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PHENACYL DIMETHYL SULFONIUM YLIDE-MERCURIC CHLORIDE 
COMPLEX INITIATED MDICAL POLYMERIZATION OF STYRENE 

* U. Bhatnagar and A.K. Sr ivas tava  
Chemistry Department 

Harcourt  B u t l e r  fechnolo i c a l  I n s t i t u t e ,  
Kanpur 208002, Ind 9 a 

ABSTRACT 

The metal-ylide h i t i a & e d  r a d i c a l  polymerization of s ty -  
rene ( s t y )  a t  85 f 0.1 C using dioxane a s  i n e r t  so lvent  
was examined. The k i n e t i c  parameters average r a t e  of 
polymerization (Rp) and r eac t ion  o rde r s  w i t h  r e spec t  t o  
i n i t i a t o r  and monomer have been determined and found t o  
be 0.3 and 1.11 respec t ive ly .  The polymerization was 
r e t a rded  by hydroquhone and non-polar solvent.  However 
p o l a r  so lvent  favoured 3 h e  polymerization. The act ivai  
t i o n  energy LIE) and k p  / k t  va lues  were 72.0 k J  mol' 
and 1.87~10-4 1 mol-ls-l respec t ive ly .  A s u i t a b l e  mech- 
anism cons i s t en t ,  w i t h  t h e  observed k i n e t i c  da ta  is 
pro posed. 

I N T a  DUCTION 

For t h e  l a s t  twenty f i v e  years ,  y l i d e s  have been known 
t o  be v e r s a t i l e  l igands f o r  t r a n s i t i o n  metal (1,2).  The 
chemistry of s u l f u r  y l i d e  complexes have been reviewed 
by leber  (3). 

A l i t e r a t u r e  search r evea l s  t h a t  although research 
publ ica t ions  have documented on t h e  e f f e c t  of var ious  
y l i d e s  l i k e  sulphur y l ide  ( 4 ) ,  ni t rogen  y l ide (  51, arso- 
nium y l i d e  ( 6 )  on the  polymerization of s tyrene,  t h e  
e f f e c t  of metal-ylide complexes has hardly been exploi-  
ted , we t h e r e f o r e ' f e l t  it worthwhile t o  study the  poly 
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28 BHATNAGAR A N D  SRIVASTAVA 

merizat ion of s tyrene  using t h e  phenacyldimethyl sulfo-  
nium ylide-mercuric ch lo r ide  (PDSY-HgC1 a s  an i n i t i a -  
t o r .  Vie r epor t  our  i n v e s t i g a t i o n s  on poqystyrene obta i -  
ned by r a d i c a l  polymerization of s tyrene  with t h i s  
complex. 

M A T D I A L S  

Styrene and so lvents  were p u r i f i e d  according t o  e s t ab l -  
i shed  procedures (7,8) . Sromine(E.Merck) and dimethyl 
s u l f i d e  (Merck 6230316) were used as received,  Phenacyl 
dimethyl  sulfonium y l i d e  was prepared a s  descr ibed  b 
Ratts e t  a1.(9) and i t s  mercuric ch lo r ide  complex (Ir, 
was prepared by t h e  method of Singhal  e t  a l . ( lO).  It 
was in so lub le  i n  non-polar so lvents  such as benzene, 
carbon t e t r a c h l o r i d e  bu t  so luble  i n  p o l a r  so lven t s  l ike 
dimethyl  fomamide, d ime thy l s  l fox ide  and dioxane 

H, 2.7, C1 16.0;t ca l cu la t ed  : C, 26.8, H 2.8 C1, 16,Og. 
I R 3  (C = 0) = 1620 - 1650 cm- Y . Analysis found : C,26.9 

m 

METHO Ds 

Polymerization runs were c a r r i e d  o u t  a t  85 
d i l a t o m e t r i c  apparatus  under an i n e r t  atmosphere of 
n i t rogen  for 120 minutes. The polymer, p r e c i p i t a t e d  
w i t h  a c i d i f i e d  methanol was d r i e d  i n  vacuum t o  cons tan t  
weight. The polymerization r a t e  (Rp) was ca l cu la t ed  
from t h e  sloDes of l i n e a r  percentage (g) conversion 
time p lo t s .  
The average degree of po l  merizat ion for var ious  polyst-  
yrene samples, was d e t e d n e g  with a Ubbelohde visco- 
meter in benzene a t  30 2 0.1 C 

0 . loC  using 

using t h e  r e l a t i o n  (11) 

RESULTS 

Phenacy ldhe thy l  sulfonium y l i d e  and a mercuric ch lor ide  
so lu t ion  i n  dioxane f a i l e d  t o  i n i t i a t e  t h e  p o l  meriza- 

fo re ,  t h e  polymerization of s tyrene  i n  dioxane a t  
t i o n  of s tyrene  whereas the complex i n i t i a t e d  x t. There- 
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RADICAL POLYMERIZATION OF STYRENE 29 

0 . l o C  was c a r r i e d  o u t  during 90 minutes. The poly- 
mer 85 f za t ion  condi t ions  and r e s u l t s  a r e  summarized i n  
Table 1 t o  3 and i l l u s t r a t e d  i n  Fig. 1-7. The polymer- 
i z a t i o n  was assoc ia ted  w i t h  2-12 minutes induction 
period. 

DISCUSSION 

E f f e c t  of [PDSY - HgC12] 

The r a t e  of polymerization (Rp) inc reases  cons is t -  
e n t  y with fncrease i n  [PDSY - HgCl ] f r o m  3.7 t o  51.8~ 

The i n i t i a t o r  exponent value,  ca l cu la t ed  from the 
s lope of  t h e  p l o t  log Rp a g a i n s t  log[PDSY + HgCl ] i s  
0.3 (Fig.21, considerably lower than 0.50 expecdd  f o r  
simple r a d i c a l  po l  merizat ion.  The average degree of 

e r i z a t i o n  (pnr  dec reases  w i t h  t he  increase i n  

10- t mol 1' f o r  f i x e d  monomer concgntrat ion (Table 1) .  

of F g z - ~ g c l ~  1/P vs 2 i ,es 
f o l l o d  non-ideal k i n e  t i c s .  

t o  terminat ion ra te  cons tan t ,  kp s / k t  c a l c u l  ted  from 
the  s lope o the  p l o t  of l/Pn versus  RP/[MJ i s  1 . 8 7 ~  
10-3 1 mol-1s-1. 

E f f e c t  of [Styrene] 

Rp upof varying monomer concentrat ion from 1.15 t o  2.88 
mol 1' 
t h a t  Rp i s  a d i r e c t  funct ion of [Sty). A p l o t  of log Rp 
versus  log[Sty] is  l i n e a r  w i t h  1.11 order ,  which i s  
h igher  than the value of un i ty  expected f o r  i d e a l  radi-  
c a l  polymerization (Fic1.4) . Various explanat ions[  12-15] 
f o r  non-ideal i ty  i n  v iny l  polymerization have been pro- 
posed b u t  with l imited success.  It i s  now accepted t h a t  
primary r a d i c a l  t e rmina t ion  and degradat ive chain t rans-  
f e r  a r e  the  most important  causes  of non-ideality. 

Causes of non-ideal i ty  

equat ion [161 i n  t h e  fol lowing form was used : 

i n t e r c e p t  on t h e  1/P 
(Fig.3) i n d i c a t e s  t h a t  the  system 

ax i s  i n  t h e  p l o t  

The r a t i o  of t he  squared p r  pagation r a t e  cons tan t  
9 

Table 2 i l l u s t r a t e s  t he  inf luence of t h e  monomer on 

w i t h  cons tan t  [PDSY - HgC12]. It i s  noteworthy 

I n  o rde r  t o  d e t e c t  degradat ive chain t r ans fe r ,  Deb 

h RP*/[I][M]~ = I n  fkd kp2/kt - kp 2 / k r t  I/ 

k i  k i r  I CIII]/[M] 

where C i s  t h e  i n i t i a t o r  t r a n s f e r  constant .  The l o t  
of t he  f e f t  hand s i d e  of t h i s  equat ion versus  [I]/fM] 
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30 BHATNAGAR AND SKIVASTAVA 

Time (minutes) 

Fig .1  [Sty] = 1.73 mol l'l, T&ne = 2 hours, 
Temperature = 85 f 0.1 C. 

TABLE 1 

Effect of PDSY-H C1 complex on the ra te  of polymeriza- 
t ion of styrene L i s i a t e d  by phenacyldimethyl sulfonium 
ylide complex of mercuric chloride 

[PDSY-HgC1 1 Percentage ~p x lo5 FIl conversion mol -1 -1 mol 101xlg4 A 
3.7 18 08 4.75 270 
7 04 23.5 5.94 202 

14.8 27.5 6 -66 181 
22 00 28.5 7.14 121 
29 06 30.1 7.61 103 
37 00 32.4 8.65 97 
51.8 36.6 9.32 92 

[Sty] P 1.73 mol I", T e e  = 2 hours ,  
Temperature = 85 f 0.1 C. 
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RADICAL POLYMERIZATION OF STYRENE 31 

Fig.2 Relationship between log PDSY-HgCl 1 
versus log Rp f o r  the PO f ymerizatdn 
of styrene 

0 
m 
P 

X 

C 
-1IQ 

I I I I I I 1 

0 2.0 40  6-0 

Fig.3 Relationship between l/P versus square 
root  concentration of b y t i a t o r  f o r  the  
polymerization of styrene 
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32 BHATNAGAR A N D  SRIVASTAVA 

TABLE 2 

E f f e c t  of  S tyrene]  on the r a t e  of polymerization of 

complex of mercuric chlor ide.  
s tyrene  i n  f t i a t e d  by phenacyl dirnethyl solfonium y l ide  

[Styrene]  Percentage RP x lo5 
-1 -1 

$1 
conversion 

1.15 19.55 3.82 
1 a 7 3  23.50 5.94 
2.30 31.05 8.27 
2.08 35.65 10.63 

rnol 1 s mol 1-l 

[PDSY sI HgCl ] = l . 4 x l q 4  mol I", Time = 2 hours 
Temperature 2= 85 f 0.1 C. 

0.2 0.6 1.0 

log [St yJ+ 5 

Fig .4 Rela t ionship  between log[Sty] versus  
log  Rp f o r  the polymerization of  styrene.  

has a negat ive s lope  but  degradat ive chain t r a n s f e r  
does n o t  seem most e f f e c t i v e  i n  our  system because acc- 
ording t o  t h e  l i t e r a t u r e ,  it i s  apparent t h a t  such 
t r a n s f e r  is  most e f f e c t i v e  a t  very low po l  merization 
r a t e s  and t h e  i n i t i a t o r  exponent must  be h 1 gher than 
0.5 [16]. 
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RADICAL POLYMERIZATION OF STYRENE 33 

1.0 2.0 3.0 0 

5 - R p  x 1 0  
[MI2 

Fig.5 Relat ionship 8etween log RpL/[Ij[M]2 
versus Rp/[M] 

I n  o rde r  t o  d e t e c t  primary r a d i c a l  terminat ion,  t h e  
equat ion developed by Deb and Meyerhodf [17] was used 
t o  analyze the p o s s i b i l i t y  of  terminat ion in t h e  follow- 
ing manner : 

log Rp2/[I][M]2 = k t  kd Rp 2 / k t  - 0 . 8684 k&ki kp Rp/[MJ2 

The p l o t  of log Rp*/[I][M]* versus  Rp/[M 1. (Fig.5) has  
a nega t ive  s lope,  i nd ica t ing  primary rad  c a l  in t h e  
p re sen t  system. Such terminat ion was further confirmed 
by the  low i n i t i a t o r  and high monomer exponent, which 
match with l i t e r a t u r e  va lue  [15]. 

Effect of additives 

The e f f e c t s  of a p o l a r  so lven t  viz. dimethyl sulfo-  
xide (DMSO) and a non-polar solvent ,  viz .  benzene, have 
a l s o  been s tudied.  The r e s u l t s  a re  given i n  Table 3. 
Apparently MnSO, being a p o l a r  so lvent ,  f a c i l i t a t e s  
t he  d i s s o c i a t i o n  of metal-ylide complex thereby increa-  
s ing  t h e  polymerization r a t e ,  whereas the  non-polar 
benzene supresses  t h e  i n i t i a t o r  d i s soc ia t ion .  The e f f e c t  
of hydroquinone confirms the  r a d i c a l  mode of polymeri- 
za t ion  . 
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34 BHATNAGAR AND SRIVASTAVA 

TABLE 3 

E f f e c t  of [addi t ives]  on the  ra te  of  polymerization of 
s ty rene  i n i t i a t e d  by phenacyl dimethyl solfonium y l i d e  
complex of mercuric c h l o r i d e  

Add it i v e  [Addit ive)  Percentage Rp x lo5 
mol 1-1 conversion mol -1 -1 

0 2 5  5.94 
2.35 26.3 7.24 
4.69 29.5 8 *75 

Benzene 1.88 20.48 5.27 
3.75 16 0 67 3.98 

Hydroqu inone 3 .0~10-~ 19 024 4026 
9 .ox10-2 14.85 3.57 

[PDSY - HgCl ) = 7 . 4 ~ 1 0 - ~  mol I", [Styrene] = J.73 
mol l-l, Tim8 = 2 hours,  Temperature I 85 f 0.1 C. 

ln + 
Q 
U 

1 3 - x 10 
T 

Fig.6 Relat ionship between 1 / T  versus log Rp 
f o r  the  polymerization of s tyrene  
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RADICAL POLYMERIZATION OF STYRENE 35 

I I I .I 
2800 3300 3800 4300 

Fig.7 esr spectrum of r eac t ion  m i x t u r e  

E f f e c t  of temperature 

The r a t e  of polymerizat ion increases  w i t h  tempera- 
t u r e  and the  o v e r a l l  Arrhenius a c t i v a t i o n  energy (AE) 
f o r  s t  rene 
Arrhfn&m p l o t  of log  Rp versus  1 / T  (Fig.6) is 72.6 kJ 
mol . 
Mechanism 

A l l  r e s u l t s  i l l u s t r a t e d  in f i g u r e  1-7 summarized i n  
Table 1-3 confirm t h a t  PDSY - HgC12 complex i n i t i a t e s  
r a d i c a l  polymerization of s tyrene,  The mechanism of t h e  
system was confirmed by esr spectrum of polymer conten t  
The gyromagnetic r a t i o  ( g ) ,  ca l cu la t ed  from fig.7 a s  
1.979 i s  c l o s e  t o  the  value given f o r  H atom (g = 
2.0036 f 0.03) 

ca lcu la t ed  from t h e  corresponding slo e of 
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36 BHATNAGAR AND S R I V A S T A V A  

There a r e  3 possible  ways by which the  metal-ylide 
complex can d i s soc ia t e  t o  y i e l d  free rad ica l .  Route 1 
is no t  poss ib le  because the  formation of CH3 i s  rej- 
ec t ed  by esr spec t ra  of polymer content.  

It w i l l  therefore  g ive  an add i t iona l  band i n  esr spec t ra .  
Therefore, Route 3 seems t o  be most probable because 
o the r  r a d i c a l  is highly  resonance s t a b i l i z e d  (b) .  
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