
Preface

Human civilization, from its beginning to date, has been fondly using wood for
building home and furniture, and as a superior construction material. One of the
hallmarks of wood’s success is its “anisotropy” of strength and hardness in different
directions/orientations. Hence wood represents an intrinsically anisotropic material
in our natural environment, which candidly manifests the beneficial consequences
of anisotropy in its properties. This anisotropy, i.e., the direction-dependency of
physical properties, of such natural materials has inspired materials scientists and
sparked the quest for anisotropic materials with useful properties. With such an
inspiration, the scientists have ventured into the realm of nanometer length-scale
and have been curiously exploring the anisotropic nanoscale building blocks such
as metallic and nonmetallic particles as well as organic molecular aggregates. It
turns out that anisotropic nanoscale building blocks, in addition to direction-
dependent properties, exhibit the dimension and morphology dependence of
physical properties. Anisotropic nanoparticles in particular display several specta-
cular unique and unusual properties owing to spatial confinement of electrons,
photons, and electric fields around the particles as well as due to their large surface
to volume ratio. These promising properties have qualified them as enabling
building blocks of twenty-first century materials science, nanoscience, and nano-
technology. There has been tremendous development involving isotropic nano-
particles; however, anisotropic nanoparticles made of metals and metal oxides, etc.,
are emerging as a burgeoning endeavor because of their superior mechanical,
electrical, magnetic, optical and chemical properties. Their applications have been
demonstrated in electronics, photonics, biological and chemical sensing, imaging
and drug delivery, etc. Owing to their preferred orientation and ordering, aniso-
tropic nanoparticles can be organized into a multitude of well-defined higher-order
assembled structures. Moreover, ordered arrays of anisotropic nanoparticles’
assemblies furnish novel properties which are often distinctly different from the
properties of individual building blocks. Thus unprecedented and synergetic
properties are observed in numerous occasions resulting from the mutual cooper-
ative interaction of individual components. On the other hand, anisotropic supra-
molecular nanostructures of organic molecular and macromolecular components are
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known to assemble into functional soft and dynamic architectures with applicable
properties. These are easily processable and display greater response to smaller
external stimuli thereby expanding their functionalities and controllability toward
practical applications.

This book is not an attempt to exhaustively cover all the relevant topics on
anisotropic nanomaterials as it is extremely difficult to do so within a single book.
Instead, the book focuses on the recent developments of the most fascinating
themes on anisotropic nanomaterials: preparation, properties, and applications. The
various chapters cover the following contemporary topics: silicon nanowires: fab-
rication, devices and application (Chap. 1), methods and structures for self-
assembly of anisotropic 1D nanocrystals (Chap. 2), anisotropic gold nanoparticles:
preparation, properties, and applications (Chap. 3), synthesis and applications of
solution-based II–VI and IV–VI semiconducting nanowires (Chap. 4), rare earth-
based anisotropic nanomaterials: synthesis, assembly, and applications (Chap. 5),
liquid crystalline anisotropic nanoparticles: from metallic and semiconducting
nanoparticles to carbon nanomaterials (Chap. 6), self-assembled 1D semiconduc-
tors: liquid crystalline columnar phase (Chap. 7), self-organization of metal nano-
particles in two and three dimensions (Chap. 8), self-organized 3D photonic
superstructure: liquid crystal blue phase (Chap. 9), interfacial interactions in 1D and
2D nanostructure-based material systems (Chap. 10), mesoporous carbons for
energy (Chap. 11), hyperbolic metamaterials: design, fabrication, and applications
of ultra-anisotropic nanomaterials (Chap. 12), and printed anisotropic molecular
alignments (Chap. 13). In each chapter, the state of the art, along with future
potentials in the respective fields, is discussed and highlighted by leading experts.

This book offers up-to-date and accessible coverage of diverse anisotropic
materials with emphasis on their preparation, properties, and applications to
undergraduate and graduate students, as well as researchers both in academia and
industries working in inorganic chemistry, organic chemistry, polymer chemistry,
physics, biology, materials science, and engineering, electrical engineering,
chemical engineering, photonics, biomedical science, optic-electronics, nanosci-
ence, nanotechnology, and energy. It is hoped that readers will find the book useful
and this book may serve as a melting pot of truly multidisciplinary knowledge in
the field of anisotropic nanomaterials to stimulate future developments of advanced
materials and devices while strengthening our fundamental understanding of these
intriguing materials.

Finally, I would like to express my gratitude to Claus Ascheron at Springer for
inviting us to bring this fascinating and rapidly emerging field to a wider audience,
and to all our distinguished contributors for their dedicated efforts. Also, I am
indebted to my wife Changshu, my sons Daniel and Songqiao for their great
support and affectionate encouragement.

Kent, USA Quan Li
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