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Foreword

This book covers the rapidly growing field of optical chemical nanosensing, which is a new and exciting
area of research and development within the larger field of optical chemical sensing and biosensing.
Generally speaking, sensors are controlling our life to an extent that was not envisioned some 20 years
ago and even today is not realized by many. An average-sized car typically has 20-50 sensors that
control functions and warrant safety. All of them are usually so small or well hidden that they are virtu-
ally invisible and, thus, ignored. The temperature of refrigerators is kept fairly constant via sensors that
switch the cooling system. Sensors record acceleration, position, and pressure and cause city lights to be
turned on and off automatically. Physical sensors are true sensors in that they function in an unattended
fashion, fully reversibly, and over long time spans without a need for maintenance. Malfunctions such as
the loss of reversibility become obvious, for example, by the distinct smell of a refrigerator that has not
been cooled for 10 days.

All physical sensors are small and mostly produced in large quantities. Chemical sensors and biosen-
sors, by comparison, are much less established. Present day chemical sensors and biosensors are mainly
of the electrochemical type, but optical sensors are also on the rise. They will cover more specific needs
than physical sensors (which are almost ubiquitous), in particular in the medical field, in environmental
sciences, marine sciences, and in bioprocess control, to give a few examples. Some chemical sensors
(such as the oxygen sensor in a car’s lambda probe in the catalytic converter) are expected to have very
long lifetimes, while chemical sensors and biosensors for medical purposes often are not operated for
more than 10 h in vivo. The glucose biosensor in an artificial pancreas (which, in my opinion, is the Holy
Grail in biosensor research) is a notable exception. Moreover, in vivo sensors often are of the single use
type for safety reasons.

Unlike physical sensors, the price of chemical sensors and biosensors in medical sciences is not a
major issue, but their performance is extremely critical, not the least because existing sensors perform
excellently. Typical examples are the pH electrode, the Clark electrode for oxygen, the many kinds of
ion-selective electrodes for blood electrolytes, and the electrochemical biosensors for in vitro assays of
glucose, lactate, or cholesterol.

Optical nanosensors will further widen the field. However, the design of such sensors requires new
materials, new methods for their characterization, new optical sensing schemes in addition to established
ones, new methods for creating nanosized structures, and new methods for their interrogation in a
complex environment such as blood. New materials include the various kinds of Cd(II)- and Pb(II)-
based quantum dots, fluorescent dots made from silica, semiconducting silicon, or carbon, upconverting
nanoparticles (capable of converting IR light into visible light) or photonic crystals.

Such materials are not necessarily used in spherical shape, but are also in the form of nanosized
fibers, films, elongated particles (rods), nanotubes, even flowers, or combinations thereof. There is also
a particular need for improved methods for the characterization of nanomaterials (sensors included)
because conventional methods such as IR, NMR, or mass spectrometry are not easily applicable here.
TEM, SEM, SERS, and the like have therefore gained significant importance.

Nanosensors may also be considered as molecular machines that can provide valuable optical
information, which, however, has to be read out and processed in a proper way so as to finally result in
analytically useful information such as the concentration of a (bio)chemical. As a result, new sensing
schemes and spectroscopies are needed to account for the fact that such sensors, because of their
weak signals, need quite sophisticated methods, in particular if the response of a single nanosensor
is to be detected. Fortunately, the use of nanometer-sized materials enables certain spectroscopic
methods to be applied that work best on a micro- or nanoscale, examples being FRET, certain nonlinear
spectroscopies, plasmonic resonance, effects of microring resonance, SERS, diffraction of light in
photonic crystals, and the like.
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viii Foreword

Nanosized sensors enable the study of chemical and biochemical processes at a level and in dimensions
that may not have been envisioned some 20 years ago. It has enabled and will enable a closer look at the
cell and its function with unprecedented temporal and spatial resolution. In fact, imaging of cells with
a spatial resolution of 2—10 nm has become true with fluorescent methods such as STED or STORM,
spectroscopies that go far beyond the classical resolution of optical microscopy as defined by Abbe’s
law. However, it should also be emphasized here that the use of nanoparticles (that easily penetrate cells
or even the blood/brain barrier) may imply certain risks that have not been investigated in adequate
detail so far.

This book reflects ongoing research very well. Aside from new materials and spectroscopies, the
progress made in micro- and nanofluidic devices (including lab-on-a-fiber technology) and nanofibers is
also impressive. It is good to see that respective research not only has resulted in fundamental studies and
new and generally applicable sensing platforms, but can already be applied to practical situations such
as security, environmental monitoring, or detecting hazardous substances. Therefore, this book is a most
valuable resource for anybody interested in this very exciting technology.

Otto S. Wolfbeis

Institute of Analytical Chemistry, Chemo- and Biosensors
University of Regensburg

Regensburg, Germany



Preface

Nanotechnology and nanoscale materials are new and exciting fields of research. Nowadays, only
considering journal and conference papers, close to 100,000 scientific manuscripts are published yearly
according to data extracted from ISI Web of KnowledgeS™ and Scopus™ databases. The inherent small
size and the unique optical, magnetic, catalytic, and mechanical properties of nanostructured materials,
which are not found in bulk materials, permit the development of novel devices and applications
previously unavailable. One of the earliest implementations of nanotechnology has been the development
of improved chemical and biological sensors. These optical chemical nanosensors can be generally
defined as devices that transduce a chemical or biological event to an optical signal, having dimensions
smaller than 1000 nm.

Remarkable progress has been made in the last few years in the design and fabrication of optical
chemical nanosensors and their utilization worldwide. The emergence of this new technology is a con-
tinuous challenge since the new advances imply new applications and new questions to solve. The impact
that will be made in the coming years by implementing novel sensing principles as well as new measure-
ment techniques is unpredictable.

In fact, considering the broad field of sensors, what is exciting in sensor research and development
today? This is a tough question because there are many significant innovations and inventions being made
daily, and more than 200 new scientific studies are published every day related to sensors. Nevertheless,
what seems clear is that there is an increasing interest in the practical utilization of nanotechnology in
the sensors field and that the application of nanosensors to different types of molecular measurements
is expanding rapidly. Therefore, micro- and nanotechnology, novel materials, and smaller, smarter, and
more effective systems will play an important role in the future of sensors. The possibilities provided
by nanosensor technology have just begun and will continue to revolutionize different key fields such
as cellular biology or medicine, among others. For instance, further development of delivery techniques
and new sensing strategies to enable quantification of an increased number of analytes are required to
facilitate the access of medicaments to specific sites in organs and to deliver these drugs at a controlled
and sustained rate to the site of action.

There are additional challenges in the sensors field, such as the promise of ubiquitous sensor systems,
providing situational awareness at low cost. In order to fulfill this, there must be a demonstrated benefit
that is only gained through further miniaturization. For example, new nanowire-based materials that
have unique sensing properties can provide higher sensitivity, greater selectivity, and possibly enhance
stability at a lower cost, and such advances are necessary to the sensor future. Nanosensors can improve
the world through diagnostics in medical applications; improve health, safety, and security for people;
and improve environmental monitoring. The seed technologies are now being developed for a long-
term vision that includes intelligent systems that are self-monitoring, self-correcting and repairing, and
self-modifying or morphing not unlike sentient beings.

The applications of these new optochemical nanosensors can also be extended to food safety,
environmental monitoring, or homeland security among others. In fact, this book deals with the detection
of bioterrorist threats, food security, virology, and explosive detection, as will be seen in the different
chapters.

The book has been organized by topics of high interest. In order to offer a fast read of each topic, every
chapter is independent and self-contained. On the other hand, since nanotechnology is an interdisciplinary
field, some chapters overlap into others and are in some way related.

The book has been divided into three different parts: Basics, Research Advances, and Applications.
In Part I, Fundamentals of Photonics (Chapter 1) is followed by a more specific Fundamentals of
Optical Chemical Sensors (Chapter 2). The part concludes with Chapter 3, which provides a review on
optochemical sensors. Part IT opens with Chapter 4, Photoluminescent Nanosensors. The state of the art
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of cantilever-based sensors is covered in Chapter 5. Chapter 6 deals with nanostructured surface plasmon
resonance sensors while Chapter 7 reviews fiber-optic nanosensors. Chapter 8 focuses on lab-on-fiber
technology. The topics of micro/nanofibers for biochemical sensing, optofluidic sensor, and lab-on-chip
nanostructured sensors are covered in Chapters 9 through 11, respectively. Chapters 12 through 14
describe photonic crystals, nanomaterials, and nanostructures and linear and nonlinear spectroscopy
at nanoscale. Chapter 15 deals with plasmonic nanostructures and nano-antennas for sensing. The part
concludes with Chapters 16 and 17, Overcoming Mass Transport Limitations with Optofluidic Plasmonic
Biosensors and Particle Trapping and Optical Micro-Ring Resonators for Chemical Vapor Sensing.
Part III begins with Chapter 18, which focuses on the detection of bioterrorist threats. This is followed
by Chapter 19, which deals with food safety and security. Chapter 20 covers multifunctional fiber-optic
nanosensors for environmental monitoring, and Chapter 21 reviews nano-optical sensors for virology.
The book concludes with Chapter 22, Nano-Optical Sensors for Explosive Detection.
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