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Studies of Polybutene. I. Determination of the End-groups and 
the Molecular Weight by the Infrared Method* 

By Kazuyoshi IIMURA, Ryuichi ENDO and Masatami TAKEDA 

(Received February 1, 1964)

A practical method for the determination of 

the molecular weight of commercial liquid 

polybutenes of a low molecular weight has 
been developed by an infrared technique. 

Moreover, the types of unsaturated terminal 

groups of the polymer chain have been as-
certained. However, the application of this 

method to polymers of a higher molecular 

weight would be difficult, because of the un-

detectably weak relative-intensity of the band 

assignable to the end-group. 

Experimental 

Materials.-The samples of the commercial poly-

butenes used in this investigation are Indopol from 
Amoco, Oronite from California Chemicals, and 
Polyvis from Cosden. Benzene was washed with 
sulfuric acid and water, and distilled after drying 

over calcium chloride. The treated benzene was 

purified by fractional distillation over sodium wire 
before use. 

Technique.-The molecular weight of the samples 
was determined by a cryoscopic method, using 
benzene as the solvent, and also by an iodine-value 

method 1) reported on in a preceding paper. The 
infrared absorption was measured by a Hitachi 
EPI-2 infrared spectrometer with an NaCl optical 
system. A group-type analysis was applied in the 

determination of the content of the end group and 
of the molecular weight. In this case, the absorp-
tion coefficient of the band characteristic of the type 

of structure must usually be determined. In the

present work, however, this procedure was elimi-
nated by applying the data of the absorption coef-
ficients, reported by McMurry and Thornton,2) of 
the bands caused by the structural types in ques-
tion; the proportionality of the absorption coeffi-
cient can be held between the data reported by 
McMurry and our measurements. 

Results and Discussion 

The Molecular Weight of the Polybutenes.-
Table I gives the molecular weight obtained 
by the iodine-value method on the assumption 
that each polymer molecule contains only one 
unsaturated double bond at the end, and those 
obtained from the cryoscopic method. As may 
be seen in the table, there is a close agreement 
in molecular weight between the two methods. 
This fact justifies the assumption indicated 
above when the molecular weight is determined 
by the iodine-value method. 

TABLE I. THE MOLECULAR WEIGHT OF 
POLYBUTENES
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Fig. 1-a. Infrared spectrum of Polyvis 10.

Fig. 1-b. Infrared spectrum of polyisobutylene (Vistanex LM-MH).

The Structures of the Polybutenes. -The 
infrared spectra of eleven samples are all 
identical to that of polyisobutylene except in 
the double-bond stretching and the out-of-
plane =CH deformation regions. For example, 
the infrared spectra of Polyvis 10 and poly-
isobutylene (Vistanex LM-MH from the Esso
Standard, Mω: 10000～11700)  are shown in

Fig. 1. The absorption caused by the un-
saturated double bonds is observed in all 
samples. The two weak absorption bands at 
1660 and at 1640 cm-1 can be assigned to the 
C=C stretching vibrations. The disappearance 
of the bands at 892 and at 830 cm-1 on the ioda-
tion of the samples (cf. Fig. 2) suggests that

Fig. 2. Infrared spectra of Polyvis 10 before 
and after treating with I2 ; A : original, B : 
treated with I2,

these bands arise from the CH out-of-plane 
bending vibration at the C=C bond. The bands 
at 1660 and 830 cm-1 are assigned to the vibra-
tion of the tri-substituted ethylenic double 
bond, while those at 1640 and 892 cm-1 have 
been assigned to the vibration of the vinyl-
idene-type double bond by Dainton and 
Sutherland 3) and by other investigators.4-6) 

From this finding, together with that obtained 
in the first section, it would seem that the 
commercial polybutenes are low molecular 
weight polyisobutylene, and that they are 
mixtures of two types of polymer chains 
consisting of one vinylidene-type end-group 

per one polymer molecule and one tri-sub-
stituted ethylenic end-group per another poly-
mer molecule. 

The Quantitative Determination of the End-

groups.-In the infrared study of low molec-
ular weight polyisobutylene, Dainton and 
Sutherland 3) and Flett and Plesch 6) have sug-

gested that the termination of the polymer 
occurs mainly in the vinylidene-type unsatura-
tion. In the sample used in this investigation, 
however, a considerable amount of the tri-
substituted ethylenic end-group exists in the 

polymer chain, together with the vinylidene-
type end-group. 

The measurement of the absorption inten-
sities of the bands at 892 and 830 cm-1, which

3) F. S. Dainton and G. B. B. M. Sutherland, J. Polymer 
Sci., 4, 37 (1949). 

4) W. S. Richardson, ibid., 10, 353 (1954). 
5) W. S. Gallaway and M. J. Murray, J. Am. Chem. Soc., 

70. 2584 (1948). 
6) M. St. C. Flett and P. H. Plesch, J. Chem. Soc., 

1952, 3355.
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are assigned to the CH out-of-plane vibration 

of the vinylidene-type end-group and that of 

the tri-substituted ethylenic end-group respec-

tively, gives the concentration of the end-groups. 

The absorption coefficients of the bands at 892

and 830 cm -1 have been determined as  14×104

mol./ml./cm. and  4.0×104  mol./ml./cm. respec-
tively by McMurry and Thornton.2) Using 

these values, it is possible to obtain the content 

of the end-groups from the measured intensity 

ratio of the bands. 

If the intensities of the bands at 830 and 

892 cm-1 are proportional to the concentrations 

of the respective end-groups, the following 

relation can be proved :

(1)

where C is the molar concentration of the 
end-group, k is the absorption coefficient, and 
D is the optical density of the band at the wave 
numbers shown by the subscript. The ratio 
of the contents of the tri-substituted ethylenic 
end-group to that of the vinylidene-type end-
group is given by C830/C892. The contents 
calculated from C830/C892 are listed in Table II. 

TABLE II. END-GROUP CONTENT

Note : V provides a vinylidene-type end-group. 
T provides a tri-substituted ethylenic 
end-group. 

Unlike the results obtained by Dainton and 
Sutherland 3) and by Flett and Plesch 6) on their 
samples, the tri-substituted ethylenic end-group 
is predominant in our samples. 

The Determination of the Degree of Poly-
merization by the Infrared Method.-The band 
at 855 cm-1 is caused by the R-CH2-C(CH3)2-
CH2-R group in the polyisobutylene chain, and 
its absorption coefficient is estimated as 0.2
×104  mol./ml./cm.2) As has been described in
the second section, if we assume that these 

samples are mixtures of two kinds of polyiso-

butylene chains, one with the tri-substituted 

ethylenic end-group and the other with the

vinylidene end-group, the contribution from 
the dimethyl branching of these two chains 
to the intensity of the band at 855 cm-1 must 
be considered. That is, the number-average 
degree of polymerization, Pn, of the samples 
can be calculated from the following formulas :

(2)

or

(3)

where V is the content of the vinylidene-type 

end-group and T is that of the tri-substituted 

ethylenic end-group. The degree of poly-

merization, therefore, can be obtained from 

the content of the end-group by applying Eq. 

2 or 3. 

Table III gives the degree of polymerization 

obtained by the above method and those 

obtained from the cryoscopic and iodine-value 

methods. There is considerable agreement 

between the results obtained by the three 

methods. These experimental results demon-

strate that the infrared technique can be used 

as a practical and rapid method for the 

determination of the types and numbers of the 

end-group in the commercial polybutenes and 

the molecular weight of polymers. 

TABLE III. DEGREE OF POLYMERIZATION 

OBTAINED BY INFRARED AND OTHER METHODS

Note : a) From the content of the vinylidene-
type end-group. 
b) From the content of the tri-sub-
stituted ethylenic end-group. 
c) Obtained by dividing the respective 
molecular weight by 56.1, the mono-
meric molecular whight. 
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