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Summary:

In the present work we studied by an electrochemical impedance spectroscopy, EIS, of the SnO, thin
films as a hydrogen sulphide sensor. It was found that EIS is a useful technique for characterization of

metal oxide sensos based on nanostructural materials.
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Background, Motivation an Objective
Hydrogen sulphide (H,S) is a flammable,
corrosive and lethal gas even at low concen-
trations (ppm levels). It is produced by vari-
ous emitting sources (such as oil and gas
processing facilities, natural emissions,
sewage treatment plants, landfills and other
industrial plants) [1]. Its limit of exposure of
humans of concentration ranges from 10-
100 ppm at time of exposure from 1-10 min.
Therefore, there is an urgent need to deve-
lop some devices that allow fast, portable
and low-cost monitoring of the H,S
responsible for air pollution and danger to
human health [1,2].

Successful development of H,S gas sensors
for commercialization requires achieving
three ‘S’: sensitivity, selectivity and stability
Recently, metal oxide semiconductor thin
films of H,S gas sensors have been studied
extensively because of their simple fabrica-
tion process and low cost [2]. Commonly,
direct current measurements have been
used for determination of the sensor proper-
ties, such as three ‘S’. Impedance
spectroscopy, however, in addition to the
same information, can also determine of
individual properties of the sensing mterials
such as grain boundary, grain bulk and inter-
face between electrode contact and senising
material [2-6]. In this work we describe im-
pedance spectra of SnO, thin films recorded
on air and H,S gas atmospheres.

Experimental

Sample preparation

The thin films SnO, thin films were deposit-
ed by rf reactive sputtering from a metallic
Sn target in a Ar-O, gas flow-controlled at-

mosphere. Corundum CC2 type supports
(BVT Technologies, Czech Republic) were
used as a target.

Impedance measurements

Impedance spectra were taken by two-probe
technique with FRA Solatron 1260 using the
Solatron Dielectric Interface1296. Frequency
range was from 1 Hz to 1 MHz. Amplitude of
sinusoidal disturbance was 10 mV. Meas-
urements were carried out in dry air - H,S of
the concentration range between: 0, 0.75,
1.5, 2.25, 3 ppm at 347°C.

Results

Figure 1 shows an example of the imped-
ance spectra of the sensor SnO, thin film
plotted as Nyquist form, at 374°C, under air
and H,S gas. The diameter of the semicir-
cles decreases drastically with the increase
in the concentration of H,S.
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Fig. 1 Experimental impedance spectra of SnO»
thin film at 347°C under air and 0.75 ppm H,S.
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Fig. 2 Equivalent circuit used for the analysis of
the impedance spectra.
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The simplest equivalent circuit for measured
spectra is presented in Fig. 2. It is com-
posed of the resistor Ry connected in series
with the element composed from resistor R,
and a constant phase element, CPE con-
nected parallel. The impedance Zgee is giv-
en by the formulas [8]:

Zeps = A@p f) (1)

Where: A, n — constants, f - frequency [Hz],
J - imaginary unit.
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Fig. 3 Determination parameters of the equivalent
circuit for SnO» thin film at 347°C under 0.75 ppm
H,S.

Figure 3 illustrates experimental points (red
symbols) and fitted curve obtained based on
the hypothetical equivalent circuit. The
agreement is quite good. The method for
determining the parameters of the equiva-
lent circuit as well as their values are depict-
ed in Fig. 3.
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Fig. 4 Sensor signal, S of SnO- thin film at 347°C
under 0.75 ppm H,S.

The sensor signal S is done by the following
equation:
|Z]a1r
= —== 2
1Z]H2s )
Were |Z| is a modulus of impedance at air

and H,S, respectively. Fig. 4 illustrates sen-
sor signal as a function of frequency.

Conclusions

In the present work we studied by an elec-
trochemical impedance spectroscopy, EIS of
the SnO, thin films as a hydrogen sulphide
sensor. It was found that the EIS is a useful
technique for characterization of metal oxide
gas sensors based on nanostructural mate-
rials.
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