Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



The synthesis and spectroscopy of
dipyrrins and their metal

complexes

A thesis submitted in the partial fulfilment of the requirements for the

degree of

Doctor of Philosophy
in Chemistry

MASSEY UNIVERSITY

Tracey Maree McLean

2012






For Mum and Dad






Abstract

Dipyrrin ligands can be considered as ‘half-porphyrins’. They absorb light in the
visible region due to a strongly allowed n—=n* transition. With the energy crisis being
one of the most important issues of our time, the strong absorption in the visible region
endows dipyrrinato complexes with promise in solar energy conversion applications.
The focus of this project was to undertake some fundamental synthesis and
spectroscopy of dipyrrin ligands and dipyrrinato complexes for their applications in
photochemical devices.

The well-known characteristics of Ru(ll)-bipyridine chemistry were combined with the
light absorbing properties and synthetic versatility of dipyrrin ligands to prepare and test
a range of Ru(ll)-dipyrrinato-bipyridine complexes as dyes for applications in dye-
sensitised solar cells. The preliminary results of the solar cell measurements show
evidence that the Ru(ll)-dipyrrinato-bipyridine complexes show promise as light
harvesters in solar energy conversion applications. A series of Re(l)-dipyrrinato
complexes has also been designed and prepared for potential applications as catalysts in
carbon dioxide reduction.

Metallodipyrrin complexes also exhibit strong exciton coupling. A library of transition
metal dipyrrinato complexes has been prepared to investigate the exciton interactions in
dipyrrin systems. Understanding the exciton interactions in dipyrrin systems and the
ability to control the exciton interactions are desirable for improving the solar energy
conversion efficiency of dye-sensitised solar cells containing Ru(ll)-dipyrrinato-
bipyridine complexes as the dye.

Raman spectroscopy and more specifically resonance Raman, as a technique for probing
the excited state of dipyrrinato complexes, has largely been overlooked in the literature.
Therefore the spectroscopy aspect of this thesis has a central focus on the Raman
spectroscopy of dipyrrins, including the first full characterisation of dipyrrin ligands by
Raman spectroscopy at a variety of wavelengths (visible and near infrared). Strong
resonance enhancement was observed for the dipyrrin ligands, which lays the
foundation for fundamental single-molecule SERS studies but also for a broad range of
bioanalytical applications.
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acetylacetonato

aqueous

aromatic

attenuated total reflection
2,2'-bipyridine

boron difluoride complex of dipyrrin
calculated

circular dichroism spectroscopy
deuterated chloroform
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correlation spectroscopy
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density functional theory
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electron density difference
enhancement factor
1,2-diaminoethane

equivalent

electrospray ionisation

ethanol

fill factor

fourier transform
full-width half maximum
hexafluoroacetylacetonato

highest occupied molecular orbital



HPLC high performance liquid chromatography

IC internal conversion
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MeOH methanol

MLCT metal-to-ligand charge transfer
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