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Synopsis

Copolymerizations of N-methacryloyloxyphthalimide (NMP) with methyl acrylate (MA),
methyl methacrylate (MMA), and acrylonitrile (AN) was carried out in dimethylformamide using
azobisisobutyronitrile (AIBN) as an initiator at 60°C. The estimation of the copolymer composi-
tions were carried by 'H nuclear magnetic resonance (NMR) spectroscopy. The monomer
reactivity ratios for NMP-MA, NMP-MMA, and NMP-AN systems were found to be r, = 1.223,
r, = 0.208, r, = 1.441, r, = 0.704, r, = 1.496 and r, = 0.228, respectively, by Kelen-Titdés method.
Also, the @ and e values for NMP monomer was found to be @ = 0.90 and e = 0.01, respectively.

INTRODUCTION

Interest on multifunctional synthetic polymers or copolymers is steadily
increasing, either as macromolecular catalysts,! * or as macromolecular drugs
(antiheparin)®~® or antimetastatic agents.® In our previous work, activated
drug-binding matrices were prepared based on N-acryloyloxy- and N-
methacryloyloxyphthalimides.!® Free radical copolymerization is a method of
modifying the properties of polymers. The incorporation of higher proportions
of functional monomers and its better distribution within the polymer chain
can be achieved through fundamental studies on copolymerization parameters
under specified reaction conditions. 'H nuclear magnetic resonance (NMR)
spectroscopy offers simple and rapid evaluation of copolymer composition'!-13
compared to other techniques such as radiometry* and isotopic labelling.!® In
recent years, the value of '"H NMR spectroscopy in the analysis of copolymers
and of sequence distributions has been fully recognized. In the present article,
the estimation of copolymer composition from '"H NMR measurements and
the determination of monomer reactivity ratios for copolymerizations of
N-methacryloyloxyphthalimide (NMP) with methyl acrylate (MA), methyl
methacrylate (MMA), and acrylonitrile (AN) are reported.

EXPERIMENTAL

NMP was prepared by the reaction of methacryloyl chloride with N-
hydroxyphthalimide in the presence of triethylamine according to the method
previously described.!® MA, MMA, and AN (E. Merck, Darmstadt, Germany)
were freed from inhibitors by distillation under reduced pressure and the
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center cuts retained for use. Azobisisobutyronitrile (AIBN) was purified by
recrystallization from absolute alcohol (m.p. 102°C).

The copolymers were obtained by solution polymerization. Predetermined
amounts of the comonomers were placed in glass tubes, and diluted with
dimethylformamide so that the total monomer composition was about
1.5 mol /L. Polymerization was commenced by adding AIBN in a concentra-
tion of 1 mol/100 mol monomers. The tubes were flushed with oxygen-free
nitrogen for 10 min, capped, and thermostatted at 60°C for 30-60 min
depending on the comonomer pairs and composition. The conversions were
kept low (7-10%) and all copolymers were purified by reprecipitation from
methanol, washed several times, dried, and weighed.

'"H NMR spectra of all the copolymer samples (in DMSO-d6 as a solvent
and using TMS as zero reference), were obtained with a Varian EM-390
Spectrometer operating at 90 MHz.

RESULTS AND DISCUSSION

In the present investigation, the copolymerization parameters for NMP-MA,
NMP-MMA, and NMP-AN systems were studied. The copolymer composition
of each sample was calculated from '"H NMR spectroscopy. The structure of
the copolymer systems can be written as:
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The '"H NMR spectra of NMP-MA copolymer samples showed the following
characteristic peaks: (i) one peak at §7.8 due to the phenyl protons of NMP
units.!? (i) one peak at 83.6 due to the methoxy protons of MA unit. (iii) one
broad peak in the highest field centered at 81.5 due to the a-methyl, methyne,
and methylene protons of both NMP and MA units. Figure 1 shows typical
spectrum for NMP-MA copolymer sample as an example.

The '"H NMR spectra of NMP-MMA copolymer samples have the similar
characteristic peaks except that the highest peak due to the a-methyl and
methylene protons of both NMP and MMA units was centered at 81.2. Figure
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Fig. 1. 'H NMR spectrum of NMP-MA copolymer sample prepared at molar fraction
= 0.40.
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Fig. 2. '"H NMR spectrum of NMP-MMA copolymer sample prepared at molar fraction
= 0.30.

illustrates the "H NMR spectrum for a copolymer sample of NMP-MMA, as

an example.

The 'H NMR spectra of NMP-AN copolymer samples illustrates the

following characteristic peaks:

1.
2.
3.

One peak at §7.9 due to the phenyl protons of NMP units.

One peak centered at 83.2 due to methyne proton of AN units.

One peak centered at §2.2 due to methylene protons of both NMP and AN
units.

One peak at 81.65 due to a-methyl protons of NMP units. Figure 3 shows
typical spectrum for a sample of copolymer NMP-AN as example, as well
as a sample of poly(acrylonitrile).



2054 SHAABAN, KHALIL, AND MESSIHA

DMSO

(b)

(@)

3
0|
o™
~3
o
o)
~
w
~N
-
o

ppm ( §)

Fig. 3. 'H NMR spectra of (a) "NMP-AN copolymer sample prepared at molar fraction
f, = 0.10 and (b) polyacrylonitrile.

The approach of Grassie et al.'® has been used to estimate the copolymer
composition of each sample. From the copolymer structure, the following
expressions are derived:

I, € 4(No. NMP units in chain)
Ioch, « 3(No. MA or MMA units in chain)

Ioy & (No. AN units in chain)

AN
in which Iy, Locn,, and Iy are the integrated tracers of /CGH 4+ —OCH,4

AN
and /CH— protons, respectively. If b is the molar ratio (M,/M,) in the
copolymer, then:

ICGH4/IQCH3 =4/3b (1)
for NMP-MA or NMP-MMA copolymers and
ICGH/ICH =4b (2)

for NMP-AN copolymer.

Tables I to III give the analytical data for copolymerization reactions of
NMP with MA, MMA, and AN. From the values of feed and copolymer
compositions, the monomer reactivity ratios were evaluated using the
Fineman-Ross!” and Kelen-Ti1d6s'® methods. Figure 4 shows the Kelen-Tuid6s



REACTIVITY RATIOS OF COPOLYMERS 2055

TABLE I
Analytical Data for Copolymerization of NMP with MA

Feed Copolymer

composition % composition
(a) Conversion (b)

2.3333 9.7 3.3750

1.5000 8.4 2.4827

1.0000 79 1.9883

0.6667 8.8 1.4353

0.4286 71 0.9681

0.2500 7.0 0.7045

*a and b are the molar ratios of M; and M, in the feed and copolymer, respectively.

TABLE II
Analytical Data for Copolymerization of NMP with MMA
Feed Copolymer
composition % composition
(a) Conversion (b)
2.3333 74 3.4351
1.5000 6.5 2.1464
1.0000 6.3 1.4000
0.6667 8.2 0.9138
0.4282 7.6 0.6389
TABLE III
Analytical Data for Copolymerization of NMP with AN
Feed Copolymer
composition % composition
(a) Conversion (b)
0.4286 8.3 1.0522
0.3333 8.5 0.8616
0.2500 6.8 0.7665
0.1765 7.5 0.5157
0.1111 8.3 0.4227
0.0526 71 0.1899

plots for the three systems studied. The values of r, and r, from the
Kelen-Tiid6s method are almost identical to those obtained by the Fineman-
Ross method. Typical values obtained by the two methods are tabulated in
Table IV. The r;r, values for NMP-MA and NMP-AN systems (0.254 and
0.341, respectively) indicate that the copolymers in both cases should have a
random distribution of the monomer units with a tendency toward alterna-
tion, while for the NMP-MMA system the rr, value (1.014) illustrates a low
tendency of the monomer units to alternate and the copolymer should be
composed mainly of small sequences of the same type. Figure 5 illustrates the
composition curves and indicates that all systems studied gave no azeotropic
copolymers.
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Fig. 4. Kelen-Tud6s plots for copolymerizations of NMP with (O) MA, (8 MMA, and
(a) AN.

a? d a(b—-1)
ab + a? an n= ab + a?

where a and & are the molar ratios (M,/M,) of the comonomer in the feed and copolymer,
respectively, and
a

min *~ Zmax

o=
(bmin : bm‘!ax)l/Z

TABLE IV
Monomer Reactivity Ratios for Copolymerizations of NMP
with MA, MMA, and AN

Fineman-Ross method Kelen-Tud6s method
M - M, ry P ry Ty nry
NMP-MA 1.147 + 0.049 0.170 + 0.039 1.223 + 0.097 0.208 + 0.029 0.254

NMP-MMA 1.370 + 0.254 0.641 + 0.239 1.441 + 0.179 0.704 + 0.110 1.014
NMP-AN 1.400 + 0.211 0.223 + 0.021 1.496 + 0.162 0.228 + 0.019 0.341
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Fig. 5. Composition curves for copolymerizations of NMP with (a) MA, (b) MMA, and (c) AN.
Line represents calculated values and (O) represent experimental values. f, = molar fraction of
M, in feed and F, = molar fraction of M, in copolymer.

The @ and e values were calculated by using the Alfrey-Price equations'®:

e, =e;+(—In "1"2)1/2 (3)

Q= (Qz/rz)exp[—ez(ez - el)] (4)

The @ and e values that represent the extent of resonance stabilization and
polarity of the double bond, respectively, in a monomer and its radical are
extensively tabulated by Young? from earlier copolymerization data. Thus,
the @ and e values for NMP were obtained by using the monomer reactivity
ratios determined for the copolymer systems NMP-MA, NMP-MMA, and
NMP-AN (Table IV) and using the @ and e values for the MA, MMA, and
AN.% The product r;r, value for NMP-MMA system was found to be > 1
and was thus set equal to 1 so that Eq. (3) could be solved.?! The average @
and e values for NMP monomer were calculated and were found to be
Q = 0.90 and e = 0.01, respectively, and are in agreement with those reported
in the literature® for the esters of acrylic acid.
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