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Figure 1 Polysioxane structure
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Figure 2 Dehydroxyl-chlorination-polymerization reaction
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Figure 3 Debenzene-chlorination-hydrolysis reaction
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Figure 4 Condensation reaction
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Figure 5  Self-catalyzed-polymerization reaction
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Table 1 Synthesis of Polyphenylsilsesquioxanes and Poly ( pyenylsilsesquioxane-co diphenylsiloxane)s

w5 ki TREE g BUKRRIC AT REMEL gy R
1 PESICLs. 0.5 2.50 K2COs +Hz0 0.5/0.5 % 1 95 C’54.85;}‘1Xf§1'{350;51’22.00
2 PHSiCl3. 0.5 1.00 K2CO3+H20 0.5/0.5 20 4 93 c,55.ll;H§X4/LS:SOl;Si,21.74
g PSICL.0-5; 3.00 NazC0s +H:0 0.65/0.65 50 5 98 WS
PhsSiCls. 0.2 C.60.44:H. 4.63:5;,17.81
4 PhSICL.0.5 132 NasBiOr+10 B0 0.125 50 4 97 G2 80,62
5 PESiCls. 0.5 1.25 NazBiO7 +10 HO+ NasCOs 0.063/0.25 50 4 99 Si,21.\OXgS;SB,O.87
6 lgﬁsm 0 2.80 NazB107 +10 H,0 0.32 50 5 99 C,59.02;H,\§L/.S553;Si, 17.17:
2SiClz, 0.2 B,0.84
7  PHSiCs0.5; 2.80 NazB107 +10 H;0 0.32 20 5 9 5977;H,Y8389;5i, 16.99;
Ph2SiCl20.2 B.0.95;Cl,0.64
8 PhSiCl;,0.5 1.25 Na3POs +12 H20 0.167 80 4 90 WCLIS
9 PESICLs. 0.5 1.25 NasPO: +12 H:0 0.167 50 4 90 WESS
10 ;);25512137%52 2.80 NasPO; +12 H;0 0.25 50 5 0 59-34;H\T/£-S§0;Si, e
1 5:;5121‘9%52 1.75 NasPO: +12 Hs0 0.20 50 5 0 sog 1;H\),V]Z.Sii;51, i~
12 ;ﬁgﬁ%; 1.75 NazS0; +10 H20 0.20 50 5 90 WCLIS
13 51?25512132%52 1.00 H20 0.15 25 5 99 cvo
PhSICls, 0-5 1.00 H:OTEtsNTDMAP  3/0.4/1.5X10* 20 5 97 TYGSS

Ph2Si(OH)2,0.2
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TR Z A KEIERI LR (Ts F1 T ) 1) PPSQ IIRZRYITE A, T DABE S0 IR B A AL s e FF HAR B R &
YA LS A IR ER RS
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Table 2 Properties and Structure of Polyphenylsilsesquioxane sand poly ( phenylsilsesquioxane-co-di-Phenylsiloxane ) s

BEdh g BT A o B
FEES Mu(ghol) Myl M, TR T HEMLEAL T OH S R/%
[PhsSiO]3 D(OH) [Ph2SiO 4 D T(OH) T

1 SEIERE 100 0
2 2420 1.79 9.95 2.87 63.0 64.0 4.3
3 1210 3.28 — — 3.47 9.85 47.4 4.0
3A 6640 1.23 — 16.1 26.7 59.7 2.8

4 1490 1.38 24.2 78.1 2.6
5 1390 1.36 22.0 80.0 2.5
6 1030 1.48 3.13 — 24.1 20.1 57.6 1.7
6A 1190 1.44 3.28 — 18.8 15.3 59.0 2.1
7 942 1.72 3.08 385 - 27.3 — 0
TA 1040 1.53 1.74 21.4 13.6 2.0
8 EHERE S 30.5 f;; 4.0
9A 3210 2.96 30.0 70.1 4.0
10A 1170 3.65 10.0 — 28.6 10.9 50.5 1.2
11A 1140 3.37 9.34 — 28.3 11.6 48.5 1.2
13 762 1.05 2.97 8.09 7.43 12.2 44.1 25.1 7.3
14 1710 1.87 5.18 7.73 - 19.8 41.8 25.5 5.4
14A 1340 1.42 5.56 4.60 — 19.6 39.5 31.8 4.9
148 1900 1.59 4.12 6.12 — 16.0 42.5 31.3 5.4

D .55 —Ph»Si0: D(OH) #. 76 —Ph2Si(OH)0.5:T #56—PhSiOl.5:T(OH) #.5G —PhSi(OH) 0

R BT TR B B RR RE A AU SR & IO, HAA R TR S5 i) PPSQ TR, TRV (5) BT G ) R U 7.
AR . ZIRRFTE R E s KRR A, 4 TRk 3. M, =1200~3200, ¢ PhSiCls
BIR BB PPSQ A ffatk . 55 PhoSiCl FrE R FEIRY) . Hopat K ek, BB sl Z 1 & PPSQ(Ts
AT ) AT HPIVERAR, 4T RO S [ PheSiO Js A[PheSiO ]4 B E BIPESE &,

®3 RFEBIEERNR REFLEERE-REESR) XRYMAMLEE
Table 3 Thermal properties of polyphenylsilsesquioxanes and poly ( phenylsilsesquioxane- co-diphenylsiloxane )s

. BERLEE  k®SY kE 0% ) EFR 10 JANFAE] 250(°C) J5 B il Fr v
ik 1,/C g/ C g/ C HALRIC Ak 5 /°C 7,/°C M(gemol Yy M,/M,
g o/ (g mo wl My,
1 118 420 670 — - -
2 62 420 680 240-250 240-250 60 2570 1.89
3A 10 440 650 170-180 170-185 — 6560 1.49
4 116 480 740 280-300 290-300 —
5 115 480 740 300-310 300-310 —
6A 91 470 720 205-215 205-215 — 1020 1.44
A 86 460 710 220-230 210-225 88 970 1.32
9A 98 420 660 260-280 270-280 —
104 88 410 660 90-165 130-170 63 1450 1.51
114 86 420 620 78-83 150-170 — 1360 1.68

14A 47 440 650 200-205 o7 3820 4.83
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Table 4 Quantities of reactants used for the preparation of gels

AU =k EIREL (LRI JEE IREK SEBEAY JEE IR B
MeSiCls 30.8 MeSi (OEt)3 32.5 FeCls 0.06
MeSiCls 39.5 MeSi (OEt)3 39.3 FeCls 0.8
MeSiCls 47.0 MeSi (Ot )3 47.4 AlCI; 0.9
MeSiCls 10.1 MeSi (OEt )3 10.4 TiCLi 0.2
MeSiCls 39.8 MeSi (OE1 )3 39.9 ZiCly 0.8
MeSiCls 19.8 MeSi (OFt )3 19.9 BCl; 0.4
MeSiCl; 61.5 E120 93.1 FeCls 0.06
MeSiCls 62.5 Pry0 92.3 FeCls 0.06

CHsSiCls 44.0 Prs0 66.1 ZiCly 0.44
CsHsSiCls 45.0 Pry0 67.9 FeCls 0.04
C2H:SiCls 61.4 Pry0 92.2 FeCls 0.06
CisHarSiCls 61.0 Pra0 91.6 FeCls 0.06
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514

g @ iR

PRIy 2756, 4Nl 6 B

BEEH, CAME TIFZ T MR EEFEITRYImE S,
BTG e S ] AR A i =2 (1) BRI X e A5 & 3 (2) Bt 3t
X NBRINEERE s (3)BURIE X SHRETHRESE, WIAT —Fhdr K240 HAah

FETREIRIE T, SR Ts B =
VR TR T RRIIREME S T WA RE SR R E 8 X

TK A A5

FE = FERE R 7

RV 75 5 55 = Fh AL T 2 F FRR TR 5 T #2189 SRl 15,

RS UHBEEHRHEGHK

Table 5 Synthesis of cube siloxane
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Figure 7 Hydrolysis of trichloro/trialkoxy

JF5 SR 7] BAREE(R) 3] %
1 HSiCl3 ; hexane ; toluene » MeOH, FeCl3 » HC1 —H 23
2 No-1,Clz2,CCly» hv —Cl 95
3 No- 2, HC(OMe )3, heptane —OCH3 68
4 MeSiCl2 —CHs 37
5 TEOS : Me:NOH 5H20 —ONME;: 76
6 No- 5, Me3SiCl —0SiMes 72
7 No- 5, HMe:SiCl —O0SiMezH 83
8 No- 5, CHz =CHMe2SiCl —0SiMezCH2 =CH: 61
9 No- 9, (Allyl ) Me2SiCl —0SiMe2CH2-CH=CH:

10 No- 5, CsHsMe2SiCl —0SiMe2CsHs o4
11 No- 9, CICHzMeSiCl —08iMe2CHzCl 53
12 EtSiCls —Et 37
13 PiSiCl; —Pr 44
14 BuSiCls ~Bu 38
15 PhSiCls » CsHs NMe3s OH —CsHs

16 pMeCsH4SiCl3 —CsHiMe 19
17 (1-naphthyl )Si (OMe )3 —CuoHr 60
18 ViSiCls —CH=CH:z 21
19 (Allyl)SiCls —CH2:CH=CH2 13
20 HS (CHz )3Si(OMe) — (CHz2)sSH

21 No- 1, I-hexane —CeHis 90
22 No- 1, L-octane —CsHir

23 No- 1, dec1-ene —CiHa
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Figure 8 Hydrolysis and hydrosilylation reaction
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Figure 9 Chlorination of Ts" reaction and reaction of formiate and Ts®
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Development in the Study on the Synthesis of Polysilsesquioxanes

GUO Zengchang: WANG Yun-fang, WANG Rumin,ZHENG Shui-rong
( Chemistry Engineering Department of Northwestern Polytechnical Unwversity » Xi'an 710072, China)

Abstract ; This artical reviews the work threestep on the synthesis soluable polysilsesquioxanes (PSSQ) with high
molecular weight and their copolymer by the equilibration hydrolysis of phenyltrichlorosilane, phenyltrialkoxysilane
methyltrichlorosilane, methylirichlorosilane and methyltriacetoxysilance respectively with alkali-catalyzed reaction-
One-step synthesis of thermoplastic phenylsilsesquioxane polymer with phenyltrichlorosilance as the started materials is
introduced - The synthesis of insoluable PSSQ with cube structure with three kinds of organic functional radicals as
materials, by alkali-catalyzed, equilibration method is concluded - At last, metal halide catalyzed nonhytrolytic sol-gel
route to organosilsesquioxanes gel are defined - These should be helpful to the synthesis of different PSSQ with different
structure -

Key words ; Polysilsesquioxane ; Phenyltrichlorosilane ; Methylirialkoxysilane



