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SUMMARY

The copolymerization behaviour of N-vinylpyrrolidone (NVP) and methyl methacrylate
(MMA) in the presence of ZnCl, was investigated. It was observed that, the value of the mono-
mer reactivity ratio at 65 °C for NVP (r,) increases from 0.044 to 0.297 with the addition of
ZnCl, in the polymerizing system, i.e., [ZnCl,]/[NVP 4 MMA ] from 0.0 to 0.1. However, the
value of r, (for MMA) decreases from 1.866 to 0.858 at the same concentration of ZnCl - This
indicates that, the reactivity of NVP increases towards the copolymerization reaction, thus
affecting the properties and uses of the obtained copolymers. ‘

INTRODUCTION

The interesting applications and uses!-9 of polyvinyl-pyrrolidone
(PVP) and its copolymers such as inhibitor for the corrosion of Al and
Fe in acid medial’2, separation of phenolic compounds from aqueous
solutions3, manufacture of chewing gum5, complexing agents for Co,
Ni, Cu, Fe, Zn and MnS and contact lenses? led us to study the copoly-
merization behaviour of N-vinylpyrrolidone (NVP) with methyl met-
hacrylate (MMA) in the presence of zinc chloride as a modificator. This
was performed by determining the monomer reactivity ratios of NVP
and MMA during their bulk copolymerization in the presence of different
concentrations of ZnCl,. Such investigation gives a very useful infor-
mation on the relationship between structure and reactivity of mono-
mers, thus affecting the properties of the obtained copolymers.
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EXPERIMENTAL

Materials:

N-Vinylpyrrolidone (Koch-Light) was distilled under nitrogen and the
fraction distilling at 98 °C was used.

Methyl methacrylate (Merck) was washed several times with 5 % aquéous
NaOH followed by distilled water, dried and distilled under nitrogen.
The fraction distilling at 101 °C was used.

Azobisisobutyronitrile (Polysciences) was recystallized from ethyl al-
cohol (M. P. 103.5 °C).

Anhydrous zinc chloride (Merck) was heated for several hours at 150 °C
before use.

Polymerization:

The copolymerization was carried out in 20 ml pyrex ampoules.
N-vinylpyrrolidone and methyl methacrylate of known molar ratios
were mixed in an external conical flask. To this mixture, the required
percentage by weight of azobisisobutyronitrile and a known weight of
ZnC1, were added.- The mixture was introduced into an ampoule imme-
resed in a cooling mixture, flushed with nitrogen, sealed and then imme-
resed in a thermostat at 65+-0.2 °C.

The polymerization was stopped when 5-10 % conversion had ta-
ken place (by observing the viscosity of the ampoule content). The
ampoule was opened and the content pured into a large amount of
water containing very small amount of hydroquinone. The precipitated
polymer was redissolved in ethyl alcohol, reprecipitated from water and
dried at 60 °C to constant weight.

Copolymer anaysis:

The copolymer composition was determined from its nitrogen con-
tent by elemental analysis.

RESULTS AND DISCUSSION

Bulk copolymerization of N-vinylpyrrolidone (NVP) with methyl
methacrylate (MMA) was carried out in the presence of ZnCl,. Azobi-




STUDIES ON THE MEDIFICATION. .. 115

sisobutyronitrile (ABIN), 0.2 9, of the weight of the two monomers,
was used as an initiator. The percent conversion of the polymerizing
system does not exceed 10 %,. In such case, the differential equation of
Maye and Lewis!® can be applied.

The reactivity ratios of N-vinylpyrrolidone and methyl methacryla-
te, r; and r, respectively, were calculated by applying the Fineman -
Ross method!! using the following equation:

CFE-)f=nxF2/f-r2 .. ..... 1)

where F is the molar ratio of NVP to MMA in the monomer feed, and
f is the molar ratio in the resulting copolymer. Thus a plot of F (f~1) /f
against F?/f yields a straight line of slope r; and intercept -r,. The
monomer reactivity ratio r; = k,; /k,,, where k,; is the rate constant
for the addition of monomer-1 (NVP) to a chain ending in radical-1
and k,, is the rate constant for the addition of monomer-2 (MMA) to
a chain ending in radical-1. In analogous manner, ry = ky, [ky;.

Equation (1) can be represented as follows:

y=ax+b .. ... ..., (2)
where y = F (f-1) /f,
x = F2/ff,
a = r; and
b = -,

The constants a and b were calculated using the following formulae:

n n n
n Zx;y; — 2x; Dy,
1 11

A e e e (3)
n n
n 2x,;2 — (¥x,)?
1 1
and
n n n
Zx;?2 Ty; — Ix; Ix;y;
1 1
b = 4)
n n
n x;2 — (Xx,)?
1 1

where n is the number of experiments.
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Table 1 shows the copolymerization of NVP with MMA in the pre-
sence of different concentrations of ZnCl, initiated by ABIN at 65 °C.

Table 1.

Bulk copolymerization of N-vinylpyrrolidone (NVP) and methyl methacrylate (MMA) initiated
by azobisisobutyronitrile (ABIN) in presence of ZnCl, at 65 °C.

Monomer composition (%) ' N (%) Copolymer compositioﬂ”(rb}g)wy
No. i
[NVP] [MMA] , copolymer [NVP] [MMA ]
a— [ZnC1,]/[NVP + MMA] = 0.0
1 90 10 7.20 54.52 45.48
2 80 20 5.50 41.06 58.94
3 70 30 4.70 34.86 65.14
4 50 50 4.50 33.32 66.68
5 40 60 2.85 20.83 79.17
6 20 80 1.80 13.04 86.96

b- | [ZnCl,]/[NVP 4 MMA] = 0.05

1 80 70 7.60 5774 12.26
2 70 360 4.60 34.09 65.91
3 40 60 3.75 27.60 72.40
4 30 70 2.30 16.74 83.26
5 10 90 1.10 07.92 92.08
o | [ZnC1,]/[NVP + MMA] = 0.1

1 80 0 §.60 65.89 34.11
2 50 50 5.40 40.28 59.72
3 40 60 3.80 27.98 72.02
4 30 70 3.70 27.23 72.71
5 10 90 3.20 23.44 76.56

Fig. 1 shows the monomer-copolymer composition curves for NVP and
MMA bulk copolymerization in the presence of ZnCl,. The concentra-
tions of ZnCl, (in molar ratios) to NVP and MMA monomers were 0.0;
0.05 and 0.1. It was observed that, N- vinylpyrrolidone content in the
copolymer increases with raising the concentration of ZnCl, in the
system. The results of monomer reactivity ratios for NVP and MMA in
absence and in presence of ZnCl, are shown in Table 2 and Fig. 2. The
value of r, (for NVP) increases more than six times (from 0. 044 to
0.297) as the concentration of ZnCl, in the monomer feed increases
from 0.0 to 0.1, i.e., [ZnCl,]/[NVP 4 MMA | = 0.1. However, the value
of r, (for MMA) decreases from 1.866 to 0.858 at the same concentration
of ZnCl,.
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Fig. 1. Monomer /copolymer composition curves for N-vinylpyrrolidone (NVP) with methyl
methacrylate (MMA)copolymerization in the presence of ZnCl, initiated by azobisisobutyronitrile,
a- [ZnCl,]/[NVP - MMA] = 0.0;

b- ’ » ” = 0.05;
¢ * A2l 2% — 0 . 1 .
Table 2.

r, and r, values of bulk copolymerization of N-vinylpyrrolidene (NVP) with methyl methacry-
late (MMA) in the presence of zinc chloride at 65 °C.

[ZnCl,]/[NVP 4+ MMA]

(molar ratio) T, r,
0.00 0.044 1.866
0.05 0.088 1.444
0.10 0.297 0.858
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Fig. 2. Plots used to determine the relative reactivity ratios of N-vinylpyrrolidone (NVP) and
methyl methacrylate (MMA) by Fineman and Ross method.
a— [ZnCl,/[NVP + MMA] = 0.0;
b- 7 > > = 0.05;
- » > ” = 0,1.
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The increase in the value of r; (for NVP) and the decrease in the

value of r, (for MMA) indicate that, the content of NVP during the
copolymerization of NVP with MMA at the early stages of polymeriza-
tion increases while the content of MMA decreases. It can be said that,
the presence of ZnCl, increases the reactivity of NVP towards the co-
polymerization process, subsequently increases the flexibility of the re-
sulting copolymer. Thus affording a better copolymer than that of
poly (2-hydroxyethyl methacrylate)!2 which used in the manufacture
of conventional soft contact lenses. Furthermore, usage of NVP-MMA
copolymer can improve the tablets used for the detection of the ovula-
tion in women!3,
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