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The present paper deals with an investigation of the interaction of thin polymer layers with
on ambient atmosphere in view to using them to design gas sensors.

The changes in physical properties of a polymer layer were recorded as a change in a dif-
ferential frequency of dual acoustic delay line with a surface wave. The preliminary results
demonstrate a selective sensitivity of polymer layers to gases in the ambient atmosphere.

1. Introduction

The development of polymer technology has permitted scientists to obtain compounds
which change their properties as a result of interaction with ambient atmosphere. This
fact creates possibilities for using polymer compounds as selective sensors of various
gases. The change of physical properties of specially prepared thin polymer layers af-
fect the conditions for propagation of a surface acoustic wave (SAW) in a layered struc-
ture: piezoelectric waveguide — polymer layer. Particularly, as a result of a change of
mass and the electrical conductivity of the polymer layer, the velocity of propagation
of a SAW undergoes a change [1]. This phenomenon has been used for the investiga-
tion on the influence an ambient gas medium on acoustic properties of selected polymer
layers.

The changes of physical properties of the investigated polymer layer under the influ-
ence of some organic compounds and water vapour have been observed as a change in the
differential frequency of dual acoustic delay lines: the delay line with an active polymer
layer and the reference delay line. The experimental setup secured autocompensation of
the temperature influence on the acoustic properties of the waveguide medium, which
enabled acquisition of a high time stability [2].

For setting the initial conditions, the reference path has a metallic surface between
transmitting and receiving transducers which ensured the electric short-circuit of the sur-
face regardless of the condensation level of the interacting molecules on it.

The oscillator frequency of the frequency generating with the acoustic delay line in
the positive feedback loop of a signal amplifier is specified by phase dependence [5]:

Pp+ 20, + 21 ft = 27n (1)
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where n is an integer, and gives the number of frequency modes of the oscillator, & 4 and
&, are the phase shift introduced by the amplifier and transducer, respectively.
It results from the expression (1), that the oscillator frequency is:
2y — @,
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where v is the velocity of propagation of acoustic wave on the piezoelectric waveguide
surface, and

@E = ¢A + 2@11- (3)
A differential frequency of two acoustic paths (the measuring and reference delay
lines) is specified by the following formula:

n— P,

Af=f-fo= %“_(U — ) 4)

From the expression (4) results an increase in the propagation velocity of acoustic
wave in the measuring path under a constant velocity vy in the reference delay line, and
leads to a positive increase of the differential frequency Af. This situation occurs during
a change of electric conditions on the surface of the piezoelectric waveguide as a result
of condensation of polar molecules of the investigated substance.

This effect will be referred to as the electrostatic effect (EE). The size of the elec-
trostatic effect depends on the electromechanic coupling coefficient of the waveguide
material.

Apart from the EE there is also a mass effect connected with the mass loading of the
acoustic waveguide surface with the condensating molecules. The increase in the mass
loading of the acoustic waveguide causes a decrease of the propagation velocity in the
acoustic wave. The expression (4) shows a negative increase in differential frequency A f
in this case.

During the interaction of vapours of the investigated organic compounds and water
on polymer layers, the magnitude of the differential frequency depends on the resultant
effect of the electrostatic and mass interaction.

o»

FiG. 1. Experimental system diagram.
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2. Experimental setup

The experimental system is shown in the Fig. 1. The main parts of this setup were
two acoustic waveguides fabricated on the piezoelectric substrate LiNbO3. The trans-
ducers of the surface wave, made by the photolitography method, have 15 electrode
pairs each, and were placed at 20 mm apart. The oscillation frequency was about
20 MHz. The acoustic path formed two generating systems. The generating frequency
of the measuring delay line, in which an active polymer layer was placed, was influ-
enced by the adsorption of organic compound molecules in a thin polymer layer. The
frequencies obtained from each oscillator were mixed in a double balance mixer to
provide the low-frequency differences signal. This signal was the measure of the in-
teraction between vapours of organic compounds or water vapours with the polymer
layer.

3. Experimental results

The experiments were carried out on the polymer layers: PVAC — poly(vinylacetate),
PBA — poly n — butylakrylate, P(VAC-CO-BA), PVAC-PBA shell, PEA-PVAC shell.

The preparation of the layers to the experiments consisted in a uniform spreading of
a polymer liquid drop on the area of about 5 x 3 mm. When the polymer was dry, the
experimental system together with the reagent (whose vapours were to interact with the
polymer) were placed on an open dish and put into a closed chamber. The pressure in
the chamber was decreased to about 1 Tr. During evaporation the differential frequency
of acoustic paths was measured.

The influence of acetone and methanol vapours is shown in Fig. 2, 3 and 4. Fig. 5 shows
the influence of the humidity of the medium on acoustic properties of PVAC polymer. The
frequency f, corresponds with the differential frequency for the stipulated instant ¢ = 0.
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FiG. 2. Interaction of acetone vapours and the polymer layers.
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FiG. 3. Interaction of methanol vapours and the polymer layers.
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FiG. 4. Interaction of polymer layer type PBA with acetone and methanol vapours.

4, Discussion and Conclusions

A. The results of the performed experiments demonstrate various sensitivity and speed
of interaction of particular polymer layers with some organic compounds vapours.

The strongest interaction with acetone vapours occurred in polymer layer type PVAC-
PBA shell. The polymer type PBA is sensitive to acetone vapours, while its interaction
with methanol vapours is weak.
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FiG. 5. Influence of water vapour on polymer layer type PVAC.

B. The negative values of differential frequency point to a mass character of the
polymer layer interaction with vapours of the chemical compound used in the experiment.
The interaction causes a decrease in the acoustic wave propagation velocity, and results
in a decrease in the oscillation frequency in the measuring path.

C. The positive magnitude of the differential frequency has been observed as well. In
one instance, it appeared during the interaction of the polymer layer type PVAC-PBA
shell with methanol vapours (Fig. 3), and during condensation of water vapour molecules
on the measuring path not covered by the polymer (Fig. 5). In this case the electrostatic
interaction consisting in the change of electric properties on the surface of the piezoelectric
waveguide prevails. The increase of the acoustic wave propagation velocity is followed by
the positive increase in the differential frequency A f.

D. In case of interaction of water vapours on an acoustic waveguide not covered by
polymer layer, a strong electrostatic effect was observed. The type of interaction changed
after covering the acoustic waveguide by a polymer layer (Fig. 5).
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