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Abstract:

A mesoporous titania-coated Love wave sensor is used to monitor the real-time degradation of stearic
acid through a photocatalytic reaction. The pollutant is deposited directly on the porous film. It leads,
at first, to a decrease of the resonant frequency. Then, the device is placed under UV light and its
frequency response is real-time monitored. After 12 hours under exposure, the frequency successfully

reached its initial value.

Acoustic sensors present many advantages compared to conventional measurement systems for
photocatalytic activity: real-time response, small size, and low cost. The Love wave devices could
allow to monitoring the degradation kinetics of other pollutants. They could also be a useful tool to
study the influence of the UV wavelength on the degradation rate.
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Introduction

Conventional tests for the measurement of
photocatalytic activity require bulky and
expensive equipment. Nonetheless, Nakamura
et al. [1] have shown that it was possible to
follow the real-time degradation of a pollutant
with a Quartz Crystal Microbalance (QCM)
coated with a titania layer. In particular, when
this layer is cracked, the sensitivity of the
sensor is improved.

In this work, the aim is to show the ability of
surface acoustic wave sensors to measure the
degradation of a pollutant in real time. In
particular, Love wave sensors present a better
sensitivity than QCM due to their shear
horizontal wave propagation in a guiding layer.
Moreover, acoustic sensors present many
advantages compared to  conventional
measurement systems for photocatalytic
activity: real-time response, small size, and low
cost.

Love wave devices are widely used for
chemical detection in gaseous and liquid media.
Recently, Love wave devices coated with
mesoporous layers have presented high
sensitivities for volatile organic compound
detection [2] and for heavy metal detection [3].

TiO, is also largely used as a photocatalyst due
to its high electron mobility [4]. This
semiconductor material enables to decompose
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pollutants exposed to ultraviolet radiations,
when the wavelength (A) of UV is greater than
the TiO, bandgap (hv), with hv>3,2eV or
A <380 nm. Moreover, the photocatalytic
activity of TiO, strongly depends on its surface
area, its crystalline structure and its synthesis
method [4]. Mesoporous titania offers a large
number of active sites where catalytic reactions
may take place. Note that the mesoporous layer
is synthesized with the evaporation-induced
self-assembly (EISA) process [5].

After a short description of the Love wave
platform, the characteristics of the titania
mesoporous  film, determined  through
porosimetric ellipsometry, are presented. Then,
the PDMS cell, used for the deposition of
pollutants on the sensor, is presented [6].
Finally, the experimental results are displayed
and interpreted.

Love wave platform

The Love wave sensor was fabricated on a
500 um AT cut Quartz substrate. The Ti/Au
interdigitated transducers (IDTs), generating the
shear horizontal surface acoustic waves,
consisted of 44 finger pairs with a 40 um
periodicity (A) and an acoustic path (between
both transducers) of 164A. In order to generate
Love waves and to confine acoustic energy, a
4.5 uym SiO, guiding layer was deposited on the
top of the Quartz substrate. The addition of a
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sensitive layer on the propagation path enabled
the specific sorption of molecules. The sorption
modifies the physico-chemical properties of the
layer, which are measured through the
variations of the phase velocity.

For high resolution experimental
measurements, the Love wave delay-line is
inserted in the feedback loop of a radio-
frequency amplifier to achieve an oscillator
system, and the measured frequency shifts are
linked to the wave velocity shifts. Note that
each sensor was composed of two delay-lines.

TiO, mesoporous layer

The titania mesoporous film was prepared via
the EISA sol—gel-based process, which enables
the full control of the film structural properties
[5]- The precursor solution contained 20.66 g of
ethanol, 1.45 g of acid water (pH 2M/36), 0.56 g
of F127 surfactant and 3.347 g of a solution
containing a ratio of one TiCl4 molecule to five
EtOH molecules.

The solution was spread by spin-coating on the
acoustic path of the sensor (Fig. 1). Then, the
device spent 10 hours in a climatic chamber set
at 75% RH (relative humidity) at ambient
temperature. A dedicated thermal cure is finally
applied to obtain a homogeneous porous film:
first, from ambient to 400 °C with a speed of
5 °C/min; then, five hours at 400 °C; and finally,
back to the ambient temperature at the same
rate.

Interdigital transducers
Sensitive layer

Electrical contacts

SiO2 guiding layer
Piezoelectric

substrate
Fig.1: Scheme of a Love wave platform including two
delay-line

Eventually, the mesoporous layer has been
characterized through environmental
ellipsometric porosimetry [7], which showed a
porosity of 25% with an average pore size of
9.8nm x 12nm providing a large contact
surface area with the pollutant (Fig. 2). The film
thickness was about 110 nm.
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Fig.2: Pore size distribution of a 110 nm TiO: layer
on a Love wave device measured through EEP @18
€

PDMS cell

Poly (dimethylsiloxane) (PDMS) polymer is
widely used for sensor applications because of
its biocompatibility, ease of cleaning, and
reusability [8, 9]. The considered PDMS cell
(Fig. 3) has been designed to delimit a specific
coated zone for pollutant deposition on the
acoustic path [6]. It also enables to isolate the
IDTs from the liquid through a protective air
cavity. Moreover, the cell is maintained by
pressure on the sensor, which allows easy
cleaning and to reuse the acoustic platform.

Analysis chamber

PDMS chip

250 pm wall

Air cavity
Sensor

Fig.3: PDMS cell with analysis chambers fixed on the
sensor

Real-time monitoring of stearic acid
degradation

The stearic acid was mixed in 10:1 weight ratio
(ethanol : C1g0OH). 2uL was injected on the TiO,
film through the analysis chamber with a
micropipette. Then, the solvent contained in the
solution evaporates leading to the saturation of
the TiO, film with stearic acid. The device was
placed under 365 nm wavelength UV light for
16 h.

The degradation of the pollutant results in a
mass change on the Love wave sensor and is
real-time monitored through the frequency
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response of the device, whose resonant
frequency is close to 118 MHz.

Fig. 2a shows the frequency shifts induced by
the deposition and the subsequent degradation
of the stearic acid (C1gOH). At first, a frequency
decrease of 140kHz is induced by the
pollutant. When exposed to UV, the resonant
frequency increases until it reaches its initial
value back, thus showing the total degradation
of the pollutant after 12 h of UV exposure. The
first and reproducible frequency shift (Fig. 2b) is
due to the evaporation of the solvents
contained in the solution of stearic acid.

When the device is not exposed to UV light, the
frequency increases as the solvent evaporates,
and stabilizes after 2 min. This reference test
suggests that the recorded frequency variations
should successfully follow the decomposition of
the pollutant.
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Fig.2: a) Evolution of the resonant frequency of a

Love wave device coated with a TiO: layer after

deposition of the pollutant and exposed (or not) to

UV light (wavelength: 365 nm)

b) Zoom on the evaporation of the solvent contained
in the stearic acid solution
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Conclusion

This work has presented the feasibility of using
a Love wave sensor to monitor the degradation
of a pollutant by photocatalytic reactions in real-
time.

The sensor was coated with mesoporous TiO»,
because this material is widely used as a
photocatalyst due to its physical, chemical and
optical properties. Moreover, used in its
mesoporous form, it offers a large contact
surface area with the pollutant.

Experimental results have shown a frequency
shift of 140 kHz after stearic acid deposition,
After 12h under 365 nm wavelength UV
exposure, the resonant frequency returns to its
initial value, which corresponds to the full
degradation of the pollutant.
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