
Vol. 124 (2013) ACTA PHYSICA POLONICA A No. 3

Optical and Acoustical Methods in Science and Technology 2013

Investigations of SAW Structures with Oxide Graphene Layer

to Detection of Selected Gases

S. Drewniaka, T. Pustelnya,∗, M. Setkiewicza, E. Maciaka, M. Urba«czyka,

M. Proceka, Z. Opilskia, J. Jagiellob and L. Lipinskab

aDepartment of Optoelectronics, Silesian University of Technology, Akademicka 2, 44-100 Gliwice, Poland
bInstitute of Electronic Materials Technology, Wólczy«ska 133, 01-919 Warsaw, Poland

In this paper we present the results of investigations of graphene oxide layers using the SAW structure (struc-
ture with surface acoustic wave propagated) exposed to the a�ect of low concentrations of hydrogen and nitrogen
dioxide in synthetic air. During the measurements, the di�erential signal (from two measuring channels) was
recorded. The sensing graphene oxide layer was deposited only on �rst channel, whereas the second channel was
not covered by any additional layer. The tests were made with various concentrations of the analyzed gases and
at various temperatures of the sensing structure during the measurements. Analyses were performed with special
emphasis on the time response of the sensor structure to changes in the gas atmosphere.
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1. Introduction

In recent years, researches related to harmful e�ects of
the gases emitted in various industrial processes as by-
-products have been very popular, due to the necessity
of complying with environmental standards [1�6]. Thus
better and more accurate solutions ought to be found.
One of the gases, which must be monitored (e.g. in a nu-
clear reactor [7]) is hydrogen. Hydrogen is explosive at
concentrations from 4% to 75% in air [8] and an addi-
tional di�culty to detect it is that hydrogen is colorless
and odorless. Other gases, important with respect to
safety, are ammonia, carbon dioxide and nitrogen diox-
ide. Measurements of the concentration of ammonia is
particularly important in agriculture and in refrigeration
technology [9], also often used in medical diagnostics and
food processing [10]. The control of the concentration
of carbon dioxide is necessary in biological and medical
researches [11], whereas nitrogen dioxide, among others
because of causing acid rain in consequence of its merging
with the steam, should be classi�ed as a serious environ-
mental problem 2, 12].

For the detection of the selected gases, various proper-
ties of the sensor are taken into account (e.g. optical, elec-
trical properties). It is also important to choose proper
sensing layers. Carbon-based materials seem to be a good
solution, which has been con�rmed in many scienti�c ar-
ticles [13�16]. An additional advantage of sensors based
on carbon materials is the low temperature of their op-
eration [17]. Beyond resistive sensors [9, 19�21], sensors
with an acoustic wave play an important role in detecting
the selected gases [2, 4]. Such sensors are characterized
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by a high sensitivity. This paper presents the results
of tests of the structure with an surface acoustic wave
(SAW) a�ected by hydrogen and nitrogen dioxide.

2. Preparation of the structure

Interdigital transducers for SAW generation were made
on plates of a lithium niobate crystal. The interdigital
transducers were manufactured in a lift-o� multi-stage
processes. The width of aluminum electrodes and inter-
val between them are equal to 5 µm. The sensor layer
(graphene oxide) was deposited only on one channel of
the structure (the second channel called reference chan-
nel was not covered by any additional layer). Graphene
oxide was prepared by means of the modi�ed Hummers
method [8]. The structure can be seen in Fig. 1.

Fig. 1. Image of the sensing structure.

The images of topography, phase shift and Raman
spectra of graphene oxide are shown in Figs. 2 and 3.
Measurements of the graphene oxide tests made use of
the atomic force microscopy and Raman spectroscopy
applying N-TEGRA Prima (AFM) and N-TEGRA Spec-
tra (Raman spectroscopy) produced by NT-MDT Co.
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In order to obtain the photography of the surface, the
HA_NC tip was used. The length of the laser light which
was used in the Raman spectroscopy measurements was
equal to 532 nm. Both the images of the topography of
the surface, phase shift and Raman spectra, obtained be-
fore and after contacting the sensor structure with the an-
alyzed gas atmosphere, do not di�er signi�cantly; there-
fore in this paper we present only the images obtained
after all cycles of measurements had been �nished.

Fig. 2. Topography (left) and phase shift (right) of the
structure (area of the graphene oxide).

Fig. 3. Raman spectra of graphene oxide on the
lithium niobate.

3. Sensitivity of the structure a�ected

by hydrogen

The purpose of the �rst experiments was to investigate
whether it is possible to detect the hydrogen in air at-
mosphere and what is the limit level of this detection.
First, hydrogen (4% concentration in synthetic air) was
dosed alternately with synthetic air. During one cycle of
measurements, the structure was heated up from 40 ◦C
to 120 ◦C in steps of 20 ◦C. During the measurements,
the di�erential signal ∆f (di�erence frequency between
the channel covered with a layer of graphene oxide and

the reference channel) versus the time was registered.
Figure 4 presents the dependence ∆fD vs. time, where
∆fD = |∆f − ∆fmax|, which was recorded when the
temperature of the structure was equal to 120 ◦C. It can
be seen that at 120 ◦C the frequency changes during the
�ow of the hydrogen. A similar behavior has also been
observed at lower temperatures.

Fig. 4. Response of the structure a�ected by hydro-
gen (temperature of the sensing structure was equal
to 120 ◦C).

In the next experiment the reaction of the structure,
a�ected by various concentrations (1%, 2%, 3% and 4%)
of hydrogen in the atmosphere of synthetic air, was stud-
ied (at various temperatures of the substrate). The an-
alyzed gas was alternately dosed with synthetic air with
a moisture of about 5%. Figures 5�7 present selected
characteristics ∆fD vs. time.

Fig. 5. Response of the structure a�ected by hydro-
gen (temperature of the sensing structure was equal
to 40 ◦C).

The response of the structure on hydrogen acting kept
at a temperature of 40 ◦C, did not allow to determine the
time interval, in which the hydrogen with a concentration
of 1% in synthetic air was dosed. An unambiguous esti-
mation of the time interval, when hydrogen was dosed,
was only possible at a concentration of 3% and 4%. It
has also been shown that an increase of the concentra-
tion of the analyzed gas causes an increasing signal ∆fD.
Measurement results obtained at temperatures of 80 ◦C
and 120 ◦C allow to determine all the time intervals in
which hydrogen was dosed (also in the case of dosing 1%
hydrogen in synthetic air). It has also been observed that
bigger changes were recorded at the temperature 120 ◦C
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than at 80 ◦C. Changes of ∆fD signal increase with the
increasing concentration of hydrogen in synthetic air.

Fig. 6. Response of the structure a�ected by hydro-
gen (temperature of the sensing structure was equal
to 80 ◦C).

Fig. 7. Response of the structure a�ected by hydro-
gen (temperature of the sensing structure was equal
to 120 ◦C).

4. Sensitivity of the structure a�ected

by nitrogen dioxide

In the next stage of measurements, the sensing struc-
ture was a�ected by various concentrations (125, 250,
375, and 500 ppm) of nitrogen dioxide in synthetic air.
Figures 8 and 9 show the results of experiments, in which
the substrate was kept at a 50 ◦C and 120 ◦C.

Fig. 8. Response of the structure a�ected by nitrogen
dioxide (temperature of the sensing structure was equal
to 50 ◦C).

Fig. 9. Response of the structure a�ected by nitrogen
dioxide (temperature of the sensing structure was equal
to 120 ◦C).

The frequency ∆fD is increased during the dosing of
nitrogen dioxide at both 50 ◦C and 120 ◦C; the changes
of the signal are however signi�cantly higher at a higher
temperature (which is clearly visible in Fig. 10, where
the characteristics shown in Figs. 8 and 9 are compared).
Additionally, it should be noted that the changes of the
frequency ∆fD increase with the increasing concentration
of nitrogen dioxide in synthetic air.

Fig. 10. Response of the structure a�ected by nitrogen
dioxide (temperature of the sensing structure was equal
to 50 ◦C and 120 ◦C).

5. Summary

The SAW sensing structure based on graphene ox-
ide allows to detect the low concentration of hydrogen
and nitrogen dioxide in the atmosphere of synthetic air.
Both for hydrogen and nitrogen dioxide, the signal (∆f0)
changes are bigger for higher temperatures of graphene
oxide (in measured range). Additional advantage of the
presented sensor is its low working temperature. Com-
paring the changes of the ∆f0 signals registered during
the contact of the structure with analyzed atmosphere, it
can be seen that for nitrogen dioxide in synthetic air the
changes were bigger than for hydrogen in synthetic air.
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