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ABSTRACT 

The copolymerization of maleic anhydride(MAn) with 
phenyl-4'-vinylphenylbutadiyne(PVPB) was carried out using 
2,2'-azobisisobutyronitrile as an initiator. Although PVPB does 
not homopolymerize by free radicals in solution, it copolyme- 
rized giving copolymers having average molecular weights up to 
12,000, and consisting of slightly more PVPB units. The monomer 
reactivity ratios were estimated to be r(MAn)=0 and r(PVPB) 
=0.1 - 0.2. It was concluded that the copolymerization likely 
proceeds via a free monomer propagation mechanism rather than 
through a donor-acceptor complex mechanism. 

INTRODUCTION 

In order to obtain functional polymers, the present 
authors are studying synthesis of vinyl polymers containing 
acetylenic and diacetylenic groups. Previously phenyl-4'-vinyl 
phenylbutadiyne (PVPB) was synthesized, and its polymerization 
in the solid state was investigated(l,2). PVPB does not give 
polymer when polymerized in solution by free radicals due to 
the interaction of propagating radical with the diacetylenic 
group(l). However it copolymerizes with styrene and with methyl 
methacrylate to give PVPB rich copolymers(3). The copolymeri- 
zation rates and the molecular weights of copolymers were much 
lower than those for the homopolymerization of styrene and the 
copolymerization of styrene with methylmethacrylate. When the 
concentration of PVPB is low; less than 5 mol~ to the comonomer, 
the copolymerization is rapid and gelation took place as the 
viscosity of the system increased. The propagating radicals 
interact with the diacetylenic groups and this competes with 
the propagation. In fact such an interaction of propagating 
radicals with the diacetylenic groups was confirmed by the ESR 
spectroscopy(4). The free radical polymerization of vinyl mono- 
mers in the presence of diphenylbutadiyne(DPB) was also investi- 
gated(5). The retardation effect of DPB was prominent, and spe- 
cially the polymerization of vinyl monomers which give secondary 
radicals with low Q values, such as acrylonitrile(AN), methyl- 
acrylate(~) and vinyl acetate(VOAc), was drastically retarded. 
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The copolymerization of maleic anhydride(MAn) with 
high electronic density vinyl monomers has been studied by many 
and the mechanisms of alternating copolymerization have been 
discussed extensively(6,7,8). It is expected that PVPB and MAn 
will give an alternating copolymer because PVPB is a styrene de- 
rivative. It is of interest also to observe the behavior of the 
diacetylenic group of PVPB in the copolymerization with MAn. In 
order to obtain information on the alternating copolymerization 
mechanisms of MAn, the copolymerization was carried out and the 
results are presented in this paper. 

EXPERIMENTAL 

(i) Materials: 

PVBP was obtained from 2-chloroethylbenzene by the method reported 
previously (i). It was purified by repeated recrystallization from methanol 
before use. MAn was purified by sublimation. 2,2'-Azobisisobutyronitrile 
(AIBN) was purified by recrystallization from methanol. 

(2) Copolymerizat ion: 

Required amounts of PVPB, MAn, AIBN as a benzene solution and 
benzene were placed in a Pyrex tube, which was sealed off after repeated 
degassing by freeze and thaw process, and the tube was placed in a constant 
temperature bath with or without agitation. After the polymerization, the 
content was poured into dry ether, and the precipitated yellow copolymer 
was washed with dry ether, filtered and dried under vacuum. 

(3) Characterization of Copolymer: 

The NMR spectra of PVPB, MAn and their equimolar n~ure were 
taken using a Bruker NMR spectrometer Model AC-80. The molecular weight yeas 
determined by GI~ using a Waters Associates Liquid Chromatograph Model 501 
with 2 COI~TmS of Ultra Styrogel PN I0 681 in tetrahydrofuran as a solvent. 
The elemental analysis of copolymers was done using a Carlo Erba Elemental 
Analyzer Model 1106. 

RESULTS AND DISCUSSION 

In order to see whether a charge transfer complex is 
formed between PVPB and MAn, I-H and 13-C NMR spectra were taken 
and the results are summerized in Table i. As can be seen in the 
table, the changes in chemical shifts of vinyl protons and vinyl 
carbons were very small. In the case of 13-C spectra, the change 
was almost negligible. The decreases in chemical shifts of MAn 

TABLE I. Chemical shifts of NMR spectra of PVPB, 
MAn and their equlmolecular mixture. 

Solvent 

C6D6(I-H) 

CDCI3(I-H) 

CDC13(13-C) 

PVPB 

CH2= $ =CH-$ 
6 . 2 3 6  4 . 9 6 0  

6 . 5 1 0  5 . 2 1 8  

1 1 5 . 3 8  1 2 6 . 3 0  

MAn PVPB-MAn mixture 

-CH=CH - CH2 = * =CH-* -CH=CH- 

5 . 8 5 3  6 . 2 6 0  4 . 9 9 2  5 . 6 7 3  

7 . 0 6 8  6 . 5 0 0  5 . 2 1 3  6 . 9 0 5  

136.38  i115.50 126.35  136.31 
field among the *: Chemical shift of the peak at the lowest 

four(quartet) peaks. 
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TABLE 2. Copo lymer i za t ion  of MAn(M I) w i th  PVPB(M2). 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

[ M 1 ] m m o l .  

4 208  

1 579 

1 315 

1 052  

1 276 

1 188 

3 949 

2 632 

1 315 

0 987 

0 658 

[M2]mmol. 

I 053 

1 053 

i 316 

1 579 

1 277 

1 187 

1 316 

I 316 

I 316 

I 316 

I 316 

[MI31[M 2 ] 

3 996 

I 500 

1 001 

0 666 

1 001 

0 999 

3 000 

2 000 

0 999 

0 750 

0 500 

AIBNmmol 

0 06 

0 06 

0 06 

0 06 

0 06 

0 06 

0 03 

0 03 

0 03 

0 03 

0 03 

Benzene 

3 ml 

3 ml 

3 ml 

3 ml 

3 ml 

3 ml 

1.5 ml 

1.5 ml 

1.5 ml 

1.5 mi 

1 . 5  ml 

T(~ 
5O 

50 

5O 

5O 

55 

75 

6O 

6O 

6O 

60 

6O 

No. Polym. Time(hr) Yield (g) (%) MWt 

1 3 7 . 5  0 . 0 4 4  6 . 7  600 

2 3 7 . 5  0 . 0 2 3  5 . 7  1500 

3 1 9 . 0  0 . 0 1 4  3 . 2  1900 

4 3 7 . 5  0 . 0 1 4  3 . 0  1500 

5 24 0 . 1 0 7  2 3 . 5  - -  

6 24 0 . 1 4 4  3 1 . 9  8 0 0 0  

7 26 0 . 3 3 3  4 8 . 5  g e l  

8 26 0 . 3 0 0  5 5 . 8  g e l  

9 26 0 . 2 3 0  5 3 . 6  1 1 2 5 0  

10 26 0 . 2 1 0  5 2 . 9  12530  

11 26 0 . 1 6 5  4 5 . 3  1 1 2 5 0  

No.  

7 

8 

9 

10 

11 

TABLE 3 .  Composition of Copolymers. 

[MI]/[M 2] C % H % d[Ml]/d[M 2] 

3.00 83.09 4.07 0.86 

2 . 0 0  8 2 . 7 2  4 . 5 8  0 . 8 3  

1 . 0 0  8 2 . 6 8  4 . 7 8  0 . 8 3  

0 . 7 5  8 3 . 6 9  4 . 2 3  0 . 7 2  

0 . 5 0  8 4 . 5 2  4 . 7 1  0 . 6 7  
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protons in d-benzene and in d-chloroform by mixing with PVPB 
were found to be o.167 and 0.179, respectively, indicating that 
MAn increased its electronic density by mixing. But those for 
PVPB protons were in the range of only 0.01 and 0.03 ppm. The 
distance between the peaks of different protons of PVPB did not 
change by mixing with MAn. UV spectra of the system were taken 
but no appreciable change in the peak positions was observed. 
No coloration was observed by mixing the two compounds. Further- 
more little polymerization took place at 50~ in the absence of 
AIBN. From these observations it can be said that no charge 
transfer complex is formed in this system~ although an interac- 
tion probably exists between the two. 

Table 2 shows the results of copolymerization. Under 
the experimental conditions of this work, the polymer yield 
tends to decrease with increase in the PVPB concentration. Both 
MAn and PVPB do not give polymers when polymerized alone in so- 
lution with free radicals9 but PVPB can copolymerize with some 
vinyl monomers such as styrene and methylmethacrylate(3) giving 
PVPB rich copolymers. The reason why PVPB can readily copolyme- 
rize~ is that the relative concentration of diacetylenic group 
to the vinyl group decreases when a comonomer is added, and this 
increases the ratio of propagation reactions to the trapping of 
the propagating radicals by the diacetylenic groups. Consequ- 
ently the polymerization yield increases with decrease in the 
diacetylene concentration; i.e. PVPB concentration. 

Crosslinked copolymer was obtained in the case of No. 
7 and No.8. This type of gelation was also observed for the 
copolymerization of PVPB with styrene and with methylmethacry- 
late, when the PVPB concentration was low(3). When the PVPB con- 
centration is low the polymerization is rapid and the viscosity 
of the system increases, inhibiting the motion of propagating 
polymer chain radical which is trapped temporarily by the di- 
acetylenic group, and the system suddenly becomes a gel. The 
system becomes pale green luminescent and at this point the 
system shows ESR signals(4). 

Although sufficient data are not available, the mono- 
mer reactivity ratios were estimated using the Mayo-Lewis inte- 
grated equation(9). The values of rl(MAn) and r2(PVPB) were 
found to be 0 and 0.i - 0.2, respectively. The monomer feed- 
copolymer composition curve is shown in Fig. 1, plotting the 
results shown in Table 3. It can be seen that PVPB-rich copoly- 
mers are obtained with a tendency of alternating copolymeriza- 
tion. PVPB should have a greater value of resonance stabiliza- 
tion, Q, than styrene~ because the color of the anionic poly- 
merization system of PVPB using n-butyllithium is deep blue, 
while that of styrene is red. The e value of PVPB is expected 
to be slightly less than that of styrene due to the acetylenic 
group. From the above comparison, such a deviation from ideal 
alternation9 as shown in Fig. i, can be expected. 

The copolymerization of methylacrylate(MA) with PVPB 
was carried out under the same conditions for No.7 - 11 in 
Table 2. The yields were low being less than I0 % of those for 
MAn-PVPB system. As mentioned ealier, the polymerization of MA 
is considerably retarded by the addition of DPB. MA can homo- 
polymerize very rapidly and it has a larger Q value(0.42) than 
MAn(0.23)(10). The relatively faster copolymerization of MAn- 
PVPB system compared to the MA-PVPB system is attributed to the 
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Fig. I. Monomer-Copolymer Composition Curve. 
M 1 = MAn. From the data of Table 3. 

polar effect in propagation step. Since MAn is a stronger ele- 
ctron acceptor monomer than MA, there exist in the MAn-PVPB co- 
polynerization system, electrostatic interactions between the 
electron donor radical and electron acceptor monomer, and betwe- 
en the electron acceptor radical and electron donor monomer. 
This leads to a decrease in the activation energy for cross- 
propagation, and also to a decrease in the intraction or trap- 
ping of propagating radical with the diacetylenic group of PVPB. 

In the cases of copolymerizations Nos. 1 - 4 in Table 
2, the benzene used as a solvent was not dry, and MAn was partly 
hydrolyzed. This is probably why the yields were rather poor. 

It can be concluded that the copolymerization of MAn 
with PVPB has an alternating character, and the propagation is 
the free monomer propagation with participation of polar effect, 
which decreases the trapping of propagating radicals by the dia- 
cetylenic group of PVPB. Charge transfer complex copolymeriza- 
tion is considered to be unlikely in this system. 
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