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Poly(methyl methacrylate) polymer is selected to produce a self assembled thin film onto a quartz
crystal using self assembly deposition technique. The deposition of this poly(methyl methacry-
late) film layer is characterized by UV-Visible spectroscopy and quartz crystal microbalance. These
results show a uniform high quality and reproducible poly(methyl methacrylate) thin film produced
onto the Quartz Crystal Microbalance substrate. The interaction of this poly(methyl methacrylate)
film against volatile organic compounds is investigated using Quartz Crystal Microbalance measure-
ment system. A fast and reversible response to chloroform vapor is observed using self assembled
poly(methyl methacrylate) film. Our results show that self assembled poly(methyl methacrylate) film
gives a promising result for the chloroform vapor sensing application.
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1. INTRODUCTION

High concentrations of volatile organic compounds
VOCs) are very dangerous compounds for human health
and environment.' The detection of VOCs has become a
serious task due to stringent environmental standards and
regulations on VOCs in many countries of the world and
their natural toxicity is dangerous for the environmental
and human being. They are highly dangerous and may
cause acute, chronic or long-term effects such as affecting
the nose, throat, and lungs that asthma-like reactions, eye
irritation and cancer.* Therefore the detection of VOCs is
an important issue and have a big interest for researchers
in the field of gas sensing devices.>® When VOCs interact
with a sensing material in a Quartz Crystal Microbalance
(QCM) measurement system, ossilation frequency changes
as a function of mass change. Therefore QCM technique
15 widely used for the detection of VOCs in the nanogram
scale.’-10

Organic materials are widely used as gas sensor appli-
canons due 1o their easy synthesis, fabrication, high qual-
ity and low cost. Porphyrins,''”'* phythalocyanines,'*"
calixarenes'®!? and polymer materials?? are extensively
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used as sensing material because of their low operation
temperature, fast response and full recovery.

Poly(methyl methacrylate), commonly known as
PMMA, is a transparent, hard and rigid plastic material
with a low optical loss in the visible spectrum, low lat-
eral shrinkage, high scratch hardness, and no glass tran-
sition temperature.?? Therefore PMMA has a wide range
of potential application in the field of optical and sens-
ing devices.?** PMMA thin film prepared by spin coating
method is found to be sensitive to benzene with a fast,
large and reversible response.?® Composite thin films of
PMMA sensing devices exhibit a particular sensitiveness
to the polarity of the molecule of the VOCs.?’ PMMA
is used for the detection of phenol in the solution and is
found to be very sensitive to phenol due to the adsorption
of phenol at the surface of modified electrode.”®

In this paper, we report an investigation of PMMA
polymer deposited with self assembly thin film deposi-
tion method onto a quartz crystal and a glass substrate.
Deposition process of PMMA layer is monitored using
UV-Visible and QCM measurement system. The gas sens-
ing properties of PMMA thin film against several VOCs
is also investigated using QCM measurement system. OQur
results indicate that self assembled PMMA thin film shows
a high selectivity and a reversible response to chloroform
vapor than others.
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2. EXPERIMENTAL DETAILS

PMMA material was synthesized using emulsifier-free
emulsion polymerization method.? Potassium persulfate is
widely used as a free radical initiator in emulsifier-present
and emulsifier-free systems. It is generally accepted that
its use results in the incorporation onto the latex surface of
charged sulfate and uncharged hydroxyl groups; the latter
are produced either by hydrolysis of surface sulfate groups
or by initiation by hydroxyl radical.*® Figure 1 shows the
chemical structure of PMMA with a molecular weight
of 830 kg/mol. The polymer backbone has 20243 repeat-
ing units, which causes a micellization in water solution.
Aqueous solution of PMMA molecule was prepared using
pure water with a concentration of 5 mg/ml at pH 5.8.
For the self assembly deposition process, the glass and
quartz crystal substrates were briefly washed with pure
water and chloroform, respectively. These substrates were
immersed in a PMMA solution for 2 minutes with a with-
drawal speed of 41 mm/s. A further 5 minutes was given
for the substrate to dry. This process was repeated to fab-
ricate multilayer PMMA films at the room temperature.
Deposition steps were controlled using a computer con-
trolled experimental set-up system. A VARIAN CARY IE
UV-Visible spectrophotometer was employed to investigate
the deposition of PMMA self assembly layers in the ultra-
violet and visible spectral region from 250 nm to 800 nm
in the absorbance mode.

QCM measurement system was performed at room tem-
perature using an in-house designed oscillating circuit
and standard quartz crystal with a2 nominal resonance fre-
quency of 4.5 MHz. The frequency was measured with
a MOTECHFG-513 model function generator and TEK-
TRONIX TDS 210 model digital oscilloscope. The QCM
technique was applied to monitor the response of self
assembled PMMA film on exposure to organic vapors
using a special gas cell. The variation of the QCM fre-
quency was recorded as a function of time when the sam-
ple was periodically exposed to the organic vapors for
at least 2 minutes and was then allowed to recover after
injection of dry air. The organic vapors were injected into
the gas cell in liquid form with the amount of 20 ul using
a Hamilton syringe. Figure 2 shows a schematic diagram
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Fig. 1. Chemical structure of PMMA molecules.
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Fig. 2. Schematic diagram of (a) QCM system and (b) gas cell.

of QCM system and gas cell unit. The baseline frequency
in air (stable to +0.1 Hz) was recorded before and after
the deposition of PMMA materials onto a quartz crystal
substrate.

3. RESULTS AND DISCUSSION

Figures 3 and 4 show the typical UV-Visible spectrum
of PMMA molecule in the chloroform solution and the
UV-Visible spectra of PMMA thin film on the glass sub-
strate respectively. An absorption peak for the PMMA
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Fig. 3. UV-Visible spectrum of the PMMA solution in chloroform
between the range 225400 nm.
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Fig. 4. UV-Visible spectra of up to 8 deposited layers on glass sub-
strate with the inset of absorbance at maximum absorbance value versus
number of layers deposited.

solution is observed at 240 nm which is in good agreement
with the previous result.?' It can be seen that PMMA thin
film gives absorption peaks around 295 and 460 nm. This
difference between PMMA in chloroform and PMMA thin
film could be due to a solution effect and inter-molecular
interaction in the film or aggregation behaviours of the
PMMA molecules on the glass substrate.*>** The inset in
Figure 4 shows a linear dependence of absorbance inten-
sity of the peak at 295 nm versus number of deposited lay-
ers which indicates the uniform and reproducible PMMA
film occurred during the deposition process.

In order to investigate the deposition of PMMA thin
films onto a quartz crystal, the variation of a resonance
frequency is measured as a function of mass change. The
relationship between the resonance frequency shift and the
deposited mass is described in detail by Sauerbrey;*

Af = —C,Am (1

where Af is the measured frequency shift (Hz), Am is the
mass change on the quartz crystal (g). C; is given by:

C. = 2ﬂf02
1 /PA

where n is the number of the harmonic at which the crystal
is driven, f, is the resonance frequency of the fundamental
mode of the crystal (Hz), p, is density of quartz (2.648
g cm™), , is shear modulus of quartz (2.947 x 10" g
cm~' s72) and A is the piezo-electrically active area (cm~2).

Figure 5 shows the frequency shift of self assembled
PMMA film onto a quartz crystal substratc as a function
of number of layers. This linear dependence of frequency
shift indicates that the deposited self assembled layers con-
tain equal amount of PMMA molecules. This process is
repeated several times and the results was found to be
highly reproducible.

)
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Fig. 5. Frequency shift versus number of deposited self assembled
layers.

QCM measurement system is also used to monitor the
response of PMMA film against several VOCs such as
benzene (CgHg), toluene (C;Hy), chloroform (CICH;) and
isopropyl alcohol (C;HgO). All measurements were per-
formed exposure of organic vapor for 2 minutes followed
by the injection of dry air for a further 2 minutes period.
Figure 6 shows the resonance frequency dependence of
PMMA thin film as a function of time to organic vapors.
Results presented in the figure are one of the three sim-
ilar measurements with a relative standard deviation of
10-12%. Self assembled PMMA film is found to be much
more selective to chloroform vapor than the others. The
response and recovery times arc quite large, fast and
almost fully reversible. Sensing properties of this PMMA
film were compared by sensitivity which is usually defined
as S = (Af/f,) x 100 where Af is the frequency change
as a result of interaction with the organic vapour and f; is
the initial frequency before that interaction. The value of
sensitivity was calculated to be 0.03, 0.008, 0.007, 0.003
for chloroform, toluene, benzene, and isopropyl alcohol
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Fig. 6. Kinetic study of PMMA film due to exposure to benzene (M),
toluene (o), chloroform (A) and isopropyl alcohol (V) vapors.
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Fig. 7. Kinetic response of PMMA, film due to exposure to chloroform
vapor for 3 cycles.

vapors respectively. Similar results have been found in
other organic vapour sensing studies for polymeric thin
films*-37 as well as phthalocyanine®® and carbon nanotube
thin films.> It should also be noted that the nominal fre-
quency of the quartz substrates were found to be effective
on the gas sensing performances.*

Figure 7 shows a plot of the response of PMMA film
against chloroform vapor for 3 cycles. The reproduction
of the PMMA response to chloroform vapor is stable with
the response and recovery times around 3 and 5 seconds.
Despite some baseline instability observed which can be
attributed to temperature fluctuations, sensor responses
were not significantly affected and quite resonable repro-
ducibility was observed from one sample to another.

4. CONCLUSIONS

A PMMA molecule was successfully deposited onto the
glass and quartz crystal substrates using self assem-
bly deposition method and the deposition process of
PMMA molecule was monitored using UV-Visible spec-
troscopy and QCM measurement technique. Our results
showed that a high quality self assembly PMMA film was
occurred onto the glass and quartz substrates. The organic
vapor sensing properties of PMMA film for three dif-
ferent groups named as aromatic (benzene and toluene),
chloroorganic (chloroform) and alcohol (isopropyl alco-
hol) were investigated in this work. It was found that self
assembled PMMA film gives a high selectivity to chlo-
roform vapor than the others. The response of PMMA
film to chloroform was large, fast and fully reversible.
Self assembled PMMA film could have a potential appli-
cation in the development of room temperature volatile
organic vapor sensing device for the chloroform vapor.
Future studies will concentrate on improving the sensor
performances.
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