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7154 EWEQ dodecylbenzensulfonic acid(DBSA)S} EFEHE (DBSAS LiClOs, NSA(2-naphthalenesulfonic
acid), DEHSA[di(2-ethylhexyl)sulfosuccinic acid]}& AH&-3t A7|gstgudel &3t AAA 229 E(Ppy-DBSA,
Ppy-mixed dopants) D& AZsIAch. A718tsHe We] o5 Alzd Zel9E BELE zone drawing S AHE-
Bl 1.0~2.59 BAAZ F glen, dAE ZRE BEY WREEE FHEIHT. dAEe) 3715l wet o
2] AVNAEE} 2715He B 4 Ut o] @4 dagel wE 23 TR AE g & AT 1.0~2.59
Axg Zg)3)E WE(Ppy-DBSA, Ppy-mixed dopants)?] 2E#sl] W& A3} olF HRE EF power rawe] A
e B F AU

Abstract: Stretchable polypyrrole films(Ppy-DBSA, Ppy-mixed dopants) using functionalized doping agents dodecyl-
benzensulfonic acid (DBSA) and mixed dopants{DBSA with LiClOs, NSA (2-naphthalenesulfonic acid), DEHSA
[di(2-ethylhexyD)sulfosuccinic acid]}, were synthesized by electrochemical method. Electrochemically prepared
polypyrrole films were stretch-oriented (L/Lo=1.0~2.5) by a zone drawing method and their electrical conductivities
were measured. As the drawing ratio was increased, the electrical conductivities were increased. This results might
be due to the increase in crystallinity through the incresase in draw ratio. The results of temperature dependence
of electrical conductivity showed that power raw (L/Lo=1.0~2.5) gave the best fit to the data for stretched
Ppy-DBSA and Ppy-mixed dopants films.
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Fig. 1. Zone-drawing apparatus.
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Fig. 2. Cy; (a) and Ny, (b) level spectra of electrochemically synthe-
sized Ppy-DBSA film.
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Fig. 3. UV/Vis.-NIR spectra (a) and X-ray patterns (b) for electro-

chemically synthesized Ppy films. [a. Ppy-DBSA, b. Ppy-(DBSA -
LiClOy), c. Ppy-(DBSA < DEHS), d. Ppy-(DBSA - NSA)]
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Table 1. Electrical conductivities(S/cm) of various Ppy films as a function of synthetic temperature and draw ratios.

Dopants DBSA DBSA - LiCIO; DBSA - DEHS DBSA - NSA
Lo Temp. 0°C 0°C 0°C
1 35 35 80
1.5 90 120 145
20 145 170 195
25 250 255 275

a: synthetic temperature,
b: L : length after stretching, L, : length before stretching

UV/Vis.-NIR, X-ray I8 3235 veplisld.
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Fig. 4. SEM photograph for electrochemically synthesized Ppy films. [a. Ppy-(DBSA - LiClOy), b. Ppy-(DBSA - DEHS), c. Ppy-(DBSA < NSA)]
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Fig. 5. X-ray patterns (a) and temperature dependence of dc conductivity (b) of electrochemically synthesized Ppy-DBSA films elongated with
various draw ratios.
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Fig. 6. X-ray patterns (a) and temperature dependence of dc conductivity (b) of electrochemically synthesized Ppy-(DBSA - LiClQ,) films
elongated with various draw ratios.
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Fig. 7. X-ray patterns (a) and temperature dependence of dc conductivity (b) of electrochemically synthesized Ppy-(DBSA - DEHS) films
elongated with various draw ratios.



S 7181818)%], Al 6 @, A 2 &, 2003

(@

LL : a(1.0), (1.5), o(2.0), d(2.5) |

S 10 15 20 25 30 35
Angle (20)

139
(b)
N4 _3d
R eyt (S
107 e —
§ ERPONIN
= 10 L/Lo
%‘ a 1.0
g b. 1.5
0 c. 20
g d 25
107

0 50 100 150 200 250 300
Temperature (K )

Fig. 8. X-ray patterns (a) and temperature dependence of dc conductivity (b) of electrochemically synthesized Ppy-(DBSA +NSA) films

elongated with various draw ratios.
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Fig. 9. W-plot of the electrical conductivity for electrochemically
synthesized Ppy films (a) and streched Ppy-(DBSA - NSA) films (b).

dlncdc(T))

W(T) = loglo( TinT

W-plot?] 71€7] 2328 A87} 253 Al dEA, &
< AAAE el A L= Sdok Woplotd] 7127171 2%
o} FAghs HolA AdA oM A2 £A7N= A (critical
regime)ol*” US-g on|sin, ol FLA A, Lol
HAAH Aol AeS or|3ith ppy-DBSA IE, Ppy-

(DBSA - LiCIO,), Ppy-(DBSADEHS), Ppy-(DBSA-NSA) ¥
Y 243} U] 2nodEAe AP 7180 v
B EAAE ZE AS E 4 3190e1, Ppy-(DBSA-NSA) ¥
T g Skl whE 843 duiA] LEEAdAE 7
27V 2xot B EAS 2 AL B 4 Y

2243} AURA(W) £3 25} Ppy-DBSA UE, Ppy-(DBSA -
LiClO,), Ppy-(DBSA-DEHS), Ppy-(DBSA-NSA) ¥E&, <4l
E Ppy-(DBSA'NSAYEE E5 A7|HELY 7|27} &5t
FHEe oM HAMAN EAZ A7 A A (critical
regime)ol?® 98-8 & 4= AT}

4. 48 E

7181 el o3t ERl9E AlRA] 7keAle 71se 2t
© DBSASH ERSFE (DBSA - LiClO,, DEHSA, NSAYS A}
ol F4 Je Z2E9E EES A T 4 YY) AR
H PE-S zone drawingH-S ARSI 1~2.58) AAE =
s 55 Ax & 5 A0 A7sEE Ao 95k 1~
250 AuE ZEHE "E HAELS ¥HElE 2T power
rawol] & METh B = 90tk dalgo] SvhE "EQYSE
X-ray S4Z27 FEAQ0 244 718 B F900, A7)A
Er 2429 ArHEwsl 271 B 5 d%idh Ppy-
DBSA BE9| 843} U (W) 423 A7AEze] 718
717 S=o 7S Ho e AR A2 A=
A Jes & 5 AU

Al 2

£ A7 BT AT} (KRF-2002-005-C00013) A7
2ol g3 FAENeH ol A=)

1. A. E Diaz, K. K. Kanazawa, and G. P. Gardini, J. Chem. Soc., 635
(1979).

2. M. A. Diaz, B. J. Schwartz, M. R. Anderson, and A. J. Heeger,
Synth. Met., 84, 455 (1997).

3. A.J. Nelson, S. Glenis, and A. J. Frank, J. Vac. Sci. Technol., 6, 954



140

(1987).

4. A. J. Nelson, S. Glenis, and A. J. Frank, J. Vac. Sci. Technol., 6, 954

~]

(1987).

. S. Machida, S. Miyata, and T. Techagumpuch, Synth. Metals, 31,
311 (1989)

. Y. A. Bubitsky, B. A. Zhubanov, and G. G. Maresch, Synth. Met.,
41, 373 (1991).

.'S. Rapi, V. Bochi, and G. P. Gardini, Synth. Met., 32, 351 (1989).

8. D. Y. Kim, J. Y. Lee, C. Y. Kim, E. T. Kang, and K.L. Tan, Synth.

Met., 72, 243 (1995).

9. I. Y. Lee, D. Y. Kim, and C. Y. Kim, Synth. Met., 74, 103 (1995).

10

. E. J. Oh and K. S. Jang, Synth. Met., 119, 107 (2001).

11. K. S. Jang, S. S. Han, J. S. Suh, and E. J. Oh, Synth. Met., 119, 109

(2001).

12. E. I. Oh, K. S. Jang, and A. G. Macdiarmid, Synzh. Met., 125, 267

13.
14.
15.
16.
17.

18.
19.

20.

21.

1. Korean Electrochem. Soc., Vol. 6, No. 2, 2003

(2002).

M. V. Zeller and S. J. Hahn, SIC Surf. Interface Anal., 11, 327
(1988). )

S. A. Chen and C. S. Liao, Macromolecules, 26, 2810 (1993).

S. Chao and M. S. Wrighton, J. Am. Chem. Soc., 109, 2197 (1987).
A. Merz, A. Haimerl, and A. J. Owen, Synth. Met., 25, 89 (1988).
P. Audebert, G. Bidan, and M. Lapkowski, Electronic Properties of
Conjugated Polymers, 366 (1987).

P. Pfluger and G. B. Street, J. Chem. Phys., 80, 544 (1984).

P. Pfluger, M. Krounbi, G. B. Street, and G. Weiser, J. Chem. Phys.,
78, 3212 (1983).

J. Joo, J. K. Lee, and E. J. Oh, A. J. Epstein, Synth. Met., 117, 45
(2001).

J. K. Lee, 1. Joo, K. S. Jang, E. J. Oh, and S. G. Song, Saemulli, 38,
6 (1998)



