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Silicone polymers are industrially produced in 
large quantity for various purposes depending mo­
lecular weight and copolymer composition. Sili­
cones are also noteworthy for their high per­
meability of gases. However, their thin films are not 
mechanically strong enough for use as gas per­
meable membranes. The disadvantage has been 
overcome by making thin films of block polymers 
with polycarbonates with excellent results. 1 It 
would be of interest to synthesize silicone con­
taining graft polymers having hard backbone seg-

ments from the standpoint of mechanically strong 
gas permeable membranes of phase separated 
structures. 
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Although there are many methods for preparing 
graft polymers, the macromer method seems advan­
tageous since the number and length of the grafted 
branches can be easily controlled. In doing this, two 
types of silicone macromers, namely styrene and 
methacrylate types, were synthesized according to 
Scheme 1. 
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Scheme 1. Synthetic scheme of silicone macromers. 

The two types of chlorosilane terminating agents 
were synthesized according to Scheme 2. 
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Scheme 2. Synthetic scheme of chlorosilane terminating agents. 

These chlorosilane end-capping agents were re­
acted with lithium trimethylsilanolate (LTMS), as 
model reactions, to study reactivity toward living 
ends. It was found that both the end-capping agents 

reacted instantaneously and quantitatively with 
L TMS at ambient temperature, as evidenced by 1 H 
NMR. 
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The polymerization of D3 was initiated by L TMS 
and terminated with trimethylsilyl chloride in THF. 
Polymers of molecular weight as high as 10,000 with 
narrow molecular weight distributions could be 
obtained by living anionic polymerization. 

Since the degree of polymerization could be 
controlled by simply changing the monomer ini­
tiator ratio, and both the terminating agents re­
acted quantitatively with L TMS, silicone macro­
mers having specified molecular weights were 
synthesized by terminating the living polydimethyl­
siloxane with SSiCl or MSiCl (M1SiCl or M2SiCl). 
The results for this are shown in Table I. 

In experiments of the S and M series, experimen­
tal molecular weight values by various methods 

914 

coincided quite well with those calculated; the mo­
lecular weight distribution was considerably nar­
row. The functionality of macromers estimated by 
VPO and UV fell in the region 0.97-1.12. Thus, 
the well defined silicone macromers of styrene and 
methacrylate type (macro-St and macro-MA) 
were obtained. But termination by M'SiCl gave 
polymers having abnormally high molecular 
weights as estimated by UV. This implies that 
the functionality of the macromer is much lower 
than unity (0.38). The reason for this may possi­
bly be that bonding between the prepolymer and 
end-capping agent (C-O-Si bond), following its 
formation is unstable and cleaved in the purifica­
tion step. The CH2OSi(CH3)zO bond is known to 
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Table II. Copolymerization of macromers 

Macromer Comonomer AIBN Time 
No. 

wt% wt% mo!% h 

Macro-MA' MMA 0.30 15 
21.I 78.9 

2 Macro-Sta St 0.33 136 
15.8 84.2 

a Correlated to standard polystyrene. 
b Determined by membrane osmometry. 
' M1SiCI terminated macromer 2M was used. 
a SSiCI terminated macromer IS was used. 

be easily cleaved by hydrolysis. 
The macromers, macro-St and macro-MA, were 

converted into graft polymers by copolymerizing 
with styrene and methyl methacrylate, respectively, 
as shown in Table II. 

In copolymerization, both macromers showed 
almost the same reactivity as that of the corre­
sponding monomers. The number of branches was 
roughly estimated as 3.2 and 2.2 for No. I and 
No. 2, respectively. 

EXPERIMENT AL 

3-( 2-M ethacryloyloxyethoxy) propyldimethylchloro­
silane [ M 1 Si Cl J 
To a prewarmed (60°C) mixture of 2-allyloxy­

ethyl methacrylate (5.11 g, 30 mmol), p-t-butyl­
catechol (0.10 g) and chloroplatinic acid (H2PtCl6 · 

6H2O, 0.052 g, 0.1 mmol) in 2-propanol (0.5 ml) 
contained in a round bottom flask equipped with a 
Dewer condenser, dimethylchlorosilane (3.41 g, 
36 mmol) was added dropwise at a speed suffi­
cient to bring about a gentle. reflux of dimethyl­
chlorosilane within a period of 30 min. The reaction 
mixture heated at the above temperature for an 
additional 3h stirring. The product M1SiCl was 
obtained by distillation directly from the reaction 
mixture, bp 80°C (0.1 mmHg), 2.15 g (27%). Calcd 
for C11H21 O3SiCl: C, 49.89%; H, 7.99%; 0, 

18.12%; Si, 10.61%; Cl, 13.39%, Found: C, 50.15%; 
H, 8.11%; Cl, 13.08%. 1H NMR (CDC13) b 0.40 (s, 
6H, Si(Clj3) 2), 0.66-1.12 (m, 2H, SiCljz), 1.40-
1.95 (m, 2H, Cljz), 1.96 (m, 3H, CClj3), 3.34-3.70 
(m, 4H, Clj2OClj2), 4.16----4.47 (m, 2H, CO2Clj2), 

5.57 (m, lH, Clj=), and 6.13 ppm (s, lH, CU:=). 
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Yield 
Siloxane component in 

M., GPC• Mm mob 

% 
graft polymer/wt% 

76 21 40,100 85,700 

80 15 32,000 42,900 

5- Me thacr ylo yloxypen tyldime thylchlorosilane 
[ M 2SiClj 
This compound was synthesized from 4-pentenyl 

methacrylate in a manner similar to that for obtain­
ing M1SiCI. bp 92°C (0.9 mmHg), 75% yield. Calcd 
for C11 H21 O2 SiCI: C, 53.10%; H, 8.50%; 0, 
12.86%; Si, 11.29%; Cl, 14.25%. Found: C, 53.40%; 
H, 8.72%; Cl, 14.10%. 1H NMR (CDCl3) b 0.38 (s, 
6H, Si(Clj3 ) 2), 0.62-1.02 (broad, 2H, Clj2Si), 
1.17-1.83 (m, 6H, (Ctl2h), 1.92 (m, 3H, CClj3 ), 

4.51 (t, 2H, J = 7.0 Hz, OClj2), 5.60 (m, lH, Clj = ), 
and 6.08 ppm (m, lH, Clj = ). 

p-Vinylphenyldimethylchlorosilane ( SSiCl) 
p-Vinylphenylmagnesium chloride2 (0.2 mo!, in 

120 ml THF) was added dropwise to dimethyldi­
chlorosilane (51. 7 g, 0.4 mo!). Following this, the 
reaction mixture was refluxed for 30 min. Ether 
(100ml) was added to the resulting system, and the 
formed salt was filtered off in a dry-box. The 
product SSiCI was obtained directly from the re­
action mixture by distillation, 60-65°C (0.5 
mmHg), 20 g (51 %). bp 63°C (0.01 mm) (lit. 2) 62-
630C (0.01 mmHg). 1 H NMR (CDCl3) b 0.66 (s, 6H, 
Si(Clj3) 2), 5.23 (q, lH, J 1 =2.0Hz, 12 =10.0Hz, 
H -, 

C=9, 5.88 (q, lH, J 1 =2.0Hz, 12 =18.0Hz, 

C=C), 6.66 (q, lH, 11 =10.0Hz, 12 =18.0Hz, 
H/ \ 
- H lj 
C=C~-), 7.33 (d, 2H, J=8.0Hz, 0:-gsi), 

H 
and 7.50 ppm (d, 2H, 1=8.0 Hz, - p-si). 

lj, 
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3-( 2-M ethacryloyloxyethoxy) propylpentamethyl­

disiloxane ( M 1SiOTMS) 

ytl3 
1H NMR (CDCl3) b0.07 (s, !SH, SiOSi(Ct[3h), 

I 
Ct[3 

0.33-0.67 (m, 2H, SiCt[2), 1.00-1.82 (m, 2H, 
Ct[2), 1.94 (m, 3H, CCt[3), 3.30-3.80 (m, 4H, 
Ct[2OCt[z), 4.13-4.30 (m, 2H, CO2Ct[2), 5.51 (m, 
lH, Ct[=), and 6.10 ppm (s, lH, Ct[=). 

p-Vinylphenylpentamethyldisiloxane ( SSiOTMS) 
1 H NMR (CDC13) b 0.11 (s, 9H, Si(Ctl3h), 0.33 

yH3 
(s, 6H, ~SiO), 5.20 ( q, 1 H, 11 = 2.0 Hz, 12 = 10.0 Hz, 

I 
Ct[3 

H -, 
C=9, 5.80 (q, lH, 11 =2.0 Hz, 12 = 18.0Hz, 

C=C), 6.66 (q, lH, 11 =10.0Hz, 12 =18.0Hz, 
H/ , 

/H 
C=C, ), 7.30 (d, 2H, 1=8.0 Hz, 

H 

Q:-si), and 

H 
H 

7.48 ppm (d, 2H, 1=8.0 Hz, -p-Si). 

H 

Polymer J., Vol. 14, No. 11, 1982 

Macromers 
The living polydimethylsiloxanes in Table I were 

reacted with 10% excess of MSiCI or SSiCI at 
- 78°C. The formed macromers were purified by 
reprecipitation from THF into methanol. 

Graft Polymers 
The graft polymers were purified by fractional 

reprecipitation from THF into ether (M series) or 

from THF into methanol (S series). The absence of 
the macromer was evidenced by GPC. The com­
position of graft polymers was estimated by 1 H 

NMR. The molecular weight was determined by 
GPC and membrane osmometry. The molecular 
weight by GPC was considerably lower than that 
determined by membrane osmometry. Membrane 
osmometry should provide accurate molecular 
weight determinations for branched polymers. 
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