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Electrical and optical properties of polysilanes and their doping effect
H.UENO,H.KOJIMA,M.KAKIMOTO,Y.YAMAGUCHI AND A.NISHIMURA

Osaka R&D Laboratories, Sumitomo Electric Industries, Ltd.,
1-1-3 Shimaya, Konohana-ku, Osaka 554, JAPAN

ABSTRACT

The doping effects on optical and electrical properties of polysilanes have been investigated by in
-situ measurement. An optical absorption associated with s-s * transition was observed near 330
nm for polymethylphenylsilane. By iodine doping, a new absorption was observed at the longer
wavelength around 420 nm, which should originate from the charge transfer between dopant and
s-conjugated system. Similar spectral changes have also been observed for most of investigated
linear polysilanes.

Furthermore, we have found drastic spectral change upon iodine doping into polysilane with p-N,
N-dimethylaminophenyl substituent. It has very strong absorption up to 700 nm. It might originate
from a strong interaction between the substituent and iodine. At the same time, s-conjugation

might also play a significant role on doping into this system.
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Fig.1 Absorption spectra change in polymethylpropylsilane
upon iodine doping.
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Fig.2 Absorption spectra change in polymethylphenylsilane
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Fig.3 Electrical conductivity change in polymethylphenyl-

silane upon iodine doping.

S

Table.1 lodine doping effect on polysilanes with different

side chain.

— 91 —



BWIEHRNMEE 348515
Vol. 3 ,No. 1 1994

% 72, PMPS OB& LRk, F/5 FHE
RIXDOEEDOEFRETH Iho6DKRY v 5
YIRBWTbHHERE N, I3, EFNEE
SOHEERC X > TR ENEAANDE
BB K->/ 8E 255038l 5,
FHO SI-SIFBEB P - ik vyiran
JRERETFREIND, 2OFEZHE, K2
REFVITSTy (KTHYTY) OF=F
KRBT O Si-Si F SO R R 5 3
Banhs, $hbb. F-Er72 &b Si-Si
& DERBED BB U FA®UJH5ﬁb§§]%

Absorbance

BZ3hs, ZHBEL Tk, XETCEEIC 300 400 500 600 700
E:RT 5 Wavelength (hm)
M4 LF—Er 7S RYAFNp-A P Fy T2
States  Doping level Bond length (A) YT Y ORNA A~ P VELL
n [SiH3'(SiHZ)IOSiH3]n Fig.4 Absorption spectra change in polymethyl-p-methoxy-
1(Si6-Si7) r(Si11-Si12) phenylsilane upon iodine doping.
Neutral 0 2.152 2.152 T T
Acceptor- +1 2.151 2.441 ] doping time (min.)
doped +2 2.16 2.626
+3 2.215 12.884

SiH3-SiHz-SiH2-SiHz-SiH2-SiH2-SiHz-SiH2-SiHa-SiH2-SiHa-SiHs N(C2Hs)2 }
1 2 3 4 5 6 7 8 9 10 11 12
F2, KVVY 03NV T —"DF7 7 FF¥ K->
7 & % Si-Si HEEgoREl
Table.2 Change in Si-Si bond length for acceptor doped
polysilane oligomer.
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Fig.5 Absorption spectra change in polymethyl-p-N,N-
diethylaminophenylsilane upon iodine doping.
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phenyltrimethylsilane upon iodine doping.
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Fig.7 Absorption spectra change in 1,2-bis(p~N, N-dimeth-

ylaminophenyl) tetramethyl- silane upon iodine
doping.

L7284, 320nm [T Ic# e R RN FE T
3L bz, LB D270nm L ORINGEE
ODETEZOBRRE—2DT V-7 (1
15nm) DSEBEIE N7z,

ZOMER.LF—Er ik 2 RERTHRRK
WoFKEwZ. IvFEE SI-SiFEERCLS ot
REFEIOHAEEHPEERREIZRLLT
Wb EBNTRBE NI,

BOR.ZDp N NYTNFNLT I/ T2
ZWVEBR)Y IR T 7RSI —F—7%
TolBEOBETIREY., SFHEHICLS
HEIZ L > T, SR, HEHIE T
EME#EEr LT p-N,NYAFLFE /)72
ZNEEDRY VT UROBEFRE HER RO
RUS I VT 77y R 7 BHEL
oL B RS FHEERC L VETEL 2
HEWEA) T —EF AR DO THEREE L
HFA Y (+1) B> TTo72, £D
ERERICRT, 7775 P72
IVECLEAEZFCTAEZFTHEKKH ZD5,
BT HE#E (PhNMe,) 13X, L0 %
SOEADT7 2= NVBECEET 2 I 8b
ot —RIZT A RRES T OREH G
BIXFHOHEEE c KRBT TEREINTS
D, 77877 F—For 72 LETF%.3] &
B & Si-SifEE»EEL k5. D& Si-SifF
EHEMSEL RB LB TFHEaRE, £3D
BOaFROTRL F—Yy ik Si-Si S



WAL R385 15
Vol.3 ,No. 1 1994
X Me PhNO» Ph PhNHy
Aq charge difference
main chain +1.008 +0.779 +0.758 +0.636
side chain -0.008 +0.221 +0.242 +0.364
(+0.082)8
Al bond length difference
Si-Si +0.024 +0.022 +0.018 +0.013
Si-C (Ph) -0.0130 -0.016 -0.020 -0.021
(-0.011)¢

a The value in parenthess represents nitrogen atoms.
b This value represents Si-C (Me).
¢ The value in parenthesis represents C (Ph)-N.
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Table.3 Charge difference and bond length difference
between cationic and neutral states of (SiMeX)6.
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Fig.8 Schematic diagram of charge transfer mechanism
on iodine-doped p-N,N- dialkylaminophenyl
substituted polysilane.
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Fig.9 Absorption spectra change in silicon-based polymers
with different skelton upon iodine doping.
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