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Preface to the Second Edition

It has been more than eight years since the first edition of this

book appeared. The rapidly developing field of nanomaterial optics

requires updates on the recently published literature. This book is

the second edition of the monograph on the optics of nanomaterials

that received positive feedback as well as numerous suggestions

and recommendations. In this edition the following changes and

additions have been made:

• The text in all chapters has been revised to include the most

recent developments in the field.

• Following numerous recommendations, introductory para-

graphs have been added to Chapters 2 and 4. These should

help students and young researchers in better understanding

the chapters.

• New sections on frequently used physical constants and unit

conversions in optics have been inserted in the Appendix.

• The bibliography has been updated. Many new editions of

books are referenced and over 40 new references have been

added.

The main audience remain lecturers, engineers, and researchers

working in the field of materials science and optics as well

as graduate students and beginners who want to deepen their

knowledge of nanomaterial optics.

Vladimir I. Gavrilenko
Williamsburg, Virginia

September 2019
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Preface to the First Edition

The main distinctive feature of nanomaterials is that they have

structures on a nanometer scale. This class of materials includes

a variety of novel inorganic (carbon nanotubes, fullerenes, ceramic

and metallic nanoparticles, semiconductor quantum dots), organic

(polymers, molecular aggregates, molecule–metallic nanoparticle

assemblies), and biological nanomaterials. Their optical properties

are fascinating and useful for a variety of applications. Nan-

otechnologies are poised to revolutionize medicine, manufacturing,

energy production, and other fundamental features of everyday life

in the 21st century. The unique optical properties of nanoscale

materials are size dependent; they do not naturally occur in

larger bulk materials. This book systematically presents evidence in

analysis of specific features in nanomaterial optics compared with

bulk.

The chemical, physical, and optical properties of simple atoms

and molecules are fairly well understood, predictable, and no

longer considered overly complex. This book demonstrates that

this contrasts markedly with the current state of knowledge about

the optics of nanomaterials. It is challenging to understand optical

properties of different complex materials (aggregated molecular

and polymer systems, crystalline and noncrystalline solids) at

the microscopic scale. Remarkable progress has been made in

developing optics of nanomaterials within classical electrodynamics.

On the other hand, a detailed picture of optical excitations at

the quantum level is required for future work in this field. The

primary aim of the present book is to provide the community with

the current status of knowledge and to highlight the problems while

making a bridge between the classical and microscopic optics of

nanomaterials. The problem is that the optics of materials, which is
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xvi Preface to the First Edition

based on microscopic (quantum) theory is still far from complete

despite substantial progress in the field. Through comparative

analysis of the size-dependent optical response from nanomaterials,

it is shown that although strides have been made in computational

chemistry and physics, bridging across length scales from nano to

macro remains a major challenge. Molecular, polymer, and biological

systems have been shown in this book as potentially useful models

for assembly; the progress in the current understanding of optical

properties of molecular and biological nanomaterials that are

described is an important driving force for a variety of applications.

In the monograph, nanomaterials are generally categorized into

three main groups: fundamental building blocks, dispersions or

composites of building blocks in randomly ordered matrices, and

spatially resolved, ordered nanostructures. Today, nanomaterials

that offer some unique optical properties may find application as

pure materials or may be integrated into larger structures. The

book presents examples of both pure and composite materials

that include organic-inorganic nanocomposites and quantum dots

embedded into different matrices for various applications in modern

nanotechnology.

A major failing of nanoscience is the lack of a detailed

understanding of the physics and chemistry behind the interaction

between objects (surfaces, particles, individual molecules) at the

nanoscale. Questions need to be answered regarding how nanopar-

ticles can be stabilized, and in what media, how nanoparticles

interact and influence each other, and what proportions in a hybrid

system make a critical difference. How can these characteristics be

predicted?

With chapters addressing related fundamental questions of

physics, chemistry, and quantum theory, this book helps the reader

to achieve a better orientation in modern nano-optics. The need

for more and better modeling is becoming imperative. The more

of the basic science that can be achieved via machine experiments,

the faster the throughput of new molecular combinations for the

production of new materials and nanostructures. The examples

in the book addressing computational details, as well as the

appendixes will help in better understanding the basics of modeling

and simulations in optics of nanomaterials.
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Preface to the First Edition xvii

This book is written for a broad readership: materials scientists,

researchers, engineers, as well as graduate students who want to

deepen their knowledge about both basics and applications of the

nanomaterial optics. The monograph presents an introduction to

the current knowledge in the field. Chapter 1 contains a brief de-

scription of mostly used fabrication techniques in nanotechnologies.

Chapter 2 focuses on a theoretical description of electron energy

structure and optical functions of nanomaterials. This chapter and

the appendixes are designed to provide an introductory overview,

which seems reasonable considering the interdisciplinary nature of

the field. Fundamental properties and applications of the surface

plasmon resonance and related phenomena in nanoparticles are

addressed in Chapter 3. Spectroscopies of optical absorption and

emission are the most widely used techniques for characterization

of nanostructured materials. References to these kinds of data

can be found throughout this book. In Chapter 4, selected results

of relevant experimental and theoretical studies are reviewed as

typical examples. An important optical phenomenon, the excitons in

quantum-confined systems, is addressed in Chapter 5. Chapter 6 is

focused on the Raman spectroscopy of nanomaterials. Cavity quan-

tum electrodynamics (CQED) and nonlinear optics of nanomaterials,

relatively new areas of nano-optics, are reviewed in Chapters 7

and 8, respectively. Optics of organic and biological nanomaterials

as well as recent developments in these fields are described in

Chapters 9 and 10.
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