste. Unfortunately, the PANI
film is so loose to tend to peel off from the Al,03 tube. Therefore
its sensor response cannot be obtained.

2.4. Characterization of the samples

The porosity and primary pore diameter of the SnO, nanoporous
material were examined by BET and BJH methods using a N,
adsorption isotherm with a Physisorption Analyzer (Micromeritics,
ASAP2020). The molecular structures of PANI were measured with a
Nicolet NEXUS-670 Fourier-transform infrared (FTIR) spectroscopy
with spectral resolution of 4.00 cm~! and wave number precision
of 0.01 cm~!. SEM photographs of the thick film were taken with a
Hitachi S-2500 scanning electron microscope.

2.5. Gas sensing performance

The sensors performance was tested by a gas sensor measure-
ment system (WS-30A, Weisheng Electronics, Zhengzhou, China).
The devices were put into an airproof test box. Prior to the measure-
ment, the sensors were aged at 160 °C for 36 h in air. The electronic
circuitused is shownin Fig. 1b. In order to gain the selectivity of sen-
sors to NO, gas, the testing gases are NO,, NH3, CO, H, and ethanol
vapors. Test gases such as ethanol with calculated concentration
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Table 1

Average pore size, pore volume and surface area of SnO, nanoporous material Sy, S3, Ss.

Sample Amount of solvent (ml) Average pore size (nm) Pore (volume/(cm?3/g)) Surface (area/(m?/g))
SnO, nanoporous material Sy 6 34.9 0.038 4.76
SnO; nanoporous material S3 8 20.6 0.027 8.21
SnO, nanoporous material S5 10 18.6 0.023 7.48

were injected into the testing chamber by a microsyringe. The
sensor response to oxidizing gases (e.g. NO,) is defined as follow:
S=Rg/Rq, where Rg and R, are the resistance of the gas sensor
in testing gas and in air. While for reducing gases, such as NHj3,
CO, H, and ethanol vapors, it is defined as follow: S=Rq/Rg. The
response time is defined as the duration within which the signal
voltage reaches 90% of its maximum value when gas is introduced
into the chamber, and the recovery time is the interval that the
voltage decreases by 90% of its maximum valued. Different con-
centrations of NO, gas were tested in the following sequence, 5,
10, 15, 20, 25, 30, 35, 37 and 50 ppm at a relative humidity (RH)
of 15-25%.

3. Results and discussion

3.1. Pore size distribution and specific surface area of nanoporous
materials

Table 1 shows pore size distribution and specific surface area
of Sn0O, nanoporous material S1, S3 and Ss. As shown in Fig. 2, the
surface area and the number of nanopores with a size of 2-3 nm in
diameter of SnO, nanoporous material increased with the increas-
ing dioxane amount. SnO, nanoporous material S;3 shows the
biggest surface area of 8.21 m2/g when the amount of dioxane is
10ml. On the contrary, the average pore size and pore volume
decreased with the increase in the amount of dioxane as shown
in Table 1. And SnO, nanoporous material S5 has the smallest aver-
age pore size of 18.6 nm when the amount of solvent is 10 ml. The
above results indicate that the pore properties of nanoporous mate-
rial obviously change when different amount of dioxane is added
into SnO, nanoparticles in the preparation process of nanoporous
material.
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Fig. 2. Pore size distributions of SnO, nanoporous material S, Ssand Ss.

3.2. FTIR spectroscopy of PANI

To verify the composition of PANI, we measured the infrared
spectrum of the products. The spectral region is from 4000 to
400 cm~!. AsshowninFig. 3, the peak ataround 3419 cm~! isdue to
the stretching vibration of adsorbed H;O0 in air. The peaks at 1597,
1554and 1419 cm~! are assigned to the stretching vibration of C=N
along with deforming vibration of N—H [ 18]. The peak at 1492 cm™!
corresponds to the stretching vibration of C=C in benzenoid or
quinonoid rings [20-24]. The peaks at 1300cm~! are attributed
to the stretching vibrations of C—N in benzenoid rings [21-23]. The
strongest peak centered at 1124 cm~" is due to the in-plane bending
vibration of benzenoid or quinonoid C—H [20,21,25,26]. The peaks
around 800-687 cm~! can be assigned to the out-of-plane bending
vibrations of benzenoid or quinonoid C—H and N—H [20,25,26].

3.3. Morphology of the Sn0O,/PANI layered double thick film

Fig. 4a and b shows the surface morphology of SnO, nanoporous
material thick film S5 and SnO,/PANI layered double thick film
S5P500, respectively. It can be seen that the SnO, nanoporous mate-
rial thick film (Fig. 4a) is compact and has strong adhesion with
the Al,03 tube substrate. In addition, there are a lot of pores (or
channels) in SnO, nanoporous material thick film shown in the
inset of Fig. 4a, which are greatly beneficial for compounding with
polyaniline and improving the sensor response. In the experiment,
it was found that pure PANI film is much loose and easy to peel off
from the Al,05 tube. Interestingly, when PANI was coated on SnO,
nanoporous material thick film, the PANI film became more com-
pact than that of being coated on Al,03 tube as shown in Fig. 4c.
It may be due to the porous structure of SnO, nanoporous mate-
rial thick films as shown in the inset of Fig. 4a. Moreover, it shows
cross-sectional interface of a SnO,/PANI layered double thick film
as shown in Fig. 4c, which clearly indicates the formation of a dif-
fusion free interface. It is evident that there are many pores on
the PANI surface, which seem to contribute to short response and
recovery times.

3.4. Gas sensing properties of SnO,/PANI layered double thick
film sensors

Fig. 5 shows a relationship between working temperature and
sensor response of SnO,/PANI layered double thick film sen-
sor SsP100 toward different target gases. The target gases are
1000 ppm CO, 1000 ppm Hs, 1000 ppm ethanol vapor, 10 ppm NO,
and 10 ppm NHs. It can be seen clearly from the figure that sensor
S5P100 had comparatively strong response to 10 ppm NO,, but no
response to other gases when the working temperature was lower
than 180°C. While the temperature was higher than 200°C, the
response of sensor to ethanol vapor became stronger than that of
sensor to NO,. In addition, the high response to NO, demonstrates
the high selectivity for NO, gas under an optimum working temper-
ature of 140°C. This may be due to the formation of p-n junction,
which lowers the activation energy and enthalpy of physisorp-
tion for vapors with good electron-donating characteristics [27,11].
Moreover, the different reaction activity of target gases in terms
of bond energy maybe another reason for the different enhance-
ment of SnO, /PANI layered double thick films gas sensing property,
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Fig. 3. FTIR spectrum of PANI.

Fig. 4. SEM photographs of (a) SnO, nanoporous material thick film Ss annealed at 650 °C, (b) SsP500, and (¢) an interface cross-section of a SnO,/PANI layered double thick

film S5P500.
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Fig. 5. Relationship between working temperature and sensor response of Sensor
S5P100 to different target gases.

because the bond energy possesses very important influence on the
stability/activity of compounds, that is, the lower the bond energy,
the easier the bond breaks. Here, the main bond energy of measured
target gas, e.g., NO, (N—0), ethanol (O—H), NH3 (N—H), (=0 (C=0)
and H, (H—H) are 230, 458.8, 386, 1351.7, 432 kJ/mol, respectively
[28-30]. It can be found clearly that the bond strength of N—O in
NO, is the weakest, so NO, is the unstablest one in terms of bond
energy of all of 5 gases as shown in Fig. 5. Although the actual gas

sensing process is significantly complicated, it is most probably that
the reasons for the excellent selectivity of our sensor toward NO,
are the high absorbing ability and the low bond energy of N—O in
NO,.

In order to characterize the formation of p-n heterojunc-
tion between the interface of SnO, and PANI, the current
density-voltage (I-V) characteristics of the films were measured.
Supplementary information Fig. S1 shows the change in [-V char-
acteristics of sensors with SnO; film and SnO, /PANI double-layered
film. As shown in Fig.S1a, I-V characteristic of SnO, film is ohmic,
which is linear in the bias range of —2.0 to 2.0V. However, the
I-V characteristic of SnO,/PANI double-layered film shows diode
characteristics as shown in Fig. S2b. These results indicate that p-n
junctions have formed between the interface of SnO, and PANL

In order to examine the stability of layered double thick film
sensors to NO, over a longer working time period, the perfor-
mance of sensor SsP500 and S5P100 were continuously monitored
for 18 min. Fig. 6 shows typical response profiles of two kinds of
gas sensors to 37 ppm of NO, at 140 °C. These two kinds of sensors
exhibit a reproducible run after four cycles, which demonstrates
good device repeatability.

As same as stability, the response/recovery time is an important
parameter used for characterizing a sensor performance. Accord-
ing to the definition of response and recovery time, it can also be
clearly observed from Fig. 6 that when the target gas was injected
into the box, both of the two sensors response fast and the response
time of sensor S5P100 and S5P500 is 14 and 17 s, respectively. After
evacuation, sensor SsP500 needs 25s to recover to a low resis-
tance state which is longer than that of sensor SsP100 (20 s). To our
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Fig. 6. Sensing performance of Sensor SsP500 and SsP100 at 140°C over a longer
working time period. The target gas is NO, with a concentration of 37 ppm.

knowledge, no other methods were used to synthesize PANI or
Sn0,/PANI layered double thick film with a more rapid response
and recovery speed to NO, gas as reported in literature. For exam-
ple, in 2007, Yan et al. [10] synthesized polyaniline nanofibers to
detect NO,, and the response time (when R/Rg = 10) of polyaniline
nanofiber sensor to 50 ppm NO, is 173 s at room temperature. In
2011, Sharma et al. [31] synthesized SnO, thin films using RF sput-
tering technique and the response and recovery time of SnO, thin
film to 50 ppm NO, was a few minutes and a few tens of minutes
at 140°C, respectively. Compared with the above mentioned, our
Sn0,/PANI layered double thick film have more rapid response and
recovery speed. This may be due to the porous structure of SnO,
nanoporous material and PANI thick film as shown in Fig. 4c. Due to
the porous structure, NO, diffusion as well as reaction between gas
molecules and the interface occurs more easily. Our experimental
results indicate that the SnO,/PANI layered double thick film sen-
sors with rapid response and recovery speed are quite stable and
can be used as recyclable NO, sensors.

Fig. 7a shows the relationship between working temperature
and sensor response of SnO,/PANI layered double thick film sen-
sors S1P100, S,P100, S3P100, S4P100 and SsP100 to 37 ppm NO,. It
can be seen that sensor S5P100 has the highest response when the
working temperature was lower than 140 °C, which indicated that
the pore properties (shown as Table 1) of SnO, nanosolid surely
have effect on improving the response of SnO,/PANI layered dou-
ble thick film to NO,. It should be mentioned that we investigated
the sensing response of pure SnO, thick films exposed to 37 ppm
NO, at 140 °Cas well. However, the results show that the resistance
is so high that we cannot observe the sensor response at 140°C. It
may be due to the working temperature (140 °C) is much lower to
pure SnO; thick films.

The relationship between working temperature and sensor
response of SnO,/PANI layered double thick film sensors SsP10,
S5P50,S5P100, S5P200 and S5P500 to 37 ppm NO; have been shown
in Fig. 7b. It can be seen that SsP500 has the highest response
when the working temperature is higher than 100 °C, and its opti-
mum working temperature is 140 °C. Moreover, with the increasing
amount of PANI in layered double thick film, the sensor response
became stronger and stronger in almost all working temperature
range. It indicated that the content of PANI have great effect on the
response of that sensors to NO,.

Experiments have been carried out for SnO,/PANI layered dou-
ble thick film sensor S5P10, S5P50, SsP100, S5P200 and S5P500 for
the gas sensor response of NO, under the different gas concentra-
tions at 140 °C. It can be clearly observed from Fig. 8 that all sensors
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show good dependence on NO, concentrations. The effects of PANI
content on its gas sensing properties are also obvious. It should
be mentioned that we prepared layered double thick film sensor
from higher PANI content as well. But it was found that the PANI
thick film became easy to peel off when the PANI content in PANI
together NMP paste is more than 50%. Therefore, the PANI content
cannot be too high in our experiments.

In addition, in order to investigate the effect of moist to the gas
sensing performance of sensors, some experiments in different rel-
ative humidity have been carried out. The results demonstrate that
there is little effect of the gas sensing performance of S5P500 with
the low relative humidity of 11% RH and the high relative humidity
of 28% RH, as shown in Supplementary information Fig. S2a and b,
respectively.

3.5. Mechanism of the enhanced sensing properties SnO,/PANI
layered double thick film

As shown in Fig. 6, on exposure to oxidizing NO, gas SnO,/PANI
layered double thick film sensors shows sharply increase in
the resistance. On the contrary, the sensor resistance of S5P500
decreases when exposed to ethanol as shown as Fig. S3 in Supple-
mentary information. The SnO,/PANI double-layered film sensors
prepared by us show different directions of resistance changes
to NO; and ethanol gas. This indicates the n-type behavior and
therefore charge transport is mainly through SnO,. The sensing
mechanism of n-type semiconductor sensors has been put for-
warded by some papers. For SnO, based sensing materials, the
mechanism can be explained by the space-charge layer mode
[32-34]. When the SnO, are exposed to fresh air at a high tem-
perature, oxygen molecules will be adsorbed on the SnO, surface
and extract electrons to form oxygen ions species (0,~, 02, or 0~)
and further cause the formation of depletion layers in the surface
of SnO, based sensing materials [32-34]. As a result, the forma-
tion of depletion layer decreases the carrier concentration of the
materials and leads to a high resistance of the sensor. When the
Sn0O, nanoporous material thick film are exposed to NO;, the NO,
molecules react with the oxygen ions and extract electrons from
depletion layer of SnO,, which decrease the carrier concentration
of SnO; and the conductivity of the SnO, nanoparticles. However,
after been covered by PANI, the mechanism will be different.

SnO; is an n-type semiconductor, and PANI a p-type, therefore
there are two competitive mechanisms of electronic properties in
the SnO, /PANI layered double thick film. Fig. 9a is the energy band
structure diagram of p-type PANI/n-type SnO, hetero-contact. It
has been known that SnO, shows n-type conductivity by electrons
and PANI displays p-type conductivity by holes. After PANI are
layered with SnO, nanoparticles, the p—n junction will be formed
between the interface of PANI and SnO, nanoparticles, leading to an
energy band bending in the depletion layers. Then, the electrons of
n-type SnO, transfer to p-type PANI and the holes of p-type PANI
transfer to n-type SnO, until the Fermi levels (Er) gets equaliza-
tion, causing a wider depletion layers and increasing the sensor
resistance. When PANI/SnO, hetero-junction sensor is exposed to
air at a high temperature, a depletion layer at their interface will
form which make sensor’s resistance increase in air as shown in
Supplementary information Fig. S4. In addition, the formation of
depletion layer on the surface of SnO, and PANI lead to the high
resistance state of sensing materials, due to the adsorption of oxy-
gen molecules, as shown in Fig. 9b. Fig. 9c exhibits a model for
PANI/SnO, hetero-junction sensor when exposed to NO, gas. As
an oxidizing gas, NO, molecules will react with the oxygen ions on
the surface of SnO, nanoparticles and extract the electrons from the
Sn0,.Then, NO, gas combine with the holes in p-type PANI and pro-
duce a NOy. Because of the above, the potential barrier height and
the resistance will be further increased, which show an increase of
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Fig. 9. (a) The energy band structure diagram of n-type SnO,/p-type PANI
heterocontact. (b and c) Schematic model for the n-type SnO,/p-type PANI hetero-
junctions based sensor when exposed to air and NO, gas, respectively.

response (S=Rq/Rg). In a word, the enhanced response to NO; for
Sn0O,/polyaniline double-layered film sensor is mainly attributed to
the variation of resistance caused by the formation of p—n junction.
This theoretical model can also be used to interpret other systems
with their response to oxidizing gas (such as NO, ) improved by p-n
junction.

4. Conclusions

In summary, an inorganic/organic SnO,/PANI double-layered
sensor was prepared using a novel SnO, nanoporous material and
PANIL The sensors exhibit much high response and selectivity to
low concentration of NO, gas at low working temperature (140°C)
and the response/recovery time are a few seconds and a few
tens of seconds, respectively, which overcome the shortcomings
of long response time of PANI and the high working temperature
of SnO,. The enhanced response to NO, is mainly attributed to
the variation of resistance caused by the formation of p-n junc-
tion. This theoretical model was further proved by optimization of
SnO, /PANI heterostructure and can also be used to explain other
heterojunctions for sensor application. Moreover, to our knowl-
edge, most of semiconductor metal oxide (such as Sn0O,, ZnO,
Fe,03) nanoporous material can be prepared by the solvothermal
hot-press (SHP) process. Furthermore, the nanoporous material can
be well compounded with organic material. Therefore this novel
method possesses a wide versatility, which makes it possible to
develop other new kinds of chemical gas sensors.
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