The important thing in science is not so much to obtain new facts as to discover new ways of
thinking about them

—Sir Lawrence Bragg
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Abstract

Overview
The previously unobserved dynamic motions exhibited by the indium carboxylate metal-organic

framework (MOF) (Me;NH,)[In(ABDC),] are studied through various crystallographic techniques

combined with gravimetric and volumetric adsorption measurements.

Chapter 1

The relevant literature in the field of MOFs is introduced to provide a suitable background for
subsequent analysis. Particular attention is paid to the effects of functionalization, the analysis of gas
sorption through in situ crystallographic studies, and the dynamic behaviours of currently known
flexible frameworks. These areas are of particular relevance to the work discussed in the rest of the

thesis.

Chapter 2

The structural changes that occur to the as-synthesised framework during solvent removal are
studied. These results reveal that the MOF undergoes a rare continuous breathing motion, causing
its pores to close on increased solvent loss. The behaviour is shown to occur in a single-crystal-to-
single-crystal process and be reversible on uptake of atmospheric water vapour. The behaviour of
the framework is analysed compared to known flexible frameworks currently reported in the

literature.

Chapter 3

The dynamic motion of the framework on solvent loss is explored for other known laboratory
solvents, revealing substantial solvent-dependence in the behaviour. The framework is shown to
close during loss of more polar solvents, DMF and acetone, but not with less polar solvents, CHCl;
and THF. A further dynamic response of the material is also introduced by the coordination of water

molecules into the building unit of the framework.

Chapter 4

The relevance of the dynamic motion is addressed showing a significant impact on the gas
adsorption properties of the MOF, including the overall uptake, the adsorption profile and the
relative CO, vs CHs selectivity. Introduction of stepped-shape isotherm is also shown by only partially
desolvating the framework. This allows for defined phase transitions not seen in the fully desolvated

frameworks and has been followed by in situ crystallographic techniques.
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Chapter 5

Modifications to the framework are reported, converting the contained amine group to a methyl
amide and exchanging the organic counter ion for a Ag* ion. The modified MOFs are shown to

demonstrate similar flexible behaviours, but with changes to the dimensionality of the motions.

Chapter 6

The behaviour of the material is summarised.
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