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The Radiation Polymerization of 
4-Methyl-1 -pentene, 2-Methyl-1 -butme, 
and 2,3-Dimethyl-l -butene under 
Conditions of Extreme Dryness 

J. KOHLER, A. GOINEAU, and V. STANNETT 

Department of Chemical Engineering 
North Carolina State University 
Raleigh, North Carolina 27607 

A B S T R A C T  

The y-ray initiated polymerization of 4-methyl- 1-pentene, 
2-methyl- 1-butene, and 2,3-dimethyl- 1-butene has been studied 
under conditions of extreme dryness. Only low yields of oily 
low molecular weight polymers were obtained. It is suggested 
that the low propagation rate constants are responsible for the 
results obtained. 

I N T R O D U C T I O N  

The radiation-induced polymerization of liquid isobutylene, which 
now seems clearly to proceed by a cationic mechanism, has lead to 
considerable research with other vinyl monomers. Work in this field 
has been well reviewed by Williams [ 11 and by Hayashi [ 21. In 
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1376 KOHLER, GOINEAU, AND STANNETT 

general the polymerization appears to propagate by free carbonium 
ions rather than ion pairs and is inhibited by even minute traces of 
water. 

would be of great interest. Kennedy, Hayashi, Okamura, and their co- 
workers did carry out such studies [ 3, 41 with 3-methyl-1-butene and 
4-methyl-1-pentene. In spite of rigorous drying, only low yields of 
oily products were obtained under conditions where parallel experi- 
ments with isobutene gave very high yields of high-molecular-weight 
polymer [ 41. Furthermore, the IR and NMR spectra showed the 
products to be those obtained by a free radical rather than the re- 
arranged structure obtained by the carbonium ion mechanism. 

In this paper the results reported for 4-methyl- 1-pentene were 
confirmed using even more rigorous drying conditions, and two 
additional olefins, 2-methyl- 1-butene and 2,3-dimethyl- 1-butene, have 
also been investigated. 

It is clear that a study of other olefins under super-dry conditions 

E X P E R I M E N T A L  

M a t e r i a l s  

4-methyl- 1-pentene (Research Grade, purity >99.8%), 2-methyl- 1- 
butene, (Pure Grade purity >99.5%), and 2,3-dimethyl- 1-butene 
(Research Grade, purity >99.6%) were all obtained from the Phillips 
Petroleum Co. 

P r o c e d u r e  

Three severe drying procedures were used. The particular one 
used in each run is reported in Tables 1 and 2 and Fig. 1. 

In all cases the monomers were stored over calcium hydride for 
several weeks and degassed 2 or 3 times. They were then dis- 
tilled over 2 to 4 sodium mir rors  until no dissolution of the mirror  
could be seen. In some cases the monomer w a s  then distilled over 
barium oxide which had been previously baked out at 400°C for several 
days under high vacuum. In a third procedure the monomer was dis- 
tilled in a flask containing m o l e p w  sieves which had been baked out 
at 500°C under a vacuum of 10- Torr. 

In all cases the monomers were thoroughly degassed by several 
freeze-thaw cycles under high vacuum and distilled directly into glass 
ampules which had been baked out at 500°C under 10" Torr. The 
tubes were then irradiated at a dose rate of 0.15 Mrad/hr in a 6oCo 
source. After irradiation the tubes were opened and the polymer 
isolated by drying to constant weight under vacuum. All the polymers 
were low-molecular-weight oily materials. 
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RADIATION POLYMERIZATION OF 4-METHYL- 1-PENTENE 1377 

TABLE 1. Effect of Drying Method on the Radiation-Induced 
Polymerization of 4-Methyl- 1-pentene at 30°C 

Dose Yield 
Drying method ( Mrads ) (%I G (Monomer) 

Undried 11.1 
CaH, + Na + BaO 11.1 

7.6 
48.7 

CaH, + Na 7.5 
7.5 

48.7 
CaH, + molecular 6.2 

sieves 6.2 
10.7 
10.7 

0.94 
0.98 
0.71 
4.87 
0.71 
0.68 
6.18 
0.66 
0.57 
1.27 
1.28 

9.7 
10.1 
10.7 
11.5 
10.8 
10.4 
14.6 
12; 5 
10.7 

13.7 
13.9 

TABLE 2. Radiation-Induced Polymerization of 2-Methyl- 1-butene 
and 2,3-Dimethyl- 1-butene 

Temperature Drying Dose Yield G 
Monomer ("C) method (Mrads) (%) (monomer) 

2-Methyl-1- 30 None 30.0 1.1 5.0 
butene 30 CaH, + Na 29.6 1.1 5.1 

40 None 25.0 1.04 5.8 
40 CaH, + N a  100 4.7 6.5 

-78 None 11.9 0.32 3.7 
-78 CaH, + N a  11.9 0.36 4.2 

-78 CaH, + N a  2.2 0.06 3.8 
2,3-Dimethyl- 30 CaH, + N a  2.0 -0 - 

1-butene 30 CaH, + Na 27.0 0.1 - 
-78 CaH, + N a  25 0.1 - 
- 78 CaH, + N a  100 0.6 - 
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1378 KOHLER, GOINEAU, AND STANNETT 

DOSE, rnrad 

FIG. 1. The radiation-induced polymerization of 4-methyl- 1- 
pentene at 30 "C. Monomer dried over calcium hydride, sodium 
mirrors ,  and barium oxide. Dose rate: 0.16 Mradshr .  

R E S U L T S  

The yields were reproducible. A typical run is shown in Fig. 1 
for 4-methyl-1-pentene. The method of drying appeared to have 
little effect on the yields within experimental e r ro r  as shown in 
Table 1. The molecular weights were dekrmined by vapor phase 
osmometry and found to  vary between a DPn of 4.3 to 5.6. All these 
results are in accord with these previously published. The IR 
spectra were also similar to those reported by Kennedy et al. [ 31. 
The results confirm that even under the most rigorous drying 
conditions only 1,a-addition to oil products, probably by a free- 
radical mechanism, takes place. 

Two other monomers where, unlike 4-methyl- 1-pentene, no 
rearrangement is necessary to stabilize the carbonium ions were 
studied. These were 2-methyl- 1-butene and 2-3 dimethyl- 1-butene. 
The results obtained are presented in Table 2; again only oily 
polymers were obtained. The yields were very low with both 
monomers, but it appeared clear that no high- molecular-weight 
polymer but only small yields of oily low-molecular-weight polymer 
were obtained, independent of the method of drying. Simular 
results were reported for 3-methylbutene-1 in the literature [ 3, 41 
and by Williams [ 51. 
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DISCUSSION 

The polymerization of vinyl monomers by the free-cation mechan- 
ism initiated by high-energy radiation is limited by a number of 
factors [ 1, 21. This type of polymerization is extremely sensitive to 
water and other impurities. It appears that such impurities are 
regenerated during the polymerization process, and also that such 
inhibiting impurities may be generated by the radiolysis of the 
monomer. In addition, the carbonium ions produced from the initial 
molecule ion radicals and the subsequent growing chains must be 
sufficiently stable to allow adequate time for propagation. Finally, 
due to the very low stationary state concentration of the growing 
chains, very large propagation rate constants a re  necessary for 
measurable rates of polymerization to be obtained. 

are met with this particular monomer. This is not so, however, 
with the other olefins studied. There seems no reason to believe that 
the degree of drying and purification were inadequate. Also it is 
difficult to conceive that terminating impurities could be produced by 
the radiolysis of pure hydrocarbons under strictly anhydrous and 
oxygen-free conditions. All the olefins studied should lead to stable 
carbonium ions either directly or  by rearrangement. It appears, 
therefore, that the lack of any measureable cationic polymerization 
in the other olefins studied must be due to their low propagation 
rate constants. Although high-molecular-weight polymers have been 
obtained with aluminum trichloride and other Friedel-Crafts 
catalysts, no comparative rates of propagation for the various 
monomers are available. There seems little doubt, however, that 
isobutylene does polymerize far more readily than the other 
monomers concerned. 4-Methyl- 1-butene, 3-methyl- 1-butene, and 
2,3-dimethyl- 1-butene all undergo rearrangement on undergoing 
cationic polymerization [ 6, 71. It is clear that the initial carbonium 
ions of the first two monomers gain considerably in energy in going 
from secondary to tert iary carbonium ions. This is not the case, 
however, with 2,3-dimethyl- 1-butene, and the 3-2 hydride shift is 
believed to be due to steric hindrance [ 71. No rearrangement, for 
example, takes place with the fourth monomer, 2-methyl-1-butene [ 71. 

It is well known that even with isobutylene there is considerable 
s ter ic  hindrance in the polymer [ 81. With the addition of an 
additional methylene group, it is reasonable to believe that the 
propagation rate constant would be considerably reduced. Presumably 
with the other monomer the hydride shift involved in the propagation 
step would also lead to a lower propagation rate. There is some 
evidence, for example, that considerable activation energy is in- 
volved in the 3-2 hydride shift with 2,3-dimethyl-l-butene [ 71. 

The reduced propagation rate constants coupled with the low 
stationary concentration of carbonium ions, estimated to be about 

It is known from the example of isobutene that such conditions 
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1380 KOHLER, GOINEAU, AND STANNETT 

10''' mole/liter or the dose rate used [ 13, would be sufficient to 
explain the lack of carbonium ion polymerization. a-Olefins are 
notoriously inert  to  polymerization by free radicals, which accounts 
for the poor yields of low-molecular-weight oils actually obtained. 
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