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ABSTRACT

Research on polymers has been mainly addressed to the synthesis of new
materials with specific performance for the last 30 years. A wide variety of chemical or
physical strategics including copolymerization, polymer blends and compositics or
crosslinking network have been explored to match the individual requirements.
Terpolymerization have continued to evoke interest from both academics and
industrialists. One of the main advantages of this terpolymerization technique is that it
provides a convenient method of synthesizing new polymeric structures with wide range
of properties. Although extensive literature is available for the homopolymerization and
copolymerization, very little kinetic or synthetic and structural information is available
for the terpolymerization. As it becomes more and more possible to “tailor-make"
polymers with specific physical and chemical properties, it will undoubtedly become
necessary to resort to such multiple combinations, wherein each monomer contributes
some particular property or properties.
for example

(a) a copolymer into which a small amount of third monomer is introduced for
the purpose of providing functional groups for subsequent crosslinking reactions.

(b) a copolymer with desirable solubility and mechanical properties into which a
certain amount of a polar monomer is introduced in order to improve its adhesive
properties.

So, the interest in the multifunctional synthetic polymers or copolymers is
steadily increasing as macromolecular catalyst, macromolecular drugs or anti-static

agents.
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The growth in the production of plastic materials during the past few years has
been accompanied by an increased demand for the materials with improved physical and
mechanical properties, greater heat and radiation stability etc. Only a few
homopolymers and copolymers can satisfy such demands.

The physical and the chemical properties are proved to be influenced
fundamentally by the microstructure of these polymers, which involves the
characterization of monomer sequence distribution in the polymer chain and the
stereochemical and compositional arrangements of various monomer units in the
polymer. The information concerning the microstructure of a polymer is also essential
for clarifying the polymerisation mechanism.

NMR technique has been proven to be the most powerful experimental tool for
investigating the microstructure of vinyl homo and copolymers. This is due to the fact
the NMR chemical shifts are sensitive to the chemical and stereochemical structure of
the different units constituting the polymer chain.

Keeping in view with the significance of the polymer microstructure, a work
was undertaken with a purpose to develop the theoretical and experimental basis for
analysing the structure of vinyl terpolymer chains at molecular level. The
stereochemical and compositional structure of homopolymers and copolymers were
investigated by means of combination of one and two dimensional NMR spectroscopy.
Traditional techniques (one dimensional experiments) were not always suitable for
unequivocal signal assignments. The 2D NMR techniques especially homonuclear
?onelated spectroscopy (COSY) and heteronuclear shift quantum correlation
spectroscopy (HSQC) have been applied in determining the stereochemical and

compositional sequences of number of polymer systems. In this research work, we have
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tried to determine the compositional and configurational sequences of vinyl terpolymers
using one dimensional ('H, "C{'H} NMR and DEPT) and two dimensional (DQF
COSY, TOCSY, inverse-HETCOR and NOESY) experiments.

The thesis consists of eight chapters. The first chapter describes the general
introduction about the microstructure and the review of the literature. It also describes
the use of two dimensional NMR spectroscopy for sequence determination.

The second chapter describes the experimental procedures for the preparation of
homopolymers, copolymers and terpolymers. Experimental details of the molecular
weight determined by GPC is also given. The composition of the copolymers and
terpolymers were determined from 'H, quantitative *C{'H} NMR and nitrogen analysis.
This chapter also gives the detailed description of all the one and two dimensional NMR
experiments carried out for the investigation of this research work. [t discusses about the
theoretical sequence distribution by Harwood, Monte Carlo simulations and TERSEQ
progran.

~

The third chapter deals with the sequence determination of the
acrylonitrile/styrene (A/S), acrylonitrile/methyl methacrylate(A/M) and styrenc/methyl
methacrylate (S/M) copolymers. The copolymers of (A/S), (A/M) and (S/M) were
prepared by photopolymerization using uranyl ion as a photosensitizer. The composition
of the copolymer was determined from the 'H NMR, quantitative "C{'H} NMR and the
nitrogen content in the copolymers. The comonomer reactivity ratios were determined
by both Kelen Tudos (KT) and non-linear error in variables (EVM) methods using the
copolymer composition data. The reactivity ratios calculated for the A/S copolymers are

1, = 0.03 and rg = 0.33; for A/M copolymers are 1, = 0.17 and 1y = 1.45; and for the

(S/M) copolymers ry= 0.52 and ry = 0.47. The microstructure was obtained in terms of
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the distribution of A-, S- and M-centered triad sequences from “C{ H}-NMR spectra of
the copolymers. Heteronuclear 2D HSQC NMR were used to simplify the complex 'H
NMR spectra of the copolymer. The 2D TOCSY experiments were used to make
unambiguous assignments from the various coupling between the protons of the
copolymers. 2D NOESY spectrum was employed to find out the various spatial
coupling between the protons. There is good agreement between the experimentally
obtained (NMR) triad fractions, those calculated from theoretical models and MC
simulations. The triad concentrations determined from NMR using the carbonyl,
quaternary and nitrile carbon resonances, were found out to follow first order Markov
model.

The microstructure of the acrylonitrile/styrene/methyl methacrylate terpolymers
have been in chapter IV. These terpolymers were prepared by photopolymernization
using uranyl ion as photosensitizer. The composition of the terpolymers were calculated
by Goldfinger's equation using comonomer reactivity ratios r, = 0.03 and 15 = 0.33; 1,
=0.17 and 1y =1.45; 17052, ry =0.47. The sequence assignments obtained from
BC{'H} NMR spectra of the terpolymer were in good agreement with triad
concentrations calculated from the statistical model. The complete spectral assignment
of the overlapping proton and carbon spectra of these terpolymers were done with the
help of Distortionless Enhancement by Polarization Transfer (DEPT) and two
dimensional 'H-"C heteronuclear shift quantum correlation (HSQC) and homonuclear
total correlation spectroscopy (TOCSY) experiments. 2D Double Quantum Filtered
phase sensitive homonuclear shift correlation (DQF-COSY) spectroscopy was used to
ascertain the various geminal couplings between the methylene protons.

The fifth chapter deals with the microstructure determination of the
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acrylonitrile/methyl acrylate and methyl acrylate/styrene copolymers. The methine,
methylene, carbonyl, nitrile and quaternary carbon resonances were assigned to triad,
tetrad and pentad sequences respectively. The triad concentrations were calculated using
the carbonyl, quaternary and nitrile carbon resonances. The various configurational
assignments in the aliphatic region of the copolymers were done with the help of
HETCOR, homonuclear COSY and TOCSY experiments. The reactivity ratios of these
copolymers are ry = 1.03 and ry = 0.74; rs =1.16 and 1, =0.19; determined from KT and
EVM methods using the copolymer composition data, which were obtained from the 'H
NMR and CHN analysis of the copolymers. Monte Carlo simulation was used to study
the effect of the degree of polymerization on the triad fractions.

The sixth chapter is devoted to the terpolymers of acrylonitrile-styrene-methyl
acrylate and its terpolymerization composition was determined using the reactivity
ratios ry, = 0.03 and 13 =0.33; 1, =1.03 and ry =0.74; rg=1.16 and 1, =0.19; from the
“C{'H} quantitative NMR. The triad fraction values for various A- , S- and M- centered
triad were calculated using the comonomer reactivity ratios. The terpolymer mechanism
was determined using the triad concentrations calculated from the nitrile, quaternary and
carbonyl carbon resonance signals from the “C{'H} NMR. The various carbon
resonance signals were assigned with the help of DEPT NMR.

The chapter VII illustrates the third type of the copolymer systems, styrene-
methacrylic acid (S/M), methacrylic acid-vinylidene chloride (M/V) and styrene-
vinylidene chloride (S/V). The preparation, copolymer composition determination, triad
caleulation using various M-, S- and V- centered triads were discussed in this Chapter.
Monte Carlo simulation were also used for determining the triad fraction and for
studying the variation of S-, M- and V- centered triads as a function of fractional
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conversion. The reactivity ratios calculated for the three types of the copolymers were rs
=0.14 and 1y = 0.61; 5 =1.39 and 1, =0.13; 1,,=2.41 and ry =0.09; respectively. The
methylene and methine carbon resonance signals were analysed with the help of DEPT
and HETCOR NMR spectroscopy. 2D TOCSY and NOESY experiments were
employed to assign the various through bond and spatial couplings.

The Chapter VIII discusses sequencing of styrene/ vinylidene chloride/
methacrylic acid terpolymer were prepared by the photo polymerization and its
composition was calculated with the help of “C{'H} NMR spectroscopy using the
comonomer reactivity ratios rs = 0.14 and ry, = 0.61; rg =1.39 and ry =0.13; 1,~2.41 and
v =0.09 respectively. It was compared with values calculated from the Goldfinger's
equation. DEPT and HSQC NMR were employed to differentiate the overlapping
resonance sequences of the terpolymer. 2D NOESY was used to find out various spatial

couplings.
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