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Abstract :It introduced that M (Sb,Ca,Sr) was added to doped SnO: and the principle of device detected pe-
sdicide resdues. The oscillating behavior of a sngle tin oxide gas sensor was investigated by comparison
with the static measurements. Thefactorsinfluencing oscillating behaviors such as applied potential , duty
ratio , and applied potential waveform (rectangular , snusoidal , saw-tooth, pulse, and others) were a0
studied. Experimental data showed the dynamic measurements of the oxide tin sensor had been suggested
that which could provide more information from a sngle sensor than static measurements. The organo-
phosphorus pesticide residues such as parathion could be determined by us ng this oscillating measurement

met hod.
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Currently , although low cost tin oxide gas
sensors have been developed previoudy to achieve
high selectivity for a particular chemical species,
they also present some problems (as lack of selec
tivity , drift) , which motivate active research in
material science, different measurement strategies
and signal processng agorithms. Different meas
urement strategies include sensors arrays, static
and dynamic measurements. Several attempts have
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been focused on dynamic measurements including
temperature transent or pulsed techniques and
temperature modulation through oscillation of
heater voltage, because dynamic measurements of
the tin oxide sensor have been suggested that
which can provide more information from a sngle

o™ In gener-

sensor than static measurements d
al , the information obtained from static measure

ment of chemical sensorsis one- dimenson , for
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example, the changein the res stance of a semicon-
ductor gas sensor (A R) or response and recovery
time. However , these studies alwaysfocused on i-
dentification of certain gases such as H:S, CO,
NO: , CO:, ethanol , methane, nrbutane, ethane,
propane, propylene, ammonia and so on,under a
given constant heating waveform, frequency and
operation temperature. There were a few detailed
reports on the essential factor of the dynamic
measurement combined with different factorsinflu-
encing dynamic responses. In our previous work , it
was reported rapid detection of pesticide residues
using temperature modulation using only a sngle
sensor. It was also reported that the amplitudes of
the higher harmonics by FFT exhibited character-
istic changes that depended not only on the chemi-
cal family of the pesticide gases but also on the
concentration of pesticide gases as determined by
the dynamic responses of the analysis®*.

In this paper, our attention was focused the
advantages of oscillating measurements, and the
factorsinfluencing oscillating behavior , such as ap-
plied potential , duty ratio and applied potential
waveform (rectangular, saw-tooth, pulse, snu-
soidal ,etc.) were discussed throughout the experi-
mental trails. Finally, organophosphorus pesticide
resdues such as parathion was determined by
measuring its oscillating behavior.

1 Experimental

A ol was prepared usng a solution of SnClz ,
SbCls , CaCl: and SrCl: mixed in ethanol. The a
mountsof Sb , Caand Sr werefixedto aratioof 2. 5
mol % M/ Sn (M = Sb, Ca, Sr). As a binder, a
given amount of commercia glass powder was add-
ed to the doped SnO:. powder formed by calcinating
the powder at 500
print technique was used to prepare SnO: thick
films on alumina ceramic substrates with a RuO:
layer as a heating element on the back. The thick
films were sintered at various temperatures for 30
mininair to obtain doped SnO: thick films gas sen-
rs. These elements were aged at the working

for 0.5 hin air. The screen

temperature until obtaining reproducible, steady
state res stances.

Butanone, acetone, ethanol , methanol , form-
aldehyde and cyclohexanone were used for probing
of oscillating behavior (SgmarAldrich). The used
device was described el sewhere!® . A given sample
gases were injected into testing chamber. Data ac-
quisition started at the time that after about for 80
s the diffuson of injection gases had reached
homegenrous mixture under stirring. The sam-
pling rate was set at two points per second, and it
took several minutes to complete measurements.

2 Resultsand discussion

(1) Static behavior of tin oxide gas sensor

To better study the oscillating behavior of tin
oxide gas sensor, its static behavior of butanone,
acetone, ethanol , methanol and formaldehyde at a
given temperature was firstly studied. The resst-
ance of the send ng element obvioudy changes upon
exposure to the organic gas was found; mean-
while, the response time can be observed from the
trend of the static curves. It is also necessary to
point out , however , in addition to the changes in
red stance and response time there is no other in-
formation about reaction processes, 0 it is difficult
to analyze the sendng mechanism of the sampling.
For static measurements, only the res stance chan-
ges of the sensng element in the initial and final
states are observed; no other information can be
obtained during the reaction processes.

(2) Ogdllating behavior of tin oxide gas sensor

Figure 1 illustrates the oscillating behavior of
0.5 x 10" ° ethanol , methanol , formal dehyde and
cyclohexanone of a single tin oxide gas sensor. Ex-
perimental conditions were as follows: applied po-
tential , 7V ; duty ratio, 30 ¢ 50 s; rectangular po-
tential mode. Duty ratio is defined: RA = tn/ (tn +
t) , where t» and t are the time of high level and
low level ,regpectively . AscanbeseenfromFig. 1,
there is sufficient information in the oscillating be-
havior to identify the sample gases easly. In the
four selected species, there are three different
functional groups——the hydroxyl group, the al-
dehyde group and a cyclic ketone; one can easly
observe distinguishing features and their connec
tions among the samples by comparing the static
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behavior. For ethanol and methanol

, the oscillar
ting behavior have smilar tendencies due to their i-
dentical functional group, the hydroxyl group.
This case can be explained by taking account of the
role of adsorbed oxygen species. During static
measurements, adsorbed oxygen oxidizes sample
gases on the surface, and chemi sorbed oxygen con-
centration decreases, inducing an increase in con-
ductance. Gas identification in a rectangular tem-
perature modulated mode is related to the different
reaction kinetics of theinteracting gaseson the tin
oxide surface. It isclear that, by oscillating meth-

od, it isposshle to provide surface oxygen species
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Fig.1 Oscillating behavior of tin oxide gas sensor to eth-

anol , methanol, formaldehyde and cyclohex-
anone. Experimental conditions: sample concen-
tration, 0. 5 ppm; applied potential , 7 V ; duty

ratio, 30 & 50 s; rectangular potentia mode.

at constant temperatures,at which under equilibri-
um conditions, they do not exist. In thisway, the
reaction with the reducing and oxidizing gases is
dramatically influenced, e. g. at lower tempera
tures and at higher temperatures, the responses to
sample gases exhibit their characteristic wave
shape due to the reaction with different oxygen
species. From these observations, we suggest that
the oscillating method is beneficial to analyze the
mechani sm of detection of the sample gases.

(3) Effect of applied potential at duty ratio of
30950 s

To optimize the selectivity of oscillating be-
havior of a gas sensor, it is necessary to know a
relationship between a given potential and its con-
ductance in the presence of a specific gas. Fig. 2
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Fig.2 Hfect of applied potentia on the responsesto 0.5
ppm acetone at a duty ratio of 30 ¢ 50 sin a rec
tangular mode.
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reports the effect of a given potential on the re-
gonse of 0.5x 10 ° (ie ppm) acetone at a constant
duty ratio of 30 50 sin a rectangular mode. As
seen in thefigure, the different responses at differ-
ent operating potential are easly observed. In this
case the sensor exhibits enhanced selectivity to ace-
tone as potential increases. It suggeststhat acetone
can be identified by a relatively complete response
at potential of 7 V. Obvioudy, there are different
surface reaction mechanisms between acetone and
chemisorbed oxygen at different given operating
potential s.

(4) Effect of duty ratio at an applied potential
of 7V

Fig. 3 clearly shows the time dependent shape
change of the redstance of the sensor in the pres
ence of butanone in air at different duty ratios by
controlling the applied potential of 7 V in a rectan-
gular mode. As seen in the figure, one can easly
observe the different oscillating behaviors of butar
none by applying different duty ratios. When keep-
ing the time of high or low level and changing the
time of low or high level , the responses change
consequently. Therefore, the duty ratio is impor-
tant for investigating the oscillating behavior of tin
oxide gas sensor.
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Fig.3 Hfect of duty ratio on the oscillating behavior of
ethanol at an applied potential of 7 V in a rectan-
gular mode.

(5) Effect of applied potential waveform

The oscillating behaviors of methanol are
shown in Fig. 4 under different applied potential
waveforms. Although the sample is the same,

we can see that the oscillating behavior are dif-
ferent. These experimental data were in agree
ment with Ortega’ s report. Ortega and co-
workers have reported that CO and CHa can be
detected using pulse and triangular heating wave-
forms'*®’. Based on the analysisabove, it iscon-
cluded that the change of applied potential wave-
form influences the oscillating behavior of sample
gas by changing the surface temperature of the

sensing element.
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Fig.4 Hfect of goplied potentid waveform on the osillar
ting behavior of methanol. Experimenta conditions:
applied potentid 7 V, duty ratio 30 ¢ (30 + 20) s
(a) pulse technique, (b) rectangular wave, (c) d-
nuoidal wave, and (d) saw-tooth wave.
(6) Detection of parathion under oscillating
measurement method
The oscillating behavior of parathion pesticide
ispresented in Fig.5. As seenin Fig.5, it is evi-
dent that the oscillating behavior of parathion pes
ticide differsfrom that of other organic gases, and
it suggests that a good sensitivity and selectivity to
pesticide and a sufficient qualitative analysis are a
chieved.

3 Conclusions

This study have demonstrated the influential
factors (i. e. , applied potential , duty ratio, and
applied potential waveform ( rectangular, saw-
tooth, pulse, snusoidal) ) of the oscillating behav-
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Fig.5 Theoscillating behavior of parathion. Experimen-

tal conditions: sample concentration, 0.5x 10 °;
applied potential , 7 V; duty ratio, 30 50 s;
rectangular temperature mode.

ior of a gas sensor. The characteristic optimum oxi-

dation potential was 7V at a duty ratio of 305/ 50s.

Experimental data also show that parathion can be

detected eadly by usng this oscillating measure-

ment method.
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