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Abstract

There are lots of researches which are using quratz crystal in order to apply it to sensors, for
example, mass detect sensor, humidity sensor, gas sensor, etc. We tried to apply quartz crystal to
the sensor using the resonant frequency and the resistance properties. Four kinds of fatty acid
which are having the same head group are coated at the surface of quartz crystal, the shift of the
resonant frequency and the resistance are observed according to length of the tail group. Myristic
acid(Cy4), palmitic acid(Cie), stearic acid(Cis), and arachidic acid(Cx) were coated by
Langmuir-Blodgett(LLB) technique. As results, the resonant frequency shift was observed linearly.
However, there are some difference compared with Sauerbrey’s equation. It can be explained by
the effect of the temperature property and/or humidity. On the other hand, the shift of the
resistance was observed nonlinearly.
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Table 1. The experimetal condition for deposition
of fatty acid LB films

amphiphilic molecular arzzlil:m sia;gc
Spreading volume [x£] 30 40
Target pressure [mN/m] 25 50
Temperature [T] 25 25
Barrier speed [mm/min] 50 50
Dipper - up {mm/min] 30 30
-down[mm/min] 50 50

a3 1. A¥AA
Fig. 1. Experimetal set-up for the mass sensor
measurements in air
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Fig. 2. The resonant frequency shift(a) and
resistance  shift(b) of quartz crystal
with respect to the number of stearic
acid LB films.

~ 420 -



3 d8dn ¥ A

39 2(@)9 2(b)e stearic acid LBYHE 2%
(bare, 2, 4, 6, 8, 10)el wWetr FAH} FAHAFA
A7 SA¥USE g AdZH, stearic
acid LB%S] 73 FF7t S84 FAFIA47
vlgste FXFg457t Z42sH A, Conductance
(G®)9} Susceptance(B)9] gtol HAstHd. =g, F
A M3 Re o]l FHEFd vdHste] uAY
Ho g FrtERed, #ANERY A7y F713
2o g% FIxdo 9sA B-G Diagrameil A
A RY gto] F71gel] wel 9 FHo| #AAY
< ¢ F Itk olHF A= FAIFA Ao F
Y LBYL JAdez HAEx9 F7ME 9w sta,
A71H A BHAA AFgozA FLE e Aoz
Ay 5 got?

a9 32 74 AW LBYe FHd g 23
Fo49 ¥3E Jeidn oz AgadA LB
o] FH W& FAFAFY #ZiAE AYHL Y
gz glew, 71€71e AW4ke Chaingl o7}t
Ao wety Frketzm U &, FHHE AW
At LBEtY] ExtFo] Frigto 2N FAFHS Y ¥
g7t adeE A& ¢ ¢ Uk

1000 -
@ Myristic  acid (C14)
| A Palmitic  acid (C16)
500 M Stearic  acid (C18)
0 W Arachidic  acid (C20)

-500

-1000

-1500

Resonant frequency shift [Hz]

-2000 1

Number of layer [N]

a3 3. A F79 ALadA LBEHY 3 &%
of e FAFAF W

Fig. 3. The resonant frequency shift with respect
to number of layer for four kinds of
fatty acid LB films
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Fig. 4. The resistance shift as to number of layer
for four kinds of fatty acid LB films
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Fig. 5. The resonant frequency shift(a) and
resistance shift(b) as to variation of 9
temperature for quartz crystal coated
with stearic acid LB films

4. HE

B AFE FAAFAY FAFA4st A W
38 ©|4%) Chaind] Wol/t The AWiHA LB
e ARAASAE ¥@ - 2HFHEY. Y3, W

¢4 WRe) g W Uy FAFEMRLG x4 4

o) Wse AMEh FH 57 FoM] o
B FANEAE FAFASIE HYHoz A
}2, ©]& B-G Diagram® ©]43te FHF4d

weh FAFoe7) F2RE ¢ £ YA 29w, S

Chain®] o7} t& ¥4tAl LB%HE FHE 7

$o FAFsEY WHE Chaind o7t AFE 6.

A debgeh &, $ALER A HE U
¥l 248 FUFsAse Wabh aA ek

9. oA FAFAF Wt FHAFA e 7

TAY AP wse] A JEge vl
LB%e) Fa55e] webd udggez wats)

= A% RY el 712 ¢Usld B-G Diagramel 8

A Q9 AFe] F2YeE ¢ 4+ AN 2,
Chain®] o), &, EArgko] THE 47hA18) X4t
LB%e] Fao U@ A use 27w A,
Mgl WBe FHEFo] daiA MAYH 2

- 422 -

gazd

G. Sauerbrey, "Use of a quartz crystal vibrator
from weighing thin films on a microbalance”, Z.
Phy.,Vol. 155, pp.206-210, 1959

. J. Gartmann, ]. Auge and P. Hauptmann “Using

the Quartz Crystal Microbalance Principle for Gas
Detection with Reversible and Irreversible
Sensor”, Sensor and Acturatcrs B, 18-19, pp. 429,

1994

. V. M. Mecca, et al, "Extensions of the quartz

crystal microbalance technique’, Sensor and
Acturators A, Vol. 53, pp.371-378, 1996

H. Muramatsu, "Computation of Equivalent Circuit
Parameters of Quartz Crystal in contact with
Liquid and Study of Liquid Properties” Anal,
Chem., Vol. 60, pp.2142, 1988

W. H. King,"Analutical uses of the Piezoelectric
Crystal”, Anal. Chem, Vol. 36 pp.1735-1739, 1964
JIRT ZELENKA, "Piezoelectric Resonators and
their Applications”, Elsevier, Amsterdam, 1986,
pp.168-174

JIRI JANATA, "Principles of chemical sensors”,
Plenum Press, New York and London, 1989,
ppo5-67

H. Muramatsu, et al, "Viscosity monitoring with
a piezoelecrTic quartz crystal and its application
to determination of endotoxin by gelation of
limulus amebocyte lysate” Anal. Chim. Acta, Vol.
215, pp.91-98, 1988



