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Preface

The field of molecular sensing is immense. It is nearly the whole world of natural
and synthetic compounds that have to be analyzed in a broad variety of conditions
and for a broad variety of purposes. In the human body, we need to detect and quan-
tify virtually all the genes (genomics) and the products of these genes (proteomics).
In our surrounding there is a need to analyze a huge number of compounds includ-
ing millions of newly synthesized products. Among them, we have to select poten-
tially useful compounds (e.g. drugs) and discriminate those that are inefficient and
harmful. No less important is to control agricultural production and food process-
ing. There is also a practical necessity to provide control in industrial product tech-
nologies, especially in those that produce pollution. Permanent monitoring is needed
to maintain safety of our environment. Protection from harmful microbes, clinical
diagnostics and control of patient treatment are the key issues of modern medicine.
New problems and challenges may appear with the advancement of human society
in the twenty-first century. We have to be ready to meet them.

Modern society needs the solution of these problems on the highest possible
scientific and technological level. The science of intermolecular interactions is tra-
ditionally a part of physical chemistry and molecular physics. Now it becomes a
strongly requested background for modern sensing technologies. The most specific
and efficient sensors are found in the biological world and the sensors based on
biomolecular recognition (biosensors) have gotten a strong impulse for develop-
ment and application. A strong move is observed for improving them by endowing
new features or even by making their fully synthetic analogs. Modern electronics
and optics make their own advance in providing the most efficient means for sup-
plying the sensors the input and output signals and now become oriented at satisfy-
ing the needs of not only researchers but a broad community of users.

This book is focused on one sensing technology that is based on fluorescence.
This is not only because of limited space or limited expertise of the present author.
Indeed, fluorescence techniques are the most sensitive; their sensitivity reached the
absolute limit of single molecules. They offer very high spatial resolution that, with
overcoming the light diffraction limit, has reached molecular scale. They are also
the fastest; their response develops on the scale of fluorescence lifetime and can be
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as short as 107-1071° s. But their greatest advantage is versatility. Fluorescence
sensing can be provided in solid, liquid and gas media and at all kinds of interfaces
between these phases. It is because the fluorescence reporter and the detecting
instrument are connected via light emission, fluorescence detection can be made
non-invasive and equally well suited for remote industrial control and for sensing
different targets within the living cells. All these features explain their high
popularity.

The fascinating field of fluorescence sensing needs new brains. Therefore the
book is primarily addressed to students and young scientists. Together with basic
knowledge they will get an overview of different ideas in research and technology
and guide to their own creative activity. Providing a link between basic sciences
needed to understand sensor performance and frontier of research, where new ideas
are explored and new products developed, the book will make a strong link between
research and education. For the active researcher it will also be a source of useful
information in nearly all areas where fluorescence sensing is used.

Thus, this book is organized with the aim to satisfy both the curious student
and the busy researcher. After a short introduction, comparative analysis of basic
principles used in fluorescence sensing will be made. Then we will provide a formal
description of binding equilibrium and binding kinetics that are in the background
of sensing technologies. After that the focus will be made on techniques of obtain-
ing information from fluorescent reporters and on analysis of their structures and
properties. The family of fluorescence reporters is broad, from small molecules to
nanoparticles with composite structures. Design of various types of recognition
units will be reviewed, including those selected from large libraries. The deeper
understanding of basic mechanism of signal transduction in fluorescence sensing
will be in our focus with a special attention to the new possibilities provided by sup-
port structures, scaffolds and integrated units that expand the range of sensor appli-
cations. Non-conventional generation and transformation of response signal will
also be described. Fluorescence sensing is realized in optical instrumentation, so
these devices are overviewed, including microarrays, microfluidics and flow cytom-
etry. Detection of different targets from physical, chemical and biological worlds is
discussed with presentation of many examples. We will also address the analytical
means to detect different targets inside the living cells based on modern microscopy.
Clinical diagnostics based on fluorescence combined with targeted drug delivery
and treatment generated a new technology — theranostics. Finally, the frontiers of
modern research are overviewed with the prospects for fluorescence sensing behind
the horizon. Each chapter is concluded by the section ‘Sensing and Thinking’, in
which after a short summary a series of questions and exercises is suggested to the
reader.

After the publication of the first edition of this book, just within the last several
years a tremendous progress is observed. Many new fluorophore classes were devel-
oped and the properties of many existing fluorophores were significantly improved.
They include the few-atom clusters of noble metals and the nanoparticles made of
pure carbon. New possibilities in improvement of the fluorescence reporters and
providing them new functionalities appeared with assembling them in
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nanocomposites. Microarray technologies were further developed in order to
improve the capability and resolution of fluorescence detection of multiple analytes.
Their nanoscale format offers an almost endless versatility and space for integrating
myriad different signal transduction networks based on various fluorophores for
monitoring and transferring vast amounts of data. Advanced optical instrumentation
and the tools for data analysis were developed. Fluorescence sensing has gained
strong positions in clinical diagnostics.

In order to follow this progress, in a new second edition a number of changes and
additions have been made. Three new chapters were added. One is on fluorescent
nanoparticles of different organic and inorganic origin. The other — on their multi-
functional composites. A special chapter addresses the application of fluorescence
in clinical diagnostics and treatment. All other chapters were revised with the addi-
tion of new information, new illustrations and new points of discussion.

In preparation of this new edition I got critical comments and advices of many
colleagues. I would like to provide special thanks to Donna Arndt-Jovin, Sergey
Bobrovnik, Pi-Tai Chou, Thor Dmitruk, IThor Dubey, Mykhaylo Dvoynenko, Dmytro
Dziuba, Tom Jovin, Vasyl Pivovarenko, Oleksandr Slobodyanyuk and Olga
Vasylchenko.

Enjoy your reading.

Kiev, Ukraine Alexander P. Demchenko
April, 2015
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