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Preface

As suggested by Marshal McLuhan, media (in the more general meaning of the term) act as extensions of the func-
tions of the human body [1]. In the same way that the microphone acts as an extension of the ear, chemical sensors
can be considered to be extensions of the organs of chemical perception that are the nose and the tongue.

The development of chemical sensors responds to the increasing demand of chemical data that characterize vari-
ous systems of interest. Such a system can be the human body itself, whose physiological state can be assessed
unequivocally by physical, chemical and biochemical parameters. The quality of the ambient and natural environ-
ment is characterized by measuring the content of noxious chemical species. No less important is the automatic
control of certain industrial processes that depend on specific chemical parameters.

In general, standard analytical methods (e.g., chromatography, spectrometry and electrophoresis) can provide the
same kind of information as that produced by chemical sensors. The advantage of the chemical sensor approach
results from the fact that they are specialized, small size, portable and inexpensive devices that are suitable for in
situ analysis and real-time monitoring of chemical parameters. Worthy of mention is the capability of dedicated
chemical sensors to identify pathogen micro-organisms and viruses via characteristic compounds that are parts of
the structure of the target species.

“There’s plenty of room at the bottom” said Richard Feynman in a seminal lecture in 1959, that anticipated the
advent of nanotechnology. This sentence can be paraphrased as follows: “There’s plenty of new opportunities at the
bottom”. This applies well to the development of chemical sensors. Indeed, the most important trend in this area is
the application of nanomaterials, either as substitutes for classical materials and reagents or in the implementation of
completely new sensing and transduction methods. Of outstanding importance is the size compatibility of nanomate-
rials with biopolymer molecules, which allows fabrication of bionanocomposites with promising potential for appli-
cation in the design of chemical sensors. New fabrication technologies, mostly inspired by microelectronic
technology and nanotechnology, are expected to lead to an increase in the degree of integration in chemical-sensor
arrays, thus prompting advances in production and application of artificial nose/tongue devices. Integration of chem-
ical sensors with microfluidic systems is another promising trend since microfluidic systems allow extremely small
sample volumes to be processed and analyzed automatically.

New books on chemical sensors are published regularly, but most of them are collective volumes profiling particu-
lar kinds of chemical sensor and particular applications of chemical sensors. A comprehensive overview of chemical
sensors in one single book is needed for two reasons. First, such a book would serve as a useful teaching aid for use
in courses covering the subject of chemical sensors. Secondly, an indepth introduction to the field of chemical sen-
sors for scientists and engineers new to this subject would be advantageous. There are currently on the market a
series of volumes that are intended to respond to the above aims. However, as the field progresses, a new book that
covers recent advances is always welcome.

The development of a chemical sensor is very often a matter of material synthesis and processing. Synthetic mate-
rials (both inorganic and organic), materials of biological origin (proteins, nucleic acids, micro-organism and living
cells), as well as biomimetic synthetic materials are widely used in the development of chemical sensors. Of equal
importance is the fabrication technology, because the final goal in chemical-sensor research is the production of a
marketable product. That is why the first eight chapters in this text introduce the main kinds of material used in the
development of the chemical sensors, as well as typical processes and technologies involved in fabrication of chemi-
cal sensors. The next fourteen chapters present various classes of chemical sensors organized according to the trans-
duction method. The final chapter is devoted to chemical sensors based on highly organized biological material such
as micro-organisms and living cells.

This book has been designed mostly as an instruction manual in chemical sensors, with a particular attention on
balancing classical topics with contemporary trends. Clearly, owing to its extent, the contents of this book cannot be
covered in a normal course of lectures. However, the course instructor can select topics that fit the class level and the
particular interest of the attending students. Moreover, the curriculum can be personalized by encouraging each stu-
dent to explore more deeply into certain advanced topics. In addition, a study of chemical sensors is an enlightening
excursion through various scientific and technological areas, thereby contributing substantially to the development of
the student’s scientific knowledge.



XX Preface

Additionally, this book will be useful to any scientist who needs an introduction into the field of chemical-sensor
science and technology. As this is an interdisciplinary field, this book will be of interest to engineers, chemists,
biochemists, microbiologists and physicists endeavoring to start up research work in the field of chemical sensors.

Nothing done by humans can be perfect, but, at least, it could be perfectible. Hence, any critical comment or
suggestion is welcome.

1. McLuhan, M. (2003) Understanding Media: The Extensions of Man, Gingko Press, Corte Madera, Calif.
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threshold voltage of a metal-insulator-semiconductor device

threshold voltage of an electrolyte-insulator-semiconductor device

(a) velocity

(b) potential scan rate

(c) reaction rate

reaction rate within an immobilized enzyme layer

surface-normalized reaction rate in an enzymatic sensor

reaction rate of an electrochemical reaction

velocity of an anodic reaction

velocity of a cathodic reaction

reaction rate of enzyme regeneration

maximum reaction rate of an enzyme-catalyzed reaction

reaction rate for the formation of an enzyme—substrate complex
propagation velocity of a transverse wave

volume reaction rate within an immobilized enzyme layer

velocity along the x-axis

reaction rate of the substrate conversion in an enzyme—substrate complex
microcantilever width

capacitive reactance (1/wC)

inductive reactance (wL)

distance

microcantilever deflection

admittance

17.9.1
12.2.2
13.2; 17.2.1;
17.2.3
21.2.2

6.4
17.9.1
15.1.2

6.4
3.6.1
15.1.3
425

3.6.1
4.2.1; 15.1.1
4.3.1
441

18.3.1
17.9.1
21.2.4

2123
21.2.1
432

10.3.1

422
7.1
11.1.4
17.1
11.1.4
11.1.3
17.1
11.1.3
11.2.1
21.24
13.7.4
3.6.1
422
422
13.3.1
13.6.1
13.6.1
15.1.1
3.6.1
15.1.1
21.2.3
422
21.2.7
15.1.1
22.1.1
21.2.2
21.2.2

22.1.2
17.1



xxviii  List of Symbols
Y: total admittance 17.1
y response signal of a sensor 1.5
z ion charge 10.2.1
Z (a) electrical impedance 17.1
(b) acoustic impedance 21.2.7
|Z| impedance modulus 17.1
z real part of the acoustic impedance of a TSM piezoelectric oscillator 21.2.2
z" imaginary part of the acoustic impedance of a TSM piezoelectric oscillator 21.2.2
Zc capacitive impedance 17.2.1
Zg Faradaic impedance 17.2.3
Zim imaginary part of electrical impedance 17.1
Zn motional impedance 21.2.7
Zml motional impedance of an unloaded TSM piezoelectric resonator 21.2.2
) motional impedance produced by loading a TSM piezoelectric resonator 21.2.7
Znt total motional impedance 21.2.7
Zre real part of electrical impedance 17.1
Zs mechanical impedance of a TSM resonator 21.2.7
Z total impedance 17.1
Zw Warburg impedance 17.2.1
Greek Symbols
Symbol Meaning Section
References
o (a) substrate modulus for an enzymatic sensor under external diffusion control 424
(b) transfer coefficient of a cathodic electrochemical reaction 13.3.3
B (a) Biot number 441
(b) transfer coefficient of an anodic electrochemical reaction 13.6.1
r surface concentration 5.2
I'ax maximum surface concentration 52
y (a) activity coefficient 10.2.1
(b) enzyme reoxidation capacity relative to the substrate conversion capacity in the 15.2.2
absence of any diffusion limitation
1) (a) thickness of the Nernst diffusion layer 13.3.1
(b) charge fraction transferred in the interaction of a polar molecule with a 11.3.5
semiconductor
(c) Debye length 12.1.7
Sal thickness of the electrical double layer 17.2.2
s partition coefficient of the substrate 4.4.1
Sp partition coefficient of the product 4.4.1
&4 dielectric constant 13.5.2
&dl dielectric constant within the electrical double layer 17.2.2
n (a) Day /Dag 15.2.2
(b) overvoltage (difference between the actual electrode potential and the equilibrium 13.6.5
potential)
(c) dynamic viscosity 21.24
L dynamic viscosity of a liquid 21.2.5
0 surface coverage degree 5.2
0, internal lag factor 4.4.1
0, critical incidence angle 18.2.1
Om external lag factor 4.4.1
61 incidence angle 18.2.1
6, refraction angle 18.2.1
A molar conductivity 17.8.1
A; molar conductivity of an ion 7 17.8.1



