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ABSTRACT

COMPUTATIONAL STUDY ON THE MOLECULAR BEHAVIOUR OF HARD

SEGMENTS OF MDI BASED POLYURETHANE.

Bhagya Sharmali Wickramanayaka Karunarathna

Segmented polyurethanes show extraordinary physicochemical properties, mainly owing
to the nature and the chemistry of the hard segment domains. There are yet many
inexplicable physiochemical properties of MDI-BDO based hard polyurethane segments
such as the geometry, cis-trans isomerism, electronic structure, chemical reactivity, dual
fluorescence behaviour, the inter-hard-segment interactions, and the photo-response. In
this study, it was attempted to develop and validate a model system that would facilitate
further research on the structural and chemical properties of the MDI-BDO hard

segments.

It was found that the frans isomer of urethane bond is more stable than the cis isomer and
is argued here that thermal transformation from trans to cis not possible due to the high
rotational energy barrier. The calculated Fukui indices show that cis and trans isomers
are different in their chemical reactivity. The findings of this study suggest intermolecular
and intramolecular pi-stacking and highly plausible two significant types of hydrogen

bond types between hard segments.

In this study, a model system for MDI-BDO hard segment was developed and
successfully validated via computational experiments. Further calculations done with the
new model provided an indispensable understanding of the structure, cis-trans isomerism,
reactivity, intermolecular interactions of the MDI-BDO hard segments. In summary,

through the novel model, this study has opened new doors to the understanding of the

XX



structural and chemical features of the hard segments of the MDI-BDO based

polyurethane

We introduced a novel theoretical explanation on the dual fluorescence behaviour of
MDI-BDO polyurethane hard segment upon irradiation. Even with the relatively small
differences of absorbed energy, both cis and trans conformers undergo emissions with a
relatively more significant difference in energy.Cis isomer undergoes larger geometrical
relaxation at excited state by dissipating more energy as non-radiative relaxation and emit
radiation with low energy. Trans isomer is having relatively small geometry relaxation at

the excited state and emit radiation with high energy.

Trans to cis isomerization in the ground state is forbidden due to the high rotational barrier
of 38 kcal/mol. With the presence of UV, trans to cis isomerization is possible by non-
radiative relaxation through the conical intersection of first excited state and ground-state
potential energy surfaces. It will let the molecule undergoes relaxation into either cis or
trans configurations. Hence, the dual fluorescence nature of MDI-BDO can be observed
via photoisomerization upon UV irradiation. This study was able to give a molecular level

explanation to the dual fluorescence nature of the MDI BDO hard segments.
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