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MACROMOLECULAR REPORTS, AZ9(SUPPL. 3 ) ,  303-314 11992) 

COPOLYMERIZATION OF STYRENE WITH CHROMIUM ACRYLATE 
INITIATED BY STYRENE-ARSENIC SULFIDE COMPLEX 

* 
B. Chaturvedi and A.  K. Srivastava 

Department of Chemistry 
Harcourt Butler Technological Institute 

Kanpur 2 0 8  002, India 

ABSTRACT 

The radical copolymerization of styrene with chromium 
acrylate in dimethyl formamide at 85+O.l0c was studied 
in presence of styrene-arsenic sulfide complex. 
kinet’c expression for the system is RQa( [ A s , S ,  J 
[Sty]i-o [Cr-acrylateJ1.O , i.e. it follo’tJs ideal radi- 
cal kinetics. The overall activation energy and aver- 
age value of kp2 /kt are 77.0 kJ mol-’ and 0 . 4 5 ~ 1 0 - ~  
1 mol-l s-lrespectively. The monomer reactivity ratios 
was determined as follows rl (sty) = 0.82 and r2 (Cr- 
acrylate) = -08. The product of reactivity ratios 
reflect ideal copolymerization and therefore a 
strong alternating tendency in propagation reaction. 
The Flfrey-Price Q-e parameters for the metal acrylate 
was calculated and discussed. 

T f 

INTRODUCTION 

The polymerization and copolymerization of salts of 
acrylic and methacrylic acid in aqueous solutions [l-41 
and in solid state [5-71 revealed the influence of 
cations on salt reactivities, reaction rates and 
molecular weight of the products. The copolymeriza- 
tion of acrylic salts with styrene in emulsion i8-91 
indicated the role of the metal on reaction yields, 
composition and copolymer properties. However data 
on polymerization of chromium acrylate still scarce, 
is formed in patent literature. 

* 
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304 CHATURVEDI AND S R I V A S T A V A  

We h a v e  r e c e n t l y  described t h e  a p p l i c a t i o n  o f  s t y r e n e -  
a r s e n i c  s u l f i d e  complex  as  r a d i c a l  i n i t i a t o r  f o r  t h e  
p o l y m e r i z a t i o n  o f  some v i n y l  monomers l i k e  m e t h y l  
m e t h a c r y l a t e  [ l o ] ,  s t y r e n e  [ l l ] ,  and  m e t h y l  a c r y l a t e [ l 2 ] .  

The p r e s e n t  c o m m u n i c a t i o n  r e p o r t e s  t h e  k i n e t i c s  of 
t h e  c o p o l y m e r i z a t i o n  of  s t y r e n e  w i t h  chromium a c r y l a t e  
i n  d i m e t h y l  fo rmamide  i n i t i a t e d  by s t y r e n e - a r s e n i c  
s u l f i d e  complex  a t  8 5 ? 0 . 1 " ~  and an i n v e s t i g a t i o n  of 
r e a c t i v i t y  r a t i o s  o f  t h e  c o p o l y m e r .  

HATER I A L 

R e a g e n t s  g r a d e  s t y r e n e  (Rober t  J o h n s o n )  and  o t h e r  
s o l v e n t s  w e r e  p u r i f i e d  by m e t h o d s  g i v e n  by  O v e r b e r g e r  
[ 1 3 ]  a n d  Voge l  [ 1 4 ]  r e s p e c t i v e l y .  A r s e n i c  s u l f i d e  
(Merck)  w a s  u s e d  a s  s u c h  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

The s y n t h e s i s  and  c h a r a c t e r i z a t i o n  o f  c o m p l e x  
of  a r s e n i c  s u l f i d e  w i t h  s t y r e n e  h a s  a l r e a d y  b e e n  
r e p o r t e d  [ 10-121. 

Chromium a c r y l a t e  was p r e p a r e d  a c c o r d i n g  t o  t h e  
method o f  S a y y a h  e t . a 1 . [ 1 5 ] .  

METHOD 

A s o l u t i o n  c o n t a i n i n g  s t y r e n e ,  chromium a c r y l a t e  a n d  
complex  i n  d i m e t h y l  f o r m a m i d e  w a s  i n j e c t e d  i n t o  a 
d i l a t o m e t e r  a n d  p o l y m e r i z a t i o n  w a s  c a r r i e d  o u t  a t  
8520.1"C f o r  2 h r s . ,  u n d e r  a n  i n e r t  a t m o s p h e r e  o f  N,.The 
c o p o l y m e r , p r e c i p i t a t e d  w i t h  a m i x t u r e  of m e t h a n o l  
and  water ( l : l ) ,  w a s  d r i e d  t o  c o n s t a n t  w e i g h t .  I t  w a s  
t h e n  s u b j e c t e d  t o  s o l v e n t  t r e a t m e n t  ( t o  remove homo- 
p o l y m e r s )  , u s i n g  s o x h l e t  a p p a r a t u s  and  t h e n  d r i e d  t o  
c o r , s t a n t  w e i g h t .  No s i g n i f i c a n t  w e i g h t  l o s s  was 
o b s e r v e d .  

R a t e  o f  p o l y m e r i z a t i o n  ( R p )  w a s  c a l c u l a t e d  f rom 
t h e  s l o p e  o f  l i n e a r  p o r t i o n  o f  c o n v e r s i o n  v s  t i m e  
p l o t s .  

The i n t r i n s i c  v i s c o s i t y [ ~ ]  o f  t h e  c o p o l y m e r  w a s  
d e t e r m i n e d  i n  t o l u e n e  a t  27OC u s i n g  a n  U b b e l o h d e  
v i s c o m e t e r .  

The i . r r  n.m.r. and  e.s .r .  s p e c t r a  o f  c o p o l y m e r  
were o b t a i n e d  o n  P e r k i n - E l m e r  5998 ,  V a r i a n  l O O H A  a n d  
X-band EPR-109E-line c e n t u r y  series s p e c t r o m e t e r s  res- 
pec  t i v e  1 y . 
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Fig. la Fig. lb 

Conversion versus time plots for copolymerizatiq of 
styrene with chromium acrylatf: [Sty] = 2.47mol. 1 , 
[Cr-acrylate] = 0.107 mol. 1 , time = 2 hr., temp = 
85 -+ 0.1' C 

RESULTS AND DISCUSSION 

The polymerization conditions and results have been 
summarized inTable 1 to 5 and Figs. 1 to 11. 

(i) Effect of arsenic sulfide 
The effect of arsenic sulfide on rate of polyme- 

rization was studied by varying [ A s , S , ]  from 0.58~10-3 
mol 1-1 to 5.80~10-3 mol 1-1 and keeping the total 
monomer concentration constant. Fig. la and lb shows 
that polymerization runs have been associated with 
short induction period of about 2-8 minutes which 
decreases upto a concentration of As, S, as 3.48~10-3 
mol 1-1 then it becomes almost constant. Table 1 
reveals that R p  increases with increasing [ A s z S J ]  upto 
3.48~10'~ mol 1-1 and then decreases with increasing 
[ A s , S ,  ] upto 5.80~10-3 mol 1-1 . Probably, at higher 
concentration the initiator acts as a retarder as well 
as slowly dissociating to form initiating radicals. 
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306 CHATURVEDI AND SRIVASTAVA 

TABLE - 1 
Effect of arsenic sulfide concentration on rate of 

polymerization 

s . N ~ .  [AS, s,iX1o3 Percentage R x10 
P -:s-lt int 

mol 1 - l  conversion mol  1 

1 0.58 7.9 2.57 .3a  
2 1.16 11.5 3.42 .30 
3 1.74 13.4 4.56 .26 
4 2.32 15.0 5.40 .21 

6 3.48 17.8 6.20 .14 
7 4.64 12.6 4.09 - 
8 5.80 9.6 3.12 - 

5 2.90 16.0 5.81 . i a  

[Sty] = 2.47 no1 l-', [Cr-acrylatel = 0.107 mol 1-1 
polymerization time = Zhr., polymerization temp.=B5~0.1'C 

*8 - The order of reaction 
with respect to [As2S3] V, .7- 
calculated from the li- 
near portion of slope o€E '6- 
log RpVs loq[As2S3] is cn 
0 . 5  (Fig.2), shows that 3 
the system follows ideal 
radical kinetics. This 
is further confirmed by 
the plot between l/Zint 

through origin (Fig.3). 
The intrinsic viscosity Fig.2 Relationship between l og  Rp 
of the copolymer decrea-and log As2S~for the copolymerization 
ses with increase in of styrene with Cr-aCrylate where 
initiator concentration [~tyI=2.47 mol l-l[cr-acrylate 1 =o. 107 
and the value for the mol 1-1, time =2hr. temp.=85+0.1°C 
ratio of the square pro 
pagation rate constant kp /kt calculated {rom thf _siope 
of the plot l/qint Vs Rp/[MI2 is 0.45~10- 1 mol- s 
(Fig.4) 

Vs [I)O-Swhich passes Log [AS,%'l+s 

(ii) Effect of monomer concentration 

The influence of [Sty] and [Cr-acrylate] on 
rate of polymerization were studied by var in ,st$ 4.f 
concentrations 0.98 mol 1-1 to 2.96 m o l  l-l{~??L~&%~v~ly 
at fixed [As,S,] = 3.48 x m o l  1-l. R p  is a direct 
function oflmonomersl and monomer exponent, calculated from 
the slope of linear portion of l og  R Vs log[monomerJ 
for both the cases styrene and chrogium acrylate, is 
unity (Fig.5). The intrinsic viscosity of the copolymer 
increases with increase of monomer concentration (Table 
2 ) .  
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Fig . 3  Relationship between 
l/Qintand. f o r  the 
copolymerization of styrene 
and chromium acrylate 

5 ,  Log [Cr- acr y ~ a t o ]  

1.2 

a 
a 
0 
0 
J 

m 

Q 

0 
0 
-1 

m 

a 

. 

’ 4.99 5.19 5.39 S 
, 1 1 1 1 .  

5.Log [Sly7 

Fig.4 Relationship between 
l/ftint and R /[!+]‘for the 
cop0 1 ymer i sa Pi  on of styrene 
with chromium acrylate 

Fig. 5a Relationship between 
log [Cr-acrylate] and log R p  for 
the copolymerizationof styrene with 
chromium acrylate where[AsaSz]=3.48 
x 10-3 mol 1-1 ,[Sty]=2.47 mol 1-1, 
time = 2hr., temp. = 85?0.l0C 

F i g . 5 b  Relationship between log[Sty] 
and log Rp for the copolymerization 
of styrene with chromium acrylate uhere 
[ A S  s3]=3.48x10-3 mol l-l,[~r-acrylate] 
=O. f07 mol 1-1 , time=Zhr,temp.=85+0. l 0 C  

9 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



308 CHATURVEDI AND SRIVASTAVA 

TABLE - 2 
Effect of concentration of monomer on rate of polymeri- 

zation 

S.No. [Sty] [~r-acrylate] percen- R x10' liint 

mo1l-ls-l tage con- 
version mol 1-l mol 1-l 

1 
2 

4 
5 

6 .98 
7 1.48 
8 1,97 
9 2 -47 
10 2.96 

3 1* 

I -021 
.064 
.lo7 1 .172 1 .215 

3.4 1.21 - 
10.5 3.40 .10 
17.8 6.20 -14 
26.4 9.32 - 20 
29.9 11.90 .28 

7.0 2.42 - 
10.7 3.65 -10 

2* 14.2 4.82 .18 
17.8 6.20 .20 
21.2 7 . 4 5  .30 

[A~~S~)=3.48xlO-~mol l-l, 1*= 2.47 mol 1-1,2*=0.107m=l 1-l 
Polymerization time = Zhr., polymerization temp. = a5:O.l"C 

(iii) Effect of temperature 

Fig.6 Plot of log R e  Vs polymeriza- 
tion temp. (Arrhenius plot),[AsaS3]= 

0.6 3.48~10-3 mol 1-1 [Sty]=2.47mol 1-1, 
a [Cr-acrylate]=0.107mol l-lrtime=2hr. 

0.2 - 
2.75 2~79 2.03 

1 3  - x 10 T 

The polymerization was also carried out at 80°CI 85°C 
and 90°C to study the effect of temperature. Rate of 
polymerization increases with increase in polymeriza- 
tion temperature. The overall energy of activation, 
calculated from the linear Arrhenius plot is 77.0 kJ 
mol-l(Fig.6). 

(iv) Effect of additives 

Table 3 shows that hydroquinone retards the 
reaction, confirming a radical mechanism. The copoly- 
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TABLE - 3 

309 

Effect of additives on rate of polymerization 

5 S.No. Additives [Additive] Percentage R x 10 
mol 1-1 conversion P mol 1-ls-l  

1 No additive 0.0 17.8 6.20 

sulphoxide 1.46 24.3 8.01 
2 Dimethyl -731 22.0 7.75 

3 Dioxane 1.29 15.2 5.21 
1.95 13.5 4 - 8 4  

4 Cyclohexane -952 13.3 4.54 
1.42 12.6 4.30 

5 Hydroquinone 1.29~101: 11.2 3-81 
2.59~10 5.7 1.90 

[ A s  s ]=348x10-~moll-lt [~tyl=2.47mol l-l, [~r-acrylate~= 
.107m0ll-~, time = 2hr., temp.= 85t0.1"C 

W 

a 
c 

R 
2 

3000 1800 1600 1000 800 600 

WAVENUMBER ( C m ' )  

(Fig.7) 
IR spectrum of copolymer 
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310 CHATURVEDI AND SRIVASTAVA 

m e r i z a t i o n  of s t y r e n e  w i t h  c h r o m i u m  a C K y l a t e  was a l so  
c a r r i e d  o u t  i n  p r e s e n c e  of  d i m e t h y l s u l p h o x i d e ,  d i o x a n e  
and c y c l o h e x a n e .  Rate of p o l y m e r i z a t i o n  is r e t a r d e d  
i n  p r e s e n c e  of d i o x a n e  a n d  c y c l o h e x a n e  whereas  
d i m e t h y l s u l f h o x i d e  e n c h a n c e d  t h e  r e a c t i o n  ra te .  

C h a r a c t e r i z a t i o n  of c o p o l y m e r  
s t r u c t u r e  

(I) 1% s p e c t r u m  of c o p o l y m e r  c o n s i s t  of f o l l o w i n g  group 
of b a n d s  : 

( a )  T h e  r a n g e  of C-H s t r e t c h i n g  v i b r a t i o n s  d u e  t o  
aromatic  r i n g s  of p o l y s t y r e n e  is p r e s e n t  a t  3000 
Cm-1 t o  2962 Cm-1. 

( b )  T h e  r a n g e  of C-H b e n d i n g  v i b r a t i o n s  s h o w s  b a n d s  
a t  880 C m - l , 8 0 0  Cvn-1. 

( c )  T h e  -CH b e n d i n g  v i b r a t i o n s  of (-CH-CHz ) appears 
i n  t h e  r e g i o n  965-9'15 Cm-1 .  

( d )  T h e  es ter  c a r b o n y l  b a n d  of p o l y c h r o m i u m  a c r y l a t e  
is p r e s e n t  a t  1 7 6 0 - 1 7 3 5  C m - l ( F i g . 7 ) .  

I 
s h o w s  t h a t  c o p o l y m e r  &- 7 3 2 1 

( 2 )  NMR s p e c t r u m  shows 
t h e  p e a k s  d u e  t o  
-CH2- p r o t o n s  a t  
6 =  2-3 ppm a n d  d u e  

t o  p h e n y l  p r o t o n s  a t  
E =  7-8 p p m ( F i g . 8 )  

( 3 )  T h e  TGA c u r v e  ( F i g . 9 )  

h a s  t he rma l  s t a b i l i t y  
u p t o  330°C. T h i s  d a t a  
matches t h a n  t h a t  re- 
p o r t e d  for o t h e r  acr -  ( F i g . 8 )  
y l a t e s  l i k e  CuA2& 
Z n A 2 [ 1 6 ) .  

( 4 )  T h e  e l e m e n t a l  a n a l y s i s  
of t h e  c o p o l y m e r  r u l e s  
o u t  t h e  p r e s e n c e  of 
a r s e n i c  OK s u l p h u r  in 
t h e  c o p o l y m e r .  

(6) ppm 

NMR s p e c t r u m  of c o p o l y m e r  
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COPOLYMERIZATION OF STYRENE 311 

( F i g  - 9 )  

TGA o f  Copolymer 

TABLE - 4 

S . N .  Molar  r a t i o  T e r c e n t a g e  Xoles f r a -  Moles  f r a -  
i n  f e e d ( F )  c o n v e r s i o n  c t i o n  of c t i o n  o f  

s t y l *  c r - a c r y l a t e Z *  

1. 2 7  
2 25 
3 1 7  
4 15 

2 2 . 1  - 5 3 0  
1 7 . 8  .520 
1 4 . 2  -501 
10.7 -888 

.093 
-096 

.111 
-098 

~ 

1* From N M R ,  2* From metal c m t e n t ,  
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31 2 CHATURVEDI AND SRIVASTAVA 

COMPOSITION AND VALUES OF REACTIVITY RATIOS 

The data concerning the copolymerization system is 
summarized in Table 4. F=Ml/M2(M1=Sty.,M2=(Cr-acrylate)is 
the initial ratio of monomer and f = ml/m2 is the molar 
ratio of copolymer. ~15-J 

The monmer reactivity rat 16s xere detersined according 
to the Kelen-Tgdos method (Fiq.lO).The styrene content 
of the copolymer is calzulated f r c x  NMR spectrum 
(phenyl protons) and chromium 
content is estimated using in- 
d u c t i v e 1 y coup 1 ed ;@m?*s s i on s 
spectrometer . 
The eland Q2 values were calcu- 
lated using el = -0.80 and Q1 = 
1.0 assumed for the styrene by 
following equations[l7,18] 

e = el 2 (log rlr2 

0.2 

)0.5 
~ 0-2 ,-. 2 

B 

Q2= 2 exp [-e,(e, - e2)] 
1 ( F i g .  10) 

Kelen-TGdos plot of 
The product of rl and r2 is .0656 styrene .and chromium 
which is much less than unity sug- acrylate 
qesting heigher tendency of alter- 
nating copolymerization which follows from the high diff- 
erence of e values of both comonomers (e = -0.80 and 
e C r A j  

the invesgigated chromium acrylate lower than those of 
styrene. 

= + .286) sty 

The Q value, less than one reflect reactivities of 

MECHANISM 
We have already reported (10-12) that complex As S3- 
styrene complex dissociates to form radical H . l% is 

TABLE - 5 

Reactivity Parameters 

2 e Q2 r r  2 1 2  r 1 r 
~~ ~~ ~~ ~~~~ 

0.82 .08 -0656 -809 .286 

For styrene el = -0.80, Q1 = 1.0 
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313 COPOLYMERIZATION OF STYRENE 

confirmed by the ESR spectrum (Fiq.11). The value of 
‘9’ is calculated as 1.95722. 

The dissociation of cozplex gives either A or B 
with H . Since A is tertiary radical, therefore A is 
more stable thanB. Hence ste:, A is likely to be formed. 
The steps are as follows : 

Initiation CH=CH...As S 2 3  
(i) CH=CH 2 9 L  6 + As2S3 

CH=CH CH-CH 3 .  ICH=CH 2 
(ii) H’ + 3 6 FH-CH3,00C 

(iii) H‘ + 1 ~,OOC CH=CHZ 
coo CKOOC 

CH=CH /CH=CH2 \ 

COO CrOOCyH=CH 
2 

The propagation and termination follows the same usual 
methods.Thus on the above basis 
lymer may be written as 

Y 

I 
c=o 

7 I 
-CH2- C-C HL- C- 

:he structure of copo- 

7 20 

1 I 

.I0 0 10 L O  

Scon ronge 

(Fig -11) 
ESR spectrum of copolymer 
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