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Foreword

The emergence of nanotechnology in the past fifty years has been accompanied by
the parallel development of the chemistry of nanotechnology: “nanochemistry”.

The conceptual foundation of this discipline is the hypothesis that with clever
chemistry it is possible to design and to synthesize building blocks, possessing
particular properties and able to undergo self-assembly from the molecular scale to
the nanoscale to form hierarchical structures with additional hierarchical functions.

The miniaturization of materials to a scale where size-dependent effects operate
poses challenges to the chemistry community, not only from a technical perspective
but also from a conceptual perspective. It requires to think of broader capabilities for
chemistry and the notions of size and shape entered the mainstream lexicon of the
community, along with self-assembly, promoted by supramolecular chemistry.

The origin of nanotechnology is difficult to identify, as it is a field that expanded
across the scientific landscape in various forms, usually not immediately recognized
as related. This mosaic of discoveries and areas of research is still persisting and
makes teaching the subject to a multidisciplinary group of students a demanding
prospect.

In the present textbook, the authors bring all the pieces of nanochemistry together
under one umbrella, using the unifying concepts as glue and key materials as case
histories.This unique organization of the subject matter is to be appreciated for how
it conveys the subtle relations between topics in a way that is not only correct and
educational but also stimulating.

This approach to writinga textbook strikes a remarkable balance between the
effectiveness and rigor of teaching through concepts and the vividness of examples,
case histories and an accessible language. It will be appealing not only to students
interested in the chemistry of nanotechnology, but also to those, across scientific
disciplines, who want to understand how nanochemistry impacts their field.

The present volume can be warmly recommended to teachers and students alike.
It will be very useful to many in finding their way in this blossoming field.

Jean-Marie Lehn
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of Canada inducted him as a Fellow in 1992. Amongst his other honours are the Pure
or Applied Inorganic Chemistry Award from the Canadian Society for Chemistry;
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for his PhD. thesis research on nanocrystals and nanowires. Another of his graduate
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Introduction

Nanochemistry — Why Should We Care?

There have been times in history when a scientific paradigm shift has
been chiefly responsible for major changes in society: iron, the engine,
the transistor, optical fibers, and the internet are famous examples. This
happens because these discoveries question major assumptions we
live with, and they transform our culture by defeating them.

Nanotechnology is touted to be at the core of the next paradigm shift,
the nextindustrial revolution; masteringits possibilities is thought to be
akeyto the future competitiveness of nations. Butwhatis the promise of
nanotechnology? How is it going to improve our lives, create new
businesses, solve any of the big problems facing the planet?

Many scientists think that it will empower the developing nations
with cheaper solutions for their problems, leading their people to
healthier and longer lives; many think it will bring better solar cells,
smaller and faster computers, environmental remediation solutions,
and the next cure for cancer; many think that it will help to solve the
problem of global warming.

It is important for you to understand that besides the hype that
surrounds it and that many discoveries enjoy, there is something
unique about nanotechnology which truly makes it a paradigm shift:
itisnotjust the discovery of a better solution to a problem or of a smarter
way to tackle an issue, but a new way of thinking about solutions, a new
and broader set of game rules.

One of the consequences of the hype is the concern about the toxicity
of nanomaterials. The memory of asbestos (which is certainly a nano-
material) is still vivid in our minds, as its cost for society is still being
paid. This growing concern is drawing the attention of governments,
which are now increasingly funding research into the toxicity of
nanomaterials. This is especially motivated since one of the most
promising areas of application is in medical diagnostics and
therapeutics.
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What governments around the world also seem to understand is the
disruptive potential of nanotechnology in terms of creation of new
businesses: at every paradigm shift in history the existing businesses
were often unable to adjust to the new rules of the game. They were
overtaken by smaller, younger, more adaptable, and nimbler ventures. It
isthenunderstandable hownobody wants to miss this phase thatwill set
the stage for many years to come.

It should not come as a surprise that the same governments are
also pushing for an earlier introduction of nanotechnology in the
academic curriculum. Degrees in nanoengineering, nanotechnology,
and nanoscience are spawning around the world, and the pace of this
transformation is taking its toll on the teaching staff, which, in most
cases, was not specifically trained in nanoscience. These changing
necessities create a demand for teaching resources at every level of the
curriculum and for every background: while traditional subjects are
limited in their scope, nanoscienceis by definition interdisciplinary and
crosses the boundaries between chemistry, physics, biology, medicine,
and materials science and engineering.

The motivations for teaching nanoscience at earlier stages of the
academic curriculum are many. On the one hand, it is important to get
the new generations accustomed to nanoscience concepts; on the other
hand, from a more pedagogical point of view, bringing the teaching of
nanoscience to the freshman years would have a profound effect on the
mindset of its recipients. Itis a widely held fact that the freshman years
define a scientist’s mindset: students trained as chemists for the first
two years of their undergraduate degree will often remain chemists
forever, at least in their problem-solving approach. This explains why
many chemistry PhD graduates have difficulties in getting “into”
nanochemistry, and also explains why it is often easier for a chemist
to branch into a completely different area of chemistry than to enter a
closely related sub-discipline of physics.

Teaching nanoscience at the freshman years would give the students
the tools necessary to tackle this subject in the most effective and
interdisciplinary way.

While creating the right mindsets is definitely an important goal of
policy-makers and educators, there is a probably bigger challenge in
which nanoscience could help. In a world that is rushing towards a
knowledge-driven approach to business and wealth creation, and where
great changes in the needs and habits of people will likely be required, a
lack of student performance in the sciences could be devastating. In
North America this has become one of the priorities, as high-tech
companies are forced to hire from abroad to fill their ranks.

Itisa widely held hope thatintroducing nanoscience at early stages of
the undergraduate curriculum would help increase the interest of
students in the sciences. For too long the rationale for explaining the



