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,SUMMARY 
The bulk copolymerization of ethy~ methacrylate and 

butyl methacrylate with styrene, at 50 C, in presence of 
ZnCl~ was investigated. The complexing agent determines the 
formation of copolymers with high alternating tendency, as 
proved by the composition of the copolymers and by the dis- 
tribution of the diads. 

INTRODUCTION 
Much interest and controversy has been stimulated by al- 

ternating copolymerization both in simple monomer mixtures 
(e.g., maleic anhydride - styrene) and in more complex sys- 
tems containing an appropriate monomer pair and a Lewis acid. 
In the last case, the reactions often appear to start sponta- 
neously, even if they are accelerated by the presence of con- 
ventional radical initiators, they are relatively insensitive 
to the presence of chain transfer agents, and the degree of 
alternating regulation, without reaching 100%, may be very 
high (i). 

The effect of complexing agents in radical copolymeriza- 
tion was mainly studied on methyl methacrylate - styrene 
system and in this direction one can cite a great number of 
papers (e.g., 2-5). Copolymerization systems composed of 
other methacrylates (acrylates) and styrene were practically 
neglected. To cover this lack, a series of notes will be devo- 
ted to the study of alternating radical copolymerization of 
methacrylates (acrylates) and styrene carried out in presence 
of ZnClo. The present paper is dealing with ethyl methacry- 
late (E~MA) - styrene (St) and butyl methacrylate (BmMA) - St 
systems. 

EXPERIMENTAL 
The monomers were purified according to accepted tech- 

niques and dried first over anhydrous Na2SO A and then over 
calcium hydride. ZnClo was reagent grade material and was 
used without further ~urification. 

~he copolymerization reactions were performed in bulk, 
at 50 C, and were initiated by thermal decomposition of azo- 
bisisobutyronitrile (O.1% by weight from the monomers). Pre- 
paration of the reaction systems was carried out in the dark; 
the copolymerizations were performed in inert atmosphere and 
the reactions were stoped at conversions lower than 10%. 
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The obtained copolymers were separated by pouring the re- 
action mixture into a mixture of methanol and hydrochloric 
acid and then repreeipitated twice. 

The composition of the copolymers was determined by 
IH-NMR spectroscopy, the spectra being registered on a JEOL - 
- C60 HI spectrometer operating at 60 MHz, in CDCI 3 solutions, 
at 5000. 

Copolymerization reactivity ratio values were determined 
by the Kelen - T~d~s method. 

RESULT S AND DISCUSSION 
Copolymerization data of the studied systems are given 

in Tables 1 and 2. 

Table I 
Copolymerization data of BuMA (M I) with St (M 2) 

Sample [ZnCl 2]/[M I] M9 in monomer Moin copo- polym, yield 
mlxture l~mer period (%) 

......... (mole fr.) (mole fr.) (min.) 

1 0 0.875 0.82 565 6.31 
2 (series I) 0.750 0.70 555 6.02 
3 O. 625 O. 59 500 5.61 
4 0.500 0.50 375 4.14 
5 0.375 0.42 300 3.79 
6 0.250 0.32 240 3.16 
7 O.125 O.21 215 3.27 

ll 0.075 0.875 0.82 305 9.85 
12 (series II) 0.750 O.71 225 10.30 
13 0.625 0.65 200 9.80 
14 O. 500 O. 57 180 8.79 
15 0.375 0.47 150 9.95 
16 0. 250 O. 38 llO lO. 21 
17 O.125 0.26 60 8.04 

21 0.200 0.875 0.75 185 7.66 
22 (series III) 0.750 0.$9 llO 9.90 
23 0.625 0.62 70 9.O1 
24 O. 500 O. 58 60 8.98 
25 0.375 0.48 50 8.22 
26 0.250 0.40 40 9.O6 
,27 0 . 1 2 5  .... 0 . 2 8  25 , 7 .  i,,2 

The data yielded the following reactivity ratio values: 
BuMA (MI) -St (M~) system: 
r = 0.66 r 2 =~I.00 r r 2 = 0.66 ([ZnCI~ /[MI] " )= 0 
• i = rlr2 0.186 ([ZnCI~ ~i~)=0.075 r = rl 0.27 r 2 = 0.69 = 

0.02 r 2 = 0.56 rlr 2 0.011 ([ZnCl2] / )=0.200 

EtCh= (M I) -St (M 2) system: 
0.28 .56 rlr 2 = O r I = r 2 = I = .436 ([ZnCI~ [M~ )= 0 
0.05 r 2 = 0.71 rlr 2 0.035 ( [ZnCI~/[MI] )=O.i00 

r I = 0.04 r e = 0.46 rlr 2 O.O18 ([ZnC12]/~])00.2OO 

For all systems, the Kelen - T~dGs plots are straight lines, 
so that the simple terminal model of copolymerization con be 
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applied. 
Table 2 

Copolymerization data of EtMA (M I) with St (M 2) 

Sample [ZnCI~ /tM1] Mo in monomer Moin copo- polym, yield 
m~xture l~mer . period (%) 
(mole fr. ) (mol efr. ~ (min.) 

l 0 0.875 0.90 290 6.31 
2 (series I) 0.750 0.77 280 3.76 
3 0.625 0.75 270 3.50 
4 0. 500 0.66 260 6.41 
5 0. 375 0.57 230 2.71 
6 0.250 0.45 215 2.56 
7 0.125 0.32 190 2.40 

ll O.lO0 0.875 0.85 160 4.36 
12 (series II) 0.750 0.75 130 6.26 
13 O. 625 O. 67 llO 7.50 
14 0.500 0.65 90 7.40 
15 0.375 0.59 75 6.25 
16 O. 250 0.57 60 4.47 
17 0.125 0.56 50 3.79 

21 0.200 0.875 0.77 70 2.52 
22 (series III) 0.750 0.68 45 5.97 
23 0.625 0.55 45 8.91 
24 0.500 0.55 45 9.10 
25 0.375 O.55 40 7.46 
26 0.250 0.50 35 6.56 

..... 27 0 . 1 2 5  0 . 4 4  25 5 .46  

The dependence of the copolymerization reactivity ratio 
values and of rlr 2 products with [ZnC12]/[M1] is presented in 
Figure 1. 

1.6, EtMA-S~ 
rl,r2 
I~-r 2 1.4 ~ rl,r2 

Bu M A  - St 
r I �9 r2 

1.2 ~ 1.2 

1.0 ~ . / r  2 1.0' 
\ 

08 08 \ 

I 1 
0 01 02 0 0.1 0,2 

[ZnCt2]/[Et MA] [ ZnC[2]/[ Bu MA ] 

Figure i. 
Dependence of 
rl, r 2 and rlr 2 
rOduct on 
nel  / 

ratio for the 
studied systems. 
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For both systems, rl and r 2 values decrease with increa- 
sing~nClo]/[M ~ ratio a~d the product rsr9 becomes very low. 
This is u~ually related to a high alternSt[ng tendency of the 
copolymer. 

As known (4), the introduction of relatively small a- 
mounts of ZnClo in the reaction mixture causes considerably 
increase of prGpagation rate constant, while the termination 
rate constant remains practically unchanged. In this context, 
Table 3 presents the evolution of copolymer yield with 
[ZnCI~]/[MI] ratio, for a constant copolymerization period 
and f~r a 1:1 initial ratio of the two monomers. The copolymer 
yield markedly increases with the increase of ZnC12 amount. 

Table 3 

Variation of copolymer yield with [ZnCl2]/[M ~ ratio a 

[ZnC12]/~ Copolymer yield (%) 
BuMA - St EtMA - St 

0 1.69 1.79 
0.075 7.29 8.20 
O.112 10.98 10.48 
0.150 14.O1 11.47 
0.225 24.86 24.28 
0.297 35.14 
0.375 72.22 

....... 0 . 4 ~ 0  .... 8 6 . 0 4  8 8 . 1 7  

a - polymerization period, 150 min., [M~/[M 2] = l:l 

As expected (6,7) the NMR signal of the protons of the 
3.90 ppm 

1 

�9 . . 

? 

6 

5 

I I I I I 

4 3 ppm 2 

-CH2-OCO group of 
the methacrylic 
units is sensitive 
to the neighbou- 
ring monomer units, 
being splitted in 
four components 
(Figure 2). 

Figure 2. 

1H ~4R signals of 
the -CH2-0CO group 
protons in 
BuMA - St copoly- 
mers (series III). 
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The most probable assignment of these components is the fol- 
lowing one: 2.40 ppm for 212 mm triads, 3.20 ppm for 212 mr, 
ll2 mm and ll2 rm triads, 3.60 ppm for 212 rr, ll2 mr and 
ll2 rr triads, and 3.90 ppm for lll triads (6,7). 

The large errors in apreciation of the intensities of 
the peaks do not allow the calculation of triad sequences to 
obtain the coisotacticity parameter. However, the calculation 
of diads is possible, considering that the 3.90 ppm peak re- 
sults from ll type dieds while all the other ones result from 
12 type diads. According to Harwood and Ritchey (8), one can 
obtain the following parameters: f~2 - the fraction of 12 
type diads, I 1 and I o - the averag~ lengths of block sequen- 
ces composed of M 1 ~nd M2, and the product r~r2, where 
r I = I 1 - 1 and r 2 = 12 - 1. Figure 3 (s,b) p~esents the va- 

riation of these 
parameters with 
the initial ratio 
of the comonomers. 
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II Fig~e 3 (a). 
If! Dependence of fl2' 

I 1 and 12 and r l r  2 
on the initial ra- 
tio of the comono- 
mers. Abscissa is 

112 _ M ~ / [ M  . 

The w e i g h t  o f  

sents a maxim~ 
II value situated 

I approximately at a 
l:l ratio of the 
two comonomers for 

I I [ I I 
1 2 3 4 5 

[BuMA] / [S t ]  

the system BuMA - 
- St. For the sys- 
tem Et~A - St, the 
three curves pre- 
sent three diffe- 
rent maxima: at an 
about 3:1 ratio 
for samples I, at 
an about 1.5:l ra- 
tio for samples II 
and at an about 
l:l ratio for sam- 
ples III. The posi- 
tions of these ma- 
xima correspond to 

l 

6 ~the positions of 
the minims of rlr 2 
products. 
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Figure 3 (b). 

The amplitu- 
des of the fl2 

I maxima are 
approximately e- 

Y2 

II 

III 

qual in BuMA - St 
series, but quite 
different in 
EtMA - St system. 
According to these 
data, one can con- 
sider that ZnCl~ 
influences malnXy 
the copolymeriza- 
tion of EtMA with 
St. 

As concerns 
the variation of 
the average 
lengths of block 
sequences I~ and 
I~, in Bu3~A • St 
s~stem the comple- 
xing agent in- 
fluences mainly 
the B~ units, 
while in EtM_A - St 
system it influ- 

III_ ences both EtMA 
and St units. 
The observed diffe- 
rences are due to 
the values of the 
reactivity ratios 
in the initial 
systems (series 
I). 

All these 
data confirm that 
the presence of 
the complexing 

I i I i i i i agent increases 
I 2 3 4 5 6 7 the alternating 

[~MA]/[~] tendency in the 
copolymers. 

In the present paper, the [ZnCl~]/[H~ ratio was con- 
sidered for the interpretation of experimental data, the me- 
thacrylic monomers being the ones forming complexes with 
ZnC12. The formation of the complexes was evidenced by measu- 
ring the shift of the )C=O band frequency (Table 4). 

In Table 4 the shift of the same band of methyl methacry- 
late (copolymerization system: methyl methacrylate - St in 
presence of ZnC12) is also given (ref. 4). 
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Table 4 
Effect of ZnC12 on DC=0 band i n  t h e  IR s p e c t r a  o f  m e t h a c r y l i c  

monomers 

monomer / ZnC12 DC:O $(cm -l') ~$(cm -I) 

Btu~A 1718 - 
BuMA / ZnCI 2 1597 -121 
EtMA 1713 - 
EtMA / ZnCl 2 1595 -118 
MMA 1725 - 
MMA / ZnC12 1612 -ll3 

CONCLUSIONS 
The bulk copolymerization of BuMA and EtMA with St, in 

presence of ZnClo, leads to copolymers having a pronounced 
alternating tendency, even if relatively small amounts of 
ZnCl~ are introduced in the reaction mixture. The presence of 
the ~omplexing agent causes a considerably increase of the 
rate of polymerization. 

The mechanism of copolymerization in presence of ZnC12 
will be discussed in a next paper. 
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