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ALTERNATING COPOLYMERIZATION OF METHYL ACRYLATE

AND ISOBUTYLENE

Y. C.Qi, G Y. Wa, G. J. Lu and V. K. Wei'™®

(Department of Polymer Science, Beijing Institute of Chemical Technology,
Beijing, China)

Abstract

The kinetics and mechanism of copotymerization of methyl acrylate (MA) and
isobutytene (IB) in the presence of ALE1C12 and benzoyl peroxide (BPO) has been
examined. It is suggested that when [IB}>[MA), the copolymerization proceeds
via a homopolymerization of a three-component complexed monomer (T) to form the
alternating MA-IB copolymer When [MAj>[IB], the formation of a MA-IB copolymer
rich in MA and containing MA blocks may occur through the copolymerization of a
three-component complexed monomer (T) and a two-component complexed monomer
(B), or simply MA.

Introduction

Two main mechanisms have been proposed in the literature (1) to account for
the alternating copolymerization in the presence of Lewis acid. One is the
alternating coordination of monomers, and the other is the radical
polymerization of three component complex or its copolymerization with other
monomer complex. Each proposed mechanise has its advantages which vary with the
polymerization systems and conditions. In the previous paper (2) , the synthesis
and characterization of the alternating copoiymer MA-IB polymerized in the
presence of ALEtCt2 and benzoyi peroxide, have been described. The present
paper will discuss its copolymerization mechanism based on laboratory UV
information and kinetic data
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Figure |, UV spectra 1 ——~ MA in CH2Ci2 (Reference CH2C12>
2 —-- MA—ALEtC12 in CH2C12 (Reference MA in CH2C12)
3 -——~(MA—<ALEtCi2)~IB in CH2C12 (Reference MA—ALEtC1Z irn CH2

Experimental

Shimazu 260 UV photometer and dilatometer were used to obtain kinetic data.
The polymerization procedure and material used here were the same as reported
previously (2). The charged dilatometer was placed in a constant temperature
bath. Once 50°C was reached, the catalyst was transfered via pre-dried syringe

Results and Discussion

. Mechanism and Kinetics of Three-Component Complex Homopolymerization
i) Formation of two-component comples (B)
Ebdon and Gabboit (3) reported that NMA and ALEt; <Clys formed a
two-component complex and obtained its equilibrium constant K>100C1 - mot™)
K
NMA + ALEY; sCips ——== (MMA-ALEt sCiys)

——
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This complex is formed through the unshared electron pair on the carbonyi
group and the unoccupied orbitat on the atuminium aton. In this study, MA and
(NA-ALEtCi2) complex were anaiysed with UV photometer. The UV spectrum of the
binary complex was characterized by 271.4nm ¢ NA in CH2C12 was taken as
reference) and ternary complex by 327.8ne ( binary complex in CH2C12 was taken
as reference).

C12) This suggested that the binary and ternary compiexes can be formutated as

CH2= Kg CHZ:%H

=0 + ALEtC12 _— -0 —ALEtC12

ECHJ CH3

Binary comptex<B)
CH2=CH /LH3 Ky CH3 CH2-CH
oo ~awEce + o=, == C(ohezf - ¢ b0 ~mECID)
bens CH3 H3 bews
B 1B Ternary complex (T)

ii) Mechaniss of three-component complex homopolymerization
The atternating copolymerization in this system can be deduced as
homopolymerization of new monomer (T) , the three-component complex
A. Formation of the new monomer (ternary complex)
{IB- - - {MA —ALEtC12}]
B, Chain initiation

Kci
BPO + ALE1C12 ——= ( BPO — AIEtC12)
kg
{ BP0 — ALEtC12 } ——— ALEtC12 + 2R°
ki 8
R+ T ——— RT" (R=CeH5-C-0")
C. Chain propagation
T T
RTf* —— RT2" —— RT3™ - - . .. RTn
kp k,

D. Chain termination
k1”’,, — RTn+y R ( recombination >

RTn® + RTy" —
~ — RTn + RTy ( disproportionation )
iii) The wmechanism and Kkinetic equation of three-component complex
homopolymerization
Based on the above mechanism, the fotlowing equation can be derived,
{BPO —A1EtC12] = Kei [BPO) [ALE1C12)
Concentration of two-component complex,
{B] = K- [MA] {ALEtLt2)
Concentration of three-component complex,
[T! - K-!B} - {IB] = K¢ - Kr- (MA] [IB] [ALEtC2!
Rate of initiation,
Ri = 2fkd [BPO—~ALEtC12] = 2ikeKei [BPO] - [ALEtCUZ] M
Rate of propagation ,

49
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Rp = -d(T}.dt = kp(T") (T} @

Rate of termination, (by recombination)

Rt = -d(T')Adt = 2kt(T)2 ®
At steady state, Ri = Rt , [T:.] can be expressed as the following,

(1) = Ris2zkn'"? @

Substitute [T] into equation (2) with (4) and set
K = kp(fkdKci /kt)XKs ,
the kinetic equation fur the three-component homopolymerization can be derived
as,

Rp = K(BPO]'~ [AtELC12) ¥/ [MA] {1B]

iv) Kinetics of three-component complex homopolymerization

Experiments were carried out 1o demonstrate the relation betwen the
polymerization rate, [BPO), [ALEtC12), [IB) and MA] as derived based on the
three-component complex homopotymerization mechanism. The resulls in Figures
(2) (3> and (4) respectively show the linear retlationship between the
polymerization rate of ([BPO] and [ALEtC12) and [MA]. The experimental data
agrees with the kinetic equation derived here in the previous section which
indicated the free radical nature of the polymerization.

2. Mechanism and Kinetics of Copolymerization of the Three-component Complex
(T) and the Two-component Complex (B>
Wien MA]>[IB}, both three-component complex (T) and two-component complex
(B), or wmonomer MA, exist in the system at the same time. The polymerization
can be viewed as a random copotymerization of the monomers (T) and (B), or MA.

Due to the equal mole of IB and MA in (T) and only MA in (B), the resulted
copolymer is rich in MA. This system of copotymerization can be described with

the following scheme;

Kn
T +T7T ——1T7.
Krs
T- +B———1TB.
Ker
B. +T —— BT-
Kes
B- +B —— BB-
The Mayo-Lewis two component copolymerization equation is therefore,
d(T) (T] (M- yr+ [B

d(B]  [B] B] - vs + [T}

Let ¥t =KrnKn ve = KegKer d[T)d[B) = y and [T}. (B} =x , substitute

into the above equation, and rearrange the resulted equation to
(y—l)-x/y:xzxy- Yr- ¥vs

This is known as the Fineman-Ross equation,
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Tabie ] Calculation Values of x and y based on Experimental Data

In Nonomers In Potymer Catlcutated Values
NAS X MNAn y X (y=1)y x’xy

1 60 2.00 .54 5.15 1.65 0.2
2 60 1.06 0.57 3.07 0.71 0.37
I 1w 0.7 0.62 1.58 0.28 8.36
I 0.50 0.66 1.06 0.03 0.24
5 8 0.3 0.75 0.50 -0.33 0.22
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In the case of [MA]>[IB], the vaiue [B) numerically equals to [MA]o -[T] and
[T] equals to (IB)o in the monomer, and d [B) equals to [MA] in the copolymer
Thus the values x and y were calcutated as listed in Tabte 1 .The plot of

x(y-1)sy against x:,y is a straight line, as shown in Figure 5, with a
correlation coefficient .97. The slop of the straight line, v, is 3.5 and the
point of intersection with abscissa vy is 0.8. The plot agrees with the
proposed mechanism that when [MA):>-{IB] the mechanism is very Llikely follow the
random copolymerization of the three component complex (T) and the two
component - complex (B). There was no evidence that isobutylene homopolymer or
isobutylene rich copolymer existed in the system even the [IB}. MA] mole ratio
was high in the monomer mixture, This may due to the inability of forming an
active isobutylene complex with the existing Lewis acid,

Conc lusion

When (IB]>[MA], the copolymerization proceeds with three-component complex
homopolymerization mechanisa to produce an alternating copolymer, The kinetic
egquation derived for such copolymerization is,

Rp = K (BP0} /2 [ALE1C12)*2[NA) [1B)
When [MA]>[IB], the mechanism of random copolymerization of the three-component
complex and the 1wo-component complex (or MA monomer) is followed, The
copotymer will be rich in NA and may contain MA biocks.
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