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Peroxo Salts as Initiators of Vinyl Polymerization. 
6. Kinetics of Polymerization of Acrylonitrile 
Initiated by Potassium Peroxodisulfate in 
Aqueous Medium-Ag+ Catalysis 

S. P. MANICKAM and N. R. SUBBARATNAM 

Department of Physical Chemistry 
School of Chemistry 
Madurai Kamaraj University 
Madurai-625021, India 

and 

K. VENKATARAO 

Department of Physical Chemistry 
A.C. College Campus 
University of Madras 
Madras -6 000 25, India 

A B S T R A C T  

The kinetics of polymerization of acrylonitrile initiated by potas- 
sium peroxodisulfate in neutral and acid conditions was studied. 
R depended upon [ SzOsZ- 1 ' I 2  and [ m o n o ~ n e r ] ~ / ~  both in neutral 
and acid solutions. The influence of ionic strength and the cata- 
lytic effect of Ag' on the system a r e  discussed. Suitable mech- 
anisms a r e  proposed. 
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I N T R O D U C T I O N  

Studies on the kinetics of polymerization of acrylonitrile in aque- 
ous medium initiated by peroxodisulfate by different workers [ 1-31 
gave conflicting results. In order to get a clear  picture of the kinetics 
and also as a continuation of our earlier studies [ 4-91 on peroxodi- 
sulfate-initiated vinyl polymerization, we made a reinvestigation of 
the polymerization of acrylonitrile in water, both in acid and neutral 
conditions. For the first time, the effect of Ag' ions on this system 
was also looked into. The kinetic results of our investigations and 
the mechanisms proposed a r e  presented here, 

E X P E R I M E N T A L  

Acrylonitrile (E. Merck, G.R.) was purified by double distillation 
under reduced pressure after washing with sodium hydroxide solution 
iollowed by water [ 101. Potassium peroxodisulfate (E. Merck, G.R.) 
was twice recrystallized from double distilled water. AgC104 and 
NaC104 were prepared as described in our earlier papers [ 4, 51. 
Water, distilled over alkaline permanganate, was used for the prep- 
aration of reagents. The reaction mixtures were always flushed 
with oxygen-free nitrogen. The temperature of the reaction mixture 
was controlled to +O.Ol"C in a thermostat. The rate  of polymeriza- 
tion, Rp, was evaluated gravimetrically and the molecular weight of 
the polymer determined b viscometry using the Mark-Houwink 
equation, [ 91 = 24.3 X 10- X M0*75 at 25°C in dimethylformamide 
[ 111. The molecular weights of the polymers were estimated to be 
in the range 19-36 X lo4 .  

P 

R E S U L T S  AND DISCUSSION 

U n c a t a l y z e d  P o l y m e r i z a t i o n  i n  N e u t r a l  a n d  A c i d  
M e d i a  

With [ MI = 0.48-1.08 mol/L and [ S Z O ~  ' -J -i - 0 002-0.032 mol/L, 
R was found to depend on [ M]3'2 and [ S 2 0 ~  

Plots of R versus [ MI3'' (Fig. 1) and [ SzOS2- ] "' (Fig. 2) were 
linear, passing through the origin. With constant [ SzOs2- 1, [MI,  and 
temperature, R decreased slightly with increasing ionic strength of 
the media (Table 1). From the experiments at  different temperatures, 
the overall activation energy for the polymerization in neutral me- 
dium was computed to be 17.7 kcal/mol (Fig. 3). The kinetic experi- 
ments were repeated in acid medium with [ HC104] = 1.0 mol/L. The 

in neutral medium. 
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FIG. 1. Dependence of R on [ MI3/’ in neutral and acid media: 
P 

R vs [ MI3/’, [ S Z O ~ ’ -  ] = 0.01 mol/L, t = 50°C (A, p = 0.12 mol/L; 
B, p = 1.12 mol/L; [ H’] = 1.0 mol/L. Dependence of R on [MI in 
the Ag’ catalyzed system and the effect of Ag’ on R - [ S z 0 8 ’ -  1 = 

0.01 mol/L, y = 0.12 mol/L, t = 35°C (R v s  [MI;  C, [Ag’] = 4 X 

mol/L; R 

P 

P 
P’ 

P 
vs [ Ag’]; D, [ M] = 0.84 mol/L). 
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FIG, 2. Dependence of R on [ S Z O S ~ - ] ~ / ~  in neutral and acid media 

and in the Ag' catalyzed system. R v s  [ S208'- 3 t = 50°C (A, [ M I  

= 0.72 mol/L, p =0.12 mol/L; B, [ M] = 0.6 mol/L, [ H*J = 1.0 mol/L, 
p = 1.12 mol/L); C, [ M] = 0.84 mol/L, [ Ag'] = 4 X 10 mol/L, p = 
0.12 mol/L, t = 35°C. 

P 
P 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



v E! 
T

A
B

L
E

 1
. 

E
ff

ec
t 

of 
Io

ni
c 

S
tr

en
gt

h 
on

 t
he

 R
at

e 
of

 P
ol

ym
er

iz
at

io
n 

of
 A

cr
yl

on
it

ri
le

 

x 
R 

x 
lo

4 
0

 
P 

m
 

(m
ol

/L
) 

(m
ol

/L
 m

in
) 

* * 

t 
[ M

I 
[S

zO
s'

 
-1

 
[ H

'I 
[A

g'
] 

x 
lo
4 

p 
("

C
) 

(m
ol

/L
) 

(m
ol

/L
) 

(m
ol

/L
) 

(
m

o
m

 
i? 

- 
1.
12
 

18
.8
 

3 

50
 

0.
84
 

0.
02

 
1.
0 

- 
1.
70
 

18
.6
 

3 
50
 

0.
84
 

0.
02
 

1.0
 

- 
1.
90
 

18
.1
 

2 

50
 

0.
84
 

0.
02
 

1.
0 

50
 

0.
84
 

0.
02
 

1.
0 

- 
1.
50
 

18
.4
 

m e !xJ
 

50
 

0.
84
 

0.
02
 

1.
0 

- 
2.
10
 

18
.5
 

0
 

m
 

50
 

0.
72
 

0.
01
 

- 
- 

0.
3 

22
.4
 

50
 

50
 

50
 

35
 

35
 

35
 

35
 

35
 

0.
72
 

0.
01

 

0.
72
 

0.
01
 

0.
72

 
0.

01
 

0.
84
 

0.
01
 

0.
84
 

0.
01
 

0.
84
 

0.
01
 

0.
84
 

0.
01
 

0.
84
 

0.
01
 

- 4.
0 

4.
0 

4.
0 

4.
0 

4.
0 

0.
5 

0.7
 

0.
9 

0.
12
 

0.
32
 

0.
52
 

0.
72
 

0.
92
 

Q
) 

20
.8
 

15
.5
 

15
.2
 

31
.5
 

30
.8
 

29
.7
 

28
.2
 

27
.6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1516 MANICKAM, SUBBARATNAM, AND VENKATARAO 

V 

m a  

It 
1.8 1.6 

m - 
0 - 
0” 1 4  1.2 - 

1.0 0.8 

0.6 0.1 
3.0 3.1 3.2 

T - ’  x lo3 deg-’ 

FIG. 3. Plot of log k vs  T 
in neutral and acid media and in  the Ag ’ catalyzed system. [ S208’ -1  
= 0.01 mol/L IJ. = 0.12 mol/L (A, [ M I  = 1.08 mol/L; C ,  [ M I  = 0.84 
mol/L, [ Ag’j = 4 X 
mol/L, [ S Z O ~ ~ - ]  = 0.02 mol/L, IJ. = 1.12 mol/L. 

for the polymerization of acrylonitrile 

mol/L); B, [MI = 1.2 mol/L, [ H’] = 1.0 

reactions were found to follow the same ra te  law as in neutral medium 
(Figs. 1 and 2), and R was found to be insensitive to changes in ionic 

strength of the medium (Table 1). The activation energy was found to 
be slightly lower (16.6 kcal/mol) (Fig. 3). The following mechanism 
explains our kinetic results in both neutral and acid conditions. 
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Rn’ + M  - 
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PEROXO SALTS AS INITIATORS. 6 15 17 - polymer Rn' +Rm' kt 

where R' represents the primary ion-radical -04S-CHz-tH-CN. 
Under steady-state conditions, assuming unit initiator efficiency, 

J"kpko 'I2 
R =  [ SzOS2 1 '" [ MI 3/2 

P kt112 

(4) 

which agrees well with our experimental data. The slight decrease 
in Rp with increasing ionic strength in neutral medium may be ex- 
plained as an effect on the ion-dipole reaction in Step (1). But in acid 
medium, SzOS2-  may be protonated to become HS208L. Now the effect 
of ionic strength on the reaction is less pronounced since the charge 
on the ion has decreased. Further, a t  such high ionic strengths ( p  = 
1.2 mol/L) used in acid medium, ion-pair formation involving both 
S Z O ~ ' -  and monomer may decrease the effective charge on these 
species, thereby minimizing the magnitude of the ionic strength 
effect. Formation of the primary radical ions -0MHz-CH-CN 
was proposed since Ledwith and Russell [ 121 have pointed out that 
the electron transfer from olefins carrying electron-withdrawing 
group to Sod'-  (or SzOSZ-)  is highly improbable due to energy consid- 
erations. Hence acrylonitrile either gives a polymer with SO4 end 
groups by direct interaction with S20S2-  and sod'- or with OH end 
groups when S04'- radical ions escape from the monomer, and give 
'OH radicals by interacting with water [ 13, 141. Trubitsyna et al. [ 31 
suggested the formation of monomer-peroxodisulfate complexes which 
decompose to yield initiating radicals. Spectral studies by us  did not 
reveal any conclusive evidence for the formation of complexes. 
Tsuruta et al. 11 reported the dependence of R on [ sZoS2-] which 
was not in agreement with our results. R was found to depend on 
[ s2082-] ' I 2  and, under our experimental conditions, there was no 
evidence for unimolecular initiation. 

P 

P 

A g '  C a t a l y z e d  P o l y m e r i z a t i o n  i n  N e u t r a l  M e d i u m  

In the presence of AgC104 in neutral medium, R depended on 
P 

[ sZ0S2-] ' I 2 ,  [ Ag'] 'I2, and [ MI. Plots of R versus [MI (Fig. 1) 

and [ s Z o S ~ - ]  'I2 (Fig. 2) were linear, passing through the origin. The 
plot of R versus [ Ag'] (Fig. 1) was  also linear, passing through the 
origin, indicating that there is no contribution of uncatalyzed polym- 
erization to R under the experimental conditions. From a plot of 
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log k against T -' (Fig. 3), the overall activation energy for the cata- 
lyzed polymerization was calculated to be 8 kcal/mol with [ Ag' 1 = 4.0 
X mol/L. R decreased slightly with increasing ionic strength 
of the medium (Table 1). The following reactions, in addition to the 
reactions given earlier (Eqs. 1-4), will explain the Ag' catalyzed 
polymerization. 

P 

K 
Ag'(aq) + SzOnZ- AgS20s- (as) 

kz 
AgSzOs-(aq) ____?t Ag'(aq) + HS04 ~ + S04'-- + 'OH (7 1 

h 
Ag'(aq) + Sod- - Ag" (aq) + HSO4 + 'OH 

'OH + M A R' 
k4 

Assuming steady-state conditions and independence of k and k on 
chain length, we get P t 

Jzk 
Rp = (ko +kzK[Ag'I)1'2[Sz0~2~]l"2[M] 

ktl" 

where (1 + K[ Ag'f ) = 1. This expression confirms the absence of 
direct interaction between monomer and AgSzOs-(aq), which agrees 
well with o w  experimental results. The slight negative salt-effect 
agrees with the involvement of Equilibrium (6) in the reaction se- 
quence. Formation of the reactive ion pair AgSnOs-(aq) was proposed 
on the basis of our earlier studies [ 71. The presence of the -CN 
group in the monomer decreases the T -electron density, thereby 
making its reaction with S z 0 s 2 -  or S04'- less favorable in general. 
But in the case of uncatalyzed polymerization, this reaction between 
monomer and 5 ~ 0 8 ~  is still fast as compared to the homolysis of 
S z 0 n 2  , and in the Ag' catalyzed system the decomposition of 
AgSzOn-(aq) is fast as compared to its reaction with the monomer. 
As a result, the monomer exponent is reduced to unity. The absence 
of direct interaction between AgSzOn (as) and monomer may be 
attributed to the inactive nature of the monomer itself, brought about 
by the presence of the electron-withdrawing -CN group, 
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