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ABSTRACT

for making systematic changes in polymer properties. The utility of
copolymerization is exemplified on the one hand by fundamental investigations
of structure-property relations and on the other hand by the wide range of commercial
applications. The elucidation of copolymer structure (copolymer composition,
monomer sequence distribution) is the major concerns for the prediction of copolymer
properties and the correlation between structure and properties.
Methods: Homopolymers of poly(1-vinylimidazole) and poly(vinylphosphonic acid)
were synthesized in presence of o,a’-azobisisobutyronitrile (AIBN) initiator for
the former, and in presence of a,0 -azodiisobutyramidine dihydrochloride (AIBA)
initiator for the latter. Poly(1-vinylimidazole/vinylphosphonic acid) copolymers
at various molar ratios of monomers in initial feed were obtained by precipitation
free radical polymerization in dimethyl formamide (DMF) as solvent at 80°C. The
. —— structure and microstructure of the polymers were investigated by spectroscopy
vinylphosphonic acid, methods. Afterwards, the glass transition temperatures of the homo- and copolymers
1-vinylimidazole, were measured by differential scanning calorimetry (DSC) and dynamic mechanical
copolymerization, thermal analysis (DMTA).
Findings: The reactivity ratio of I-vinylimidazole and vinylphosphonic acid
comonomers was obtained using extended Kelen-Todus method and the results of
microstructure-properties "H NMR were 0.078 and 0.870, respectively. The reactivity ratio of the comonomers
indicated their tendency to form an alternative copolymer. The microstructure of the
copolymers, i.e. the diad sequence of monomers, was determined using the reactivity
ratio of the comonomers and the theoretical relationships. Then, the glass transition
temperature of the copolymers was predicted utilizing calculated sequences and
Barton's relation that showed good agreement with the experimental values, and it
was found that the microstructure of the copolymers had a significant effect on their
glass transition temperature.

l l ypothesis: Copolymerization is the most successful and powerful method

microstructure,

relationship
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Scheme 1. Homopolymerization reaction of: (a) vinylimidazole, (b) vinylphosphonic acid, and (c) copolymerization reaction of

vinylimidazole and vinylphosphonic acid.
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Table 1. Copolymerization of vinylimidazole and vinylphosphonic acid in the presence of AIBN (1.5 wt%) and toluene as initiator

and solvent, respectively, at 80°C for 24 h.

Conversion - M,.
Sample £, i DP,oxuie * n’ m’ T, (°C) o
VI (Wt %) VI g

(g/mol)

P(VI/VP)-30° 0.33 54.99 0.30 162 49 144 105.99 16998
P(VI/VP)-38 0.50 37.88 0.38 158 60 98 107.22 16329
P(VI/VP)-46 0.67 32.11 0.46 167 77 90 110.35 17137
P(VI/VP)-63 0.80 52.81 0.63 156 98 58 118.63 15583

(1) Molar ratio of vinylimidazole in the feed, (2) molar ratio of vinylimidazole in the copolymer chain, (3) number-average degree of polymerization calculated
from '"H NMR, (4) sequence length of vinylimidazole repeat units in the copolymer, (5) sequence length of vinylphosphonic acid repeat units in copolymer, and
(6) the number given after the sample code shows the molar percentage of vinylimidazole in the copolymer.
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Fig. 1. FTIR spectra of poly(vinylphosphonic acid) (PVPA),
poly(vinylimidazole) (PVI) and poly(vinylimidazole/vi-
nylphosphonic acid) copolymers (P(VI/VP)).
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Table 2. Integral of the peaks shown in 'TH NMR spectrum of poly(vinylimidazole) (Fig. 2).

2
Peak number 1 3 4+5
mm mr IT
Peak integral 2.1302 0.2268 0.5067 0.2873 1.0000 2.0920
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Table 3. Integral of the peaks appeared in 'H NMR spectrum
of copolymers (Fig. 2).

Integral

Sample Peaks Peaks
Peak 3 Peak 8

4+5 1+6+7
P(VI/VP)-30 | 1.0000 1.9985 8.8758 | 0.2433
P(VI/VP)-38 | 1.0000 1.9920 6.7979 | 0.1979
P(VI/VP)-46 | 1.0000 2.0723 5.5241 0.1560
P(VI/VP)-63 | 1.0000 2.0634 3.7971 0.1233
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Table 4. Instantaneous values of diad sequences of poly(vinylimidazole/vinylphosphonic acid) copolymers.

Conversion Diad sequence
Sample R,
(Wt %) 1’IVIVI 1IIVPVP 1’IVIVP—"_HPVVI = 2 1’IVIVP
P(VI/VP)-30 54.99 0.30 0.014 0.413 0.573
P(VI/VP)-38 37.88 0.38 0.031 0.271 0.698
P(VI/VP)-46 32.11 0.46 0.069 0.149 0.782
P(VI/VP)-63 82.81 0.63 0.287 0.028 0.685
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Fig. 5. Curves of cumulative copolymer composition of P(VI/
VP) copolymer versus total monomer conversion for differ-
ent molar fractions of vinylimidazole in the initial reaction

mixture.
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Fig. 6. Theoretical change of instantaneous copolymer compo-

sition versus molar fraction of vinylimidazole in initial feed.
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acid) copolymers.
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