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Abstract — To increase the sensitivity of quartz crystal microbalance gas sensor coated with plasma-polymerized polystyrene
thin film, the response characteristics of fundamental 9 MHz, 50 MHz, 3rd overtone mode 100 MHz and 5th overtone mode
100 MHz quartz crystal were tested. The amount of coated polymer film was determined by measuring the frequency change
during polymerization. The frequency changes for various modes of QCM were monitored continuously for 40-80 min after
injecting 20 ml of acetone, ethanol, chloroform and diethylether, respectively, to a one-liter chamber. The response sensitivity
of the coated QCM was the highest for chloroform and it decreased in the order of diethylether, acetone and ethanol. This
appears to be related with the polystyrene-solvent vapor interaction parameter for each pair. For each gas, the highest sensi-
tivity was observed with a 3rd overtone mode 100 MHz and the sensitivity decreased in the order with fundamental mode
50 MHz, 5th overtone mode 100 MHz and the fundamental mode 9 MHz. This result was in a good agreement with the the-
oretical prediction. This study proved the validity of the theoretical prediction for the overtone-mode QCM and also presented
the possible development of a high-sensitivity gas sensor and a novel analytical device.
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Fig. 1. Schematic diagram of acoustic wave of (a) fundamental mode,
third overtone mode and (c) fifth overtone mode in AT-cut quarl
crystal.
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Fig. 3. Typical responses of 9 MHz QCM coated with polystyrene from
plasma polymerization to ethanol, acetone, diethylether and chloro-

form gases.
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Fig. 4. Frequency responses with respect to the polymer-solvent interac-

tion parameter for ethanol, acetone, diethylether and chloroform.
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Mod . . . x
S % A o, AF A, A, O I, A, O, I,
1 44 1,669 37.93 1,978 44.95 934 21.23
2 43 1,293 30.07 1,803 41.93 835 19.42
3 39 1,105 28.33 1,530 39.23 767 19.67
4 25 968 38.72 1,000 40.00 681 27.24
Average 37.75 1,258.75 33.34 1,577.75 41.79 804.25 21.30
Theoretical rario - - 31 - 41 - 25

Af,: fundamental 9 MHz QCMf,: fundamental 50 MHz QCMA(f,": 3rd 100 MHz QCM-D Af,": 5rd 100 MHz QCM-D
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