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Synopsis 

The degree of branching of a series of ethylene-vinyl acetate copolymers was found to 
be strongly dependent upon polymerization temperature. The copolymers were pre- 
pared by free-radical polymerization and had low molecular weights and molar ratios of 
ethy1ene:vinyl acetate greater than 3: 1. Nuclear magnetic resonance and infrared stud- 
ies showed that copolymers prepared a t  150°C were highly branched and had little crys- 
tallinity. Branches were mainly alkyl groups bn the polymethylene backbone segments. 
There was no evidence of 6-acetoxyalkyl branches. Long branches originating by inter- 
molecular H abstraction from the acetylmethyl groups were also expected but could not 
be detected. These results were consistent with an intramolecular “backbiting” mech- 
anism similar to  that found in ethylene homopolymerizations. There was little or no 
participation by the vinyl acetate moiety in the branching scheme. Copolymers pre- 
pared a t  about 90°C had very few long or short branches and were more crystalline. Co- 
polymers prepared between these temperatures had intermediate degrees of branching 
and crystallinity. 

INTRODUCTION 

Degree of branching is an important factor affecting polymer properties.’ 
For free-radical copolymerizations such as ethylene-vinyl acetate, the ac- 
tivation energy for chain branching is greater than that for chain propaga- 
tion, and branching is expected to increase with t empera t~ re .~ .~  

I n  the polymers described here, the molar ratios ranged from approxi- 
mately 3 : 1 to 7 : 1 ethylene : vinyl acetate. Since the polymers consisted 
mostly of ethylene units, it was expected that the type of branching should 
be similar to that found in ethylene polymerizations. Branch formation is 
depicted in Figure 1. For ethylene homopolymerizations, most chain 
branching arises from an intramoleoular chain transfer mechanism called 
“backbiting.” This mechanism operates via an intermediate six-membered 

* This paper was presented in part a t  160th National American Chemical Society Meet- 
ing, Chicago, Illinois, September 1970. 
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Fig. 1. Branch formation in poly(ethy1ene-vinyl acetate). 

ring and produces butyl branches (I in Fig. l).4 Addition of an ethylene 
unit followed by another intramolecular chain transfer results in ethyl 
branches (II).5s6 Intermolecular H abstractions lead to long polyethylene 
branches off the main backbone.' 

In ethylene-vinyl acetate copolymerizations, the "backbiting" mech- 
anism should lead to a majority of alkyl branches with a possibility of some 
6-acetoxyalkyl branches when the terminal radical is on a vinyl acetate 
group (111). Intermolecular chain transfer should occur most readily 
through the acetylmethyl H atoms resulting in long branches with the 
same composition as the polymer backbone (IV). 
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DISCUSSION 

A series of ethylene-vinyl acetate copolymers was prepared a t  tempera- 
tures from 80" to 150°C. The polymers exhibited large differences in 
nuclear magnetic resonance and infrared properties consistent with dif- 
ferent degrees of branching. 

Proton Nuclear Magnetic Resonance (NMR) 

Quantitative estimates of the degree of branching in a series of ethylene- 
vinyl acetate copolymers prepared a t  different temperatures were obtained 
from NMR spectra. The number of alkylmethyl groups in the copolymer 
is indicative of branching in the polymethylene backbone segments (I and 
11). These were calculated from the alkylmethyl proton resonance (0.09 
ppm/CClJ using the acetate methyl proton resonance (1.95 ppm/CClr) 
as reference. The data were adjusted for differences in polymer molecular 
weight by expressing the result as number of alkylmethyls/1000 mol. wt. or 
CH3/100O mol. wt. Copolymers prepared a t  the same temperature but 
with different solvents and/or initiators, and having different ester con- 
tents and/or molecular weights, all gave the same number of CH3/1000 
mol. wt. This is a strong indication that the degree of branching is 
governed predominantly by polymerization temperature and is not affected 
by method of preparation. Data are given in Table I and are summarized 
in Figure 2. 

Copolymers prepared at 110°C or lower contain about 1.3 CH3/1000 mol. 
wt. or approximately one alkyl group for every 20 ethylene backbone 
units. At 125°C there are 1.9 
CH8/1000 mol. wt., and a t  150°C the figure is 4.1 CH3/1()00 mol. wt. The 
latter copolymers contain about one alkyl group for every four ethylene 
units and are thus highly branched. This figure is approximate, since no 
attempt was made to  distinguish between the butyl and ethyl branches of 
I and 11. 

These copolymers are essentially linear. 

TABLE I 
Effect of Temperature on the Degree of Branching in Poly(Ethy1ene-Vinyl Acetate) 

Number of 
Polymerization 0 Number of 

t,emp., VAc, VPO, II CH3/1000 
Sample "C wt.% mol. wt. CH,C-/CHs mol. wt. 

A 
B 
C 
D 
E 
F 
G 
H 
I 

80 
85 

103 
10.5 
10.5 
105 
125 
145 
1 ;io 

46 
33 
3x 
38 
39 
38 
32 
30 
32 

1860 
2526 
2160 
2200 
2000 
2940 
2220 
1452 
3832 

3.7 
2.8 
3 .6  
3 .0  
3 .5  
3.5 
2 .0  
1.2 
0.9 

~~ 

1.4 
1 .4  
1.2 
1.4 
1 . 3  
1 . 3  
1.9 
2.9 
4 . 1  
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Fig. 2. Effect of polymerization temperature on branching of poly(ethy1ene-vinyl 
acetate). 

No absorption was observed in the 4.2-ppm region which would be char- 
acteristic* of -CH20 protons such as those in 6-acetoxyalkyl groups (111). 
This indicates little or no "backbiting" by propagating vinyl acetate radi- 
cals. 

Also, no absorption was observed a t  about 2.1 ppm characteristic of the 
-CH2CO- protons in the long branches of structure IV. The absence of 
appreciable branching off the acetyl methyl group was also indicated by 
GLPC analysis of acids recovered from hydrolyzed copolymer. The 
chromatograms exhibited only a single peak corresponding to acetic acid. 
Also reacetylation of the polymer gave spectra identical with those of the 
original. These results indicate the absence of branching on the acetate 
methyl group. 

Infrared 

Infrared spectra of copolymers prepared at  85", 125") and 150°C were 
examined in the 720-730 cm-I region. The polymers exhibited strong 
absorption at 720 cm-', which is characteristic of the polymethylene 
-(CH&- bending vibration. In addition, the polymer prepared at  85°C 
gave an auxiliary peak at about 730 cm-', which is indicative of crystallinity 
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Fig. 3. Effect of polymerization temperature on infrared spectra of poly(ethy1ene-vinyl 
acetate). 

or linearity.9 This peak was absent in the 150°C polymer, which is con- 
sistent with a highly branched amorphous structure and appeared as a 
shoulder in the 125°C polymer spectrum. The infrared spectra are illus- 
trated in Figure 3. 

EXPERIMENTAL 

Copolymers were prepared by free-radical solution and emulsion poly- 
merization in a stirred autoclave at  constant temperature and pressure. 
Copolymer number-average molecular weights were obtained by vapor 
pressure osmometry and vinyl acetate contents by elemental analysis and 
saponification number. Copolymer compositions were assumed to be 
random since the reativity ratios of ehtylene and vinyl acetate are both 
unity.l0 

Nuclear magnetic resonance spectra were obtained on solutions of co- 
polymer in benzene and/or chlorinated hydrocarbons using Varian A-60 or 
HA-100 spectrometers. 

Samples of copolymer were saponified and extracted with hot water. 
Acids recovered from the aqueous extracts were subjected to GLPC analysis 
on a silicone column. Hydrolyzed copolymers were reacetylated with acetic 
anhydride in pyridine. 
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Infrared spectra were obtained on thin samples of polymer using a 
Perkin-Elmer Infracord spectrophotometer. 

CONCLUSIONS 

The results of these studies indicate that poly(ethy1ene-vinyl acetate) 
undergoes chain branching reactions similar to those of polyethylene. 
There is very little participation by the vinyl acetate moiety. Copolymers 
prepared a t  150°C have highly branched polymethylene backbone seg- 
ments, while copolymers prepared at 100°C or lower are essentially linear. 
Copolymers prepared between these temperatures have intermediate de- 
grees of branching. 
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