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ABSTRACT 

A methoxysilyl macromonomer containing an acryl ic chain is obtained 

by telomerization of methyl methacrylate with y mercaptopropylmethyldimethoxysi- 

lane. This macromonomer is then reacted with a polydimethylsiloxane hydroxytele- 

chelic leading to new block Co-Oligomers with acryl ic and siloxane moieties. 

INTRODUCTION 

The aim of this work is to synthesize oligomers of the type PMMA-PDMS- 

PMMA containing one central silicone block and two peripheral polymethylmethacry- 

late blocks. Such compounds may have interesting uses, especially in the f ield of 

alloys of polymers. Several authors have worked on methyl methacrylate (MMA) copo- 

lymerization with organosilanes and have obtained graft or block structures. As 

regards graft polymers, the reaction proceeds according to Scheme 1. In this way 

chains (polyacrylic, for example) have been grafted on polyorganosiloxanes by in i t ia-  

t ing radical polymerization on methyl groups attached to the silicon atom. This has 

been done by ADAMAS E1 ], GETSON E2,3"], NEUROTH ~4:], LINDSEY E5 ~], SAAM 

E7"], SWEET r 7 ] ,  RICHES E8~, SCHONE ~9]  and KAWAKAMI ~10], to name only 

the leading authors. 

* To whom offprint requests should be sent 
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Scheme I 

(A) 

Peroxides or azobis- isobutyroni t ry le [ 'I I ] are used as in i t iators,  but u l t ra-  

v iolets can also be used. For this method, the work of  MERRYL r12 ] ,  of  HOFFMANN 

et al. l~13, 14 3 , MEABURN [ 1 1 ]  and more recent ly  WILSON [ 1 5 ]  can be named. 

Graf t  copolymers can also be obtained ei ther by chemical modi f icat ion [ 16 ] ,  or f rom 

copolymer izat ion reactions using macromonomers [ 17, 18, 19 ] .  In the chemical 

t ransformations, the react ion of  sodium diethy ld i th iocarbamate on the -C H2CI group 

of  a polysi loxane results in a macromonomer suitable to in i t ia te the polymer izat ion 

of  monomer M according to Scheme 2 : 

S 
II 

CH2CI CH 3 NaS2CN(C2H5)2 CI H 2-S-C-N(C 2H5)2 ~H3 

-[" i Si-O ]n -~  E s i -o  ] ~  7 - [  Sli - 0 I n  [ si - 0 ]~--- (B) 
I I 

CH 3 CH 3 CH3 CH 3 

hv 

(B) + p M ) 

CH2S (M) pH ,CH3 
- [  i i  - O ~n r_ Sil - o ] -m 

CH 3 CH 3 

For the preparat ion of  macromonomers, anionic polymer izat ion is most ly 

used, By this method, KAWAKAMI  et al. [ 17, 18"] synthesized two types of  macromo- 

nomer f rom a l iv ing prepolymer of  PDMS [po ly (d imethy ls i loxane) ]  (C) wi th  a selec- 

ted degree of  po lymer izat ion and prepared by anionic polymer izat ion according to 

Scheme 3 : 

Q = - ( C H 2 )  2 -  O (CH2)- 3 o r - (CH2)  5 -  

CH 3 CH 3 CH 3 CH 3 
I i i i 

(CH3) 3 Si-O-(Si-O)n- I - S i - O -  Li + + CI-Si-Q-O-C-C=CH 2 
I i i II 

CH 3 CH 3 CH 3 O 

(c)  > 

CH31 CH3 CH3 

(C H 3)3 Si-O-(Si-O)n- Si-Q-O-C-C =C H 2 
I I il 
CH 3 CH 3 O 

These macromonomers then react w i th  MMA by radical copolymer izat ion 
to y ie ld graf t  copolymers. 
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Less work has been done on producing block copolymers f rom acry l ic  rno- 

norne~,since ionic po lymer iza t ion  is most ly  used. From the above l iv ing in te rmed ia te  

(C), a PDMS-PMMA block copolyrner was prepared by JULIANO [ 20 J, and more re-  

cent ly  by VARSHNEY [ 21 ] .  

Last ly  we can name the work o f  SHIMADA [ '22 ]  who prepared ABA block 

copolymers : (PMMA)s(PDMS)s(PMMA) by an or ig inal  process which consists in coupling 

a d i funct ional  PDMS wi th  rnonofunct ional acry l i c  telorners through the in te rmed ia ry  

of  a short re lay molecule.  In the present work we describe a synthesis s imi la r  to  the 

l a t te r  but in which the reactants are en t i re ly  d i f f e ren t  as are the corresponding chemi- 

cal react ions.  

SYNTHESIS OF A MACROMONOMER CONTAINING A PMMA CHAIN 

A te lomer i za t i on  of  MMA w i th  y rnercaptopropy l rnethy ld imethoxys i lane 

(3_) and azob is - isobuty ron i t r i le  {AIBN) as i n i t i a to r  was carr ied out, resul t ing in telomer 

(2_): 

CH 3 {CH30) 2 Si-(CH2)-3SH +n  CH 2 = C(CH 3) CO 2 CH 3 

( i )  

CH 3 (CH30) 2 Si-(CH2)- 3 S -  [ C H  2 -  C(CH3) ] - n  H 

CO2CH 3 

In order  to contro l  the PMMA chain length, we considered that  1 = Ro 
n 

where Ro th io l  (1) concent ra t ion = as is shown in the t e l omer i za t i on  react ions [ 23 ].  
MMA concent ra t ion 

As we wished short chains, we took Ro = I .  The resul t ing product contains p redomi -  

nant ly  telorners of  degree o f  po lymer iza t ion  n = I,  but also telorners where n > I .  A 

f rac t ion  contain ing a m ix tu re  o f  telorners n = I and n = 2 was isolated by molecular  

d is t i l l a t ion  at 70 ~ C at the pressure o f  10 -3 to r ts  and was ident i f ied  by IH NMR (sig- 

nal due to the protons o f  the Si-CH 3 group at 0 x 10 -6 and signal due to the protons 

of  the C 0 2 CH 3 at 3.6 x I0-6). The-n was ca lcu la ted using the re la t i ve  heights of  

the stepped integral  o f  these signals. Moreover,  29Si NMR spectra o f  t h i o l l a s  wel l  

as of  t e l o rne r2  showed a charac ter is t i c  signal at -2 x 10 -6 o f  the -Si(OCH 3) 2 group 

which proves that  rnethoxyl funct ional  groups are not a l tered during the te lo rner iza -  

t ion. 

AIBN 
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SYNTHESIS OF BLOCK OLIGOMERS CONTAINING SILOXANE BLOCKS AND 

METHAC RYLIC BLOCKS 

The macromonomer  2 is able to react  w i th  dichlorosi lanes or cyc los i loxa-  

nes, thereby pe rm i t t i ng  the incorporat ion of  PMMA chains prepared previously ['24 J. 

Polycondensation f rom CI2Si(CH3) 2 in the presence o f  water  w i th  or w i thout  KOH 

was unsuccessful. In fact ,  the react ion y ie lded some low molecular  weight cyc los i lo-  

xanes w i th  a predominance o f  te t ras i loxanes (D 4) mixed wi th  PDMS. This is due to 

the weak reac t i v i t y  of  the reac t i on :  cyc lo te t ras i loxane . . . .  -> l inear po lymer  and to 

the d i f fe rence of  r eac t i v i t y  between the Si-Cl and Si-OCH3 bonds of  each reactant .  

When po lymer iza t ion  was a t temp ted  by opening the hexamethy lcyc lo t r i s i loxane (D 3) 

r ing, in the presence of  our macromonomer  2 and of  KOH, the expected po lymer  was 

not observed. 

In f ront  of  these d i f f i cu l t ies ,  we f ina l ly  developed a procedure using the 

previously prepared PDMS block in the fo rm of  a silanol 3-" whose degree of  po lymer i  = 

CH 3 
I 

zat ion ~p' is var iable : HO - (Si - O)-p H 3 �9 The cata lyst  used is a salt obtained 
i 
CH 3 

by the act ion of  the 2-ethylhexanoic acid on te t ramethy lguan id ine ,  known for  prevent -  

ing the equ i l ib ra t ion process which occurs in react ions w i th  polysi loxanes E 25 ~, E 26 ].  

F i rs t ,  compound3,  of  degree of  po lymer iza t ion  p = 50, was a l lowed to react  w i th  com-  

pound 2, composed of a m ix tu re  of  te lomers n = I and n = 2 (70 : 30). The react ion,  

per fo rmed in bulk w i th  2 moles of  c o m p o u n d 2  for  I mole of  compound_3, at 100 ~ C 

for  20 hours, y ie lded a block compound wi th  the fo l lowing predominant  s t ructure : 

CH 3 OCH 3 CH 3 0 C H  3 CH 3 

2)3-Si-O-(Si-O)D-Si-(C H 2)3-S-(C H 2-C-)n-H H - ( r - C  H 2)n -S-(C H "I" i I I 
i - I l 

CO2CH 3 CH 3 CH 3 CH 3 CO2CH 3 

4__ 1<n<2 and p'~-- 50 

This s t ructure is c lear ly  supported by three facts : f i rs t ,  the Si-OH v ibra-  

t ion bands at 3690 cm - I  have disappeared on the in f ra- red spectrum ; next, on the 

ge l -permeat ion  chromatogram,  the peaks at 21.02 ml and 22.02 ml,  corresponding to 

alkoxysi lane n = 2 and n = I respect ive ly,  have en t i re ly  disappeared, whi le the disilanol 

peak shi f ts f rom 15.62 ml to  15.42 ml.  Last ly,  the 29Si NMR spectrum E 27~ shows the 

disappearance of  signals of  Si a toms bearing hydroxyl  groups at - 11.9 x 10 -6 , the dis- 

appearance of  signals of  Si atoms bearing two  methoxy l  groups at - 2.0 x 10 -6 , whi le, 

on the o ther  hand, signals of  the Si a tom appear bearing only a single methoxy l  func- 
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t ion at - 13 x 10 -6. The signal o f  Si atoms of  the PDMS remains unchanged at - 22.1 

x 10 -6. 

The minor product observed results f rom the addi t ion of  two silanols to 

the two methoxyl  groups o f  t e l o m e r ! .  This is conf i rmed f i rs t ly  on the G,P.C., whi~re 

the mass increase is greater  than that expected for structure 4, and secondly, on the 

29Si NMR spectrum by the presence o f  a signal at - 22.4 x 10 -6, corresponding to : 

CH3 
S i  - O - Si - O - S i ~  

I 

CH 2 -  CH 2 - C H  2 - s  

The research we have carr ied out to obtain ABA block ol igomers could 

therefore be considered as a model for the synthesis of  e i ther  ABA block copolymers 

(PMMA)s(PDMS)s(PMMA), or of  graf t  copolymers (PDMS)g(PMMA). 

Indeed, preparat ion of  each type of copolymer can be opt imized according 

to the number of  Si-OC H 3 react ive funct ional  groups of  telogen I and according to 

the stoechiornetry o f  the condensation react ion. 
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