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8 o uFAY o|FAES zh= polyisoprene, polybutadienes 2] polydiene#) 2 EA}o)] HAF&
#| Q] iodine © 2 doping3t4] doping*|zt ¥ dopant®™ Y Foll M2 A= =¥3stE 43 Bttt Doping
% undoped polymersB.t} 5~9 orders?} AE % F71E olF F Yo nEA vrEG 1B
iodine °f 0.65E ] =UHUS o Hd A7A==ZE Vel AaAFSgA e A5EgA7y
doping mechanism& polymer Y& 9] 2] M-7HA B4 FHLAHEAL ZAE A7, 322nms} 260
nmo A ztzt 2] o] ¥ A3 polyiodide counter anione] &A1& #latgrt. T3 A F429
Edo) M= 1665 cm'e] -C=C- stretchingdl] €13+ F+wM =7} 1590cm? S & red-shift o2 A
A7t FHE e} o] FAFY Aol kstEHE & + AT AAFAGSo] Ao M= Benesi-
Hildebrand plotg o] &3, 29 &F# =9} polymer ¥ iodined] &% ZHE misi’\V‘(K)Z,k"
Arz s ch, polyisoprene®] 7% °F 40, polybutadienee] 7% ¢ 312 Kgt& ¥glon, o Aaes
2-& 279 A iodine-dopingg & 749 7t polymerd] AVNAEE E714 59 X AEEgo] thA
Aol 7} Y AT R3Ed.

Abstract : Polydiene polymers(e.g. polyisoprene, polybutadiene) were doped with electron acceptor(e.
g. iodine) and the changes of conductivity in doped polydienes were studied as a function of doping
time and weight gains of dopant. After doping, the conductivities of doped polydienes were improved
by 5~9 orders of magnitude compared to those of undoped ones and represented the maximum value
at ca. 0.65 mole of iodine per 1 mole of polymer unit. UV/Vis. spectrum at about 260nm and 322nm
indicated that the complex was formed between polydienes and iodine and polyiodide counter anions
were created, respectively. In the FT-IR spectra, there is a red shift of -C=C- stretching peak from
1665 cm™ to 1590 cm™. The change in the -C=C- stretch indicated a weakening of the double bond.
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In the reaction of complex formation, the equilibrium constant(K) calculated by using Benesi-Hil-
debrand plot with optical density of the complex and concentration of polymer and iodine. Values of
K were about 40 and 31 in the case of polyisoprene and polybutadiene, respectively. This result see-
med to relate to the differences of electrical properties of polyisoprene and polybutadiene which were

doped by iodine under same conditions.
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Fig. 1. Hypotheses for doped polymer structure.
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tingg ated Q) d-7HAEd BFEM AFREY
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Table 1. Microstructure and Molecular Weight of Pol-
vdienes

microstructure
sample - M.
cis % trans %
polyisoprene - 98 410,000
polybutadiene 98 - 2,000,000
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918t Fig, 29} 22 5170F iodine-gaseous doping
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Fig.2. Schematic diagram of the gas-phase doping ap-
paratus ; (a) conductivity chamber, (b) iodine cham-
ber, (¢) Pt. wire (d) sample film, 1~3: teflon va-

cuum stopcock.
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HEJS 747 2AFSI
Az 9 23

Doped Polydienes2] A 7]% E A
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WE Axxe WslE Fig. 391 Yehiic}. Polyi-
soprene?] 79, 8A17t¢] doping® MAre] wW3bo}
A oF 7 orders Ao FAY Axxo Frr}
AR o] F A AEE 9 F7HE o] Fof 15~
2077t doping¥ ©F 5X10%S/cme) ¥3tgte] =g
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Fig. 3. Electrical conductivity of iodine-doped polydie-
nes as a function of doping time ; —(O— : polyisop-
rene, —A— . polybutadiene.
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Fig. 5. Variation of electrical conductivity with molar
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Fig. 7. The dependence of current on applied poten-
tial for iodine-doped polyisoprene.
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rson'’ 5o 93] ojv} Hu ¥ vl glon, o]Ed w
=29 Fig. 89] (b)oj|A] 263nm 222 FFHEE ],
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¥l pyridine-iodine complexol] 23 Ho =
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Fig. 8. UV/Vis. spectroscopy of (a) doped polyisop-
rene film and (b) pyridine-iodine mixture in n-he-
xane solution.
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Fig. 9. FT-IR spectroscopy of polyisoprene fi-
Ims ; ---- : undoped, —— : heavily doped by iodine.
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Fig. 10. UV/Vis. spectroscopy of polyisoprene with in-
creasing amounts of iodine.(polyisoprene : iodine
mole fraction)
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Fig. 11. X-ray diffraction intensity for trans-polyisop-
rene film ; (a) before doping, (b) after doping.
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Fig. 12. Benesi-Hildebrand plots for (A) polyisop-
rene-iodine system, (B) polybutadiene-iodine system.

Table 2. Equilibrium Constants and Extinction Coeffi-
cients of Polyisoprene and Polybutadiene with elect-
ron Acceptor

Donor Acceptor  Acomplex £ K
367nm 961 40
367nm 912 31

polyisoprene L
polybutadiene L

503



Q)&
o

s Al E -

Ay

polyisoprene-& polybutadiene 2.t} Ha}U 7} Fo}
A AR eEA G DA FAAE 7] ol o
AzIth

B Ao A= o]#3F polydieneA 1E-2}9] jo-
dine dopingell &% H7|AEE L&) o] ]3|
of gk AME ] AfFHo R Yo, ol
Z%) 93k 2,3-dimethyl polybutadiene®} polyi-
soprene-polybutadiene block copolymer$-S 31413}

o A% dr-Fel Ao

!

rh

RN

2 dyoMe HFHY o|FA%ES 3= poly-
dieneA] 1Al MR A< iodines dopings}
o &3 g 428 48 & dAdh

1. polyisoprene®] 7-¢ iodine dopingol| ]3| 9
orders J=9] A= F4& 71F 4 Jem 1
2} 9] 189 iodine 0.6~0,658 0] EYs
eu A=xrt 2alghol =3t

2. doping ¥ redoping AENA FHo A=
zgshs Agbo] 43t Afo]E Holil glon o]
doping® 11¥-2}+= dedoping Fol = I E & As]
e g Fo] gol 917l WFo g AztEr)

3. A A-7IA1FA 2 Hold EFEAMS T3
AA-F AR polydieneAl ¥ AFe} A&
iodine7}ol| m-complexe] B4} 1,7 counter iong]
EAME gelslF o, o] polyiodide counter anion
chaing %3} charge carrierd] o]0 g A7|AEr}
o]FojR= Ao B Alg ¥,

4. Benesi-Hildebrand plot-& A}-&3}4 polydiene
A aFAFe} iodineZte] A FAduE-Z-o] P
(K)Zte& Axrslgoem, polyisoprene® polybuta-
diene?] dopingoll 913t A7|HEx 9] 2ol X FH|
o )3 A FAPFH Aoy o2 Mz,

¥ ATE PAY 1991YE
Q7zAH A s o] Foj7 o2 ol
Abel

10.

11.

12.

13.
14.

15.

16.
17.

18,

19.
20.

Ay - o
F zx F 3
. H. Shirakawa, AJ. Heeger etal, Phys. Rev. Lett,

39, 1098 (1977).
. L. W. Shackett and H. Eckhardt et.al, J Chem.
Phys., 73(8), 4098 (1980).
. L. W. Shacklett and R. R. Chance et.al, Synth. Met.,
1, 307 (1980).

. G. E. Wnek and J. C. W. Chien, Polymer, 20, 1441

(1979).

. D. E. Gagnon and ]. D. Capistran, Polymer, 28, 577

(1987).

. A. F. Diaz, K. K. Kanazawa, and Gardidi, Chem.

Commun, 635 (1979).
. K. K. Kanazawa and A. F. Diaz et.al, Synth. Met.,
1, 329 (1980).

. G. Tourillon and F. Garniar, J. Electronal. Chem.,

135, 179 (1982).
. G. Kossmehl and G. Chatzitheodorou, Macromo.
Chem., Rapid commum., 2, 551 (1981).
J. C. MacDiarmid and A. G. MacDiarmid, Synth.
Met., 13, 193 (1986).
A. G. MacDiarmid and J. D. Chiang et.al, Synth.
Met,, 18, 285 (1987).
J. E. Formmer and R. R. Chance, Encycl. Polym.
Sci. Eng, vol. 5, 462, 1986.
M. Thakur, Macromolecules, 21, 661 (1988).
M. Thakur and B. S. Elman, /. Chem. Phys., 90,
2042 (1989).
Q. Y. Shang, S. Pramanick, and B. Hudson, Macro-
molecules, 23, 1886 (1990).
S. Broman, C & EN, May 7, 53 (1990).
H. D. Bist and W.B. Person, /. Phys. Chem., 71,
2750 (1967).

H. A. Bensi and J. H. Hildebrand, J Am. Chem.
Soc, 71, 2703 (1949).
E. T. Kang, Eur. Polym. ], 21, 919 (1985).
R. H. Baughman and S. L. Hsu, /. Chem. Phys., 68
(12), 5405 (1978).

Polymer (Korea) Vol. 16, No. 4, July 1992



