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Rad iat ion-I nduced Copolymerization of 
Fluorine-Containing Monomers* 

YONEHO TABATA, KENKICHI ISHIGURE, HIROMICHI HIGAKI, and 
KElCHl OSHIMA 

Department of Nuclear Engineering 
University of Tokyo, 
Tokyo, Japan 

SUMMARY 

Radiation-induced copolymerizations of various monomers, including 
perfluoro-olefines with CF2 0 and of a-olefines with monochlorotrifluoro- 
ethylene, have been studied. I t  was found that C F 2 0  can be copolymerized 
randomly via radical process, with most of monomers examined and that 
alternating copolymers can be obtained from the copolymerization of 
a-olefines with monochlorotrifluoroethylene. The structural study of these 
copolymers was carried out by infrared, X-ray diffraction and NMR measure- 
ments. The structure of isobutylene-monochlorotrifluoroethylene copol- 
ymer was determined precisely through proton and fluorine resonances. 

INTRODUCTION 

Several papers on radiation-induced copolymerization of various mono- 
mers with tetrafluoroethylene have been reported from our laboratory 111. 
The study of copolymerization is now extended to a combination of mono- 
mers and the polymerization conditions. In this paper, radiation-induced 
copolymerizations of various monomers with perfluoro-formaldehyde and 
of a-olefines with chloro-trifluoroethylene are reported. 

*Presented at International Symposium on Macromolecular Chemistry, 
Budapest, Hungary, August 1969. 

Copyright @ 1970, Marcel Dekker. Inc. 
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EXPERIMENTAL 

-0 

Perfluoro-formaldehyde (CFz 0) was prepared by the radiation-induced 
oxidation of tetrafluoroethylene. The monomer was purified by distillation 
at low temperatures. 

Chlorotrifluoroethylene (CTFE) was synthesized by a catalytic dechlo- 
rination of 1,1,2-trichlorotrifluroethane in ethanol solvent at 7OoC in the 
presence of Zn. 

of copolymers was made for H ,  F, and C. 

mers were measured. 

The other monomers were purified by distillation. Elementary analysis 

The infrared spectra, X-ray diffractions, and NMR spectra of the copoly- 

RESULTS AND DISCUSSION 

The results of the copolymerization of various monomers with CFzO are 
shown in Table 1. Although CFzO is difficult to homopolymerize under 
the influence of radiation, small amounts of polymers can be obtained by 
highdose irradiation. The infrared spectra of the monomer and homopoly- 
mer are shown in Fig. 1. 

' --I I 

01 
2 4 6 8 10 12 14 

Wavelength ( p )  

Fig. 1. Infrared spectra of CFzO monomer and its homopolymer. 

The structure of the homopolymer may be very similar to that of poly- 

The infrared spectra of copolymers of CFzO-perfluoroolefines and of 
formaldehyde, and it is written as -CFz -0-CFz -0-CFz -0-. 

CFzOa-olefines are shown in Figs. 2 and 3, respectively. 
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Fig. 2. Infrared spectra of copolymers. 
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Fig. 3. Infrared spectra of copolymers. 
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E 20- 
8 0  g 100. 

Copolymerization of ethylene with C F 2 0  has been studied more pre- 
cisely and the results are indicated in Table 2 and Fig. 4. 

25% 

a- 

Fig. 4. Infrared spectra of CF20-C2H4 copolymers polymerized at various 
conditions. 

25C 

It is obvious from the data that the copolymerization of CF2 0 with vari- 
ous monomers is taking place under the influence of ionizing radiation. It 
is clear from the infrared spectra that CFzO monomers are randomly distri- 
buted in the copolymer because the spectra of the copolymers are quite 
different from those of the homopolymers. 

In most cases the polymerization of formaldehyde proceeds via an ionic 
mechanism. However, the electronic structure of perfluoroformaldehyde is 
quite different from the usual formaldehydes due to the strong electron 
affinity of fluorine atoms of the monomer. In our copolymerization case, 
the reaction may proceed via radical mechanism. 

the copolymer depends profoundly on the polymerization temperature and 
the concentration of one component in the monomer mixtures. 

The infrared spectra changes continuously depending on the polymeri- 
zation conditions, as shown in Fig. 4. 

The relation between rate of copolymerization and concentration of 
C F 2 0  in the monomer mixture is shown in Fig. 5 at 0 and 25OC. 

In the case of copolymerization of CFZO with ethylene, the structure of 
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Fig. 5. Rate of copolymerization as a function of molar concentration of 
CFzO in the monomer mixtures of C F 2 0 X 2 H 4  and of the concentration 

of monomers in solvent R-113. 

The rate of copolymerization decreases sharply with the concentration 
of CFzO in the monomer mixtures. On the other hand, the rate decreases 
slowly with the concentration of monomers in the solvent. 

the rate of copolymerization and the concentration of CTFE in monomer 
mixtures are shown at -35 and -78°C in Fig. 6. A maximum in the rate 
of copolymerization was observed at a concentration of about 90 mole % 
CTFE in the monomer mixture. 

Experimental results on the copolymerization of isobutylene (IB) with 
CTFE are shown for different temperatures in Fig. 7. AS is obvious from 
the figure, the copolymerization at -78°C is very different from those at 
0 and -35°C. For the polymerization at -78"C, the effects of methanol 
and ammonia are noteworthy in the higher concentration region of IB. The 
polymerization in this region is strongly inhibited by the additives, suggest- 
ing an ionic polymerization mechanism at -78OC. 

Rate of copolymerization is compared among three different olefines in 
Fig. 8. It is evident from Fig. 8 that the rate of copolymerization is in a 
order ethylene > propylene > isobutylene. Composition curves in the 
PPCTFE system are shown in Fig. 9 at -35 and -78"C, respectively. 

For the copolymerization of CTFE with propylene, the relations between 

Monomer reactivity ratios were determined from Fig. 9 as follows: 
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rl = 0.06, r2 = 0.00, -35°C 
r l  = 0.24, r2 = 0.01, -78°C 

h 

Fig. 6. Rate of copolymerization as a function of molar concentration of 
Cz F3Ci in the copolymerization of propyleneCz F3CL 
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Fig. 7. Rate of copolymerization as a function of molar concentration of 
C2 F&l in the copolymerization of isobutyleneCz F3C1. (-a-) CH30H. 

(4) NH3. 
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809 

Fig. 8. Relations between yield (%) and irradiation time for copolymeri- 
zations of ethylene (ET), propylene (PP), and isobutylene (IB). 

&FICl mde */* 

PP -CTFE 

Fig. 9. Composition curve in the copolymerization of propylene (PP)chloro- 
trifluoroethylene (CTFE) 

In a wide range of monomer concentration of one component, an alter- 
nating copolymer can be obtained. 

The composition curves in the IBCTFE system are shown in Fig. 10. The 
copolymerization composition curve at -78°C is extremely different from 
that at 0°C. A very regular alternating copolymer is obtained at 0°C for a 
very wide range of monomer concentrations, and the monomer reactivity 
ratio is calculated to be rl = 0.04, r2 = 0.00. X-ray diffraction curves of 
the copolymers and the homopolymer of CTFE are indicated in Fig. 11. 

The copolymer is highly crystalline, and the crystallinity depends on the 
polymerization condition. The amorphous peak was observed at 28 = 10°C 
and the content of amorphous part is much higher in copolymer A than in 
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80. 

c3 00 20 i o  60 eo K 

Fig. 10. Composition curves of the copolymerization o 
chlorotrifluoroethylene (CTFE). 

I 

isobutylene (IB) 

I .  
'10 30 2o 2 e  

Fig. 1 1. X-ray diffraction curves of IECTFE copolymers and CTFE-polymer. 

copolymer B. 'Ihese results strongly suggest that the copolymer has a very 
regular structure and may be an alternating form. This is to be expected from 
the monomer reactivity ratio. 

To determine the structure of copolymer more precisely, the NMR spectra 
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Fig. 12. Proton NMR spectra of polyisobutylene and IBCTFE copolymers. 
Measurement was carried out in CZCl4 at 100°C. 

of hydrogen in the copolymers were measured. The spectra of polyisobuty- 
lene and the copolymers are shown in Fig. 12. 

The 60 MHz proton spectrum of the copolymer is shown in Fig. 12. 
It is known [2] that polyisobutylene shows methyl and methylene reso- 
nances at 8.85 and 8.52 7.  The doublet centered at 8.44 7 and the weak 
shoulders at 8.60 
resonances at 6.85 - 8.02 7 are attributed to methylene groups. The 
doublet, the components of which at 8.36 and 8.52 7 are of equal intensity, 
is due to the regular alternating structure, and the other shoulders at 
8.60-8.85 7 are due to the nonregular structures. 

8.85 7 are assigned to methyl groups, and the complex 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



812 TABA TA, ISHIGUM, HICAKI, AND 0 S f f . M  

Fig. 13. Fluorine NMR spectra of IB-CTFE copolymer polymerized at 0°C. 
(A) 56 Mc, (B) 94 Mc. Measurement was carried out in CzC14 at 100°C. 

In Fig. 13 the fluorine NMR spectra of the copolymer measured at 56 
and 94 MHz are shown. A comparatively sharp doublet and an unresolved 
broad singlet are found at higher fields of 35.5 and 40 ppm, from trifluoro- 
acetic acid (TFA) as an internal standard, respectively, in the 56 MHz spec- 
trum. 

The spearation between the two peaks of the doublet at the lower field 
is about 0.3 ppm (17 cps), and the relative intensity ratio of the doublet 
to the broad singlet is approximately 2: 1 .  Thus, the doublet is assigned 
to  the -CF2 - group in the -CF2 -CFCI- unit of the copolymer and the 
singlet at the higher field to the -CFCl- group. 

The spectrum at 94 MHz is obviously somewhat different from that at 
56 MHz. New two weak peaks, the intensities of which are approximately 
equal, appear at 32.4 and 38.6 ppm in the 94 MHz spectrum and the 
separation between the components of the doublet at 35.5 ppm increases 
to 0.54 ppm (51 cps) in the spectrum. The peak at 40 ppm assigned to 
the -CFCl- unit splits to a triplet, the equally spaced components of 
which have relative intensities in the ratio 1:2:1. The splitting of the 
-CFCl- resonance is due to coupling of the fluorine atom with two equiva- 
lent 1/2 spin nuclei, and the coupling constant was estimated to be 28 cps. 
It is known that the coupling in the -CF2- group may be due to the 
asymmetric carbon atom at its nearest neighbor; on the other hand, the 
effect of the third neighboring asymmetric center may be negligible. 
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An observation of this kind seems to be rare in polymeric systems, though 
it has been often observed in low molecular weight compounds. 

It may be concluded from the analysis of these experimental results that 
the polymers obtained at 0°C will have sterospeciftc structures. The details 
will be published elsewhere in near future. 
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