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ABSTRACT 
 
Quartz crystal microbalance (QCM) odor sensor coated 

with films of with acrylic-acid-film with different 
functional groups, methcrylic-acid-films with different 
functional group and styrene-film as the molecular 
recognition membrane are prepared using plasma chemical 
vapor deposition (CVD) method.  The sensor coated with 
acrylic acid thin film as the molecular recognition 
membrane exhibits an excellent selectivity and a high 
sensitivity for ammonia and amine gases.  The effect of the 
functional groups on the sensor characteristics is also 
investigated. 
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1 INTRODUCTION 
A quartz crystal microbalance (QCM) provides a highly 

sensitive mass-measuring device in nano-gram levels 
because of the resonant frequency changes upon the 
deposition of a given mass on the electrode of the QCM. 
Synthetic polymer-film coated QCM have been studied as 
sensors capable of detection of various gases, because a 
QCM coated with a sensing polymer-film works as an odor 
sensor.  In recent years, considerable interest has arisen in 
the use of arrays of QCM odor sensors in conjunction with 
associated pattern recognition analysis for the identification 
of odors, fragrances and aromas [1-8]. 
We have previously reported that QCM gas sensors coated 

with propylene-butyl, polycarbonate and acrylic-resin film 
exhibited an excellent selectivity and high sensitivity for 
toluene, dimethylamine and ammonia, respectively, and the 
solubility parameter of sensing gases and sensing 
membrane was very useful for choice of sensing polymer 
materials of the sensor [9-11].  In this paper, in order to 
develop the odor sensors for environmental monitoring we 
prepared the sensors coated with acrylic-acid-film with 
different functional groups, methacrolein-film with 
different functional group and styrene-film as the molecular 
recognition membrane using plasma chemical vapor 
deposition (CVD) method and studied the responses of the 
sensors for various gases in the view point of the effect of 
the functional group on the sensor response 
 

2 EXPERIMENTAL 
 
Commercially available AT-cut 9 MHz QCMs with Au 

electrode, which which were coated with plasma 
polymerized membranes such as acrylic-acid-film with 
different functional groups, methacrolein-film with 
different functional group or styrene-film as the molecular 
recognition membrane using plasma chemical vapor 
deposition (plasma CVD) apparatus (Samco International 
Co. Ltd. : Model BP-1) as shown in Fig.1.   

 
 

 
 
 

Fig.1 Schematic diagram of plasma CVD apparatus. 
 

The membrane film was deposited on the electrode of 
QCM by a plasma polymerization of a monomer such as 
acrylic-acid boiling point:146.1oC), methacrylic-acid 
(160.5oC) and styrene (145.1oC) at a pressure of about 100 
Pa with an rf power of 100 W.  The chemical structure of 
each monomer is shown in Fig.2.  

 

 
 
Fig.2 Chemical structure of monomers such as acrylic acid 
and methacrylic acid. 
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The monomers such as, acrylic acid, methacrylic-acid 

and styrene were vaporized at 30oC, 20 oC and 20 oC, 
respectively and supplied to the CVD chamber.  The 
thickness of each membrane can be controlled by the 
monomer temperature and the deposition time.  The 
membrane film was coated on the QCM until the frequency 
of QCM was changed to 6 kHz. 

The frequency of the vibrating QCM odor sensor, which 
decreases with increasing gas adsorbed on the sensing 
membrane, was measured using a frequency counter 
connected to a personal computer.  A constant amount of 
gas such as acetaldehyde, benzaldehyde, ammonia, 
trimethylamine, propionaldehyde, ethyacetate, xylene, 
toluene, aceton, chloroform, diethylether, dimethylamine, 
ethanol, methanol, methane, propane, hydrogen, 2-propyl 
alcohol, buthane or octane was injected into the sensing 
chamber as shown in Fig.3.  

 
 

 
 

Fig.3 Schematic diagram of the sensing chamber. 
 
 
 The frequency change Δf of the sensor as a function of 

time was measured immediately after the gas was injected 
into the chamber. 
 

3 RESULTS AND DISCUSSION 
 
It was fond that an acrylic-acid membrane-coated and 

methacrylic-acid coated sensors exhibited an excellent 
selectivity for ammonia gas, while the sensor coated with 
styrene exhibited no selectivity for any gas.  Figure 4 shows 
a typical transient response of the acrylic-acid-membrane 
coated sensor.  Typical response of the sensor coated with 
styrene as the molecular recognition membrane is also 
shown in Fig. 5.  The concentration of each gas was 10,000 
ppm in the measurement. The reproducibility of sensor  
response for ammonia gas was good.  Typical transient 
responses of the sensor coated with acrylic-acid is shown in 
Fig.6, indicating that the reproducibility is excellent. 

 
 

Fig.4 Typical transient responses of the acrylic acid 
membrane coated sensor for various gases. 
 

 
 
Fig.5 Typical transient responses of the stylene membrane 
coated sensor for various gases. 
 

 
 
Fig.6 Typical transient responses of the acrylic acid 
membrane coated sensor for reproducibility check. 
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  The concentration of each gas was 10,000 ppm in the 
measurement. The reproducibility of sensor  response for 
ammonia gas was good.  Typical transient responses of the 
sensor coated with acrylic-acid is shown in Fig.6, indicating 
that the reproducibility is excellent. 

In order to investigate the effect of functional group on 
sensor responses,  the sensor  coated with molecular 
recognition membranes based on the acrylic –acid with 
different functional group was prepared using plasma CVD 
method and responses of these sensors was estimated.  
Figure 7 shows a typical transient response of n-Hexyl 
acrylate-film-coated sensor.  

 
 

 
Fig.7 Typical transient response of n-Hexyl acrylate-film-
coated sensor for various gases. 

 
It can be seen that the sensor responds to the chloroform, 

acetic acid , triethylamine and ammonia.  It was found that 
2,2,3,3,3-pentafluoropropyl acrylate-film-coated sensor 
exhibited high sensitivity for acetaldehyde, ammonia and 
methanol.  The responses of the sensor coated with acrylic- 
acid membrane with different functional group for various 
gases are listed in Table 1.  

 
Table 1 Responses of acrylic acid membrane coated 

sensor with different functional group for various gases. 
 
Molecular recognition membranes 

Gases with 
high 
sensitivity 

Acrylic acid Ammonia 
Methylacrylic acid Acetic acid 
Vinyle acrylic acid Ammonia 
Ethyl acrylic acid Ammonia 
n-propyl acrylic acid Ammonia 
n-butyl acrylic acid Acetic acid 
Tert-butyl acrylic acid Ammonia 
Iso-butyl acrylic acid Acetic acid 
n-hexyl acrylic acid Acetic acid 
2,2,2-trifluoroetyl acrylic acid Acetaldehyde 
2,2,3,3,3-pentafluoropropyl acrylic acid Acetaldehyde 
2,2,3,3,4,4,4-heptfluorobutyl acrylic acid Acetaldehyde 
 

 
Table 2 Responses of methacrylic acid membrane coated 
sensor with different functional group for various gases. 
 
Molecular recognition membranes 

Gases with 
high 
sensitivity 

Methcrylic acid Ammonia 
Methyl-methacrylic acid Acetic acid 
Vinyle-methacrylic acid Ammonia 
Ethyl-methacrylic acid Ammonia 
n-propyl-methacrylic acid Ammonia 
n-butyl-methacrylic acid Acetic acid 
Tert-butyl-methacrylic acid Ammonia 
Iso-butyl-methacrylic acid Acetic acid 
n-hexyl-methacrylic acid Acetic acid 
2,2,2-trifluoroetyl-methacrylic acid Acetaldehyde
2,2,3,3,3-pentafluoropropyl^methacrylic 
acid 

Acetaldehyde

2,2,3,3,4,4,4-heptfluorobutyl-methacrylic 
acid 

Acetaldehyde

 
 

The responses of the sensor coated with methacrylic –
acid membrane with different functional group are also 
listed in Table 2.  The results as shown in Table 1 and 2 
sugegst that the selectivity of the sensor is affected by the 
functional group of the molecular recognition membranes. 

The result of principal component analysis for the 
responses (Fig.5) of the sensor coated with styrene as the 
molecular recognition membrane is given in Fig.8, in which 
is reduced to the first three principal components for the 
visualization of multi-dimensional data.  It is clear that the 
responses for individual gas tend to cluster in discrete 
section of space with well defined boundaries. 
 

 

 
 
Fig.8 Result of principal component analysis for the 
responses (Fig.5) of the sensor coated with styrene as the 
molecular recognition membrane. 
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4 SUMMARY 
 
Three types of the molecular recognition membranes 

such as acrylic-acid, methacrylic-acid and styrene were 
prepared on QCM using plasma CVD method.  The 
transient responses of each sensor were measured during 
exposure to various gases.  The acrylic-acid membrane 
coated and methacrylic-acid membrane coated sensors 
exhibited excellent selectivity for ammonia.  It is found that 
the selectivity of the sensor is affected by the functional 
group of the molecular recognition membranes.  While the 
sensor coated with styrene exhibited no selectivity for any 
gas.  The principal component analysis of the transient 
responses for the styrene coated sensor is useful for the 
discrimination of gases. 
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