Grazyna Stochel, Malgorzata Brindell, Wojciech Macyk
Zofia Stasicka and Konrad Szacitowski

Bioinorganic Photochemistry

WWILEY




Bioinorganic
Photochemistry

GRAZYNA STOCHEL, MAL.GORZATA BRINDELL,
WOJCIECH MACYK, ZOFIA STASICKA,
KONRAD SZACIL.OWSKI

Faculty of Chemistry, Jagiellonian University, Poland

KWILEY

A John Wiley & Sons, Ltd., Publication



This edition first published 2009 . _
© 2009 Grazyna Stochel, Malgorzata Brindell, Wojciech Macyk, Zofia Stasicka, Konrad Szacitowski

Registered office
John Wiley & Sons Ltd, The Atrium. Southern Gate, Chichester, West Sussex. PO19 85Q.
United Kingdom

For details of our global editorial offices, for customer services and for information about how to apply
for permission to reuse the copyright material in this book please see our website at www.wiley.com.

The right of the author to be identified as the author of this work has been asserted in accordance
with the Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, except as permitted by the UK Copyright, Designs and Patents Act 1988, without the prior
permission of the publisher.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print
may not be available in electronic books.

Designations used by companies to distinguish their products are often claimed as trademarks. All
brand names and product names used in this book are trade names, service marks, trademarks or
registered trademarks of their respective owners. The publisher is not associated with any product or
vendor mentioned in this book. This publication is designed to provide accurate and authoritative
information in regard to the subject matter covered. It is sold on the understanding that the publisher
is not engaged in rendering professional services. If professional advice or other expert assistance is
required, the services of a competent professional should be sought.

The publisher and the author make no representations or warranties with respect to the accuracy or
completeness of the contents of this work and specifically disclaim all warranties, including without
limitation any implied warranties of fitness for a particular purpose. This work is sold with the
understanding that the publisher is not engaged in rendering professional services. The advice and
strategies contained herein may not be suitable for every situation. In view of ongoing research.
equipment modifications, changes in governmental regulations, and the constant flow of information
relating to the use of experimental reagents, equipment, and devices. the reader is urged to review and
evaluate the information provided in the package insert or instructions for each chemical. piece of
equipment. reagent. or device for, among other things, any changes in the instructions or indication of
usage and for added warnings and precautions. The fact that an organization or Website is referred to
in this work as a citation and/or a potential source of further information does not mean that the
author or the publisher endorses the information the organization or Website may provide or
recommendations it may make. Further. readers should be aware that Internet Websites listed in this
work may have changed or disappeared between when this work was written and when it is read. No
warranty may be created or extended by any promotional statements for this work. Neither the
publisher nor the author shall be liable for any damages arising herefrom.

Library of Congress Cataloging-in-Publication Data

Bioinorganic photochemistry / Grazyna Stochel ... [et al.].
p.cm.
Includes bibliographical references and index.
ISBN 978-1-4051-6172-5 (cloth : alk. paper)
1. Bioinorganic chemistry. 2. Photobiochemistry. I. Stochel, Grazyna.
QP531.B545 2009
57217.435-dc22
2008044387

A catalogue record for this book is available from the British Library.
978-1405-161725

Set in 10 on 12 pt Times by SNP Best-set Typesetter Ltd., Hong Kong
Printed in and bound in Singapore by Fabulous Printers Pte Ltd



Bioinorganic Photochemistry



Acknowledgements

The authors wish to thank colleagues from the Coordination and Bioinorganic
Physicochemistry group at the Jagiellonian University for their friendly support.
Special thanks to Zygmunt Wolek, Ewa Kulis$, Przemystaw Labuz, Joanna Kunce-
wicz, Lukasz Orzel, Agnieszka Janczyk, Sylwia Gaweda and Agnieszka Podborska
for their assistance in preparation of the manuscript.

The completion of this book was made possible with the encouragement and
love of our families.



Preface

Bioinorganic photochemistry is a new branch of modern science dealing with the
interaction of light with inorganic matter, which has a huge impact in all forms of
life on the Earth from its origin up to the present: it is responsible for the origin
and maturation of biosphere, its environment, and sustainable development.

The photobioinorganic interactions may be found not only now and here but
also in the Universe far from Earth and in times dated more than 4 billion years
ago, when the first hints of life probably emerged on Earth.

Small inorganic molecules under the influence of light are able to convert and
assemble to form a variety of organic compounds, which not only are a life sup-
plement but also may be treated as responsible for primordial life forms.
Photochemistry of the inorganic species made its contribution to the creation of the
world and played a fundamental role in the evolution of life. Both primordial and
present life are protected from the destructive action of the high-energy part of
solar radiation by the stratospheric photochemical processes involving oxygen and
ozone.

The maintenance of life on Earth is possible only as a result of photosynthesis,
which takes place in green plants and did in the past, when it was followed by
decomposition and formation of deposits of coal, oil, and natural gas, currently used
as fossil fuels. One of the future developments of bioinorganic photochemistry
appears to be a pathway to enable the creation of new sources of energy that are
both cheap and environmentally friendly.

A lot of photoreactions occurring in the atmosphere, hydrosphere, and soils
ensure the health, comfort, and welfare of human beings, creatures, and the environ-
ment. These processes are mostly driven by coordination compounds of transition
metals, which play the role of (photo)catalysts or (photo)sensitizers. There is also
increased understanding of the role of supramolecular inorganic systems in their
interaction with light and the great variety of processes that may ensue.

Development of artificial light sources, and especially the introduction of lasers,
brought about an enormous increase in research on light-biomatter interactions.
Thus the application of inorganic photochemistry and photophysics generates chal-
lenging new areas in bioscience and biotechnology.



xii Preface

Recently, nanotechnology and nanomaterials have been revolutionizing impor-
tant areas in biomedical photonics, especially diagnostics and therapy at the molecu-
lar and cellular levels. Once again, inorganic species offer unique possibilities for
practical applications.

Despite the rapidly growing knowledge in bioinorganic photochemistry, there
is no single book devoted to this new interdisciplinary branch of science. The infor-
mation of some specific problems from bioinorganic photochemistry is spread
throughout various books devoted to bioinorganic chemistry, inorganic photochem-
istry, photobiology, environmental photochemistry, or bioanalytical and biomedical
applications. Therefore the goal of this book is to provide a comprehensive overview
of bioinorganic photochemistry taken as a new interdisciplinary branch of science.
We hope that the book that arose from the review paper published in Chemical
Reviews (2005;105:2657-94) will serve as a guide for newcomers in the field, as well
as the first source of information for more involved readers. After introductory
remarks on bioinorganic photochemistry as a new area of interdisciplinary science,
the second part contains essential information from the field of photochemistry and
especially inorganic photochemistry. The next part of the book is devoted to bio-
inorganic solar photochemistry, from the origin and maturation of the biosphere to
the sustainable development of its environment. Parts IV and V focus on artificial
light interactions with biomatter both in the context of application (medical, bio-
medical, environmental) and as models of important biochemical and biophysical
phenomena.

Grazyna Stochel, Malgorzata Brindell, Wojciech Macyk,
Zofia Stasicka, Konrad Szacitowski
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1

Philosophy of Bioinorganic
Photochemistry

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

Bioinorganic photochemistry is a rapidly growing and evolving new interdiscipli-
nary research area integrating inorganic photochemistry with biological, medical.
and environmental sciences (Figure 1.1) [1]. The role of light and inorganic species
in natural systems and the possibility of their application in artificial systems of
medical or environmental importance are in the limelight of bioinorganic photo-
chemistry. From the earliest times humans have been aware of the influence that
solar radiation exerts on matter and life; however, it is mainly during the last century
that a systematic understanding of this phenomena has been developed [2-9]. Pho-
tochemistry of the inorganic species had its contribution in the creation of the world
and has played a fundamental role in the evolution of life. Photosynthesis and many
photoreactions proceeding in the atmosphere, hydrosphere and soil, involving inor-
ganic species, ensure life on Earth. Bioinorganic solar photochemistry deals with
the interaction of sunlight with inorganic matter, which has a huge impact on all
forms of life on the Earth from its origin until now.

Sunlight supplies energy to the whole terrestrial environment: atmosphere,
hydrosphere, lithosphere and biosphere. The spectral range of sunlight reaching our
planet has varied with time. Atmospheric oxygen appeared owing to photosynthesis
around 2.7 billion years ago. Atomic oxygen produced by short-wavelength ultra-
violet (UV) irradiation (<240nm) reacted then with molecular dioxygen to form an
ozone layer shielding the Earth’s surface from the most harmful UV. Four hundred
million years ago the concentration of ozone reached 10% of the present level and
allowed living systems to evolve from aquatic to terrestrial life. Today this ozone
layer, with a maximum concentration in the stratosphere at 25km above sea level,
absorbs solar UV at wavelengths shorter than 290 nm. The radiation energy effective

Bioinorganic Photochemistiry  © 2009 Grazyna Stochel. Malgorzata Brindell. Wojciech Macyk, Zofia Stasicka,
Konrad Szacitowski



