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Applications of nanotechnology continue to fuel significant innovations in areas ranging
from electronics, microcomputing, and biotechnology to medicine, consumer supplies,
aerospace, and energy production. As progress in nanoscale science and engineering
leads to the continued development of advanced materials and new devices, improved
methods of modeling and simulation are required to achieve a more robust quantitative
understanding of matter at the nanoscale. Computational Nanotechnology: Modeling
and Applications with MATLAB® provides expert insights into current and emerging
methods, opportunities, and challenges associated with the computational techniques
involved in nanoscale research. Written by, and for, those working in the
interdisciplinary fields that comprise nanotechnology—including engineering, physics,
chemistry, biology, and medicine—this book covers a broad spectrum of technical
information, research ideas, and practical knowledge. It presents an introduction to
computational methods in nanotechnology, including a closer look at the theory and
modeling of two important nanoscale systems: molecular magnets and semiconductor
quantum dots. Topics covered include: Modeling of nanoparticles and complex nano
and MEMS systems Theory associated with micromagnetics Surface modeling of thin
films Computational techniques used to validate hypotheses that may not be accessible
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through traditional experimentation Simulation methods for various nanotubes and
modeling of carbon nanotube and silicon nanowire transistors In regard to applications
of computational nanotechnology in biology, contributors describe tracking of nanoscale
structures in cells, effects of various forces on cellular behavior, and use of proteincoated gold nanoparticles to better understand protein-associated nanomaterials.
Emphasizing the importance of MATLAB for biological simulations in nanomedicine,
this wide-ranging survey of computational nanotechnology concludes by discussing
future directions in the field, highlighting the importance of the algorithms, modeling
software, and computational tools in the development of efficient nanoscale systems.
While its results normally complement the information obtained by chemical
experiments, computer computations can in some cases predict unobserved chemical
phenomena Electronic-Structure Computational Methods for Large Systems gives
readers a simple description of modern electronic-structure techniques. It shows what
techniques are pertinent for particular problems in biotechnology and nanotechnology
and provides a balanced treatment of topics that teach strengths and weaknesses,
appropriate and inappropriate methods. It’s a book that will enhance the your
calculating confidence and improve your ability to predict new effects and solve new
problems.
This book provides innovative chapters covering new methodologies and important
applications in the fields of nanoscience and computational chemistry. The book offers
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scope for academics, researchers, and engineering professionals to present their
research and development works that have potential for applications in several
disciplines of nano and computational chemistry. Contributions range from new
methods to novel applications of existing methods to help readers gain an
understanding of the material and/or structural behavior of new and advanced systems.
This book is a high quality tool for researchers, providing an overview of the field,
explaining the basic underlying theory at a meaningful level, and giving numerous
comparisons of different methods.
This textbook, aimed at advanced undergraduate and graduate students, introduces the
basic knowledge required for nanomedicine and nanotechnology, and emphasizes how
the combined use of chemistry and light with nanoparticles can serve as treatments and
therapies for cancer. This includes nanodevices, nanophototherapies, nanodrug design,
and laser heating of nanoparticles and cell organelles. In addition, the book covers the
emerging fields of nanophotonics and nanoplasmonics, which deal with nanoscale
confinement of radiation and optical interactions on a scale much smaller than the
wavelength of the light. The applications of nanophotonics and nanoplasmonics to
biomedical research discussed in the book range from optical biosensing to
photodynamic therapies.Cutting-edge and reflective of the multidisciplinary nature of
nanomedicine, this book effectively combines knowledge and modeling from
nanoscience, medicine, biotechnology, physics, optics, engineering, and pharmacy in
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an easily digestible format. Among the topics covered in-depth are:• The structure of
cancer cells and their properties, as well as techniques for selective targeting of cancer
and gene therapy.• Nanoplasmonics: Lorentz-Mie simulations of optical properties of
nanoparticles and the use of plasmonic nanoparticles in diagnosis and therapy.•
Nanophotonics: short and ultrashort laser pulse interactions with nanostructures, time
and space simulations of thermal fields in and around the nanobioparticles, and
nanoclusters heated by radiation.• Modeling of soft and hard biological tissue ablation
by activated nanoparticles, as well as optical, thermal, kinetic, and dynamic modeling.•
Detection techniques, including the design and methods of activation of nanodrugs and
plasmon resonance detection techniques.• Design and fabrication of nanorobots and
nanoparticles.• Effective implementation of nanotherapy treatments.• Nanoheat
transfer, particularly the heating and cooling kinetics of nanoparticles.• ...and
more!Each chapter contains a set of lectures in the form of text for student readers and
PowerPoints for use by instructors, as well as homework exercises. Selected chapters
also contain computer practicums, including Maple codes and worked-out examples.
This book helps readers become more knowledgeable and versant in nanomedicine
and nanotechnology, inspires readers to work creatively and go beyond the ideas and
topics presented within, and is sufficiently comprehensive to be of value to research
scientists as well as students.
Computational Finite Element Methods in Nanotechnology demonstrates the
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capabilities of finite element methods in nanotechnology for a range of fields. Bringing
together contributions from researchers around the world, it covers key concepts as
well as cutting-edge research and applications to inspire new developments and future
interdisciplinary research. In particular, it emphasizes the importance of finite element
methods (FEMs) for computational tools in the development of efficient nanoscale
systems. The book explores a variety of topics, including: A novel FE-based thermoelectrical-mechanical-coupled model to study mechanical stress, temperature, and
electric fields in nano- and microelectronics The integration of distributed element,
lumped element, and system-level methods for the design, modeling, and simulation of
nano- and micro-electromechanical systems (N/MEMS) Challenges in the simulation of
nanorobotic systems and macro-dimensions The simulation of structures and
processes such as dislocations, growth of epitaxial films, and precipitation Modeling of
self-positioning nanostructures, nanocomposites, and carbon nanotubes and their
composites Progress in using FEM to analyze the electric field formed in needleless
electrospinning How molecular dynamic (MD) simulations can be integrated into the
FEM Applications of finite element analysis in nanomaterials and systems used in
medicine, dentistry, biotechnology, and other areas The book includes numerous
examples and case studies, as well as recent applications of microscale and nanoscale
modeling systems with FEMs using COMSOL Multiphysics® and MATLAB®. A onestop reference for professionals, researchers, and students, this is also an accessible
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introduction to computational FEMs in nanotechnology for those new to the field.
The development of nanomaterials plays a fundamental role in current and future
technology applications, particularly nanomaterials that have multiple functionalities.
This book provides a broad overview of the effect of nanostructuring in the
multifunctionality of different widely studied nanomaterials. This book is divided into four
sections constituting a road map that groups materials sharing certain types of
nanostructuring, including nanoporous, nanoparticled, 2D laminar nanomaterials, and
computational methods for characterizations of nanostructures. This structured
approach in nanomaterials research will serve as a valuable reference material for
chemists, (bio)engineers, physicists, nanotechnologists, undergraduates, and
professors.
The application of nanotechnology within the medical sphere has had a significant
influence on how diseases and conditions are treated and diagnosed. While many
strides have been made, there is still continuous research on nanotechnology being
performed in the field. Advancing Medicine through Nanotechnology and
Nanomechanics Applications highlights emergent trends and empirical research on
technological innovations in medicine and healthcare. Investigating the impact of
nanotechnology and nanomechanics on the treatment of diseases, regenerative
medicine, and drug delivery systems, this publication is a vital reference source for
professionals, researchers, medical students, and engineering students.
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The Finite Difference Time Domain (FDTD) method is an essential tool in modeling
inhomogeneous, anisotropic, and dispersive media with random, multilayered, and
periodic fundamental (or device) nanostructures due to its features of extreme flexibility
and easy implementation. It has led to many new discoveries concerning guided modes
in nanoplasmonic waveguides and continues to attract attention from researchers
across the globe. Written in a manner that is easily digestible to beginners and useful to
seasoned professionals, Computational Nanotechnology Using Finite Difference Time
Domain describes the key concepts of the computational FDTD method used in
nanotechnology. The book discusses the newest and most popular computational
nanotechnologies using the FDTD method, considering their primary benefits. It also
predicts future applications of nanotechnology in technical industry by examining the
results of interdisciplinary research conducted by world-renowned experts. Complete
with case studies, examples, supportive appendices, and FDTD codes accessible via a
companion website, Computational Nanotechnology Using Finite Difference Time
Domain not only delivers a practical introduction to the use of FDTD in nanotechnology
but also serves as a valuable reference for academia and professionals working in the
fields of physics, chemistry, biology, medicine, material science, quantum science,
electrical and electronic engineering, electromagnetics, photonics, optical science,
computer science, mechanical engineering, chemical engineering, and aerospace
engineering.
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Molecular modeling techniques have been widely used in drug discovery fields for rational drug
design and compound screening. Now these techniques are used to model or mimic the
behavior of molecules, and help us study formulation at the molecular level. Computational
pharmaceutics enables us to understand the mechanism of drug delivery, and to develop new
drug delivery systems. The book discusses the modeling of different drug delivery systems,
including cyclodextrins, solid dispersions, polymorphism prediction, dendrimer-based delivery
systems, surfactant-based micelle, polymeric drug delivery systems, liposome, protein/peptide
formulations, non-viral gene delivery systems, drug-protein binding, silica nanoparticles,
carbon nanotube-based drug delivery systems, diamond nanoparticles and layered double
hydroxides (LDHs) drug delivery systems. Although there are a number of existing books about
rational drug design with molecular modeling techniques, these techniques still look mysterious
and daunting for pharmaceutical scientists. This book fills the gap between pharmaceutics and
molecular modeling, and presents a systematic and overall introduction to computational
pharmaceutics. It covers all introductory, advanced and specialist levels. It provides a totally
different perspective to pharmaceutical scientists, and will greatly facilitate the development of
pharmaceutics. It also helps computational chemists to look for the important questions in the
drug delivery field. This book is included in the Advances in Pharmaceutical Technology book
series.
The content of this book covers several up-to-date topics in fluid dynamics, computational
modeling and its applications, and it is intended to serve as a general reference for scientists,
engineers, and graduate students. The book is comprised of 30 chapters divided into 5 parts,
which include: winds, building and risk prevention; multiphase flow, structures and gases; heat
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transfer, combustion and energy; medical and biomechanical applications; and other important
themes. This book also provides a comprehensive overview of computational fluid dynamics
and applications, without excluding experimental and theoretical aspects.
Reflecting the breadth of the field from research to manufacturing, Nanoscience and
Nanoengineering: Advances and Applications delivers an in-depth survey of emerging, highimpact nanotechnologies. Written by a multidisciplinary team of scientists and engineers and
edited by prestigious faculty of the Joint School of Nanoscience and Nanoengineering, this
book focuses on important breakthroughs in nanoelectronics, nanobiology, nanomedicine,
nanomodeling, nanolithography, nanofabrication, and nanosafety. This authoritative text:
Addresses concerns regarding the use of nanomaterials Discusses the advantages of
nanocomposites versus conventional materials Explores self-assembly and its potential for
nanomanufacturing applications Covers compound semiconductors and their applications in
communications Considers display technology and infrared optics in relation to nanoelectronics
Explains how computational nanotechnology is critical to the design of process materials and
nanobiotechnologies Describes the design and fabrication of nanoelectromechanical systems
(NEMS) and their applications in nanomedicine By seamlessly integrating interdisciplinary
foundational science with state-of-the-art engineering tools, Nanoscience and
Nanoengineering: Advances and Applications offers a holistic approach to understanding the
mechanisms underpinning the nanotechnology-based products we enjoy today, as well as
those that will change our society in the near future.
Advances in photonics and nanotechnology have the potential to revolutionize humanity's
ability to communicate and compute. To pursue these advances, it is mandatory to understand
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and properly model interactions of light with materials such as silicon and gold at the
nanoscale, i.e., the span of a few tens of atoms laid side by side. These interactions are
governed by the fundamental Maxwell's equations of classical electrodynamics, supplemented
by quantum electrodynamics. This book presents the current state-of-the-art in formulating and
implementing computational models of these interactions. Maxwell's equations are solved
using the finite-difference time-domain (FDTD) technique, pioneered by the senior editor,
whose prior Artech House books in this area are among the top ten most-cited in the history of
engineering. This cutting-edge resource helps readers understand the latest developments in
computational modeling of nanoscale optical microscopy and microchip lithography, as well as
nanoscale plasmonics and biophotonics.
Understanding the physical properties and dynamical behavior of nanochannel flows has been
of great interest in recent years and is important for the theoretical study of fluid dynamics and
engineering applications in physics, chemistry, medicine, and electronics. The flows inside
nanoscale pores are also important due to their highly beneficial drag and heat transfer
properties. Nanoscale Flow: Advances, Modeling, and Applications presents the latest
research in the multidisciplinary area of nanoscale flow. Featuring contributions from top
inventors in industry, academia, and government, this comprehensive book: Highlights the
current status of research on nucleate pool boiling heat transfer, flow boiling heat transfer, and
critical heat flux (CHF) phenomena of nanofluids Describes two novel fractal models for pool
boiling heat transfer of nanofluids, including subcooled pool boiling and nucleate pool boiling
Explores thermal conductivity enhancement in nanofluids measured with a hot-wire calorimeter
Discusses two-phase laminar mixed convection AL2O3water nanofluid in an elliptic duct
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Explains the principles of molecular and omics imaging and spectroscopy techniques for
cancer detection Analyzes fluid dynamics modeling of the tumor vasculature and drug
transport Studies the properties of nanoscale particles and their impact on diagnosis,
therapeutics, and theranostics Provides a brief background and review of medical nanoscale
flow applications Contains useful appendices of physical constants, equations, common
symbols, mathematical formulas, the periodic table, and more A valuable reference for
engineers, scientists, and biologists, Nanoscale Flow: Advances, Modeling, and Applications is
also designed for researchers, universities, industrial institutions, and government, giving it
broad appeal.
This book presents nanomaterials as predicted by computational modelling and numerical
simulation tools, and confirmed by modern experimental techniques. It begins by summarizing
basic theoretical methods, then giving both a theoretical and experimental treatment of how
alkali metal clusters develop into nanostructures, as influenced by the cluster's "magic number"
of atoms. The book continues with a discussion of atomic clusters and nanostructures,
focusing primarily on boron and carbon, exploring, in detail, the one-, two-, and threedimensional structures of boron and carbon, and describing their myriad potential applications
in nanotechnology, from nanocoating and nanosensing to nanobatteries with high borophene
capacity. The broad discussion of computational modelling as well as the specific applications
to boron and carbon, make this book an essential reference resource for materials scientists in
this field of research.
This important book presents a collection of scientific papers on recent theoretical and practical
advances in nanostructures, nanomaterials, and nanotechnologies. Highlighting some of the
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latest developments and trends in the field, the volume presents the developments of
advanced nanostructured materials and the respective tools to characterize and predict their
properties and behavior.
Tremendous innovations in electronics and photonics over the past few decades have resulted
in the downsizing of transistors in integrated circuits, which are now approaching atomic
scales. This will soon result in the creation of a growing knowledge gap between the underlying
technology and state-of-the-art electronic device modeling and simulations. This book bridges
the gap by presenting cutting-edge research in the computational analysis and mathematical
modeling of graphene nanostructures as well as the recent progress on graphene transistors
for nanoscale circuits. It inspires and educates fellow circuit designers and students in the field
of emerging low-power and high-performance circuit designs based on graphene. While most
of the books focus on the synthesis, fabrication, and characterization of graphene, this book
shines a light on graphene models and their circuit simulations and applications in photonics. It
will serve as a textbook for graduate-level courses in nanoscale electronics and photonics
design and appeal to anyone involved in electrical engineering, applied physics, materials
science, or nanotechnology research.

The budding field of nanotechnology offers enormous potential for advances in medical
science, engineering, transportation, computers, and many other industries. As this
growing field solidifies, these technological advances may soon become a reality.
Nanoscience and Advancing Computational Methods in Chemistry: Research Progress
provides innovative chapters covering the growth of educational, scientific, and
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industrial research activities among chemical engineers and provides a medium for
mutual communication between international academia and the industry. This book
publishes significant research reporting new methodologies and important applications
in the fields of chemical informatics and discusses latest coverage of chemical
databases and the development of new experimental methods.
Visual attention is a relatively new area of study combining a number of disciplines:
artificial neural networks, artificial intelligence, vision science and psychology. The aim
is to build computational models similar to human vision in order to solve tough
problems for many potential applications including object recognition, unmanned
vehicle navigation, and image and video coding and processing. In this book, the
authors provide an up to date and highly applied introduction to the topic of visual
attention, aiding researchers in creating powerful computer vision systems. Areas
covered include the significance of vision research, psychology and computer vision,
existing computational visual attention models, and the authors' contributions on visual
attention models, and applications in various image and video processing tasks. This
book is geared for graduates students and researchers in neural networks, image
processing, machine learning, computer vision, and other areas of biologically inspired
model building and applications. The book can also be used by practicing engineers
looking for techniques involving the application of image coding, video processing,
machine vision and brain-like robots to real-world systems. Other students and
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researchers with interdisciplinary interests will also find this book appealing. Provides a
key knowledge boost to developers of image processing applications Is unique in
emphasizing the practical utility of attention mechanisms Includes a number of realworld examples that readers can implement in their own work: robot navigation and
object selection image and video quality assessment image and video coding Provides
codes for users to apply in practical attentional models and mechanisms
Trends in Computational Nanomechanics reviews recent advances in analytical and
computational modeling frameworks to describe the mechanics of materials on scales
ranging from the atomistic, through the microstructure or transitional, and up to the
continuum. The book presents new approaches in the theory of nanosystems, recent
developments in theoretical and computational methods for studying problems in which
multiple length and/or time scales must be simultaneously resolved, as well as example
applications in nanomechanics. This title will be a useful tool of reference for
professionals, graduates and undergraduates interested in Computational Chemistry
and Physics, Materials Science, Nanotechnology.
Carbon Nanomaterials: Modeling, Design, and Applications provides an in-depth review
and analysis of the most popular carbon nanomaterials, including fullerenes, carbon
nanotubes, graphene and novel carbon nanomaterial-based membranes and thin films,
with emphasis on their modeling, design and applications. This book provides basic
knowledge of the structures, properties and applications of carbon-based
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nanomaterials. It illustrates the fundamental structure-property relationships of the
materials in both experimental and modeling aspects, offers technical guidance in
computational simulation of nanomaterials, and delivers an extensive view on current
achievements in research and practice, while presenting new possibilities in the design
and usage of carbon nanomaterials. This book is aimed at both undergraduate and
graduate students, researchers, designers, professors, and professionals within the
fields of materials science and engineering, mechanical engineering, applied physics,
and chemical engineering.
This collection of 50 papers focuses on the theory and modeling of nanoscale materials
and structures. The volume is intended to provide technoscientists from novice to
expert an anthology of significant papers for the understanding of nanotechnological
principles. The topics covered include nanotubes, quantum dots, photonic crystals,
sculptured thin films, spintronics, nanomagnetics, and nanobiotechnology.
Starting with the simplest semiclassical approaches and ending with the description of
complex fully quantum-mechanical methods for quantum transport analysis of state-ofthe-art devices, Computational Electronics: Semiclassical and Quantum Device
Modeling and Simulation provides a comprehensive overview of the essential
techniques and methods for effectively analyzing transport in semiconductor devices.
With the transistor reaching its limits and new device designs and paradigms of
operation being explored, this timely resource delivers the simulation methods needed
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to properly model state-of-the-art nanoscale devices. The first part examines
semiclassical transport methods, including drift-diffusion, hydrodynamic, and Monte
Carlo methods for solving the Boltzmann transport equation. Details regarding
numerical implementation and sample codes are provided as templates for
sophisticated simulation software. The second part introduces the density gradient
method, quantum hydrodynamics, and the concept of effective potentials used to
account for quantum-mechanical space quantization effects in particle-based
simulators. Highlighting the need for quantum transport approaches, it describes
various quantum effects that appear in current and future devices being mass-produced
or fabricated as a proof of concept. In this context, it introduces the concept of effective
potential used to approximately include quantum-mechanical space-quantization effects
within the semiclassical particle-based device simulation scheme. Addressing the
practical aspects of computational electronics, this authoritative resource concludes by
addressing some of the open questions related to quantum transport not covered in
most books. Complete with self-study problems and numerous examples throughout,
this book supplies readers with the practical understanding required to create their own
simulators.
This book offers a fundamental and comprehensive overview of nanomedicine from a
systems engineering perspective, making it the first book in the field of quantitative
nanomedicine based on systems theory. The book starts by introducing the concept of
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nanomedicine and provides basic mathematical modeling techniques that can be used
to model nanoscale biomedical and biological systems. It then demonstrates how this
idea can be used to model and analyze the central dogma of molecular biology, tumor
growth and the immune system. Broad applications of the idea are further illustrated by
Bayesian networks, multiscale and multiparadigm modeling and AFM engineering.
This book comprehensively and systematically treats modern understanding of the
Nano-Bio-Technology and its therapeutic applications. The contents range from the
nanomedicine, imaging, targeted therapeutic applications, experimental results along
with modelling approaches. It will provide the readers with fundamentals on
computational and modelling aspects of advanced nano-materials and nano-technology
specifically in the field of biomedicine, and also provide the readers with inspirations for
new development of diagnostic imaging and targeted therapeutic applications.
This reference offers tools for engineers, scientists, biologists, and others working with the
computational techniques of nanophotonics. It introduces the key concepts of computational
methods in a manner that is easily digestible for newcomers to the field. The book also
examines future applications of nanophotonics in the technical industry and covers new
developments and interdisciplinary research in engineering, science, and medicine. It provides
an overview of the key computational nanophotonics and describes the technologies with an
emphasis on how they work and their key benefits.
The first reference of its kind in the rapidly emerging field of computational approachs to
materials research, this is a compendium of perspective-providing and topical articles written to
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inform students and non-specialists of the current status and capabilities of modelling and
simulation. From the standpoint of methodology, the development follows a multiscale
approach with emphasis on electronic-structure, atomistic, and mesoscale methods, as well as
mathematical analysis and rate processes. Basic models are treated across traditional
disciplines, not only in the discussion of methods but also in chapters on crystal defects,
microstructure, fluids, polymers and soft matter. Written by authors who are actively
participating in the current development, this collection of 150 articles has the breadth and
depth to be a major contributor toward defining the field of computational materials. In addition,
there are 40 commentaries by highly respected researchers, presenting various views that
should interest the future generations of the community. Subject Editors: Martin Bazant, MIT;
Bruce Boghosian, Tufts University; Richard Catlow, Royal Institution; Long-Qing Chen,
Pennsylvania State University; William Curtin, Brown University; Tomas Diaz de la Rubia,
Lawrence Livermore National Laboratory; Nicolas Hadjiconstantinou, MIT; Mark F.
Horstemeyer, Mississippi State University; Efthimios Kaxiras, Harvard University; L.
Mahadevan, Harvard University; Dimitrios Maroudas, University of Massachusetts; Nicola
Marzari, MIT; Horia Metiu, University of California Santa Barbara; Gregory C. Rutledge, MIT;
David J. Srolovitz, Princeton University; Bernhardt L. Trout, MIT; Dieter Wolf, Argonne National
Laboratory.
Engineered nanopolymer and nanoparticles, with their extraordinary mechanical and unique
electronic properties, have garnered much attention in recent years. With a broad range of
potential applications, including nanoelectronics, composites, chemical sensors, biosensors,
microscopy, nanoelectromechanical systems, and many more, the scientific community is
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more motivated than ever to move beyond basic properties and explore the real issues
associated with carbon nanotube-based applications. Engineered nanopolymer and
nanoparticles are exceptionally interesting from a fundamental research point of view. They
open up new perspectives for various applications, such as nano-transistors in circuits, fieldemission displays, artificial muscles, or added reinforcements in alloys. This informative book
is an introduction to the physical concepts needed for investigating carbon nanotubes and
other one-dimensional solid-state systems. Written for a wide scientific readership, each
chapter consists of an instructive approach to the topic and sustainable ideas for solutions.
This new book presents leading-edge research in this dynamic field. It reviews the recent
progress in application of engineered nanopolymer and nanoparticles and their composites.
The advantages and disadvantages of different methods are discussed. The ability of
continuum methods to bridge different scales is emphasized. Recommendations for future
research are given by focusing on what each method has to learn from the nano-scale. The
scope of the book is to provide current knowledge to support researchers entering the scientific
area of carbon nanotubes and help them choose the appropriate modeling tool for
accomplishing their study and where to place their efforts to further improve continuum
methods.
Computational Multiscale Modeling of Multiphase Nanosystems: Theory and Applications
presents a systematic description of the theory of multiscale modeling of nanotechnology
applications in various fields of science and technology. The problems of computing nanoscale
systems at different structural scales are defined, and algorithms are given for their numerical
solutions by the quantum/continuum mechanics, molecular dynamics, and mesodynamics
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methods. Emphasis is given to the processes of the formation, movement, and interaction of
nanoparticles; the formation of nanocomposites; and the processes accompanying the
application of nanocomposites. The book concentrates on different types of nanosystems:
solid, liquid, gaseous, and multi-phase, consisting of various elements interacting with each
other, and with other elements of the nanosystem and with the environment. The book includes
a large number of examples of numerical modeling of nanosystems. The valuable information
presented here will be useful to engineers, researchers, and postgraduate students engaged in
the design and research in the field of nanotechnology.
Micro/nano-scale engineering—especially the design and implementation of ultra-fast and ultrascale energy devices, sensors, and cellular and molecular systems—remains a daunting
challenge. Modeling and control has played an essential role in many technological
breakthroughs throughout the course of history. Therefore, the need for a practical guide to
modeling and control for micro/nano-scale devices and systems has emerged. The first edited
volume to address this rapidly growing field, Modeling and Control for Micro/Nano Devices and
Systems gives control engineers, lab managers, high-tech researchers, and graduate students
easy access to the expert contributors’ cutting-edge knowledge of micro/nanotechnology,
energy, and bio-systems. The editors offer an integrated view from theory to practice, covering
diverse topics ranging from micro/nano-scale sensors to energy devices and control of biology
systems in cellular and molecular levels. The book also features numerous case studies for
modeling of micro/nano devices and systems, and explains how the models can be used for
control and optimization purposes. Readers benefit from learning the latest modeling
techniques for micro/nano-scale devices and systems, and then applying those techniques to
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their own research and development efforts.
Carbon nanotubes, with their extraordinary mechanical and unique electronic properties, have
garnered much attention in the past five years. With a broad range of potential applications
including nanoelectronics, composites, chemical sensors, biosensors, microscopy,
nanoelectromechanical systems, and many more, the scientific community is more motivated
than ever to move beyond basic properties and explore the real issues associated with carbon
nanotube-based applications. Taking a comprehensive look at this diverse and dynamic
subject, Carbon Nanotubes: Science and Applications describes the field's various aspects,
including properties, growth, and processing techniques, while focusing on individual major
application areas. Well-known authors who practice the craft of carbon nanotubes on a daily
basis present an overview on structures and properties, and discuss modeling and simulation
efforts, growth by arc discharge, laser ablation, and chemical vapor deposition. Applications
become the focal point in chapters on scanning probe microscopy, carbon nanotube-based
diodes and transistors, field emission, and the development of chemical and physical sensors,
biosensors, and composites. Presenting up-to-date literature citations that express the current
state of the science, this book fully explores the development phase of carbon nanotube-based
applications. It is a valuable resource for engineers, scientists, researchers, and professionals
in a wide range of disciplines whose focus remains on the power and promise of carbon
nanotubes. Editor Meyya Meyyappan will receive the Pioneer Award in Nanotechnology from
the IEEE Nanotechnology Council at the IEEE Nano Conference in Portland, Oregon in
August, 2011
Theoretical and Technological Advancements in Nanotechnology and Molecular Computation:
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Interdisciplinary Gains compiles research in areas where nanoscience and computer science
meet. This book explores current and future trends that discus areas such as, cellular
nanocomputers, DNA self-assembly, and the architectural design of a "nano-brain." The
authors of each chapter have provided in-depth insight into the current state of research in
nanotechnology and molecular computation as well as identified successful approaches, tools
and methodologies in their research.
Bioengineering is a broad-based engineering discipline that appliesengineering principles and
design to challenges in human health andmedicine, dealing with bio-molecular and molecular
processes,product design, sustainability and analysis of biological systems.Applications that
benefit from bioengineering include medicaldevices, diagnostic equipment and biocompatible
materials, amongstothers. Computer Modeling in Bioengineering offers acomprehensive
reference for a large number of bioengineeringtopics, presenting important computer modeling
problems andsolutions for research and medical practice. Starting with basictheory and
fundamentals, the book progresses to more advancedmethods and applications, allowing the
reader to become familiarwith different topics to the desired extent. It includes unique
andoriginal topics alongside classical computational modeling methods,and each application is
structured to explain the physiologicalbackground, phenomena that are to be modeled, the
computationalmethods used in the model, and solutions of typical cases. Theaccompanying
software contains over 80 examples, enabling thereader to study a topic using the theory and
examples, then run thesoftware to solve the same, or similar examples, varying the
modelparameters within a given range in order to investigate the problemat greater depth.
Tutorials also guide the user in furtherexploring the modeled problem; these features promote
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easierlearning and will help lecturers with presentations. Computer Modeling in Bioengineering
includescomputational methods for modelling bones, tissues, muscles,cardiovascular
components, cartilage, cells and cancernanotechnology as well as many other applications. It
bridges thegap between engineering, biology and medicine, and will appeal notonly to
bioengineering students, lecturers and researchers, butalso medical students and clinical
researchers.

Nano-sized Multifunctional Materials: Synthesis, Properties and Applications explores
how materials can be down-scaled to nanometer-size in order to tailor and control
properties. These advanced, low-dimensional materials, ranging from quantum dots
and nanoparticles, to ultra-thin films develop multifunctional properties. As well as
demonstrating how down-scaling to nano-size can make materials multifunctional,
chapters also show how this technology can be applied in electronics, medicine, energy
and in the environment. This fresh approach in materials research will provide a
valuable resource for materials scientists, materials engineers, chemists, physicists and
bioengineers who want to learn more on the special properties of nano-sized materials.
Outlines the major synthesis chemical process and problems of advanced
nanomaterials Shows how multifunctional nanomaterials can be practically used in
biomedical area, nanomedicine, and in the treatment of pollutants Demonstrates how
the properties of a variety of materials can be engineered by downscaling them to nano
size
Positioning itself at the common boundaries of several disciplines, this work provides
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new perspectives on modern nanoscale problems where fundamental science meets
technology and computer modeling. In addition to well-known computational techniques
such as finite-difference schemes and Ewald summation, the book presents a new finitedifference calculus of Flexible Local Approximation Methods (FLAME) that qualitatively
improves the numerical accuracy in a variety of problems.
Illustrates the application of mathematical and computational modeling in a variety of
disciplines With an emphasis on the interdisciplinary nature of mathematical and
computational modeling, Mathematical and Computational Modeling: With Applications
in the Natural and Social Sciences, Engineering, and the Arts features chapters written
by well-known, international experts in these fields and presents readers with a host of
state-of-the-art achievements in the development of mathematical modeling and
computational experiment methodology. The book is a valuable guide to the methods,
ideas, and tools of applied and computational mathematics as they apply to other
disciplines such as the natural and social sciences, engineering, and technology.
Mathematical and Computational Modeling: With Applications in the Natural and Social
Sciences, Engineering, and the Arts also features: Rigorous mathematical procedures
and applications as the driving force behind mathematical innovation and discovery
Numerous examples from a wide range of disciplines to emphasize the multidisciplinary
application and universality of applied mathematics and mathematical modeling Original
results on both fundamental theoretical and applied developments in diverse areas of
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human knowledge Discussions that promote interdisciplinary interactions between
mathematicians, scientists, and engineers Mathematical and Computational Modeling:
With Applications in the Natural and Social Sciences, Engineering, and the Arts is an
ideal resource for professionals in various areas of mathematical and statistical
sciences, modeling and simulation, physics, computer science, engineering, biology
and chemistry, industrial, and computational engineering. The book also serves as an
excellent textbook for graduate courses in mathematical modeling, applied
mathematics, numerical methods, operations research, and optimization.
This volume is an interdisciplinary treatise on the theoretical approach to solvation
problems. It describes the essential details of the theoretical methods and places them
into the context of modern applications, and hence is of broad interest to theoreticians
and experimentalists. The assembly of these modern methods and applications into
one volume is a unique contribution to date and gives a broad and ample description of
the field in its present stage of development.
This book recalls the basics required for an understanding of the nanoworld (quantum
physics, molecular biology, micro and nanoelectronics) and gives examples of
applications in various fields: materials, energy, devices, data management and life
sciences. It is clearly shown how the nanoworld is at the crossing point of knowledge
and innovation. Written by an expert who spent a large part of his professional life in the
field, the title also gives a general insight into the evolution of nanosciences and
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nanotechnologies. The reader is thus provided with an introduction to this complex area
with different "tracks" for further personal comprehension and reflection. This guided
and illustrated tour also reveals the importance of the nanoworld in everyday life.
Nanoscience is one of the most exciting areas of modern physical science as it
encompasses a range of techniques rather than a single discipline. It stretches across
the whole spectrum of science including: medicine and health, physics, engineering and
chemistry. Providing a deep understanding of the behaviour of matter at the scale of
individual atoms and molecules, it provides a crucial step towards future applications of
nanotechnology. The remarkable improvements in both theoretical methods and
computational techniques make it possible for modern computational nanoscience to
achieve a new level of chemical accuracy. It is now a discipline capable of leading and
guiding experimental efforts rather than just following others. Computational
Nanoscience addresses modern challenges in computational science, within the
context of the rapidly evolving field of nanotechnology. It satisfies the need for a
comprehensive, yet concise and up-to-date, survey of new developments and
applications presented by the world's leading academics. It documents major, recent
advances in scientific computation, mathematical models and theory development that
specifically target the applications in nanotechnology. Suitable for theoreticians,
researchers and students, the book shows readers what computational nanoscience
can achieve, and how it may be applied in their own work. The twelve chapters cover
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topics including the concepts behind recent breakthroughs, the development of cutting
edge simulation tools, and the variety of new applications.
The development of computational methods that support human health and
environmental risk assessment of engineered nanomaterials (ENMs) has attracted
great interest because the application of these methods enables us to fill existing
experimental data gaps. However, considering the high degree of complexity and
multifunctionality of ENMs, computational methods originally developed for regular
chemicals cannot always be applied explicitly in nanotoxicology. This book discusses
the current state of the art and future needs in the development of computational
modeling techniques for nanotoxicology. It focuses on (i) computational chemistry
(quantum mechanics, semi-empirical methods, density functional theory, molecular
mechanics, molecular dynamics), (ii) nanochemoinformatic methods (quantitative
structure–activity relationship modeling, grouping, read-across), and (iii)
nanobioinformatic methods (genomics, transcriptomics, proteomics, metabolomics). It
reviews methods of calculating molecular descriptors sufficient to characterize the
structure of nanoparticles, specifies recent trends in the validation of computational
methods, and discusses ways to cope with the uncertainty of predictions. In addition, it
highlights the status quo and further challenges in the application of computational
methods in regulation (e.g., REACH, OECD) and in industry for product development
and optimization and the future directions for increasing acceptance of computational
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modeling for nanotoxicology.
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