
DETERMINATION OF THE TRIAD SEQUENCE
DISTRIBUTION AND THE cis/trans LINKAGE

CONFIGURATIONS AT THE CYCLIC
ANHYDRIDE UNITS IN THE ALTERNATING

COPOLYMERS OF MALEIC ANHYDRIDE AND
CITRACONIC ANHYDRIDE WITH STYRENE AND

OTHER DONOR MONOMERS

A Thesis submitted for the degree of Master of Science of the
University of New England

Nguyen Thi Hieu Ha
Armidale, February 1997



I certify that the subsiance of this thesis has not already

been submittied for any degree and is not currently being

submitted for any other degree or qualification.

I certify that any help received in preparing this thesis,

and all sources used , have been acknownledged in this thesis.



Ack nowledgments

I would like to express my thanks, firstly, to Associate
Professor Max Gunther for allowing and supporting me to
undertake this interesting thesis. I would like to thank Dr.D.Tucker
for his enthusiastic instruction on NMR spectrometer,
Dr.P.G.Brown for showing me his experiences on the
experimental, Dr.A.S.Brown and Dr.R.Keir for their advises while
working with computer programs, Mr.I.Craven and Mr.P.Henry
for technical assistance. My general thanks are to
Ms.C.Rowbottom and all the staff of the Department for their
friendly discussions and obliging will. My special thanks are to my
supervisor, Dr.K.Fujimori for his patient, understanding, tireless
encouragement and excitin .,!.. discussions.

My deep gratitude is to my parents, Dr.Bui Thi Hieu and
Prof. Nguyen Huu Chan, for their love and support in everything I
did, although they were far away in Vietnam.

Arm dale, February 1	 , 1997

Nguyen Thi Hieu Ha



Abstract

Copolymers of maleic anhydride (MA or 0) with styrene (ST or 1) and

copolymers of citraconic anhydride (CA or 0) with ST(1) were prepared with a radical

initiator at 50°C in CC1 4 (the dielectric constant e =2.24) and in highly polar N,N-

dimethylformamide (DMF, E=36.7). 13C NMR ;spectroscopy was used to determine the

ST(1) centred triad mole fractions (F 010 , Fo11+110)and Fill) and the mole fraction of the

cis/trans linkage configuration at the cyclic anhydride units (Fcis and Ftrans) .

Non-linear least squares (NLLS) minimisation techniques was applied for the

examination of the applicability of various copolymerisation models; the terminal model,

the penultimate unit effect model, the complex participation model, the complex

dissociation model and the so-called "corappen" model. The triad distribution data and

the overall copolymer composition were used for the NLLS examination of the

copolymerisation models, in combination with the test functions a and b. For both

MA-ST copolymers and CA-ST copolymers, the copolymerisation models which

incorporated a participation of the complex were most consistent with the data; for the

MA-ST copolymers, the complex participation model, while for the CA-ST copolymers

the comppen model showed the best fit.

It was found that a large and significant proportion of the linkage configurations at

the cyclic monomer units was in the cis linkage; in MA-ST copolymers Feis= 0.57 and in

CA-ST copolymers Fcis = 0.58, in both C'C14 and DMF. This evidence is significant

because only a mechanism which includes a complex participation can provide an

explanation. It was also concluded that the same copolymerisation mechanism operated in

CC1 4 and in DMF.

The proportion of the cis linkage configuration was determined for other related

alternating and semi-alternating copolymers. It was found that a large proportion of the

linkages were in the cis configuration supporting the results in the MA-ST and CA-ST

copolymers: for a MA-stilbene copolymer, F cis= 0.56±0.02, for a MA-a-methylstyrene
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copolymer, Feis= 0.465, for a MA-allylbenzene copolymer, F cls = 0.74±0.02, for a

bromomaleic anhydride-ST copolymer, " cis= 0.55±0.02, for a dichloromaleic anhydride-

ST copolymer, Fc is= 0.59±0.02, for a maleimide-ST copolymer, Fcis= 0.30±0.02 for a

MA-(2-chloroethyl vinyl ether) copolymer, F cis= 0.44 ±0.02, and for MA-(n-butyl vinyl

ether) copolymer, Feis= 0.46 ±0.02.
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