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Several workers have reported on the importance
of primary radical termination.!-% Bamford,
Jenkins and Johnston? devised a simple treatment
for the kinetics of radical polymerization with
primary radical termination in the following.

C — 2R- ka (1a)
R-+M — X, ki (1b)
Xpe + M - Xy, kp (Ic)
Xps + XKg — Pp + Pg or Pryg ki (1d)
X + R — Py ke (le)
2R. — Products keii ()

Decomposition of the initiator C gives primary
radicals R+ which react with monomer M to form
chain radicals X-. X, and P, respectively denote
radicals and polymer molecules containing r mono-
mer units. In this treatment for the kinetics of
radical polymerization with primary radical
termination, they derived the cubic Eq. (2)

(13) _ 2fkaki[C]

(1—x) fkampe — C@=0, @
where
kilX o o .
*= g Xl = 2D

and f is initiator efficiency. Because of Eq. (2)
being inconvenient for calculating the polymeriza-
tion rate R, for given values 2fk,[C], the reverse
procedure of calculating 2fk4[C] for R, was mainly
used for simple treatment. According to this
treatment, polymerizations for styrene and acrylo-
nitrile were analyzed. On the modification of this
treatment for very low monomer concentrations,
Baldwin® analyzed radical polymerization with
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primary radical termination for methyl metha-
crylate. But this treatment is very sensitive to
experimental errors at very low monomer con-
centrations. Furthermore, Baldwin’s treatment and
Bamford, Jenkins and Johnston’s treatment are
more complex than our treatment in the follow-
ng.

In this paper, the treatment for the kinetics o
radical polymerization with primary radical termi-
nation given by Bamford, Jenkins and Johnston
was simplified. Using Baldwin’s results,® Bamford,
Jenkins and Johnston'’s results™ and Mayo, Gregg
and Matheson’s results,® this simplified treatment
was confirmed.

A Simplification for the Kinetics of Radical
Polymerization with Primary Radical Termi-
nation. From Eq. (2), we obtain

a= x( l+x)1f’> x
l—x -
Accordingly, by the two approximations
1

1—__x-=1+x

and
(1 + 4a)/2 =1+ 22 — 2a*
under the condition x<<ag1, Eq. (2) becomes
x(l+x)=a 3
The solution of Eq. (3) is

x = %[(1-1—40)”’ -1

@
=a-—at
Under a condition a1, [X-] is given by
[X-]=
2fkd 1/2 lsl" _ kf! _2.)‘}_d 1{!{0]1]3
(B5) el - 55 ) i)
&)
Using Eq. (5), R, is given by
Rp = ki[R-J[M] + kp[X-][M] = kp[X-]1[M]
[C]v®
—_ 1 — R
— AMI[C] n(l B ) ®)
where
2fkg \V* -~ ki ( 2fkq V2
oo n()" - (2

9) F.R. Mayo, R. A. Gregg and M. S. Matheson, J.
Am. Chem. Soc., 73, 1691 (1951).



June, 1969]

Eq. (6) yield a convenient linear relationship

Ry [c]v2

parc ~ 447 @
Eq. (7) indicates that R,/[M][C]! 2 is constant at
the low value of [C]!2/[M] (a familiar relation-
ship) and the increase of [C]!%/[M] increases
deviation from this familiar relationship. This
conclusion is equivalent to Bamford, Jenkins and
Johnston’s conclusion.” Furthermore, using 4
and B in Eq. (7), kyfkik, is directly calculated
without the knowledge of the value fkq or k,/k,?
by Eq. (8)

i _ kh’
A~ kik ®
Applications

On the application of Eq. (7) to Baldwin’s
results® in the polymerization of methyl metha-
crylate (MMA) initiated by 2,2'-azobisisobutyro-
nitrile (AIBN), a linear relationship between
R,/[M][C]! 2 and [C]'"3/[M] comes into existence
in the range 0 to 0.3 (l/mol)/2 (Fig. 1). Using
A and B in this linear relationship and Eq. (8),
k“jrk‘kp ES

ki
kiky

On the application of Eq. (7) to Bamford,
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Fig. 1. Relationship between R,/[M][C]*/* and

[C]*/%/[M] for radical polymerization of MMA
initiated by AIBN at 60°C.»
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Fig. 2. Relationship between R,/[M][C]¥? and
[C]**/[M] for radical polymerization of styrene
initiated by AIBN at 60°C.7")
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Fig. 3. Relationship between R,/[M][C]** and
[C]V#/[M] for radical polymerization of styrene
initiated by BPO at 60°C.%» '

Jenkins and Jonston’s results? in the polymeriza-
tion of styrene initiated by AIBN, a linear relation-
ship between R,/[M][C]*2 and [C]/%/[M] comes
into existence in the all experimental range (Fig. 2).
kyifkik, for this polymerization system is

kii

kiky

On the application of Eq. (7) to Mayo, Gregg

and Matheson’s results® in the polymerization of
styrene initiated by benzoyl peroxide (BPO),
a linear relationship between R,/[M][C]%/? and
[C]¥%/[M] comes into existence in the range 0 to
0.02 ({/mol)t. 2 (Fig. 3). k;y/kik, for this polymeriza-
tion system is

ki

kikp

In conclusion, these applications indicate that

a simple treatment based on Eq. (7) is very useful
for discussion or calculation of k;;/kik, for the
kinetics of radical polymerization with primary
radical termination.

= 1.36x10* mol.sec/!

= 1.23 X 10° mol-sec(!



