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Synthesis and Characterization of Polysilanes with
Antimony Side Groups

XING Xin, U Lin, LI Xiae-dong, WANG Hat zhe
( College of Aerospace and Materia] Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: Polysilanes with antimony side groups ( PSA) can be synthesized from polymer reaction of polymethylsilane at room
temperature. In so doing, the yield of polymer is 75. 2% and the average molecular weights of the polymer are amwund 1600. Its
chemical composition and structure can be characterized by elemental analysis, FI-IR, 1H-NMR, #Si CHMAS NMR, GPC, andUV. It
is soluble I the common organic solvent; the UV absorption maximum wavelength is 330mm. The property of pymwlysis shows that its
ceramic yield is 80% and i is a potential preceramic polymer. This polymer shows good semiconductive properties, whose intrinsic
conductivities are within the range of 108~ 10’Y em, and can be increased above 10° Y cm after being doped with iodine.

Key words: polysilanes; polymethylsilane; polymer reaction; antimony side groups; semiconductive properties

( —SiR: —SiR> —)

2 3D 2
o [1-3]
[4]
’ [5] Sh '
Si —Sh ((CH:)3Si)sSh ™ 1967 ,
, ((CHs) ;A ISh( Si( CH; ) 3) 5"
. Shb As Ge 15l
,Sb As s
, « ? (Self doping) ol
R1 R2 SlClz Wurtz R1 Rz Sle
Polymethylsilane, PM s i—H
( Polymethylsilan S) S 1ol

* :2007- 05— 14
: (51310060101)
(1976 —),

s ’



16 2008 3

Si—H ShCl;  Sb PMS Si—H
,  Si—Si Sh, ( Polysilanes with Antimony Side Groups, PSA)
CIH3 (I]H3 C|H3 (IZH%
_Sli_Si_SIi_SIi_
(H g gL G anan | anc,
oy r Pyridine | ] | ]
T T T —sies—sh——si—si— (0
PMS CH; _?i_H CH3_'? i—H
CH; ﬁi_H CH}ﬁi_H
PSA
1
1.1
pms, ', (THF, ) ( ). :
24h 3 ShCl3( ) ; ( )
( )
FT- 360 ( Nicolet ); UV - 3100 (
), ; Breeze— 1515 ( Waters ),

, Iml/ min, ; AC- 300 ( CDCls , TMS )
DSX - 300 ( Bruker ) NETZSCH STA
449C (Thermaogravimetric Analysis, TGA), 8~ 10mg, 10mg,

10 ‘C/min, N, 40ml/min, 1000 'C
DDS- 11
1.2 PSA
250ml. PMS  100mL
THF, ShCl , , , HCl
, 18h, ) ) , THF, 1.1
( ) , ; 20mL THF , Z I( )
3, 50C 24h,
1.3 PSA
PSA  THF , (1. 5kPa) ;0 L PSA
) I, , , 40~ 507C , b
, 100W 3h, Si—H,

PMS



2
2.1 PSA
PSA 75.2% , Mn= 1600 PSA : 1
1 PSA
Tab. 1  Solubiliies of PSA
Toluene Xylene rHexane CH;Cl THF HMPA Acetonitrile
PSA + + - +/- + - -
+ : soluble at room temperature; + /- : partially soluble on heating; — : insoluble.
2.2 PSA
PSA PMS
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— — I (b) PSA
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2 PA s PMS

Tab.2 Molecular weight and elemental analysis of PSA in comparson with those of PMS

Elemental analysis/ wt%

Si sh cl 0
PMS 740 1460 1.97 58.8 / / 48
PSA 1600 6260 3.90 47.3 151 3.3 53

* From GPC analysis relative to polystyrene calibration standard.
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Fig.3  *Si CP'MAS NMR spectum of PSA (b) in comparison with that of PMS ( a)
ShCl, + = Si—H—> = Si—ShCl, + HCl(g) - (2)
Si=
= Si—ShCL, + = Si—H—> =Si—Sb—Cl + HCI(g) (3)
Si= |SiE
=S§i—Sh—Cl + = Si—H— =Si—Sb—Si= + HCl(g) (4)

WR R R KB FIER Sh—CL B A BBl 2= Si—CH, 1 Si—CH,—Si Z5H &, 4 i Si—C—Sb 45
¥, = (5).(6):

= Si—CH, + Cl—Sb = —> = Si—CH,—Sb= + HCl(g) (5)
P
= Si—CH,—Si + Cl—Sh=—> =Si—CH—Sb— + HCl(g) (6)
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Tab.3 Conductivities of PSA before and after doping with iodine
Film Doping tim¢ h ¥ kPa 0/S* cm™ ! Appearance
PSA / / 1. 5% 1077 Brown solid
PSA/ 1, 22 2.0 1. 1x 1073 Black brown solid
PMS < LOx 107" Yellow oit like
PMY I, 22 2.0 < LOx 107" Yellow solid
PSA [ , 45
Sb ” (Self doping) 50
7 : L1x10 °Yem,
AE -5.5
PSA s L E 60
10 14 18 22 26h, 6 , -
22h S Si—si R R
Time/h
3 6 PN
Fi.6 Influence of doping time on
(PSA) (PMS) conductivities of PSA/ T,
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