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Radiation-Induced Copolymerization of 
N- Vinylpyrrolidone with 
Monochlorotrifluoroeth ylene 

CAO JIN, * KAZUSHIGE OTSUHATA, and YONEHO TABATA 

Department of Nuclear Engineering 
Faculty of Engineering 
University of Tokyo 
Tokyo, Japan 

A B S T R A C T  

The copolymerization of N-vinylpyrrolidone (NVP) with chloro- 
trifluoroethylene (CTFE), initiated by gamma rays from a 6oCo 
source, has been studied at temperatures of 20 to -78°C in a dose 
rate  range of 5 x lo4 to 3.8 X lo5 rd/h. The copolymerization 
rate  was proportional to the 0.5 power of dose rate  and showed a 
maximum a t  the equimolar concentration of both monomers. The 
apparent overall activation energy of copolymerization was deter- 
mined to be  5.8 kcal/mol. l,l-Diphenyl-2-picrylhydrazil was 
found to be a strong inhibitor. The composition curve indicated a 
strong alternating copolymerization tendency. The monomer re- 
activity ratios were determined to  be r(NVP) = 0.38 and r(CTFE) 
= 0.30, respectively, by the Fineman-Ross method. The copoly- 
mer  obtained is a white powder. It is soluble in such solvents as 
acetone, dimethylf ormamide, and chloroform, but insoluble in 
water. 

*Present address: East  China Institute of Chemical Technology, 
Shanghai, People's Republic of China. 
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IN TR ODUC T I O N  

It is well known that N-vinylpyrrolidone (NVP) i s  polymerized 
readily by such free radical initiators as cr,a'-azobisisobutyronitrile 
(AIBN) and hydrogen peroxide [ 1, 21 , The homopolymer of NVP 
(PNVP)  has been used for adhesives, cosmetics, detergents, and 
pharmaceuticals [3-51. PNVP was used extensively as a blood plasma 
extender during World W a r  11. 

NVP polymerization has been studied by many researchers.  The 
radiation-induced graft copolymerization of NVP onto PTFE and the 
copolymerization of NVP with trifluorostyrene have been carried out 
for the purpose of developing new cation-exchange membranes with 
good physical and chemical properties [6, 71. 

In the present work, NVP was used as a hydrophilic monomer 
and copolymerized with hydrophobic monomer to obtain new 
materials such a s  ion-exchange membranes or biomaterials. Mono- 
chlorotrifluoroethylene (CTFE) was selected a s  the hydrophobic co- 
monomer because of its good physical and chemical properties. 

This paper mainly describes a kinetic study of the copolymerization. 

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

CTFE, purchased from PCR Research Chemicals, was used after 
vacuum distillation. NVP was distilled under reduced pressure (15 
mmHg at 97-98°C). Reagent grade chloroform was used as the 
solvent. 

glass ampule. The ampule was connected to a vacuum system and 
immersed in liquid nitrogen. A certain amount of CTFE was intro- 
duced into the frozen ampule through the vacuum system, and then 
the ampule was evacuated to lo4 to r r  a f te r  solidification of the mono- 
mers. The entrapped trace amounts of oxygen in the ampule were 
purged by the freeze-thaw technique. 

After irradiation, unreacted monomer and solvent were expelled 
from the reactant mixture under reduced pressure a t  room tempera- 
ture. The dried product was dissolved in acetone, and excess water 
was added to it. The precipitated copolymer was collected on fi l ter  
paper and then washed and dried under vacuum at room temperature, 

red spectroscopy. The composition of the copolymer was determined 
from elemental analysis of the fluorine atom. 

Pipetted amounts of NVP and CHCls were introduced into a 10-cm3 

The structure of the copolymer was investigated by means of infra- 

R E S U L T S  AND DISCUSSION 

Polymerization proceeded in a homogeneous liquid phase, and the 
white powder product was obtained. 
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FIG. 1. Infrared spectra of polymers obtained a t  constant condi- 
tions: Dose rate, 3.8 X lo5 rd/h; polymerization temperature, 20°C; 
molar ratio of NVP in monomer mixture, [NVP]/[CTFE] = 1.0. 

The infrared spectra of the product and of each homopolymer a r e  
shown in Fig. 1. The spectrum of product has two absorption peaks 
which are ascribed to both the - C F  stretching vibration of polychloro- 
trifluoroethylene (PCTFE) and the -CN stretching vibration of-poly-N- 
vinylpyrrolidone (PNVP). The peaks are at  1100 and 1710 cm 
spectively. This suggests that the product i s  a copolymer of NVP with 
CTFE. 

analysis, a lso showed that the product obtained i s  a copolymer (de- 
scribed later). Therefore, on the basis of these results, we  conclude 
that N V P  is copolymerized with CTFE. 

time. The conversion increases linearly with irradiation time up to 
about 70%. 

The dependences of the copolymerization rate on both temperature 
and dose rate are shown in Figs. 3 and 4. As i s  obvious from Fig. 4, 
the ra te  of copolymerization i s  proportional to  the 0.5 power of the 
dose rate, indicating that termination proceeds mainly via bimolecu- 
lar reactions. From Fig. 4 the apparent activation energy of copolym- 
erization i s  5.8 kcal/mol. These dose rate and temperature depen- 
dences suggest that copolymerization occurs via a radical mechanism. 

In fact, the copolymerization was found to be inhibited by 1, l-di-  
phenyl-2-picrylhydrazil (DPPH) which i s  a radical scavenger. 

The copolymerization rate as a function of the molar ratio of both 

, r e -  

Other experimental results, such as solubility test  and elemental 

Figure 2 shows the relation between conversion and irradiation 
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Irradiation time (hr) 

FIG. 2. Time-conversion plot. Dose rate, 3.8 X lo5 rd/h; polym- 
erization temperature, 20°C; molar ratio of N V P  in monomer mixture, 
[NVP]/[CTFE] = 1.0. 
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FIG. 3. Dose rate dependency of the copolymerization rate. Polym- 
erization temperature, 20°C; molar ratio of N V P  in monomer mixture, 
[NVP]/[CTFE] = 1.0. 

monomers is  shown in Fig. 5, and the composition curve i s  shown in 
Fig. 6. From these two figures the structure of the copolymer can be 
siad to be of an alternative nature because 1) a maximum copolymeri- 
zation rate i s  attained by about 50 mol% CTFE in the monomer mix- 
ture; and 2) reactivity ratios of both monomers are r(NVP) = 0.38 and 
r(CTFE) = 0.30 as determined by the Fineman-Ross method [8], and the 
product of both reactivity ratios (r(NVP) X r(CTFE)) is  below 1. 

Table 1. The difference in solubility between the copolymer and each 
homopolymer is obvious. That is, the copolymer is  soluble in THF 
while both homopolymers a r e  insoluble in THF. 

The results of the solubility test of the copolymer are shown in 
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FIG. 4. Arrhenius plot. Dose rate, 0.8 X lo5 rd/h; molar ratio 
of NVP in monomer mixture, [NVP]/[CTFE] = 1.0 

CTFE concentration in 
monomer mixture (mol%) 

FIG. 5. Relation between CTFE concentration in monomer mixture 
and copolymerization rate. Dose rate, 3.8 X lo5 rd/h; polymerization 
temperature, 20" C. 
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CTFE concentration in 
monomer mixture (mol%) 

FIG. 6. Composition curve derived from elemental analyses of 
fluorine. 

TABLE l.a Solubility Test of PNVP, PCTFE, and P(NVP-co-CTFE) 

Solubility 

Solvent PNVP PC TFE ~(NVP-CO-C TFE) 

Hz 0 0 X X 
Acetone 0 X X 

CHCL 0 X X 
Toluene X X X 

DMF 0 X 0 
THF X X 0 
Cc1.1 X X X 

CHs OH 0 X 0 

aO, soluble; X, insoluble. These tes ts  were carr ied out at room 
temperature. P(NVP-co-CTFE) was  obtained a t  the following constant 
conditions: Dose rate, 3.8 X lo5 rd/h; polymerization temperature, 
20°C; molar ratio of NVP in monomer mixture, [NVP]/[CTFE] = 1.0. 
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FIG. 7. Thermogravimetric analysis of PCTFE (--), PNCP ( - 8 - ) ,  

P(NVP-co-CTFE) (-) (50 mol% NVP in monomer mixture), 

The thermal resistance of the copolymer was examined by using a 
thermal analyzer. Figure 7 exhibits the TG curves of PNVP, PCTFE, 
and P(NVP-co-CTFE). The curves indicate that the thermal resistance 
of PNVP is  improved by copolymerization with CTFE. 

The molecular weight of P(NVP-co-CTFE) was roughly estimated 
by the GPC method. By reference to a calibration curve of standard 
polystyrene samples, the molecular weight was found to be below 
10,000. 
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