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Nicolet UV-3100 48 h
Breeze-1515 LiAlH,
Waters Na, SO,
1 mL/min AC-300 1:1
CDCI, T™MS DSX-300 4h
Bruker SPS 1.26 ¢
. NETZSCH STA 449C 61% .
TGA 8~10 mg 10 mg 1.4 SPS
10 K/min N, 40 mL/min SPS 100 mL
1000°C . 140 180 220 260°C
DDS-11 2h 300 mL/min
1.5 SPS
1.2 PMS SPS
1.5 kPa L
250 mL 4.4 ¢ PMS 0.1 mol 50 SPS
mlL CCl, L, 40 ~ 50°C
72 h CCl, L
PCMS 7. 100 W 3h
1.3 SPS Si—H
PCMS1.57 g 20.0 mmol 100 mL
30 mL THF  0.48 g 20.0 mmol 2
Mg 2h 2.5 mL 2.1 SPS
20.0 mmol Me,SiCl 6 h SPS
50 mL 1.
LiAlH,
Table 1  Solubilities of SPS
Toluene Xylene n-Hexane CH;Cl THF HMPA Acetonitrile
FPS + + + +/- + — —
+ Soluble at room temperature +/—  Partially soluble on heating — Insoluble
1 SPS GPC Table 2 The fractionation of SPS according to its molecular weight
890 Fractions "™ mp C M, M, MM,
2830. wi%
8 1 14 160 ~ 185 1950 2680 1.37
SPS 4 I s mon oo w1
2. IV 12 66 ~ 68 450 830 1.85
? 2100 ecm™'  Si—H PMS
PCMS
2 PMS Si—H SPS
PCMS SPS  FI-IR SPS Si—l
Si—H. 3
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Fig. 2 FT-IR spectra of SPS a PCMS b and PMS ¢
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Fig. 3 'H-NMR spectra of PMS a and SPS b
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Fig. 4 %Si CP MAS-NMR spectra of PMS and SPS
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uv 5 M
A 280 310 nm .260°C
SPS " 330 ~ 350 nm

4
Table 4 Molecular weights and their distributions of crosslinked SPS at

different temperatures

SPS 140°C  SPS 180°C SPS 220°C  SPS 260°C

M; 1510 1600 1650 —
M, 3190 3530 4030
= M,/ M; 2.11 2.20 2.44
s
3 * From GPC analysis relative to polystyrene calibration standard
g
2 2
2
=2 .
< SiC . 6 PMS SPS
.PMS 100 ~ 300°C
200 250 300 350 B 400
length
Wavelength (nm) H2 300 ~ 600°C
Fig. 5 UV spectra of SPS and PMS Si—Si H—Si—CH,—Si—
CH, H,
3 SP3 PMS - gps 280 ~ 410°C
SPS 410 ~ 600
Si—a Si—Si
Si—OH Si—O0—Si
PMS
Table 3 Composition and element analyses of SPS in comparison with 10
PMS .
£ 80
Element analysis wt% £
Composition” =
Si C Cl 0 £ 6o
SPS MeHSi g7 MeSi g3 , 49.5  31.7 2.8 6.9 E
PMS MeHSi g, MeSi g5 , 58.8 25.7 — 4.8 i a0
o
* Obtained by the integration of the ' H-NMR peaks Fig. 3
2(.: 1 1 1 1
2.2 SPS 0 200 400 600 800 1000
) Temperature (°C)
SPS Si—H
Si—Cl Si—OH Fig. 6 TGA curves of SPS and PMS
. 380°C
. . PMS 30% SPS
Kumada e —Si—CH,—Si— ¢
44 % SiC . SPS
SPS
SPS
2.
e _ o 2.3 SPS
=Si—H + H—Si= =Si—Si=+ H,
g g . L SPS
=Si—H + Cl—Si= =S8i—Si= + HCl
=Si—H + HO—Si= =Si—Si=+ H,0
SPS/T, .
Schem 2 Thermal crosslinking reaction of SPS
SPS 5
4 SPS o SPS

5.8 x 107°S/em . PMS
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Si—Si
Table 5  Conductivities of SPS before and after doping with iodine in 3
comparison to PMS
Dopin; 1%
Film P b Appearance E 6
time h kPa S/em 9
4a
SPS — — <1x10°12 Pale yellow solid ?A a4k
SPS/L, 7 2.0 5.8x107¢ Brown solid =
X
PMS — — <1x10°"2 Yellow oil-like ‘g
PMS/I, 7 2.0 <1x10""? Pale yellow solid 2r
SPS THF 0 I L I I |
20 40 60 80 100
L 2468h Time (h)
7. 55~6.5h SPS/1,
Fig. 8 Changes of conductivities of SPS/I, with time duration
8 SPS/1, 96 h
8-
9.3 x
26 1077 S/em
Q
2 . SPS/1,
\c/-\
- SPS/1,
X . . . .
b Si—Si . Si—0—Si
§ . . . . B SPS/1, L
2 4 6 8 10
Time (h) SPS
Fig. 7 Influence of doping time on conductivities of SPS/1,
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SYNTHESIS AND CHARACTERIZATION OF
TRIMETHYLSILYL-SUBSTITUTED POLYSILANE

XING Xin LI Xiaodong LIU Lin FANG Qingling WANG Jun
College of Aerospace and Material Engineering National University of Defense Technology ~Changsha 410073

Abstract A new class of polysilane polymers containing pendant silyl substituents named trimethylsilyl-substituted
polysilane SPS  was prepared by polymer reaction of polymethylsilane and characterized by means of FT-IR 'H-
NMR *Si CP MAS-NMR UV and GPC respectively. This polymer is soluble in common organic solvents and its
molecular weight can be increased by crosslinking reaction. The property of pyrolysis shows that its ceramic yield is
44% and it is a potential preceramic polymer.The conductivity of SPS can be as high as 107° S/cm in the range of
semi-conductor after being doped with iodine due to the possibly wider o-delocalized system caused by the silicon
substituents.

Key words Trimethylsilyl-substituted polysilane Polymethylsilane Polymer reaction Semiconductive properties





