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

U. Bhatnagar and A.K, Srivastava*
Chemistry Department

Harcourt Butler Technoloiical Institute,
Kanpur 208002, Indla

ABSTRACT

The metal-ylide initia&ed radical polymerization of sty-
rene (sty) at 85 + 0.1 C using dioxane as inert solvent
was examined. The kinetic parameters average rate of
polymerization (Rp) and reaction orders with respect to
initiator and monomer have been determined and found to
be 0.3 and 1.1l respectively., The polymerization was
retarded by hydroquinone and non-polar solvent. However
polar solvent favoured %he polymerization. The activa=
tion energy (48E) and_kp</kt values were 72.0 kJ mol~™
and 1,87x10-3 1 mol~*s=l respectively, A suitable mech-
anism consistent, with the observed kinetic data is
proposed.

INTRODUCTION

For the last twenty five years, ylides have been known
to be versatile ligands for transition metal (1,2). The
chemistry of sulfur ylide complexes have been reviewed
by Weber (3).

A literature search reveals that although research
publications have documented on the effect of various
ylides like sulphur ylide (4), nitrogen ylide(5), arso-
nium ylide (6) on the polymerization of styrene, the
effect of metal-ylide complexes has hardly been exploi-
ted , we therefore felt it worthwhile to study the poly

* Author to whom all correspondence should be addressed.
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merization of styrene using the phenacyldimethyl sulfo-
nium ylide-mercuric chloride (PDSY-HgCl,) as an initia-
tor. We report our investigations on po%ystyrene obtai-
ned by radical polymerization of styrene with this
complex.

MATERIALS

Styrene and solvents were purified according to establ-
ished procedures (7,8). Bromine(E.Merck) and dimethyl
sulfide (Merck 6230316) were used as received. Phenacyl
dimethyl sulfonium ylide was prepared as described b
Ratts et al.(9) and its mercuric chloride complex (1¥,
was prepared by the method of Singhal et al.(10). It
was insoluble in non-polar solvents such as benzene,
carbon tetrachloride but soluble in polar solvents like
dimethyl formamide, dimethylsrlfoxide and dioxane

IRN (C = 0) = 1620 — 1650 cm~l, Analysis found : C,26.9
H, 2.7, Cl 16,0 calculated : C, 26,8, H 2.8 Cl, 16.0x%.

H
3z:s+ - fH - ﬁ - ] a”
H
3 ng,

C1
(1)

METHODS

Polymerization runs were carried out at 85 3 0.1% using
dilatometric apparatus under an lnert atmosphere of
nitrogen for 120 minutes. The polymexr, precipitated

with acidified methanol was dried in vacuum to constant
weight. The polymerization rate (Rp) was calculated

from the slopes of linear percentage (%) conversion

time plots.

The average degree of pgézmerization for varlous polyst-
yrene samples, was dete ned with a Ubbelohde visco-
meter in benzene at 30 + 0.1°C wusing the relation (1ll)

5. = 1770 [n)*+?

RESULTS

Phenacyldimethyl sulfonium ylide and a mercuric chloride
solution in dioxane failled to initiate the polymeriza-
tion of styrene whereas the complex initiated it. There-
fore, the polymerization of styrene in dioxane at
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85 4+ 0.1°C was carried out during 90 minutes. The poly-
merlzation conditions and results are summarized in
Table 1 to 3 and illustrated in Fig., 1=-7. The polymer-
ization was assoclated with 2-12 minutes induction
period.

DISCUSSION
Effect of [PDSY =- HgCl2]

The rate of polymerization (Rp) increases consist-
entiy with increase in [PDSY - HgCl,] from 3.7 to 51.8x
10=% mol 17+ for fixed monomer conc%ntration (Table 1),

The initiator exponent value, calculated from the
slope of the plot log Rp against log[PDSY + HgCl,] is
0.3 (Fig.2), considerably lower than 0.50 expectgd for
simple radical polymerization, The average degree of

olymerization (P _) decreases with the increase in
PDSY-HgCl, 1. ahgnintercept on the 1/F_ axis in the plot
of 1/P_ vs“[I1°*° (Fig.3) indicates thlt the system
follow? non-ideal kinetics.

The ratio of the squared prgpagation rate constant
to termination rate constant, kp</kt calculgted from
the_slope of the plot of 1/P_ versus Rp/[M]¢ is 1.87x
10-3 1 mo1-is-1, n

Effect of [Styrene]

Table 2 illustrates the influence of the monomer on
Rp upo& varying monomer concentration from 1.15 to 2,88
mol 1% with constant [PDSY - HgCl,]. It is noteworthy
that Rp is a direct function of [Sty]. A plot of log Rp
versus log[Sty] is linear with 1.1l order, which is
higher than the value of unity expected for ideal radi-
cal polymerization (Fig.4). Various explanations[12-15]
for non-ideality in vinyl polymerization have been pro-
posed but with limited success. It is now accepted that
primary radical termination and degradative chain trans-
fer are the most important causes of non-ideality.

Causes of non-ldeality

In order to detect degradative chain transfer, Deb
equation [16] in the following form was used :

In Rp2/[I][M]2 = In fr.q kP°/kt = kp?/krt 1/
ki kir I cy[1]/[M]

where C is the initiator transfer constant. The plot
of the feft hand side of this equation versus [I]/fM]
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Fig.l [Sty] = 1.73 mol 1'1, Time = 2 hours,
Temperature = 85 3 O.1°C,

TABLE 1

Effect of PDSY-HgCl, complex on the rate of polymeriza-
tion of styrene itiated by phenacyldimethyl sulfonium
ylide complex of mercuric chloride

[PDSY-HgCL, ] Percentage Rp x 155 13n
mol 1~1x10% conz;fsion mol l"""s'l

3.7 18.8 4.75 270

7.4 23.5 5.94 202

14.8 27.5 6.66 181

22,0 28.5 T.14 121

29,6 0.1 7.61 103
37.0 32.4 8.65 97

51.8 36.6 9.31 92

[Sty] = 1.73 mol 1'1.'T&me = 2 hours,
Temperature = 85 4 0.1°C
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Fig.3 Relationship between 1/P_ versus square
root concentration of in2tiator for the
polymerization of styrene
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TABLE 2

Effect of EStyrene] on the rate of polymerization of
styrene inlitiated by phenacyl dimethyl solfonium ylide
complex of mercuric chloride,

[Styrene] Percentage Rp x 10°
mol 1"1 con¥;§sion mol l-ls-l
1.15 19.55 3.82
1.73 23.50 5.94
2,30 31,05 8.27
2,88 35.65 10.63
[PDSY » HgCly] = 1.4x19™% mol 17%, Time = 2 hours
Temperature “= 85 3 0.1°C,
12
. B
+
a 08r
s d
o
o
o4t
1 i 1 i L
0-2 0-6 1-0

log [Sty]+5

Fig.4 Relationship between log[Sty] versus
log Rp for the polymerlization of styrene.

has a negative slope but degradative chain transfer
does not seem most effective in our system because acc-
ording to the literature, it is apparent that such
transfer is most effective at very low polymerization
rateflg?d the initiator exponent must be hlgher than
0.5 .
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Fig.5 Relationship Retween log sz/[I][M]2
versus Rp/[M]

In order to detect primary radical terminatlon, the
equation developed by Deb and Meyerhod#f [17] was used
to analyze the possibility of termination in the follow-
ing manner :

log Rp?/[1}[M]% = kt kd Rp?/kt - 0.8684 k__,/ki kp Rp/[M]

The plot of log sz/[I][M]2 versus Rp/[M B (Fig.5) has
a negative slope, indicating primary radical in the
present system, Such termination was further confirmed
by the low initiator and high monomer exponent, which
match with literature value [15].

2

Effect of additives

The effects of a polar solvent viz. dimethyl sulfo-
xide (DMSO) and a non-polar solvent, viz. benzene, have
also been studied. The results are given in Table 3.
Apparently DMSO, being a polar solvent, facilitates
the dissociation of metal-ylide complex thereby increa-
sing the polymerization rate, whereas the non-polar
benzene supresses the initiator dissociation. The effect
of gydroquinone confirms the radical mode of polymeri-
zation.
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TABLE 3

Effect of[additives] on the rate of polymerization of
styrene initiated by phenacyl dimethyl salfonium ylide
complex of mercuric chloride

Additive [Additive]) Percentage Rp x 10°
mol 1 conversion mol l-ls-l
™GO o 335 ~5.94
2.35 26.3 T.24
4.69 29,5 8.75
Benzene 1.88 20.48 5.27
3.75 16.67 3.98
Hydroquinone 3.0x10™2 19.24 4.26
9.0x10'2 14.85 3.57

[PDSY i chl ] = 7.4x107 4 mo1 1~ . [Styrene] = % .73
mol 1-1 ’ 8 2 hours, Temperature = 85 4 0. Ce.

10
‘‘

+ o8f

g

5

2 o6}

73 277 281 285

%r-x 103

Fig.6 Relationship between 1/T versus log Rp
for the polymerization of styrene
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Fig.7 esr spectrum of reaction mixture

Effect of temperature

The rate of polymerizatlion increases with tempera-
ture and the overall Arrhenius activation energy (4E)
for styrene, calculated from the corresponding sloge of
Arihin um piot of log Rp versus 1/T (Fig.6) 1is 72.0 kJ
mo .

Mechanism

All results illustrated in flgure 1-7 summarized'in
Table 1-3 confirm that PDSY - HgCl, complex initiates
radical polymerization of styrene.“The mechanism of the
system was confirmed by esr spectrum of polymer content
The gyromagnetic ratio (g), calculated from fig.7 as
1.979 is close to the value given for H atom (g =
2.0036 + 0.03).
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There are 3 possible ways by which the metal-ylide
complex can dissoclate to yleld free radical, Route 1
is not possible because the formation of CH3 is rej-
ected by esr spectra of polymer content.

-y
A O R s 4
] j ] /s"\c‘ @ f"{
/S+\ tHy O3
chy
) 2 @
o .
Q“ _r‘g...-c» - CH-
N :; +H
9
3 byt E oW

&
e \cu;

Resonance §tabilized

It will therefore give an additional band in esr spectra.
Therefore, Route 3 seems to be most probable because
other radical is highly resonance stabilized (b).
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