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Rate of Initiation of Methyl Acrylate
Polymerization

E. PULAT

Department of Physical Chemistry, University of Ankara*
(Received 15 January 1968)

Relations between reciprocal number average degree of polymerization and rate
of polymerization derived by some workers [1] were applied to the experimental data
on the polymerization of methyl acrylate initiated by benzoyl peroxide and azo-bis-
isobutyronitrile at 60°C. Chain transfer constants for benzoyl peroxide and azo-bis-
isobutyronitrile are zero. Initiator efficiencies of these initiators are close to unity indi-
cating that the termination reaction occurs mainly by dispropoitionation. The rate
expressions of the initiation reaction related to the initiator concentration are given for
the two. initiators in question.

INTRODUCTION

Tobolsky and Johnson [1] have already shown how the rate
of initiation of polymerization is obtained by measuring the num-
ber average degree of polymerization. They have studied the
bulk polymerization of stryrene at 60°C initiated by various
initiators. .

Tobolsky and Baysal [2] have done a similar and compre-

hensive study of the bulk polymerization of methyl methacry-
late,

In this work we present how our experimental data on the
bulk polymerization of methyl acrylate, at 60°C, initiated by
benzoyl peroxide and azo-bls-lsohutyromtnle fit the kinetic equ-
ations given by these workers.

* Mailing adress: Ankara ﬂniversitesi,‘Fen Fakiiltesi, Fiziko-Kimya Kiirsiisii,
Ankara, Turkey.
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The relation between reciprocal number average degree of
polymerization 1/P_, and the rate of polymerization R is written

1] as

1 (1] [S]
—— =C, + € + C, + AR, (1)
p [M] [M]

n

where C_, C,, C are the chain transfer constant to monomer,
initiator and solvent respectively.

A is equal to (2k, + K,) /k? [M].

when we are dealing with the early stages of polymerization
[M] can be taken as the initial monomer concentration, and in
this case A is assumed to be constant. -

In bulk polymerization the third term on the right hand
side of equation (1) is missing. On the other hand, if the chain
transfer constant to initiator is neglected, which is reasonable in
the range of the initiator concentrations we have used, then equ-
ation (1) becomes ‘

1
— = C, + AR, (2)
P

n

which is called the monoradical line [11.

When the values of 1/P_ are plotted against R, a curve with
the slope of A is cbtained. '

Since kp, k;, k., which are the specific rate constants for
propagation, disappearence of radical pairs by disproportionation
and disappearence of radical pairs by combination are all cons-
tant at a specified temperature, a constant value should be
obtained for A for both initiators msed in this work.

Another important behaviour established is that the rate
of bulk polymerization is proportional to the square root of ini-
tiator concentration:

R =B [1] ®3)

where B is a different constant for each initiator and is determined
experimentally.
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The rate of initiation of monoradical chains evaluated from
the steady state condition is as follows

2 (ktd + ktc)
R, = (4)
| kPZ [M]? - ,
- By writing X instead of k,/(k,; + k,) which is the frac-
tional part of the termination reaction occured by disproportiona-

tion, and substituting A in equation (4), a modified equation for
R, is obtained.

2 A
R, = ——— R 6)
1 +X
From equation (5) and (3) equation (6) can be written
2AB : '
R, = — [ (6)
1 +X

In this equation A and B are the quantities which can easily
be determined; A from the slope of the monoradical line and B,
from the square of the slope of the curve R, versus [I]: "

Initiator - efficiency :

It is generally accepted that some of the radicals produced by
decomposition of initiator molecules are not effective in initiating
polymeric radical chains.

The effective fraction of the total radicals produced from
initiator molecules is given as follows and is called initiator effici-
ency. )

R,

fe — )
2k, (1] :
where k, is the specific rate constant for the spontaneous decom-
position of the initiator.
By substituting equation (6) in equation (7),\ equation (8)
is obtained
AB
®)

£(1+X) =
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The value of f(1 4 x) can be calculated from experimental
data, and enables us to decide which type of termination, disp-

roportionation or combination, is predominant by assuming that
the value of f is ranging from 50 %, to 100 %

EXPERIMENTAL
a) Purification of Materials :

Methyl acrylate, benzoyl peroxide, benzene and acetone were
purified in the manner described in the previous paper [7].

Azo-bis-isobutyrpnitrile was recrystalized three times from

alcohol-free water then dried in a vacuum dessicator over calcium
chloride.

b) Preparation of Polymethyl Acrylate :

Polymerization was carried out in the test tubes T shown in

Figure 1.
6_—_‘_;; —2 Vacuum

Fgure 1
D gu

Sufficient amount of initiator solution in chloroform was
introduced into D to give the desired initiator concentration in
the reaction medium. After evaporating the solvent under high
vacuum, freshly destilled monomer was introduced into D. After
at least three degassing operations under high vacuum, the appa-
ratus was sealed off from the vacuum line. Each of the test
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tubes was filled up with the solution to the labelled level. After
sealing off the points C, they were immersed in a termostat mainta-
ined at 60 - 0,05°C. After the proper reaction time the tubes
were removed, cooled with dry-ice methanol mixture and then
opened. The tube content was dissolved in acetone. The polymer
was precipitated and purified by using cold petroleum ether as
precipitant and acetone as solvent, then dried under vacuum, first
in cold and then at 40°C to constant weight.

c) Viscosity Measurements :

All the viscosity measurements were carried out in the manner
explained previously and the relation for calculating the number
average degree of polymerization was the same as that used in
the previous paper [7].

EXPERIMENTAL RESULTS AND CONCLUSIONS

Figures 2 and 3 show the bulk polymerization of methyl
acrylate under different initiator concentrations at 60°C.
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Figure 2. Polymerization of methyl acrylate at 60°C. Curves A, B, C, D, E correspond
10 the azo-bis-isobutyronitrile concentration of 4.06 x 10-4, 3.06 x 10-4, 2,03 x 10-*
1.02 x 104, 0.51 x 10—* mole 17! respectively..
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In table I, the rate of the methyl acrylate polymerization and
the reciprocal of the number average degree of polymerization of

the polymer prepared at different initiator concentrations are
tabulated.

The number average degree of polymerization was calcula-
ted from viscosity molecular weight relationship given in reference
[3]. Intrinsic viscosities of the polymer solutions were determined
at 30°C in benzene.

TABLE I

The rate of polymerization and the reciprocal of the number average degree of
polymerization of methy!l acrylate at 60°C.

1] x 10° Ry x 10°
Initiator (mole L) (mole L'sec™) (1/Pn) x 10°

4.06 99 2.56

3.06 85 2.44

AZDN 2.03 69 2.33
1.02 49 2.18

0.51 28 1.99

13.40 118 2.61

5.36 81 2.38

Bz,0, '2.68 55 2.29
1.34 T 42 2.10

0.67 25 1.95

The curves for the calculated rates of polymerization versus
the square roots of the initiator concentrations are shown in Fi-
gure 4 for the two initiators.

These experimental curves are in good agreement with equ-
ation (3). The values of B we obtained from the squares of the
slopes of these straight lines are 2 .4 x 10~* and 1.0 x 10~ for AZDN
and Bz,0, respectively. ‘

Figure 5 shows the plot of 1 [P, versus R which should be
a straight line according to equation (2). Our experimental data
fit equation (2) very well for both initiators. This indicates that
the chain transfer constants C; for these two initiators are neg-
ligible. From the slope and intercept of this line we have calculated
the values of A and C_ to be 7 x 1073 and 1.8 x 1073 respectively.
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Figure 3. Polymerization of methyl acrylate at 60°C. Curves A,B,C,D,E, F
correspond to the benzoyl peroxide concentration of 13.4 x 10*7, 5.36 x 107,
2.68x 1074 1.34x10™,0.67 x 107, 0.34 x 10™* mole 1" respectively.
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Figure 4. Rate of polymerization versus the square root of the initiator concentration.



46 E., PULAT

A= 82202
o= AZDN

1103
.ﬁ.IO

T

300

200

100

50 40 60 80 100 120 Rplo®

Figure 5. Rate of polymerization versus reciprocal number average degree of
polymerization of methyl acrylate.

For comparative purposes, the kinetic constants of the bulk

polymerization of some monomers at 60° C are tabulated in Tab-
le 1I.

N

TABLE II
Monomer nitiator A B Cry C1
Methyl methacry— Bz,-0, 8.28 4x1077 1x1075 0
late [2] AZDN 8.59x1075 10
Styrene [1] Bz,0, 12.3 1.21x1077 6x1077 0.048
AZDN 5.19x107~7 0
Bz,0, | 7x10=° | 1.0x10~ | 1.8x10~ | 0
Methyl acrylate [a] | AZDN 2.4x1073 0

[a] in this study

By using the experimental values of A and B, the rate exp-
ression of the initiation reaction of the methyl acrylate polymeri-
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zation is given for both initiators in Table III with the values of
two other monomers
TABLE III

Comparison of the rates of initiation of styrene, methyl methacrylate and methyl
acrylate poliymerizations initiated by AZDN and Bz,0,

Styrene [1] Methyl zethacrylate [2] [ Methyl acrylate [a]
T 1.28x10 i 1.42x1073 3.36x107°
R; = ————[AZDN], |R; = -————[AZDN], | Rj = —[AZDN]
14X . 1 4+X 1 +X
2.96x107¢ 6:62::10‘ﬁ aE 14x107¢
Ri = ——[Bz0;] |Ri = ——[B2,0,], | Ri =———(Bz0,]
1+X 1+X | 1 +X

[a] in this study

INITIATOR EFFICIENCY

According to the definition of the initiator efficiency we use
the following equations
f=R2k, [T}
f(1 +X) = AB/k,
By substituting our experimental values for A and B, and
the values of k, given in references [4], [5] for AZDN and Bz.0,

we have calculated the values of f(1 + X) for the methyl acry-
late polymerization.

The values of f (1 -+ X) and the initiator efficiencies for three

monomers are tabulated in Table IV.

TABLE IV.

The values of f (1 + X) and the initiator efficiencies for three monomers.

Monomer f(1+X) Initiator N 4
Styrene 0.66 Bz,0, ©0.66
0.70 AZDN 0.70
Methyl methacryiate 0.91 Bz,0, 0.91
0.77 AZDN 0.77
Methyl acrylate ) 1.83 AZDN - 0.92
1.89 Bz,0, 0.95
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If termination reactions in the styrene and methyl methacry-
late polymerizations occured by combination of radical pairs
then x would be zero, as the result of this the initiator efficiency
would range from 66 to 91 9 as shown in Table IV,

Whereas for methyl acrylate if X was zero, then the initiator
efficiencies for both initiators would range from 1.83 to 1.89 9
which is never possible. If all terminations occured by dispropor-
tionation then x would be unity and the initiator efficiencies would
range around 90 9, which is the most acceptable case [8].

Thus we think that our experimental data in Table IV for
methyl acrylate speak in favor of termination by disproportio-
nation. 4

There is some evidence to support this conclusion. The recent
studies on different plastics have shown that when the polymers
degrade on exposure to high energy radiations, termination re-
action occurs primarily by disproportionation. Some of our poly-
mers have been irradiated by gamma rays [6] and it was found
that our polymers show a great tendency towards degradion.
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OZET

" Baz arvagtiicilar [1] tarafindan verilen sayica ortalama polimerizasyon derecesinin
tersi ile polimerizasyon hizi arasmdaki bagmti, aetil akrilatin benzoil peroksid ve azo-
bis-izobiitironitril ile 60°C da baslatilan polimerizasyoaunda elde edilen deneysel neti-
celere uygulands.

Benzoil peroksid ve azo-bis-izobiitironitril i¢in zineir transfer sabitleri sifirdir. Bu
baglaticilarin polimerizasyonu baglatma tesirliligi bire yakin olup; bu durum, sonlanma
reaksiyonunun bashea disproporsiyonasyonla olduguna isaret eder. Bu ¢ahgmada po-
limerizasyonun baglama reaksiyonn hiz ifadesi, baglatic1 konsantrasyonuna bagh olarak,
adh gegen her iki baglauer igin verilmektedir.
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