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x|l BXAERAY, BERERE, SRELYEL

HFEHEREEREE BHERALIENR
BorrENRE, RAEFERINGEERRR Y
WENBICREAKSET BRI ETHEE
Bzl BB IE, EERRAKES
BT EERBEAnE, EHRELAFET
AT RE UL B B B E FE M AL I T #EAT B
FHERAHSEXHEAYW Y R, U LS
BBXUREERY T ENRATFE-ENAE.
B, KBRESEED, ERERE B RNEERE
FEBRBK, FEEZFEMERREUEITL
BRANH KRR FNZERERKESKEE R
B, ™4 A,B, BX A,B, R, AR FHH
#BH EE SN EAIBRPEEIBXEME
;MR TEBEAARAGRITH IRABE
s, PR sk T ELHE R . 4T R R AR T R R iR
FEHEBELABREGEEANREFBRHTER
B

& 3CR AT K WAL R e, R e B
S ERREME & T AB, Bl FETi—
RS IMER N H ST 3 HmBESES(S—H)
WL E A . R A FTIR, 'H-NMR."” C-NMR.
®Si-NMR, SEC/MALLS X} & Jit &9 82 14 1 48 ST (L |
EWHAT T RIE.

1 ZBFEESNERNR

BES -85 (MeSiHCL) . —F RS 85
B (Me,SiHCL) . y-FEABBEAE=(HEL)
RERE(y-MPS) , Z M 3 = (W E &) 5 k2 (VIMS),
T & BRZE, i, REBFBRALLAR
AFER(TR =99%), a2t ol R R ER
LR R PO A FE, KRBT RELE
RFEBRAE ;X ER, b, EEEsEm

AR (HPCL) , 2 Wk, REF B THRA

AL BEAE SR A R E G T AR AR

i WQF-310 2 {8 57 M- %% 8 41 Sh o6 i {0 3 47
FTIR 43 #7, AL &= A A B3R WA 5 k. "H-
NMR i 52 f# F§ Bruker AV-300 # &% 4R 1%, CDCL,
FEE A, B R RE (TMS) 5 R 7. ° C-NMR., ” Si-
NMR M 5 {8 Ff Bruker AV-500 B &3t R X, CDCY
FIEF,TMS AW HR. CE ST € Vario el
M# Y5 SEC/MALIS R E B B A2 AE N
FABHBEAMOME, BRESYN dn/dc HE S
Wryatt Optilab EX Bl/R 4 EUIE, B M,
i85t Wyatt Dawn EOS Bl £ A B 8 6 ob 5 fL U
FE P E ki (THF, S ¥ F) i sh#l, M 1.0
mlL/min .

2 RUEBER

RARZEME R ER &8 kM, HHt—
4 P H Z B SR (MeEtSiHC) , & AL S0k
(13, 14], # E W £ 69.00 ~ 71.00C ¥ 7= 8
(33.76%) .

y-HEFNBERENE=(FRZESBEHR)
BREMDNESERENEFHAFESARETN
250 mL PO O ¥R A 14.46 g MeEtSiHCL (0.13
mol) ,0.30 g Jo7K AL 8k (FeCl, ) 1 50 mL P4 &
W (THF) @RS HE TR HPEEHING6.45¢
y-MP$(0.026 mol) 1 5 mL THF B & B ,55C
KRR 3 h. W ERR % B 8 MeESiHCL #l THF
FruE b LB KA E W AR R Y A M-
(9.22 5,84%).

'H-NMR{CDCl,, 8):0.15(8iCH,) ,0.56 ~ 0.63
(SiCH,),0.94(CH,CH, ), 1.24 (CH,CH, ), 1.73 ~
1.77 ( CH,CH,CH, ), 1.90 (CH,C ), 4.07 ~ 4.11
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(OCH,), 4.58 ~ 4.60 (SiH), 5.51 ~ 6.07
(HLC=C). TESWH, B{E:C 45.50%, H
9.00% ; %H{H:C45.12%,H9.10%.

ZEEZ(HRZESHERE)BEM2D)Y
A B VIMS Fl MeEtSiHCI 5 , 34 25 B 1 M-1
KL, =R T OB BAR4.27 5,78%) .

'"H-NMR(CDC,, 8):0.19 ~ 0.22(SiCH, ) ,0.62
~0.71 (CH,CH, ),0.98 ~ 1.03(CH,CH,),4.59 ~
4.68(SiH),5.90(CH, — CH),5.80 ~ 6.00(CH, —
CH) .JLEAW , i {.:C40.99%,H9.32%;
M{E:C40.55% ., H9.45%.

CHREZ(CHEISBEE)RERE(M3I)MNE
A VIMS F1 Me, SiHCL I B, AT BEF M-1 28
£, K E45C T EF 3 h. B E B 48CHM%E
BB =Y B R B{R M-3(2.23 g; 39.8%; bp,20
Pa T 48 ~49C).

'"H-NMR(CDCL,, 8):0.24 ~ 0.25(SiCH, ) ,4.78
~4.79(SiH),5.86 ~ 6.05( CH, — CH),5.92(CH,
= CH).JER A, Big{H:C 34.28% ,H 8.57%;
ST :C34.14% ,H 8.66% .

3 BXUREEERRNSR

Karstedt L FI(WE R - 2 ME_RHERS
MBI ERS R ICER[15].

BEY P-1 MIA BB 2.56 g M-1 H10.05 g
Karstedt #E{L ) #7 A 50 mL B SRS, A 5 mL
B, 300 AGE B X R LA B 4k U Y [ 3, 60°C
TEBE.GEE FTIR Wi il i [ #3824 52 & &
1637 cm ™" 4h P M B 1 41 R 4E T i Ve 75 2 B 42 1
R REREFE,MAS mL ELRERES
¥, 00A 30 mL FRETLIE, BIE B BINEREGY IR
HOMWIF(1.50 ¢,58%) .

"H-NMR{CDCl, , 8) :0.09(SiCH, ),0.53 ~ 0.55
(SiCH, ), 0.92 ~ 0.94 (CH,CH, ), 1.15 ~ 1.26
(CH;CH,),1.15~ 1.26(SiC{CH,),),1.26(CH, ),
1.69 ~ 1.70 (CH,CH,CH, ), 2.53 (CH,CH), 4.01
(OCH,),4.61(SiH); M, =6858,dn/dc(ml/g) =
0.042, M /M, =2.74.

FSYP2MEH A2 g ik M2 #ATR
B, HAR TR P-1 20, LT 1601 em™ ' 4bHIZ
e BLAT 51 R AE TR M08 3 4 A 48 BROR B (1.30 g,
65%).

"H-NMR(CDCL,,8):0.08 ~ 0.19(SiCH, ) ,0.62
(SiCH,),0.96 ~ 1.00 (CH,CH, ), 1.27(CH,CH, ),

4.62~ 4.70(SiH); M, = 12060, dn/dc (mL/g) =

1 0.036, M,/ M, =4.82.

RHEY P3 BRI T R .50 mL £ O
A 3.31 g M-3 1 0.05 g Karstedt #2463 , 300 A
BN EER,40C T RE MR 4 h. 784 hn
A5 mL ZBEERR, A 50 mL Z ST R £ /b
FFPHOCTEETREANKRE 120,888
EEBHMEBRENIESY P3(2.08 ¢,
62%).

"H-NMR(CDCl, , 8):0.16 ~ 0.23(SiCH, },0.36
~0.56(SiCH,),1.03 ~ 1.10(CH,CH) ,4.69 ~ 4.77
(SiH)."” C-NMR (CDCL, 8): — 1.37 ~ — 1.09( 0Si-
(CH,)H),4.31 ~4.93(08i(CH,)CH, ) ,7.27 ~ 7.63
(SiCH(CH, )Si),8.63 ~ 9.32(SiCH, ), 14.67 ( SiCH-
(CH,)Si) .®Si-NMR(CDCL, , 8 ) : - 65.67 ~ — 62.02
(CH,8i(0),), - 7.10 ~ ~ 5.80(0Si (CH, ),H),
7.24~9.13(0S8i(CH,),CH,); M, = 19800,dn/dc
(mL/g) =0.023, M, /M, =3.25.

4 AB, HBUDRIURESWHERMRIE

BEM2 BESY P2 HERBENRER1
i, HEBREMREYA & REY. ELAKEA
BR(FeCL)FET , REERET L MERE(S—
CODREBER M, BN TESHWE AT,
FeCl, A IR EE M EBE N, B R —1ME
AYPEE, 2P AERETRER RASHES®
ABREMAR R, BRI S E i, F ot R
i FeCl, (R 1) BE XU A0 R FeCl, H 5
B Si—Cl, B TAL R [FeCl, ) ™', B E FREF BB 4
WA P R e ER TR TR R T
HE, EE ks, ERARNORLERT,
BADR R AR B SN BB BT, IR KB M T R, K
FTIR (5B & 1637 cm™ ' $HAE W2 Y 6E 74 % . 7E P-1 &Y
"H-NMR 3B L 5.51 ~ 6.07 X 38 Pyt 1% £ il 1k
FAOBHIA(E 1), eS8 TR s & 4 i i
WIHFE T — B4y, ER X M A 2.17 A E

100 BESIN R R FHFTE o F 8 9N IR BL,

BF M-1BEFEE « MBEBRNEREHSH
BRSSP ES (1) X MTER RS (3)fhah
BEBE L), UL EE FHEEBIET o
MEMEE B EEREY PP, 3 MY
PHMEEAENTERRES(DEFRL()MH
#5 2:3, MREA o« B NLSFEREI(OWL,
T A o T S T R A e B ET L, LR R B
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Scheme 1  Synthetic routes of hyperbranched polymers

=3§;* —OR + FeCl, —— [=Si" OFeCl,] + RCi

. . 1
[==Si*0FeCl ] + Cl—Si= —— ==8§i" —0—Si= + Fe(Cl, (D

P2 Hl P-3 B VIMS 4+ B 1 MeESiHCI,  /MOMIE, T30 T 8 F1 SRk b A Wl 18 JL 22, 1
Me,SiHCI A AFIEATHAMRMBEKELR BEESFZZAERARMLE. XRFEA P2
SHR—SEHNENBYLESY BodrE FP3IERARNELFERT 40 BTxeRE,
31601 om™ Z48 B R E R OB B A Ak B g T P-1 BIRGER 6 h SURIN — Ry T A
RIAR .5 M2 FI M3 B9 H-NMR A 2 m, R A ERENRERRT RENE T

WA A GA TR 8 0 1oy S ATRETRIEE" P2 A PS 6
10070 1.24/1.00(FEELMEH N 1), tp M1 D-NMRBEEFERIRT — 3050 KF 2 4905 (B

o R B ka2 RR o MBRRNER A 2
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Fig. 1 'H-NMR spectrum of P-]

4
3 2

B-Addition AnASi.  —Si—0 éi Hi 2

- 1 ~Si — 51—
I~

3
4
2 4

3

a-Addition
. ] : 1 ~
‘No signal }l
[ est—

1 1 1 1 1 1

6 5 4 3 2 L 0

Fig. 2 'H-NMR spectrum of P-2

W RS B {E A B M FT B0, P-2 A P-3 B AR
P55 o S YI ) 889% F1 69% , X Al P-1 FF
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M P-1.P-2 F1 P-3 My FEW A LR N, G
EoPHSHEIMAFAMERT.BX 3 R
TRt B R B RE 3 RGP RE MU
B, S BT R RER P-3 7 Si-NMR
" C-NMR 4> 47 . ® Si-NMR & B & - 65.67 ~
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Fig. 3 !'H-NMR spectrum of P-3
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Fig. 4 ?Si-NMR spectrum of P3
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SYNTHESIS AND CHARACTERIZATION OF HYPERBRANCHED
' POLY(SILOXYSILANES)

WANG Xin, FAN Xiaodong, WANG Shengjie, KONG Jie, LIU Yuyang, GONG Yan
( Department of Applied Chemistry , School of Science , Northwestern Polytechnical University, Xi* an  710072)

Abstract Three hyperbranched poly ( siloxysilanes) were prepared from AB,-type monomers st the presence of
Karstedt catalyst. The detailed synthesis procedures of AB;-type monomers by reaction between ¥-methacryloyloxy
propyltrimethoxysilane or vinyltrimethoxysilane with chlorosilane using anhydrous ferric chloride as the catalyst were
described. This new approach can simplify the synthetic routes for hyperbranched polysiloxanes. FTIR,'H-NMR,
®C-NMR, ”® Si-NMR, elemental analysis and SEC/MALLS were employed to identify the structure of the polymers.
The analyses revealed that the reaction between alkoxysilane and chlorositane could. be feasibly catalyzed by
anhydrous ferric chloride . The reaction of vinyltrimethoxysilane with chlorosilane could be carried out more easily
than that of ¥-methylacrylacyloxypropyltrimethoxylsilane with chlorosilane due to its steric hindrance effect.

Key words Hyperbranched polymer, Siloxysilane, Metallic halid catalyst



