STRUCTURAL INVESTIGATION OF
VINYL TERPOLYMERS BY NMR
SPECTROSCOPY

by

DEV RANJAN PRADHAN
DEPARTMENT OF CHEMISTRY

Submitted
in fulfillment of the requirements of the degree of

DOCTOR OF PHILOSOPHY

to the

INDIAN INSTITUTE OF TECHNOLOGY, DELHI
INDIA

MARCH, 2003



¢ Mo

H]

varfa

HR92E...

-

e e RV

g fiim

T H
§

- | .
bT-1%5 048 2o

PRt

“



DEDICATED
70

MY PARENILS



CERTIFICATE

Thié is to certify that the thesis entitled, “STRUCTURAL INVESTIGATION
OF VINYL TERPOLYMERS BY NMR SPECTROSCOPY?”, being submitted by
Mr. Dev Ranjan Pradhan to Indian Institute of Technology, Delhi for the award of
Degree of Doctor of Philosophy, is a record of bonafide research work carried out by
him. Mr. Dev Ranjan Pradhan has worked under my supervision and guidance and has
fulfilled all the requirements for the submission of this thesis which to my knowledge has
reached the requisite standard.

The work embodied in thesis has not been submitted, in part or full to any other

University or Institute for the award of any degree or diploma.

@ﬁ fral—

(210%
M(As Brar)

Thesis Supervisor

Professor

Department of Chemistry
Indian Institute of Technology
New Delhi-110016

India



ACKNOWLEDGEMENTS

It gives me an immense pleasure to express my earnest love and sincere
gratitudes to my supervisor Prof. A. S. Brar whose everlasting suggestion and
affectionate guidance helped me to accomplish this work. It is my deep sense of
pleasure that without his proper guideline and supplement of ideas, I can never enter
into the world of NMR. His untiring zeal for cooperation and fatherly attitude during
pessimistic wake of my life had touched my heart the most. From the very beginning
to the end of my research work his ready to hand advice, constant inspiration,
excellent counselling and necessary requirements have encouraged me not only to
carry out my research work but also flooded me with all kinds of subject matters and
knowledge. Even when my mind and strength had gone, his gratitudes of mutual
tenderness will certainly dwell in the heart of mine.

I am grateful to Prof. H. M. Chawla, The Head, Prof. R. C. Anand, Dr. J. D.
Singh, Dr. Ravishankar and all other faculty members of Department of Chemistry,
for their constant encouragement and help throughout my research wok. My special
thanks to Dr. N. D. Kurur whose scholastic ideas helped me to understand the basic
fundamentals of NMR.

It is pleasure to thank my seniors Dr. G. S. Kapur, Dr. (Mrs.) Sunita, Dr.
Kaushik Dutta, Dr (Ms.) Munia Mukherjee, Dr. Thyagarajan and Dr. Shahryar Khan
for their valuable suggestions and help.

I am also thankful to my colleagues Dr. Rajeev, Dr. Anil, Dr, Anubhav, Dr. D.
Kumar, Mr. Vivekanand, Sukhdeep, Puneeta, Meghna, and Jaspreet for their
suggestions, criticism, sharing good and bad moods with me. My special thanks to my
colleagues Manpreet, Gurmeet, Pravin and Divya for helping me to find out the

mistakes during the preparation of manuscripts of the papers and thesis work.



[ would like to thank Mr. Munna Lal, Mr. Keshav and Mr. R. K. Singh of the
NMR lab, Mr. A. K. Aggarwal, Mrs. Shanta, Mr. Sharma of the instrumentation lab,
whose flexibility went long way in completion of my thesis work and Mr. P. N.
Prasad for preparing draft work of my thesis.

This treatise would be difficult in the absence of friend like Mr. Md.
Ahmruzzaman with whom 1 shared my joys and sorfows and humorous company,
which made me to stay at IIT Delhi, a pleasant one.

I would like to thank Dr. Achintyg Das for his ready to help attitude, inspite of
his busy and tight schedule. I am also thankful to Sonal and Arunima for their
cooperation and help during my research work.

I owe a great deal to my wife Mrs. Susmita and my in-laws for being a sturdy
support at all times and for their immense cooperation during the course of this work.
It was their love and blessings which execute this work.

I take this opportunity to express my love and gratitude towards my parents
for their sacrifice, tolerance and encouragement throughout my career. My
affectionate brothers and sisters deserve special thanks for their constant support at
each and every stage of my life.

Care has been taken to give proper credit for work of other authors in the ‘
literature. I regret my omissions, which might have occurred by oversight. Lastly, I
thank GOD for showing me the right path, giving me the right spirit and health during

my research. {

.

\ s

%. ~ / . L"\/“w
Ly ""m:]

(Dev Ratfjan Pradhan)

%



ABSTRACT

Vinyl homo- and copolymers are of great interest in many industrial applications e.g.
as adhesive, binders, antioxidants, viscosity index improvers, emulsifying agents,
crosslinking agents, etc.' There is growing interest in the enhancement of the properties e.g.
mechanical, resistance to heat and radiation, optical activity, dyeability, vulnerability, flow
behaviour etc. Therefore, it is worthy to synthesize a multicomponent system, wherein each
monomer contributes some particular property.

A wide variety of chemical or physical strategies including copolymerization,
polymer blends and crosslinking network have been explored to match the individual
requirements.? Terpolymerization have continued to evoke interest not only in academics
but also in industry’, e.g. as macromolecular drugs, macromolecular catalysts, artificial
organs etc. Such a wide range of applications arises from the wide range of physical and
chemical properties that can be covered by an appropriate choice of side groups in
terpolymers. The physical and the chemical properties proved to be influenced
fundamentally by the microstructure of homo-, co-, and terpolymers, which involve the
nature of monomer distribution, stereochemical and compositional arrangements of various
monomer units in the polyrher chains. Harwood et al.! have reported the sequence
distribution in methyl methacrylate / methyl acrylate copolymers. Brar et al.>® have
determined the microstructure of methacrylonitrile / methyl methacrylate, methacrylonitrile /
glycidyl methacrylate, acrylonitrile / styrene copolymers and acrylonitrile / styrene / methyl
methacrylate terpolymer. The information obtained from the microstructure can further be

used to synthesize the new terpolymers with the desired physicochemical properties.



Keeping in view the significance of the polymer microstructure, a work was

undertaken with a purpose to develop the statistical and experimental basis for investigating

the structure of vinyl terpolymer chains-at molecular level. The stereochemical®'! and

compositionalu’ 13 structure of homopolymers and copolymers were investigated by one and
two-dimensional NMR spectroscopy. One-dimensional experiments were not always
suitable for unequivocal signal assignments. Therefore, the two-dimensional NMR
techniques, especially, Heteronuclear Single Quantum Correlation (HSQC) and Total
correlated Spectroscopy (TOCSY) have been applied in determining the stereochemical and
compositional sequences. In this research work, the attempt has been made to determine the
‘compositional and configuration sequences of vinyl terpolymers using one-dimensional ('H,
BC{'"H} NMR and DEPT) and two-dimensional (HSQC, TOCSY and NOESY)
experiments.

The thesis consists of six chapters. The first chapter deals with the general
introduction about the microstructure and the review of the literature. It 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 are given. The compositions of the copolymers and terpolymers were
determined from quatitative “C{'H} NMR spectroscopic technique. This chapter also
includes the detailed description of the entire one and two-dimensional NMR. experiments
carried out throughout this research work.

The third chapter deals with the microstructure determination of the acrylonitrile /

styrene / acrylic acid (N/S/A) terpolymers. These terpolymers were prepared by bulk



polymerization using benzoyl peroxide as initiator. The compositions of terpolymers were

determined by quantitative > C{IH} NMR spectra and compared with those calculated by

14, 15

Goldfinger's equation using comonomer reactivity ratios: s = 0.04, rgn = 0.35; rna

=0.81, ran = 2.99; 154 =0.80, ras = 0.10. All the assignments were done on the basis of

the respective homopolymers and N/S, S/A, N/A coplymers and on the basis of change in
variation of the intensity of signals with the copolymer compositions. The c-methine

carbon resonances of S- and A~ monomeric units are overlapping with the B-methylene
carbon resonances of N-, S- and A- units. This overlapping carbon resonances were
resolved with the help of DEPT-135 and DEPT-90 experiments. The Complete spectral
assignments of “C{'H} and 'H NMR spectra were done with the help of two-
dimensionat '*C-'H Heteronuclear Single Quantum Coherence (HSQC). The assignments
done for -methylene group using HSQC technique are further confirmed by observing
the crosspeaks due to vicinal coupling of methine proton with methylene protons in
various dyads in TOCSY NMR spectra. 2D NOESY was used to ascertain the spatial
proton- proton couplings.

The compositional assignments of the acrylonitrile / styrene / glycidyl
methacrylate (N/S/G) terpolymers are given in chapter four. The terpolymers
compositions were determined by quantitative C{"H} NMR spectra and compared with
those calculated by Goldfinger's equation using comonomer reactivity ratios: rys = 0.04,
rsn = 0.40; myg =0.22, ron = 1.37; 156 =0.44, 165 = 0.53. The o-methine carbon resonances
of N- monomeric unit arc overlapping with the c-methyl carbon of G- unit. Further, the
a-methine carbon of $- unit and epoxy methine carbon of é»- unit are overlapping with

the epoxy methylene carbon of G- unit and -methylene carbon resonances of N-, $- and



G- units. The signal due to quaternary carbon of G- unit is also overlapping with the
methylene carbon resonances of the terpolymer. These overlapping carbon resonances
can be assigned without ambiguity with the help of DEPT-135 and DEPT-90
experiments. The carbonyl and quaternary carbon resonances are assigned to triad
compositional sequences from the BC{'H} NMR spectra. The methyl, methine and
oxymethylene carbon resonances are assigned to triads, whereas the methylene carbon
resonances are assigned to dyads compositional sequences with the help of 2D-HSQC
spectra. The homonuclear 2D ('"H-'H) TOCSY spectra suggested the various structural
* arrangements of the polymer chains. 2D NOESY spectrum is used to assign the spatial
interaction between the aromatic protons and the methylene protons of respective triads
and dyads.

The fifth chapter is devoted to the microstructure of the methacrylonitrile / methyl
methacrylate (N/M) copolymer, methacrylonitrile / styrene (N/S) copolymer and
methacrylonitrile / styrene / methyl methacrylate (N/S/M) terpolymer. The copolymer and
terpolymer compositions were determined by quantitative °C{'H} NMR spectra of
individual copolymers and terpolymers. The terpolymer compositions were compared
with those calculated by Goldfinger's equation using comonomer reactivity ratios: ryg =
0.30, rgn = 0.45; ram = 0.91, vy = 0.88; rsm = 0.52, 1vs = 0.47. The comonomer reactivity
ratios were determined by both Kelen Tudos (KT) '® and non-linear error in variables

(EVM) "7 methods using the copolymer composition data. The reactivity ratios of N/S

copolymers are ry = 0.30 £ 0.04, rs = 0.45 + 0.05 and ry = 0.29, rg= 0.45 respectively,

whereas the reactivity ratios of N/M copolymers are ry = 0.91 £ 0.09, rg= 0.88 + 0.11 and

= 0.85, r;= 0.83 respectively. The nitrile, carbonyl and methyl carbon resonances of the



N/M copolymer are assigned to triad compositional and configurational sequences. In case
of N/S/M terpolymer, the carbonyl and quaternary carbon resonance signals are complex
and it was difficult to assign. The complex and overlapped 'H and *C{'H}- NMR spectra
of N/M and N/S copolymers and N/S/M terpolymers were resolved without ambiguity
with the help of DEPT, 2D(HSQC, TOCSY) NMR techniques. The a-methyl, methine
and methylenc carbon resonances of the N/M and N/S copolymers were assigned upto
triad and tetrad compositional and configurational sequences with the help of 2D-HSQC
spectra. In the case of N/S/M terpolymers, the a-methyl, methine and methylene carbon
resonances were assigned upto the compositional dyads and triads level. TOCSY spectra
were used to assign the various vicinal and geminal couplings between the inequivalent
methylene and methine protons of the copolymers and terpolymers.

The chapter six describes the sequenée distribution of methacrylonitrile / butyl
acrylate (M/B) copolymer, methacrylonitrile / vinylidene chloride (M/V) copolymer and
methacrylonitrile / vinylidene chloride / butyl acrylate (M/V/B) terpolymers. The
quantitative PC{'H} NMR spectroscopic technique was used to determine the
compositions of copolymers and terpolymers. The terpolymer compositions were
compared with the theoretical values obtained from Alfrey-Goldfinger's equation using
the comonomer reactivity ratios: vy = 247, rym = 040, rpg = 2.31, rigm = 0.61, ryg =
0.91 and rpy = 0.89. The reactivity ratios were determined by Kelen Tudos (KT) and non-
linear error in variables (EVM) methods are ry = 2.31 £ 0.08, ry = 0.61 £ 0.03 and ry =
2.23, ry = 0.58 respectively for M/B coﬁolymers and ny =247 £+ 0.14; ry = 0.40 £ 0.02

and ry = 2.43; ry = 0.39 respectively for the M/V copolymers. The nitrile, quaternary,

methyl and methylene carbon resonances of the M/V copolymers were assigned to triad



and tetrad compositional sequences, while methine carbon resonances of M/B
copolymers were assigned to triad compositional sequences. The overlapping methine
and methylene carbon resonances of the M/B copolymer and M/V/B terpolymers were
differentiated by DEPT experiments. The quaternary carbon resonances of the M/V/B
terpolymers were assigned to triad compositional sequences. The complete 'H and
BC{'H}- NMR spectra of M/B, M/V copolymers and M/V/B terpolymers were assigned
without any ambiguity with the help of 2D(HSQC, TOCSY) NMR spectroscopic

techniques.
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