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A Study on the Identification of Odorants using Six Channel
Piezoelectric Crystals
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Abstract - At-cut quartz crystal has been applied as chemical vapour sensors. The
responses of quartz crystal at 9 MHz coated with phosphatidylglycerc( PG ),
phosphatidylinositol( PI ), phosphatidylethanolamine( PE ), phosphatidylserine( PS ),
and lipid A( LA ) are determined for amyl acetate, acetoin, menthone and other
organic gases which showed different affinities for each lipid. The identification of
odorants depending on the species of lipid used for coating is discussed in terms of
the normalized resonant frequency shift pattern.
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At-cut Quartz Crystal Pattern Recognition

1. Introduction

Since Sauerbrey[1] reported the empirical equa-
tion for the relationship between the frequency
shift of quartz resonator and the mass of substance
deposited on its surface, much attention has been
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paid to piezoelectric crystal detectors as simple.
sensitive and reliable detectors[2, 3],

AF = —2.3X10°F*AmA " (n

where AF is the frequency change due to deposit-
ed mass{Hz), } is the original resonant frequency
of the piezoelectric crystal (MHz), m is the mass
of the substance deposited on the surface(g), and
A is the area coated(cm?).

Piezoelectric crystal resonators have been
applied to both gases and liquid phase analyses.
After King’s proposal{2] that the coated pi-
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ezoelectric crystal can be used for vapour detec-
tion, extensive researches on gas sensors using
piezoelectric crystals have been performed[3].
However, the majority of the devices reported
were intended to detect a specific odorant with a
selective coating film, unlike the olfaction system,
which has diversity to detect all kinds of odorants.
Recently, the importance of recognizing the kind
of odorants from output patterns of an array of
sensors has been suggested with a view to mimick-
ing olfaction[4],

The olfactory reception of odorants is not well
understood. Nomura et al.[5] emphasized the
importance of lipid in olfactory cells for odorant
detection. They hypothesized that lipid layers act
in the detection of odorant in olfactory cell even if
lipid itself does not have a specificity to odorants,
They concluded the pattern recognition mecha-
nism of odor discrimination from these hypoth-
eses. Based on these results, we investigated the
responses of six types of lipid-coated quartz crys-
tal resonators as chemical vapour sensors. The
identification of odorants is discussed by compar-
ing the behaviors of their normalized resonance
frequency shift patterns, which are dependent on
the phospholipid used.

2. Experimentals

2.1 Materials

Phosphatidylglycerol( P(G), phosphatidylserine
(PS), posphatidylinositol(#/), phosphatidyleth-
anolamine( PE), and lipid A(LA) were used as
sensitive films. the odorants, amyl acetate, acetoin

and menthone as well as methanol, ethanol,
propanol, and butanol were measured. Lipids were

obtained from Sigma Chemical Company. Others
were obtained from Wako pure chemical indus-
tries Ltd. All chemicals used in this study were of
analytical grade.

2.2 Apparatus

The schematic diagram of the experimental
system is shown in Fig. 1. The lipid-coated
AT -cut quartz crystal resonators were placed in a
vessel which has two valves for nitrogen gas inlet
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Fig. 1 Schematic diagram of experimental sys-
tem

and outlet. The volume of the vessel is 10ml. The
electrodes were deposited with the thickness of
200A of chromium, and 2000 A of gold in turn
by vacuum vapour deposition(ULVAL EBH-6) on
the both sides of quartz crystal, using self-made
mask. The surface area of electrode was 0.5cm?.
The resonant frequency was measured using six
channel frequency counter combined line with
micro-computer (NEC PC-9800). Standard gases
of odorants were generated by putting a sampling
tube in the tube holder and flowing nitrogen as a
carrier gas. The concentration of a standard gas
was controlled by changing the diameter and
length of a sampling tube, flow rate of nitrogen,
and temperature. The resonant frequency was
measured at an interval of about 30 second.

The coating material was diluted with chloro-
form{smg,/mlj. And a thin film was coated and
formed by solvent evaporation.

The coated film led to a frequency shift of about
230KHz. The device was placed in clean, dry air
for about 3 hour prior to measurement. After
positioning the lipid-coated quartz crystal, the
vessel was flooded with nitrogen gas until the
resonant frequency reached a steady state. Subse-
quently, the nitrogen stream was stopped and the
odorant was injected by a permeater (Ueshima,
GASTEC PD-119),

3. Results and Discussion

Fig. 2 shows the response profiles for PG and
PE coated AT - cut resonators obtained from con-
secutive exposures to 67ppm of n-amyl acetate.
The response is uite typical, and changed linearly
with consecutive exposures to n-amyl acetate.
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Fig. 2 Typical response of lipids coated AT -cut
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Fig. 3 The correlation between odorants concen-

tration and resonant frequency shifts for
phosphatidylethanolamine coated
A T-cut resonator

Fig. 3 shows the correlation between resonant
frequency shift and odorant concentration for a
PE-coated AT -cut resonator. The results demon-
strate that the lowest concentration among indi-
vidual odorants required to give a measurable
frequency change is different respectively. The
sensitivity represents the slope obtained from a
linear least squares fit of four sets of responses.
The values are about 1ppm and 5.3Hz ppm ! for
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Fig. 4 The normalized patterns of resonant fre-
quency shifts to respective PG | phos-
phatidylglycerol, PJ @ phos
phatidylinositol, PE : phosphatidyleth-
anolamine, PS : phosphatidylserine,
LA lipid A.

menthone, 7ppm and 0.6Hz ppm™ for amyl ace-
tate, 15ppm ad (0.27Hz ppm™' for acetoin, respec-
tively. There are good qualitative correlations
between these results and olfactory threshold val-
ues in biological cells as observed by Nomura et
al.[5]

It is considered that these results reflected the
equilibrium between the lipid membrane and the
gas phase. Thes results show that there is an
affinity difference of odorants to phospholipids.

The correlations between resonant frequency
shift and odorants concentration for other lipid-
coated AT-cut quartz crystal were also inves-
tigated. The responses were different from each
other. Therefore, the frequency shift for each
odorant of the different lipids was represented in
the pattern. The patterns cannot be compared
directly with each other due to the different
vapour concentrations. It is necessary to normal-
ize for the comparing Therefore, we normlizedthe
response so that the sum of each response is one.

|6]
Pz, j)=AF(, j),/?AF(z’, 7) (2)

where P’ is the pattern factor, ; is the kind of
odorant, ; is the kind of lipid.

The resuits after normalization procedure were
shown in Fig. 4. The pattern itself is specific and
represents a pronounced pattern for each odorant.
The normalized pattern can be used for the identi-
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fication of odorants.
From these results, it follows that a multichan-
nel lipid-coated A 7 -cut quartz crystal can moni-
tor different odorants. Using a number of different
lipids for coating of surfaces of quartz crystals,
odorants can be identified by a computerized
pattern recognition algorithm. This approach can
open a wide field for the detection of odorants_
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