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Abstract— This paper shows the properties of carbon/graphite quartz crystal and its general TeSponses as an organic gas-
sensing device. The carbon/graphite film was formed by the method of high pressure and high temperature on a side of
quartz plate, which was supported by Pt electrodes. The prepared quartz crystals were heat treated in the temperature range
from 100 °C to 450 °C for the enhancement of stability. The impedance analysis of the carbon/graphite quartz crystal for in-
vestigating the resonance property shows a larger admittance value than that of a lipid coated quartz crystal, which is pre-
pared for detecting gas components in our laboratory, previously. Using the adsorption and desorption responses, the repro-
ducibility and sensitivity are explained. The frequency responses for vaporized ethyl alcohol showed certain linearity with-
in concentration range from 0.5 ppm to 120 ppm. The comparison of sensitivity between commercially available alcohol sensor
and carbon/graphite quartz crystal is provided for a ppm of ethanol injection. The results prove the carbon/graphite quartz
crystals are usable as an organic gas sensor and an analytical device.
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Fig. 1. Schematic diagram for measuring resonant properties and
adsorption properties of carbon/graphite quartz crystal.
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Fig. 2. The admittance diagrams of cholesterol coated quartz crystal
(@), CGQC with both sides of quartz crystal coated with car-
bon graphite and stabilized at 180 °C (b), a side of quartz
crystal coated with carbon graphite and stabilized at 450 °C
(c), a side of quartz crystal coated with carbon graphite and
stabilized at 180 °C (d).
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Fig. 5. The morphological changes by the temperature of heat-treat-
ment. (a) is the contact-mode AFM topography after heat-
treatment at the temperature of 180 °C and (b) is that of 450
°C. Image area are 100X 100 um’ with 1 im of vertical scale.
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-150

60 70

180 Cell A dxE)8t F &4/Ed $AHZFAE 450 “CollA GAlE]
3 ¥ E‘i‘i%"“i‘:} o A2 xHG AL sl A A HA e
FUe o $2 2 534S A & 5 AR T 8a ghe] FAld
e o & *1121?4— e

Fig. 62 450 °C(®)2} 180 °C(O)ellA dA2|dt eha/Zd 3=
EAH] 10ppme] ollgh-ol] 3t FAFIS HEE ehd o)t}

H|SLE 93ty R 24 7k B3 whajele] R84S o] 4
st W) v FAF ol FH2bES ZEI AR
(S0pg)el $5& HAo=E Yehlglr). Fig.6olld & 4= g15o] &
259 FAAEAS FRAFHSS Wshe FHAHES ZH 5
AAFAE] Fo4 Wk} o =24 el Fig 6014 S/Nu)$-
< 180°Co| @Az Al 55, 450 °C2] dA=] Lo
Ale 120, FE2E S-S 2R FAZRER ) dMe 302 e
sk F23 23 o v gk FoFr). 180 ‘CollA] g2
2/Fd eAAEA ) FH2HBo] ZEE $AYRFRL] A S
= E3-3HE] 90 %ol ==3l] $f8] vkt Alzko] “‘3—6}4 iz
M, 450 ‘CellA] dA2)3F ©hayFed $YRTALY) A9 3485
2] 2 A E xs}r] Hvsﬂ 3ul o]A}e] X|7te] Q-t¥ic). g3t
2] 90 %ol =3l7] 1% A|ZHe ' /Ee] AR T} T2
Eol 2HH FAAFA} WS- dd2A BRE FH26 0]
FHA FRANTARE A9 FAFHLE 38} 98 o 103
A=t s /g $YRNEFAE & 132 82 o)
ol& Ade F FAAFA 2iA 7139 gz L] A% 7
o7} thE-S viehiH, ©ta/E e YR FAE B40) AldFal &
A54E o]4317] Wi FH2HET ALLTE Ao AstA
é?ﬂ AuAlzct o] 2k 23t ouix)7F 83 Jepich ARl
4, B2 A7 B2 AT Axatole] As}e o] 435l
ol dubg el 7kAAlA o4 o]2]qt 7] reset time-S- AL Fg =
ke ZEAQ A sholr). '/ AR EA ] gy 2%
Azl “F&oﬂ Mo1A FAHE ) Wishe 22 PR EA | v/
Fae #3448 S5k & ARE X9 g 3 oplHE
], ol ol & A7} Aol 93] o] A L uy] wj 2ol F
54 =3 o SFL ] W oz Alggri21].

Fig. 72 t}ofl 59 438 i) Iz L=l 23t $5te]
H3HE Yebdcl. 8ppme) WE UL, 6ppme] LAz e 187
4ppme] 2% =29 gF o] EF spAAROZ AMEF )
Fig. 7ol 4] we-&2] F3 3452 x| Aoizke] wshat no)x|qt,

HWAHAK KONGHAK Vol. 37, No. 2, April, 1999



274 ZAEH - H%
20
Me-OH  Et-OH Pro-OH
0 fexemmmmry— g -
° o o o ®
o * 0 % °
~ o e e o© % °
T -0} % o
E Catanagmn o * o
=
]
> -40 | °
o o
g o
g_ %ﬂmu ° °
@ 60t
1~
L) o
el
80 . after heat-treatment at 180 °C %m‘""
o After heat-treatment at 450 °C

100 - v
0 20 40 60 80
Time [min]

Fig. 7. The adsorption characteristic changes for the various kinds
of alcohol by the temperature of heat-treatment. CGQC after
heat-treatment at 180 °C (0), CGQC after heat-treatment at
450 °C (®).

ofet-&3} T2ahge] FAFA-L I 2= o3 7lgr] W
£ viekict. 450°Ce] dA2] F AAAQ] 3 shsol Hgte] &
2/F&d $PAAFTAE £ FA A w2y & Sl Wks viet
=t F2el slelx 7147] W3k 450 CollA] AR ¥ o=l
Aol &3] ob7]" A Aelot. dAe] 2= AAe %
x4, 734 W3, a2l1 ole] BE mxex|e] s}
3 A7 A2 2= HH2=rt 2A¢E vehdch =)t
AT S5 AL Al AR $5 WAl st
M2 e A3E Jepisle) o2 @ iy A gg

®

s

2 oo

A%A 7 A2 $2)E 400°Cr) HFATE ALY AS
50
(a)
45|
— o
<
£
£ asf
:
30k
25}
—
ppm of ethyl alcoho
20 . . — v ’
0 20 40 60 80 100
Time [min]
8791580
{B)  1ppm of ethyt aicohol
- PRI
_ . :
P e7o1s751 M
I~ . H
o 3
e .
g
-3 . *
& srots70} .
s .
o
g .
*
8791565
N2
8791560 . . y
ry 20 20 60 80 100
Time [min]

Fig. 8. The comparison of sensitivity between ceramic sensor (@) and

CGQC (b) for a ppm of vaporized ethyl alcohol.

et HI37A H2S 19994 49

AR AT

o] el exz F2A g}

3-4. EtA/EQ SHEIEX]| A4S
4 GFEelA AEFEe] 7P $L& SHE 400°CAA Fa/E
A FAREAS A’ F QolZ ). Fig. 8 A4-3 02 AMS-H
7 Sl Alete] gF:E AN 9 S 400 Coll A IR’ g/
Eo $ARFAHD)Y dEU¢EE 1ppm(A ¥ 22} 7153 error:
+0.5ppm)oll I SFEAEE et o] A AMEH A
29 AME 7aAdEo] F3E o 4714 A ge] Wskshs g o]
2319, E3] o] AIXE Lol A 2 AL SR w
slel A $F5A 7|2 o] 4=l Fig. 84 F2AFA-L F AlA7}
AR R &3t FAL 2] Aol E veli. Alzhe Al 2
A4 AFe] $ddo] T3 o2 RE AFH o hAasR|w v/
2 AR FAE Aivlaot 327) Ade T3 AL
ATl B F F AMAE 289 Y YA S 3EsH|u 3 BA
Zre W4 thaA Bk gaFd AR EAL] AS 3B
< 7] 28 AR A=hE] AME o 10080] A3t A @]
FAAYE BAR A$ 22 TAEE Ay AlA9) reset timed-
oF 60% Az g2 T4 F 5 e Holx] esir}. 7t
AlAke] 2]5}H 23t 5ol 98} reset time BhA/E A AR EA}
7} Agta) AR oF 506 o] wlarl o) Axle gavEd £4
AgAkt Ak Aol glelA risha dddzge] Axelr}
Ay 5L etk fa/Edw] o6l w2 33Ade] W
=g 9o wpg o2 AP

Fig. 9= B2/5d $A35A] 'ayFgd 2o 2 Frl¢) w&
o2 eFE 10ppm} 1ppmol| thdt F3} WsHa) 22]5 SN H]
£(0)2] 3= yehdth. Fig. 9(@a)ellA 7134 o228 1 ppmel]
& Fobr W] A 2 FAo] mEl & xlelr) gl|6t, 10
ppmell W&t o] & A3 T FAV} S8 wje} Falmiste)
°] #AzIc}. Fig. 9(b)ollA] S/Nulg& 3t Fujeusle] Aabol §-A13)
S BolAt AR FA WleA P T& 270 EAgch
Fig. 9(b)ell A #A}e] = A 271 ¢4=2¢ 557} 10ppmd o ¢
S AlHA Jehdo}. Al A3 Axfel s ¢3L9 Fert
100ppmd W= o] Age] o) S AsHA veht} dzL9] 2ot 2
=7t "ol wg) ’hayE vt FA7E 2232 o 4 gl
Fig.5ellA 7l€Re] o A9 S7h= & ZAA TS 24X 7=

=
i L
-

2 Fig.99] A3k 32 9 S} Zo1gkel 2 ol ze} Fab5
1

o] wiste]] o3 of|= itk Abasic). H|E wha/EQ ulo] w
+ AR 2t 7 FAY Fohe 2 FAATE F o) AL sy
Ed 7] 714 noise level- & 2] m]3Ie}[28]. o]=9] Z71= 37}

=

L S e 8 / /‘O\
AN
g S
L sl ! \
100 |
§° \
[ \
g la z a
S 100 N « AN
> “ sol -0
2 o.
w ~
~o.
asak - .-,
. . o ) .
5 10 15 20 5 1.0 15 20
Thickness [um)] Thickness {um]

(a)

(b)

Fig. 9. The influence of film thickness of carbon graphite on the fre-
quency shift (a) and S/N ratio (b).
—@- Responses for 1 ppm of vaporized ethyl alcohol
—O- Responses for 10 ppms of vaporized ethyl alcohol



[} A
S R e

8852080
.______~1ppm —
.
= 8852960 |- o 2ppm
I L]
= .
> 8652040 |
2
4ppm
® sss2020 | N,
o %
@ >
L=
'+ es52000 [
c
o
S sesess0 |
g .
© gas2660 |- \
NZ
; L . ;

4] 10 20 30 40 50
Time [min]

Fig. 10. The responses of carbon/graphite quartz crystal for stepped
injections of ethyl alcohol.

9 uhIe] Al o) e ol WavEed U3 6w o
uile] Aol wi-g- A =ho]r] wEe|ch. ‘——I FA7Y ¢k2(0.6
pm) 7ol T $ EE 2] $3 F83 2hAE 7RIA]
Zeich. Aedo Fig o 2832 B 7}% F& 9 5
7} EAEE e gl

Fig. 102 1um7A|2] &2 Thol] i LdeT89] Q444 —’f—
ol HE Forge tehich. SaEel $HAEAY Fo
W= 1, 2 22|2 4ppm?] ol G229 Fxo dis) 27 <F 16,
34 18] 5L T2 Hezolth. o] A RavEd $ARER) A 24
A= §-88 & vk S ofu|dich B shi/Ed £3589
signal saturation2 500 ppm2] Fwol|lA] =gy, Fal $Fe 1
ppmellA41 120 ppme] ¥ $jellA AHPAIL Bt

4.2 B

ol =iolA e 7teAlM A 'BaE
AZate] 7+eA, ARA, A gl %—J%*é% A=t o]
FAR LA = G AEE, Fale QRAA aelx
kol ofs) AlAE Axdc) o] $L 784S ﬁ.‘ﬁ‘ﬁr.

B AR A5 e AT S A7) A% G
A £no} Sa/5R HA4 T B AL & 4 gt
g eAAEA % AL wavEdo) - X &
Hol7] Wgell Ae] uldFAol T Stk AT Ba/Eede)
ekt $-8o] BRZAANAN, AL FAA, ulo] A4, EA7E A
52442] AT, Faolo] 80 F5apr] Wiel] o] ATt 24z
BellA] "AEd AT & Qe x-S fitslelet 2ot
o R B AP SR SRAEA 3 iR A0S Dol
947 syt

a4 A

€ A7 Fob . Al 19989 % wE el
)] 2ol & A}

HnEE

rer

1. Muramatsu, H., Dicks, J.M., Tamiya, E. and Karube, 1.: Anal,
Chem., 59, 2760(1987).

AEApe] A 275

2. Muramatsu, H., Tamiya, E. and Karube, 1.: J. of Membrane Sci-
ence, 41, 281(1989).

3. Muramatsu, H., Tamiya, E., Suzuki, M. and Karube, I.: Anal
Chim. Acta., 215, 91(1988).

4. Muramatsu, H., Tamiya, E., Suzuki, M. and Karube, L: Anal
Chim. Acta., 217, 321(1989).

5. Muramatsu, H., Ye, X., Suda, M., Sakuhara, T. and Ataka, T.: J.
Electroanal. Chem., 322, 311(1992).

6. Yufan, H., Ying, W., Guoyi, Z. and Erkang, W.: J. Electroanal.
Chem., 440, 65(1997).

7. Orata, D. and Buttry, D. A.: J. Am. Chem. Soc., 109, 3574(1987).

8. Kim, J.M,, Chang, S.M. and Muramatsu, H.: Polymer, 40, 3291
(1999).

9. Chang, S.M., Kim, J. M., Muramatsu, H., Ataka, T., Cho, W.J.
and Ha, C. S.: Polymer, 37(16), 3757(1996).

10. Kim, J.M., Chang, S.M. and Muramatsu, H.: Applied Physics
Letters, 74, 466(1999).

11. Sauerbrey, G.Z.: Phyziks, 155, 206(1959).

12. Choi, S.A., Kim, S.R., Kim, J.D., Park, M.S., Chang, Y.K.
and Chang, S.M.: Sensors and Materials, 8(8), 512(1996) and
there in.

13. Chang, S.M., Iwasaki, Y., Suzuki, M., Tamiya, E., Karube, I
and Muramatsu, H.: Anal. Chim. Acta., 249, 323(1991).

14. Krim, J. and Widom, A.: Physical Review B, 38(17), 184(1988).

15. Krim, J., Solina, D. H. and Chiarello, R.: Physical Review Letters,
66(2), 181(1991).

16. Buttry, D. A. and Ward, M. D.: Chem. Rev., 92, 1355(1992).

17. Richard, C.E. and Michael, D. W.: J. Am. Chem. Soc., 110, 8623
(1988).

18. Park, J.H., Jun, J.H., Hwang, K.S. and Lee, W.K.: HWAHAK
KONGHAK, 33, 301(1995).

19. Takeuchi, Y., Yanagisawa, K., Tanaka, Y. and Tsuruoka, N.: Korean
J. Chem. Eng., 14, 377(1997).

20. Ikarashi, Y., Blank, C.L., Suda, Y., Kawakabo, Y. and Maruyama,
Y.: J. of Chromatography A, 718, 267(1995) and there in.

21. Kawakubo, T., Suda, Y., Negishi, A. and Kaneko, H.: TANSO
(Japanese), 16, 201(1995).

22. Kinoshita, H., Suda, Y., Kawakubo, T. and Ikeda, T.: BUNSEKI
KAGAKU(Japanese), 43, 709(1994).

23. Jonathan, A.S.: Anal.Chem., 58, 1033(1986).

24. Miyawaki, O. and Wingard, L. B.: Biotech & Bioeng., 26, 1364
(1984).

25. Muramatsu, H,, Ye, X., Suda, M., Sakuhara, T. and Ataka., T.: J.
Electroanal. Chem., 314, 279(1991).

26. Muramatsu, H., Tamiya, E. and Karube, L: Anal. Chim. Acta.,
251, 135(1991).

27. Muramatsu, H., Tamiya, E. and Karube, 1.: Anal.Chem., 60, 2142
(1988).

28. Muramatsu, H., Tamiya, E. and Karube, 1.: Anal. Chim. Acta.,
225, 399(1989).

29. Muramatsum, H. and Kimura, K.: Anal.Chem., 64, 2502(1992).

30. Muramatsu, H., Egawa, A. and Ataka, T.: J. Electroanal. Chem.,
388, 89(1995).

HWAHAK KONGHAK Vol. 37, No. 2, April, 1999



