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Abstract 

This paper examines the copotymerzatlon of methyt acrytate (MA) and isobutytene 
(IB) with a comptexed in i t i a t i ng  system of AtEtCtz and benzoyt peroxide (BPO). The 
effects  of monomer rat io,  monomer concentration, i n i t i a t o r  composition and 
potymerization conditions on copotymer composition, degree of at ternution,  
in t r ins ic  v iscos i ty  and conversion were studied. An at ternatin9 copotymer was 
obtained when the [IB]/[I~] mote ra t io  was equat or greater than one. 

Introduction 

Since Hirooka (1) synthesized at ternat lng copotymers of ac ry ton i t r i t e  and 
atkenes using AtEtCt2 as a comptexin9 agent, there have been numerous pubtications 
concerning at ternat ing copotymerization of etectron donating and accepting monomers 
in the presence of Lewis acid (2,3).  The s t ructura t  regutar i ty  of an at ternat in9 
copotymer resut ts  in various unique propert ies .  Atternatinfl copotymerizatlon has 
been br le f ty  investigated in a Chinese indust r la t  research taboratory (4). However, 
onty recentty have Chinese research papers been pubtished on this subject (5). The 
rapid growth of the Chinese chemlcat industry has resutted in an increased 
a v a i t a b i t l t y  of isobutytene and other monomers. This study characterizes an 
a t te rna t ln  9 copotymer of methyt acrytate (K~) and isobutytene (IB), prepared with 
an i n i t i a t i ng  system consist ing of AtEtCtz and benzoyt peroxide (BPO). 

Experizentat 

ga t e r i a t s  
MA (>99.9~, Dongfang Chemlcat Ptant, Beijlng) was d l s t i t t e d  under nitrogen at 

reduced pressure and then dried over 5A motecutar sieves. IB (>99.0~, Shengti 
Chemicat Ptant, Beij ing) was dried by passing through a cotumn f i t t ed  with sotld 
KOH pe t te t s .  BPO (Beijing Chemicat Ptant, Beijing) was recrys ta t t ized  twice from 
ethanot and dissotved in totuene to form a 0.10 mote/l sotution. Totuene (Beijing 
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Chemical Plant, Beijln�) was f i r s t  dried over 5A molecular sieves and then 

d i s t i l l ed  over sodium wire. 

Polymerization 

In a set order, MA, AtEtCt2 and BPO were added to a solution of IB in toluene 

in a 125 mt 9tass bottle under N2. The bottle was seated and then placed in a 

constant temperature bath for a oiven period of time after which a 1~ sotutlon of 

HCt in methanol was added to stop the polymerization and to precipitate the 

polymer. The polymer was flttered, washed with ethanol and dried in a vacuum oven 

at 50'C to constant wei0ht. 

Polymer Characterization 

The in t r ins ic  viscosity of the copotymer was measured by usln0 a Ubbetodhe 

vlscoslmeter with 1.0-1.59/dr toluene solution at 30.0• . Copotymer 

composition was analyzed using a CartoErba 1160 elemental anatyser.The Shlmadzu 421 

Infrared, Varian EM 160t HMR (for 1H--[~4R) and. Spectrospin AC-80 NMR (for 13C-NMR) 

were used to characterize the structure of the copotymer. 

Results and Discussion 

Type and Concentration of Lewis Acid 

Upon comptexation of a Lewis acid and an electron donor, the electron pair of 

the monomer is polarized thus the electron donatlno ab i l i ty  of the monomer 

increases. In this study the Lewis acids examined were, AtEt2Ct, AtEtl.sCtl.5, 

AtEtCt2 and AtCt3. The results showed that AtCt3 was not effective while AtEtCt2 

was the most eff ic ient  for in i t i a t in9  the copotymerization. 

Further experiments with various concentrations of AtEtCI2 showed, see Table 1, 

that above a certain value of [AtEtCt2]z[MA], say 0.05, a very hi�h conversion was 

obtained within 4 hours at 50"C. The AtEtCt2 concentration has no effect on the 

copoiymer composition. However, the in t r ins ic  viscosity of the copotymer decreased 

sti0htty as the AtEtCt2 concentration increase~.This indicates that the main rote 

of AtEtCt2 is to activate the decomposition of the BPO in i t ia tor .  

The effects of temperature and agln9 in the preparation of the 

{AIEtCL2-MA) complex were studied. Many such complexes cited in the l i tera ture  have 

been prepared and were found to be effective at tow temperatures(6). However, in 

this system temperatures from -70"C to room temperature were used to produce 

equally effective complexes. 

BPO Concentration 

The fact that BPO is the initiator in thls system is shown by the reciprocal 
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relat ion between [BPO] and [fl] of the polymer, and by the great effect of BPO 

concentration on the rate of potymerizatlon and molecular weight of the polymer. 

The results in Table 2 show that conversions reached only 26x after 20 hours at 

50"C in the absence of BPO. However, in the presence of BPO under the same 

conditions, almost I00~ conversion was reached after 4 hours. 

Tabte l. The Effect of Atkytatuminiam chtoride 

Atkytatuminium [At ] / [NA]  Conversion [q] 

Chloride Mote Ratio ~ dt/9 

AtEt2Ct 0.01 0 - 

0.05 0 - 

0.10 33.0 0.360 

0.20 13.6 0.344 

ALEtl.sCtl 5 0.01 3.4 - 

0.05 64.1 0.526 

0. I0 65.1 0.420 

0.20 34.6 0.380 

AtEtCI2 0.01 2.3 - 

0.05 96.3 0.653 

0.10 97.7 0.619 

0.20 98.8 0.580 

Potymerizatlon conditions; [MA]=I.25 mote/l., [IB]/[MA]:2.0 
[BPO]/[MA]:0.01, Temperature 50"C, Time 4 Hrs. 

Table 2 The Effect of [BPO] on Polymerization 

[BPO]/[NA] Cony. [~] Mote~ [q] Potym. Time 

Note Ratio ~ In Copotymer dr/0 Hours 

0.000 26.2 48.9 0.940 20 

0.000 0 . . . .  4 

0.001 76.2 48.7 1.060 4 

0.005 I00 50.4 1.000 4 

0.010 100 48.9 0.953 4 
0.020 99.8 47.6 0.832 4 

Potymerizatiun conditions; [MA]=l.25 mote/1., [IB]/[NA]=2.0 

[AtEtCt~] / [MA] =0.10, Temperature 50"C. 
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It  has been reported (7) that at 55"C in toluene BPO has uke = 1.14XIO -6 s "l 

which corresponds to a half t i fe  of greater than 100 hoers. However, in this study 

the potymerization was in i t ia ted  quite effectivety by BPO at that comparatlvety tow 

temperature. This indicated that the activation energy of BPO decomposition was 

Lowered in the presence of AtEtCt2 and that the concentration of active species 

was increased. 

Pot~merization Time and Temperature 

Polymerization temperature affects the rate of polymerization and the motecutar 

weioht of the polymer.As shown in Figure 1, the rate of potymerizatlon increases and 

the in t r ins ic  viscosity of the polymer decreases with an increase in potymelzation 

temperature. The reaction time affectes the conversion but had t l t t t e  or no effect 

on the in t r ins ic  viscosity or copotymer composition as shown in Figure 2. 
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Figure 1. Effect of Temperature 
on Potymerization 
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Figure 2. Effect of Polymerization Time 

on Potymeri2ation 

Monomer Concentration and Monomer Ratio 

The monomer concentration was found to affect the conversion but not the 
composition, as shown in Table 3. For instance, at [IB]/[MA]=2, the copotymers att  

contain 50 mote~ HA. 

TabLe 3. The Effect of Monomer Concentration 

[MA 1 Conversion []~] Mote~ [q]  
Mote/1. ~ In Copotymer dr/9 

1.67 95.8 50.2 0.70 
1.25 93.0 48.9 0.60 
1.00 85.9 50.3 0.60 
0.72 73.2 48.9 0.75 
0.50 64.8 47.4 0.50 

PoLymerization condltlons~ [IB]/[~]=2.0, [ALEtCL2]/[NA]=0.10 
[BPO]/[MA]:0.005, Temperature 50"C, Time 4 Hrs. 
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The monomer rat io was found to be an important variatbte and experiments were 

carried out to investi9ate i ts  effect on copotymer composition. The results  are 

shown in TabLe 4. When [IB]/[HA]~I, a copoLymer with equal molar composition was 

obtained. However, when [IB]/[HA]<I, the copotymer was rich in HA. 

TabLe 4 The Effect of [IB]/[HA] Ratio on Potyaerlzatlon 

[IB]/[HA] HA MoLe~ YieLd[9] HA Mote~ [q]  
HoLe Ratio In Monomer CaLc.~ Found In PoLymer dt/9 

10/1 9.1 3.90 3.80 49.2 1.04 
5t1 15.7 3.90 3.80 48.2 0.89 
3/1 25.0 3.90 4.00 48.5 0.91 
2/I 33.3 3.90 3.70 49.6 0.88 
3/2 40.0 3.90 4.00 47.8 0.77 
5/4 44.4 3.90 3.90 48.4 0.55 
1/1 50.0 3.90 2.90 51.9 0.68 
1/2 55.7 1.95 1.30 55.0 0.49 
1/5 83.7 0.78 1.10 75.0 0.39 
0/1 100.0 0.00 1.00 100.0 --  

PoLymerization conditlon~ [IB]/[HA] varlabte, [HA]=l.25 mote/l., 

[ALEtCL2] / [HA] :0.10, [BPO] / [HA] :0.10, Temperature 50"C, Time 4 Hrs. 
CaLcuLation assuming that HA combines with IB to produce a maximum 

yield of equal molar HA-IB copotymer. 

-CHs(IB) 

-OCHa(HA) 1 
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Ii 

II 

A_ -4 
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Figure 3.1H-N~ Spectra of HA-IB CopoLymers 

- -  Containing HA 75*6 . . . .  Containing HA 50~ 
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Structure (3haracterization of (3opot~mer 

After some preliminary examination of the copotymer composition by elemental 

anatysis, the sequentlat structure of the copotymer was characterized by ~ - h ~  and 

13C-[~R speclroscopies. 

( 1 )  lH-l~RAnalysls 

The IH-I~iR spectra of the copolymers having 50 and 76 mole s YJA contents are 

shown in Fi9ure 3. The chemicat sh i f t s  and peak areas of -(3H3 in IB and -0(3H3 in MA 

show noticeabte changes between these two copotymers. 

(8) 13C-NJ~R Analysis 

The 13C-I~iR spectrtm of the copotymer containJn 9 50 mote ~ MA is shown in Figure 

4. The chemical sh i f t s  and their  assignments, to9ether with data taken from the 

pubtished titerature (8,9) on this IB-~ atternatin9 copotymer are listed in Tabte 5. 

Table 5 13C--h~ Chemical Shifts of IB-~ C~ol~er  

(3-1 C-2 (3-3 (3-4 (3-5 C-6 Ref. 

26.00-25.58 48.00-48.45 37 .19  34.28 178.39 51.39 8 
25.00-25.58 35.00 37.20 40.00 180.00 48.00-52.00 9 
24.11,24.44 48.08,45.4? 35 .29  32.35 175.38 4 9 . 9 8  Current 

. . . . . . .  3Citt -- 41:i[ . . . . . . .  

'~lh 51COOeCI~ 

176. 581 

2 ~ . t l  t ' .  
�9 )p.2e9 2~.!+36 

~9.977 3z 365 

;.~71 
; . 4 ?  I 
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I 
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zoo 56 o p ~  

Figure 4 t3C-~ Spectum of MA-IB ALternatin9 CopoL~r Sotvent,CDC[3. 
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ResuLts obtained in this study are in good agreement with those Listed in 

reference (8). The 2 ppm shift  difference between these two sets of data is due to 

the different  internal  standards, HMDS versus DiS, used in the two NNR analyses. 

The spectrum of an IB-MA copotymer contalnln9 76 mole ~ NA is shown in Fiflure 5. 

The spl i t  of the carbonyt peak at d=172 ppm in comparison with the a t ternat in  9 

copotymer spectrum shown in Figure 4, and the three additional peaks at d=39.16 

ppm, 40.97 ppm and 45.09 ppm indicate the existence of NA blocks. These data 

suflgest that when the composition of the copotymer is equat molar ratio, the 

copotymer is an at ternat ln  9 copotymer. However, when the NA content in the 

copotymer 'is greater than 50 mole ~ a copotymer consisting of random MA-IB 

sequences , together with MA blocks is obtained. 

176,83 128.70 45.09 

40.97 175,47 

173.95 

127.94 96.07 
12~.12 

i' o I O'14o 12'o 

)9.16 

I I 

Io'o 8'o 6o 4(5 6-PPM 

Fipure 5 13C-NMR Spectrtm of MA-IB Raadom Copotyaer 

ConcLusion 

Nethyt acrylate and isobutytene can be copotymerized within a wide temperature 

ranpe in the presence of AtEtCtz with BPO as the in i t i a to r .  When [NA]>[IB]the 

copotymer is a random copotymer containing IdA blocks. When [IB];~[NA] an 

alternating copotymer is obtained. 

The conditions for obtalnln9 an atternatin9 copotymer are; [MA]=0.8- 

0.2 mote/l, [IB]/[NA]>I, [AtEtCL2]/[NA] = 0.04 - 0.10, [BPO]/[MA] = 0.002 - 0.010, 



400 

temperature 30-50"C, time 4-8 hours to conversions of 70-100~. The alternating 

copotyser have intrinsic viscosities in the range of 0.4-2.0 dt/9 in toluene 

solution. 
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