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Abgract. Homopolymerization of methyl

triphenylstibonium  1,2,3 4-tetraphenyl-cyclopentadienylide as  an

methacrylate (MMA) was caried out in the presence of

intistor in dioxane a 65°C+02°C.

The system follows non-ided radical kingics (R, [M]*™* [1]°*%) due to primary radicd terminaion as
wdl a degradative chantrander reaction. The overdl activaion energy and average veue of kﬁ/kt were

64kImo ™ and 0473 1073 I mol™ s respectively.
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1. Introduction

The stereospecific polymerization of various acry-
lates and methacrylate has been studied by using a
variety of initiators such as triphenyl phosphine and
iron(l11) complex," thiol? the D-glucose-ceric ion
redox system,® benzyol peroxide’ tert-hexyl peroxy
pivaae® and fullerene® Recently, some ylides con-
taining non-metds like nitrogen,™ sulphur and
phosphorus'” have been used for the polymerization
of methyl methacrylate MMA.

Recently use of p-acetylenzylidene triphenyl arso-
nium ylide [p-ABTAY] as radical initiator for the
homopolymerization of methyl methacrylate™® vinyl
acetate™ and copolymerization of styrene with vinyl
acetate™ has been reported.

The properties of ylides are very much dependent
on the identity of the heteroatom. The dipolar and
nucleophilic character of the ylides appear to
increase their dability. However, the triphenylsti-
bonium 1,2 34-tetraphenylcyclopentadienylide, be-
cause of its synthetic problems, has not been exa
mined earlier in the polymer science.

2. Experimental

Monomer and solvents were purified according to pro-
cedures reported in literature.®” The ylide was pre-
pared by the method of Lloyd.”® Briefly it is asfollows.

*For correspondence

A solution of 249° 10° moles of 1,234-tetra-
phenylcyclopentadiene  (Aldrich), 746" 10 moles
of p-toluene sulphonylhydrazide (Fluka AG) in
68 ml diethyl amine was kept a 0°C for 10 days. It
was then followed by addition of 3% ml water, 5ml
ether and dried over anhydrous silica gel, when yel-
low crystals of diazo compound were obtained. It
was washed with methanol.

A solution containing 264" 10°* moles of diazo-
compound, 785" 10°moles of Cu(ll) bishexa
fluoroacetylacetonato (Merck) as catalyst and 495 °
10° moles of triphenylstibonium (Merck) in 10 mil
benzene were refluxed for 2 h. The evaporation of
the solvent in vacuum produced stibonium ylide in
14%% yield.

3. Polymerization procedure

The polymerization was carried out in a dioxane at
65 + 04°C under an inert atmosphere of nitrogen for
5h. The rate of polymerization (R,) was determined
dilatometry from the dope of linear portion of con-
verson vs time plots. The intringc viscosty [h] of
polymer(s) was determined in benzene a 30z
04°C using an ubbelohde viscometer. The average
degree of polymerization (P,) was calculated.™

4. Resultsand discussion

The ylide initiated polymerization a 65°C have
been summarized in (tables 1-3) and (figures 1-8)
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because it faled to initiate the polymerization below
60°C.

4.1 Effect of [ylide]

The effect of stibonium ylide on the rate of polym-
erization was studied by varying the [ylidg] from
146" 10° to 5%¥8° 10°mol I, while keeping
[MMA] constant as 39 mol I* (figure 1 and table
1). The polymerization was associated with an in-
duction period of about 50-60 min. The extended
induction period is often seen feature in the case of
ylide initiated polymerization of various vinyl
monomers”® The ylide initiated the radica polym-
erizetion of methyl methacrylate and the R, in-
creased when ylide concentration increased from
146° 10° to 598" 10° ma I". The vaue is less
than expected for ideal radical kinetics. The initiator
exponent, calculated from the dope of the plot log R,
versus log [ylide], is 0x4 + 001 (Figure 2). The av-
erage degree of polymerization (P,) decreases with
the increase in [ylide] (table 1). The vaue of ki/ki,
determined from the dope of a plot (figure 3) of
(U/P,) vs R/[M]?,is0473" 10° Imal ™ s™.

42 Effect of [MMA]

The effect of [MMA] on the R, has been studied by
varying [MMA] from 0%5 to 30 mol I, whereas
[ylide] has been kept constant 2:81° 10° mol I
(table 2). It is clear that the R, is a direct function of
[MMA]. The monomer exponent, calculated from
the dope of the linear plot of logR, against log
[MMA], is 14+ 002 (figure 4). This confirms that
the system follows non-ideal kinetics. The average
degree of polymerization increases with increase of
monomer concentration (table 2).*

Table 1. Effect of [ylide]
methyl methacrylate[MMA].

on the polymerization of

4.3 Effect of temperature

The polymerization runs were aso carried out a 70
and 75°C in order to evauate energy of activation of
the system. The vaue, calculated from the linear

Table 2. Effect of methyl methacrylate concentration
on the polymerization of methyl methacrylate [MMA].

[Ylidg =281" 10°md I},  temperature= 65+ 04°C; <ol
vent = dioxane; time = 300 min

[MMA]=30mad IY;  temperature=65+ 04°C;  solvent =
dioxane; time= 300 min

Run [ylide] ~ 10°  Percentage R~ 10° B
No. (mol I conversion  mol I*s* P,

1 146 68 120 780
2 231 79 140 736
3 347 6 1>66 711
4 462 107 104 672
5 578 13% 260 749

Run [MMA]" 10° Percentage R,  10° B
No. (mol I conversion mol I's* P,
1 075 36 021 458
2 160 46 0560 521
3 225 6XL 0901 649
4 300 79 140 736
| : N
[ ! [¥lide] x 10% mot 1-1
1= =116
o 2-0 =23
15} - L
L '3 3- X =347
3 4- ¢ =4.62
Lkl . 5-m =578
13~ 11 - 8 7 /
|I|'
- 1= = 9 _r,-" ..-'
b ol bl il | 7 s P
s F o L 7L Zl / /
S / ¢ of
§ e FIF —f- j ;F/ ////
= Fle LoBl™| / :
E | ."ll & / }f’:r r;'!'ﬂ o |
S| sk ¥ W /A /g/ |
. Y
s L Al L "
| Ay
| .| 1 | |
80 160 300
| 1 | l
180 300 =
180 300
| |
180 0o
00
Time {min)

Figure 1. Percentage converson vs time plots for homo-
polymerization of mehyl methacrylae: [ylide =146 to
598~ 10°mad I, [MMA]=30mol I,  temp.=65+
04°C; solvent=dioxene time=300min;, [(1)=146"
10°ma I, (=281 10°mad I} (3;)=3>47' 10°
mol I™%; (4) = 467" 10° mol I%; (5) =5%8" 107> mol I].
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Figure 2. Reationship logR, and log [ylide] for the

homopolymerzation  of

methyl

methacrylate:

[Vlide] =

146 to 5¥8° 10°md ™ [MMA]=30mad ™ temp.=
65+ 014°C; time = 300 min; solvent = dioxene.

Table 3. Effect of
merization of [MMA]

inhibitor

on the

rate of poly-

[Ylidg =281" 10°mol I, [MMA]=30mad I, temp.=
65+ 04°C; time = 300 min; solvent = dioxene
Run [Inhibitor] Percentagge R’ 10°
No. (mol™) conversion (mal It s
1 - 79 14
2 Hydroquinone
5" 1073 39 095
45" 10° 11 01
76 10" No polymer No polymer
3 Nitrobenzene
081 44 10
162 2% 0%
243 No polymer No polymer
4 Aniline
089 5% 12
178 38 11
267 No polymer No polymer

plot of logR, vs polymerization temperature, is

64 kJmal™ (figure 5).

4.4 Causes of non-ideality

The vaue of initiator exponent suggests that the
system follows non-ided kinetics. The kinetic non-
idedity can be explained by analyzing the role of
triphenyl  gibonium  1,2,34-tetraphenyl-cyclopen-
diene as primary radica termination and degradative
chain transfer agent. To analyze the effect of primary
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Figure 3. Reaionship between UP, ad Ry/[M]* for
the homopolymerzation of methyl methacrylate [ylideg] =
146 to 5%8° 10°md ™ [MMA]=30mad ™ temp.=
65 + 04°C; time = 300 min; solvent = dioxene.
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Figure 4. Rdationship log [MMA] and logR, for the
homopolymerzetion of mehyl methacrylate  [ylide] =
281" 10°md I}, [MMA]=0%5 to 30mol ™ temp.=
65 + 04°C; time = 300 min; solvent = dioxene.

radica termination a suitable modified expression
given by Deb and Meherhoff*® in the following form

isused:
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Figure 5. Pot of logR, vs polymerlzalon temperature

(Arrhenius  plot):  [ylidg =281 10°md I, [MMA] =
30ma I, temp.=65 70, 75+04°C; time=300min;
solvent = dioxene.
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Figure 6. Plot of log /[Y][M] and R)/[M] [ylidg] =

146 to 5¥8° 10°md ™, [MMA]=2%83mad [; temp.=
65+ 04°C; time= 300 min; solvent dioxene.
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Figure 7. Plot of Iogl%/[Y][M] and [Y]/[M] [ylideg] =
146 to 5¥8° 10°mol I™:; [MMA]=2863mol I; temp.=

65+ 04°C; time= 300 min; solvem:dloxene
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where Y and M represent ylide and monomer respec-
tively. A plot of the above equation vs R,/[M]? gave
a negative dope (figure 6) indicating primary radi-
cal termination due to ylide for the present system.
The following equation, derived by Deb® and fur-
ther smplified by Ghosh and Mitra®® was used to
examine the role of ylide as degradative chain trans-
fer agent:

Rb
log——P—
[YIIM]?
_log2fikaks Ko, k.Y, | [Y]
K, k kik, [M]'

where C, is the ylide transfer constant. The plot of
the above equation vs [Y]/[M] aso gave a negative
dope (figure 7), thereby suggesting chain transfer
reaction dueto ylide.

The non-ided kinetics in the arsonium ylide initi-
ated polymerization of vinyl monomers like vinyl
acetate” MMA™? has been attributed to primary
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Figure 8. ESR gpectrum of polymethyl
mixture.

methacrylate
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radica termination and degradative chain transfer
reaction. Further the polymerization of few vinyl
monomer initisted by N*%?" and P*® ylide dso fol-
lows non-ideal kinetics due to primary radica ter-
mination and degradative chain transfer.

5. Mechanism

The effect of free radica inhibitors like hydro-
quinone, aniline and nitrobenzene on the polymeri-
zaiton under the same reaction conditions (table 3)
has also been studied to conform free radica mode
of polymerization. Triphenyldibonium 1,2,34-tetra-
phenylcyclopentadienylide undergoes bond fission
between the heteroatom and the phenyl group to
yield phenyl radicd® which initiates polymerization
reaction. This is confirmed by ESR spectrum (the
ESR spectrum was recorded on X-band EPR 109 E-
line century series spectrometer at room tempera-
ture) of living sysem a 2 h which show six hyper-
fine lines due to the phenyl radical (figure 8).

5.1 Generation of initiator radical

{f{,“__ri_
S - .

P Bh —(CgHz i + CgHy
CgHs

ﬁHE. CgHg

. ?'i-'l:l —ICrHe g —
CgHs Calls THs
Theinitiation gep is as follows:

CgHs + CHz = 1%— COOCH3 — CgH;s — CHg — C —COOCH
: ;
CHg CHjy

6. Conclusions

On the basis of the above evidences it may be con-
cluded that the polymerization of methyl methcry-
late initiated by triphenyl dibonium 1,23/4-tetra-
phenycyclopentadienylide, follows non-ided radicd
kinetics due to primary radica termination as well
as degradative chain transfer reaction.
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