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Electrochemical Properties of Carbon Nano-Tube Electrode -
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(Hyun-Ju Kim, Dong-Yoon Lee. Bo-Kun Koo, Won-Jae Lee and Jae-Sung Song)

Abstract - For application of carbon nano-tube (CNT) as a counter electrode materials of dye-sensitized solar cell
(DSSC), the electrochemical behavior of CNT electrode was studied, employing cyclic-voltammetry (C-V) and impedance
spectroscopy. Fabrication of CNT-paste and formation of CNT-counter electrode for characteristic measurement have
been carried out, using ball-milling and doctor blade process, respectively. Unit cell for measurements was assembled
using Pt electrode, CNT electrode, and iodine-embedded electrolyte. Field emission-scanning electron microscopy
(FE-SEM) was used for structural investigation of CNT powder and electrode. Sheet resistance of electrode was
measured with 4-point probe method. Electrochemical properties of electrode, C-V and impedance spectrum, were studied,
employing potentiogalvanostat (EG&G 273A) and lock in amplifier (EG&G 5210). As a results, the sheet resistance of
CNT electrode is almost similar to that of F-doped SnO2 (FTO) coated glass substrate as approximately 10 ohm/sq.
From C-V and impedance spectroscopy measurements, it was found that CNT electrode has high reaction rate and low
interface reaction resistance between CNT surface and electrolyte. These results provides that CNT electrode were
superior to that of conventional Pt electrode. Particularly, the reaction rate in the CNT electrode is about thrice high than
Pt electrode. Therefore, CNT electrode is to be good candidate material for counter electrode in DSSC.
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Fig. 4. Cyclic voltammogram with different scan rates at
aCNT electrode.
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Fig. 6. Impedance spectrum (Nyquist plots) for
electrode at various DC bias voltage.

CNT

phase of Z [deg]

.
0.1 1 10 100 1000 10000
Frequency {Hz}

100000

a2y 7. kst DC diojojA Hetol A2l Bode plots.
Fig. 7. Impedance spectrum (Bode piots} for CNT electrode
at various DC bias voltage.

dutz oz FFow 7hF Fuxn 4R Pt B} gEFAx
o AUAFozMYg o] € AF Ao 4T3
$g g0 £ Qo7

I3 63 72 CNTY 54 ZolE F e = g2
HoZ AFe dig dAd2E A3 Asg 2N
ol &gy Ao wF{F A3 FAHL 100kHz ~ 100MHz2
g oA o]FojFom, AP HafAoe] g £&
g9 5 UEE -03, -05 TZ -07ve AYE HolF
Ack 2PAAM & £ A AT geo] Ao 7HEFE DC ut
olojz gre] AL E wgo] wEN AT AWM HF
o] &AA UEh} HIT A=Y 43 T Y wS gl
w2l A JdEPAA EXMo] 2aHL ¢ 5 Ut} welA, B
AgelA A48 CNT d39 3¢ 89 wgo] dojude= A
9 gol dig -05 V EH M dojues H-& njFo ojnfy
ATE ol &3ld ~HEY EAHL AWt

a9 69 7belFE DC bias Aol W& CNT =9 ¢
HEa S4& Fojd Fafol s Fge A5 ez

S
=X & e e AF23lo Nyquist plote 2 yebdl Hojoh

3

N o

141



BREFHYEE 54CH 4R 2005%F 48

I W) HEARTEH dojAe Juds =HE
e A (D) 2RH LF A9 Fasd m 17 99
ME wrde], We Fig Foe o 19 71€71E HAe
o] vepdet ol o] uEhtr] Mo WeE Wt
dolo) g WNgHme) Aujg FAW, o) Mol YET) A
Aty 49 F, ¢ L FoF 9G4 AT B @

3 = R, &2 dAsY, Asdd wet 24 JYeide g
olty, & o] e ALGE A = E A FIo 9
Zdted o) 28& o8 AZo g3l FUA FARAG F
Aalg. 29 69 TAE A"z B o, £ dF AgdE
122 Ay AGAEHZ o] o) 1T H2E YA

gL go=9 9T e BN AHL GFF
ot o w, nFu FHeqe x W] HAHFE AFYS
A Hed, £ A¥AM AgE 8258 EFEE A
9 ANgo]l o 25 ohmYL ¢ & Uk #H, AFAM &
dog T 1 vt BEgoz AR} o) Y He FEHE ok
g AL dnHoz HIAHY (polarization resistance: Ry)
olgtm RE9, 1 gL IYY HAFF F xFo vguE
AN A g wSEA Fake) AA=Hy A AP g A
olo} sFate g YVeEbACHO] uwhehA, ¥ HE8d Aed
CNT A=9 #A$ -05Ve DC biasE dS B Rpgkel
o 35 ohmyY & ¢ & YA

a% 602RE CNT A3d Asjdirtele] AW 54&
d F AUZ, IY 72HH e CNTY #EEEE v
st} o2 £ Aok F, CNTY dAdx FAnE Ry gt
Hog ¢z Pt AT v £ ¢, 1Y 622RFH
CNTY 7% Ptoll 2l ARy BgAze) % 15 A=
2 zZton AT wgo] 4A doldg HAY F ey, 1
Y 72RE 9 CNT7 Ptoll 813 A3 dafi@d Abo]e] A
& zrol wi$ #m, A d5e 5 F e Alo]e f4
Zo] Aovy B2 FHFM WE 54L& HYSERN 82
=9} redox Wge] F dojutn U&E ¢ F U7

deolx AuE dAds 2dEY EAYPLE AER
Nyquist plot? Bode plot2 Ztz} th-go vehd 413 2]2¢)
ofs) olajd 4= UrHS,101.

|

[

o

Rp+ ow™ '/
(ow'C,+1) +w?C} (R, + ow™/?)?
_ jwCi(Ry+ ow 2V 4 ow 2 (wAC o + 1]
(ow/*Cy+ 1) +w?C} (R, +ow )

Z(w) =Rs+

AH D

R jwR?C,

Z(w)=R_+ Ld —
( ) 1+w’R2C]

42
1+w®R}C} 42

o]} o], CNTY A713}std EA4L 83 & o, thef
& AFZH o]AEL A CNTE H= Eof WA NGA Fof
A olfpz AL e 95ETY gAY GoARS
ANzz BEgd slol, A A& $ Pl ¥ redox W
S EAd 3ol CNT7} 453 Hojde ¢ F Uk o
i Fe7t AR ' BE oy Fo 53] ZEIFHE

J
=
=

[

o]£1 9l CNTZF R25g XY Haid3e AF Ay
453 gol vehde Asz Azgoidch CNT AHA
EF ¢ 107 Q-2 vhs How, oz Q8 AFHE
Hold AETe] 71AE Roz Azdd

4. 2 B

B dFoAe CNTZF 7HR3 g o8 714 B4 £
v EHE A A 7hFo] sFstn e A Sl Aty
du7e¢y "HUudAAY AZTozN HES Y8 F 5
& 2oz 3l CNTY AV|g83 EAS &FAFsla 1
&) 1.gke},
CNT9 W& EU3AHE& FE-SEM ZA¥E E3 FUsigde
w, #7883 EAL cyclic voltammetry (C-V) 2 impedance
spectroscopy & ©]-&3t9 H7IeHch

C-V ¥ impedance ~HEH &4 27, € BAA 9
3 AsiAste) wkS-Fo]l AA Ve S5 WE A9 5
49 gadrefREY & ArldzxEz Q3 A A
= AW Ale] Ago] dl¢ B ARE HYoen, o 7|E
o ¢aA Pto} HAPE W 57 5EHIE AT

mebAd, 2 d3A% CNT7 @4 A3AR2A 48 Ae
Z9¢) Ptoll Hla] H7|3EA EAo] Az XA gerpE
By AAAT Az 283 L7154 JdE AR
B3 AesoA,

o iy

A

[Uzl.', oL FJIN

n.)i
e

&

[1] P. Delaney, H.J. Choi, J. Inm, S.G. Louie, and M.L.
Cohen, Nature 391 (1998) 466.

[2] SH. Jhi, J. hm, S.G. Louie, and M.L. Cohen, Nature
399 (1999) 132.

{31 S.J. Tans, RM. Verschueren, and C. Dekker, Nature
393 (1998) 49.

[4) C. Liu, Y.Y. fan, M. Liu, HT. Cong, HM. Cheng, and
M.S. Dresselhaus, Science 286 (1999) 1127.
[5] J. Kong, N.R. Franklin, C. Zhou, M.G. Chapline,
S. Peng, K. Cho, and H. Dai, Science 287 (2000) 622.

[6] H.J. Sang, et al, Nature 412, 169

[7] 7EZ, o5&, 4AF, oA, A4, “WI4HAF
o] Azyge e JdEFEy HeHdxe F&uw”, &
FANAAAREI 20495 sATGEd 3] =24, vol
5, No. 1, pp 385-388, 2004.

[8] W], vt&, “IAH2% A7 33", pp.59-202, 2003.

[9] Macdonald, J.R., Impedance spectroscopy, Emphasizing
Solid Materials and Systems, John Wiley & Sons,
New York, pp. 20-25, 1987.

[10] F.Scholz, Electroanalytical Methods, Springer-Verlag
Berlin Heidelberg New York, pp 149-166, 2002.



ErELI=FE HF9|

A4 FE XK
19803 2¢¥ 2994 2002 FLdigmd
g AAAMEFAY QAN AA 3
FAZATY AN LS TIE AES
T4.
Tel. : 055-280-1647, Fax. @ 055-280-1590
E-mail : hjk9123@keri.rekr

ol & 2(F E M)
1961 39 694, 19859 HAtdigw o
gd £33 EAHAD, 19994
Institute of Crystallography, RAS ¢
(ghah), @A AFZAZATFYE AR 2A
ATaF AddT4Y.
Tel. : 055-280-1635, Fax. : 055-280-1590
E-mail : dylee@keri.rekr

T B Z(R AR
19793 849 17¢A). 2002 QAU EwA
AARE T EHEAD. A FFH
NAT7E AANAAATIE 2T
Tel. : 055-280-1648, Fax. : 055-280-1590
E-mail : bpsh9@keri.re kr

Ho|setE So

Trans. KIEE. Vol. 54C, No. 4, APR, 2005

of ¥ M(F x %)
19639 7€ 2194, 19899 o o
gl 43R FHFAAD. 199748 ¥d
A AEFTES FACHAD. A F=xA7)
A7Y AR AAGTIEF AdITL.
Tel. : 055-280-1643, Fax. : 055-280-1590
E-mail : wjlee@Kkeri.re kr

& M MR & BR)

19561 8¥ 314, 1982 8y
4 ARITEFH S, 1918 F o
g AT S, A F=H
71d7d AAVNARATF2ER - AYA
4.

Tel. : 055-280-1640, Fax. : 055-280-1590
sE-mail : jssong@keri.rekr



