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Abstract

Nanoscience and nanotechnology deal with the study and application of structures of matter of at least one dimension of the order of less the
100 nm (1 nm=one millionth of a millimetre). However, properties related to low dimensions are more important than size. Nanotechnology is
based on the fact that some very small structures usually have new properties and behaviour that are not displayed by the bulk matter with the sat
composition.

This overview introduces and discusses the main concepts behind the development of nanosensors and the most relevant applications in the fi
of environmental analysis. We focus on the effects (many of which are related to the quantum nature) that distinguish nanosensors and give the
their particular behaviour. We will review the main types of nanosensors developed to date and highlight the relationship between the propert
monitored and the type of nanomaterial used.

We discuss several nanostructures that are currently used in the development of hanosensors: nanoparticles, nanotubes, nanorods, embec
nanostructures, porous silicon, and self-assembled materials. In each section, we first describe the type of nanomaterial used and explain t
properties related to the nanostructure. We then briefly describe the experimental set up and discuss the main advantages and quality parame
of nanosensing devices. Finally, we describe the applications, many of which are in the environmental field.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Sensors; Environment; Carbon nanotubes; Nanotechnology

Contents

A {1 o To 13 T T o A 288

2. Sensors based on nanoparticles and NANOCIUSIENS. . . . ... ...ttt et e e e e 289

3.  Sensors based on nanowires and NaNOtURES . . .. ... .o i i 292

4, Sensors based on nanostructures embedded in bulk material. . ... i 295

5. Sensors based 0N POrOUS SIlCOM. . ... e e 296

6. NaANOMECNANICAl SEBNSOLS . . . oottt ettt e et e e e e e e e e e e e e 297

7. Self-assembled NANOSITUCIUIES. . . ..ottt ittt ittt ettt e e ettt e e e e e e e e e e e 297

8.  ReCEPIOr-Igand NANOAITAYS. . . ..o oottt ittt et et e e e e e e e e e e e e 299

0. CONCIUSIONS . . oottt ettt e 299
ACKNOWIEAGEIMENLS. . . . ..ottt e et e e e e e e e e e e e e e 299
R EIENCES. . .. o e e 299

1. Introduction

Nanoscience and nanotechnology deal with the study and
application of structures of matter with at least one dimension
* Corresponding author. Tel.: +34 977 559 562; fax: +34 977 558 446. of the order of less than 100 nm (1 nm==£0n). This is the
E-mail address: fxavier.rius@urv.net (F.X. Rius). standard way of classifying what belongs to the ‘nano’ world.
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Fig. 1. Change in the measured property as a function of the thickness in resistive gas sensors. When the thickness is high (upper figure), rtsstlrutecoes
not change because the inelastic scattering events in the bulk predominate. When the thickness of the metal film is low (lower figure), the aglsmiddediibry
can be detected by measuring the change in the electrical resistance.

However, properties related to low dimensions are more impor- In this article, we discuss several nanostructures that are cur-
tant than size. Nanotechnology is based on the fact that somently used in the development of nanosensors, nanoelectrodes
structures usually smaller than 100 nm have new properties arahd nanodevices. In particular we focus on the main nanostruc-
behaviour that are not exhibited by the bulk matter of the saméures, i.e. nanopatrticles, nanotubes and nanorods. In each section
composition. we first describe the type of nanomaterial used and explain the
This is because particles that are smaller than the characterigroperties related to the nanostructure. We then briefly describe
tic lengths associated with the specific phenomena often displahe experimental set up and discuss the main advantages and
new chemistry and new physics that lead to new properties thafuality parameters of nanosensing devices. We do not intend to
depend on size. Perhaps one of the most intuitive effects is dymovide a complete overview of the available literature, but we
to the change in the surface/volume ratio. When the size of thmtroduce and describe the current state of the art of nanosensors
structure is decreased, this ratio increases considerably and thed their applications in the environmental field.
surface phenomena predominate over the chemistry and physics
in the bulk.Fig. 1shows an example of this effect (change in the2. Sensors based on nanoparticles and nanoclusters
measured property when the surface/volume ratio of the particle
decreases) in resistive gas sensors (thin metal films). Nanoparticles (NPs) are clusters of a few hundred to a few
Therefore, although the reduction in the size of the sensthousand atoms that are only a few nanometres long. Because
ing part and/or the transducer in a sensor is important in ordesf their size, which is of the same order as the de Broglie
to better miniaturise the devices, nanoscience deals with newavelength associated with the valence electrons (following the
phenomena, and new sensor devices are being built that takeave-corpuscle duality principle, each particle can be described
advantage of these phenomena. New effects appear and play as a wave with wavelengtk), nanopatrticles behave electron-
important role that is often related to quantum mechanics anitally as zero-dimensional quantum dots with discrete energy
guantum mechanisms. Consequently, important characteristitsvels that can be tuned in a controlled way by synthesizing
and quality parameters of the nanosensors can be improved oveginoparticles of different diameters. A quantum dot is a location
the case of classically modelled systems merely reduced in sizéhat can contain a single electrical charge, i.e. a single electron.
For example, sensitivity can increase due to better conductiomhe presence or absence of an electron changes the properties
properties, the limits of detection can be lower, very small quanef a quantum dot in some useful way and they can therefore
tities of samples can be analysed, direct detection is possiblee used for several purposes such as to information storage or
without using labels, and some reagents can be eliminated. useful transducers in sensors. Nanoparticles have outstanding
Sensors have been classified according to multiple criterigize-dependent optical properties that have been used to build
[1]. The most common way to group sensors considers eitheptical nanosensors primarily based on noble metal nanoparti-
the transducing mechanism (electrical, optical, mass, thermatjes or semiconductor quantum dots.
piezoelectric, etc.), the recognition principle (enzymatic, DNA, In noble metals, nanostructures of smaller size than the de
molecular recognition, etc.) or the applications (environmentalBroglie wavelength for electrons lead to an intense absorption
food, medical diagnosis, etc.). In this overview, we focus onin the visible/near-UV region that is absent in the spectrum of
the properties that characterise nanosensors and give them th#ie bulk material. The conduction electrons are then trapped in
particular behaviour. With particular focus on applications in thethese “metal boxes” and show a characteristic collective oscil-
environmental field, we discuss the main types of nanosensotation that leads to the surface plasmon band (SPB) observed
developed to date and highlight the relationship between thaear 530 nm for nanoparticles in the 5-20 nm range. This extinc-
property monitored and the type of nanomaterial used. tion band arises when the incident photon frequency is resonant
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