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Foreword

While the concept of manipulating materials at the atomic level

is not new per se, doing so only became practical around ten

years ago. Since then, scientists and engineers have engaged in an

international flurry of research and innovation into nanotechnology

and nanomaterials. They have already changed the world, and

they seem to just be getting started. Dale Stirling’s book The
Nanotechnology Revolution: A Global Bibliographic Perspective is the

best account that I have seen of these early years of exploration.

I’ve been involved in developing standards for the safe use of

nanotechnology since the late 1990s; I’ve traveled to just about

every continent and met with too many brilliant minds to count as

we’ve all tried to grapple with the field’s explosive development. I

thought that I had tracked it decently well, at least pertaining to

safety. Nope. Even though I’ve been in the thick of the revolution,

Dale Stirling’s book took me on a ride that I could not have

imagined.

I have known Dale to be a careful, thoughtful, and meticulous

research historian and librarian. I cannot think of a better researcher

to explore the key changes in the field of nanotechnology while still

successfully showcasing its sheer scope and diversity. Dale outlines

the 115 countries where nanotechnology is researched or used,

assesses its disparate economic impacts, probes the sociological

impacts it is already causing, provides key sources of human and

environmental health work, and lists current legal and regulatory

impacts, and considers its ethical implications.

Are you new to the subject, either as a student or as a curious

layperson? Start here. Are you writing a manuscript and need a

reference on regulations for a nano-object? Use this book. Do you
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xvi Foreword

want to understand one of the fundamental drivers of change in the

new century? Here’s where to look.

Hold on! Nanotechnology is just getting started, and this book is

how you’ll get up to speed and join the revolution.

Richard C. Pleus, Ph.D., M.S.
Founder, Intertox Inc. and Intertox Decision Science, LLC
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Preface

This reference work is intended to accomplish several things. First

and foremost, it is a comprehensive and thematically organized

guide to nanotechnology related documents. It is designed to be

used, frequently, by those who are involved with nanotechnology—

whether as academicians, researchers, manufacturers, or any of

dozens of disciplines interested in or impacted by the universe of

nanotechnology.

However, no reference work should start off with a flurry of

information without some context. Therefore, the introduction in-

cludes the author’s interpretation of the history of nanotechnology,

focusing on key events and selected individuals. Also, due to the

massive amount of information presented within the pages of this

book, a detailed analysis of its organization is presented, as well as

information on how the actual bibliography was compiled. Lastly,

the author intends this reference work to be a “snapshot in time”

and by its content illustrate the state of nanotechnology in the early

21st century.
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Introduction

What is nanotechnology? Per the Oxford Dictionary, nanotechnology

(nanō tek"näl@jē) is “the branch of technology that deals with

dimensions and tolerances of less than 100 nanometers, especially

the manipulation of individual atoms and molecules.”a Although

relatively young as a technology, its roots can be traced to the 1850s

and the following milestones are keyb:

• 1857: Michael Faraday discovers colloidal ruby gold

• 1936: Erwin Müller’s invents the field emission microscope

• 1947: Bell Lab scientists discover the semiconductor transistor

• 1950: Victor La Mer and Robert Dinegar develop a process for

growing monodisperse colloidal materials

• 1951: Erwin Müller’ invents the field ion microscope

• 1956: Arthur von Hippel coins the term molecular engineering
• 1981: Gerd Binning and Heinrich Rohrer’ invent the scanning

tunneling microscope, which allowed scientists to see direct

spatial images of individual atoms

• 1985: Rice University researchers discover the buckminster-

fullerene, a molecule representing a soccer ball in shape and

composed entirely of carbon

• 1985: Bell Labs scientist Louis Brus discovers colloidal semi-

conductor nanocrystals known as quantum dots

• 1990s: Nanotechnology companies begin to incorporate (Nano-

phase Technologies, Helix Energy Solutions Group, Zyvex, etc.)

ahttp://www.oxforddictionaries.com/us/definition/american english/nanotechnology.

Accessed online on July 17, 2016.
bInformation abstracted from http://www.nano.gov/timeline. Accessed online on

August 19, 2015.
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• 1991: Sumio Iijima of NEC discovers the carbon nanotube,

which exhibits valued properties of strength and conductivity

Although these milestones are important, the following events

and individuals are essential cornerstones of nanotechnology and

are described in detail.

In December 1959, the American physicist Richard Feynman

gave a talk at the annual meeting of the American Physical Society at

Caltech. A transcript of the talk titled “There’s Plenty of Room at the

Bottom” was published in the February 1960 issue of Engineering
& Science. Feynman was at Caltech to “talk about the problem of

manipulating and controlling things on a small scale,” and he noted

that “the principles of physics, as far as I can see, do not speak against

the possibility of maneuvering things atom by atom. It is not an

attempt to violate any laws; it is something, in principle, that can

be done; but in practice, it has not been done because we are too

big.” What Feynman couldn’t know was that his talk was the genesis

of nanotechnology as a viable science and his “invitation to enter a

new field in physics” was accepted by many.c

In July 1974, Tokyo Science University Professor Norio Taniguchi

presented a paper titled “On the Basic Concept of Nano-technology”

at the International Congress on Production Engineering in Tokyo.d

It is generally acknowledged that he was the first person to

coin the term nanotechnology. Unlike Feynman, who proposed

manipulation at the atomic level for a variety of purposes, Taniguchi

spoke specifically about manufacturing and processing and noted

the “intense needs for the processing of materials obtaining the

preciseness and fineness of the order of 1 nm in length.” His paper’s

abstract perfectly reflects the paper’s content and intent:

‘Nano-technology’ is the production technology to get the extra high
accuracy and ultra fine dimensions, i.e. the preciseness and fineness
of the order of 1 nm (nanometer), 10−9 m in length. The name of
‘Nano-technology’ originates from this nanometer. In the processing

cFeynman R.P. (1960). There’s plenty of room at the bottom. Engineering and Science.

23(5):22–36.
dNorio T. (1974). On the basic concept of nano-technology. In Proceedings of the

International Conference on Production Engineering, Part I. Tokyo. pp. 18–23.
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of materials, the smallest bit size of stock removal, accretion or flow
of materials probably of one atom or one molecule, namely 0. 1 ∼ 0.
2 nm in length. Therefore, the expected limit size of fineness would
be of the order of 1 nm.

Taniguchi concluded his paper with a hopeful but realistic

statement:

In the ‘Nano-technology’ in materials processing, the processing by
one atom or one molecule should be fully utilized. However, on the
processings due too thermal, chemical, electro-chemical reactions,
there remain also several problems to solve, i.e. how to supply
the process energy impulsively and with high power density and
also through very fine path. In contrast, the processings due to
dynamic reaction of ion beam or molecular beam seem to be more
promising for the technology, in spite of the difficulties of control and
measurement for nanometer.

Feynman and Taniguchi are important for introducing nanotech-

nology concepts, applications, both theoretical and realized, and

potential future uses. But it wasn’t until the 1980s that the ideas they

fostered truly took shape. The persistence, research, and writings

of a handful of key individuals were responsible for promoting and

propelling nanotechnology from the late 20th century into the new

millennium.

Perhaps the best known of these is K. Eric Drexler. He earned

multiple undergraduate degrees from the Massachusetts Institute

of Technology (MIT) in the 1970s, and his 1986 book Engines
of Creation: The Coming Era of Nanotechnology (Anchor Books)

envisioned a future that uses molecular-scale machines for a

variety of purposes. In the same year, he founded the Foresight

Institute, a nonprofit organization dedicated to nanotechnology.

He earned a Ph.D. in molecular nanotechnology from MIT in

1991. His dissertation (“Molecular Machinery and Manufacturing

with Applications to Computation”) was published as Nanosystems:
Molecular Machinery Manufacturing and Computation by John Wiley

& Sons, Inc., in 1992. In the 2000s, he served as a technical advisor to

Nanorex, a company that developed software for molecular systems
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design. Most recently, he was an academic visitor in residence at

Oxford University and his book Radical Abundance: How a Revolution
in Nanotechnology Will Change Civilization (Public Affairs [Perseus

Books Group]) was published in 2013.e

Organization

I had no specific organization in mind for this book when I

began conducting literature searches in 2012. It seemed obvious

to have a few general subject headings, but as search results

flowed, a thematic structure began to appear. The structure became

more formalized as I sorted through thousands of journal articles,

books, conference papers, government reports, and gray literature

abstracts.

Each of the nine sections begins with a short introductory

paragraph that examines its key features. In many cases, there is

a single subject heading (Section 2: Economics)—this reflects the

fact that there is not a plethora of related literature. However,

some sections have multiple headings to reflect the complexity and

amount of related literature. In many sections the first subheading

is titled “General Overviews,” which includes literature of a broad

nature relating to the main heading. Then, as dictated by the variety

of related literature, additional subheadings are used as required.

An example of this is the largest section of the book, Section 9:

Nanotechnology Applications, and its subheading “Nanomedicine,”

which includes the following subheadings (a sample partial listing

only):

Nanomedicine: General Topics

(a) Environmental and Health Risks

(b) Ethics

(c) History, Trends, and Future Directions

(d) Informatics

eInformation abstracted from Drexler’s website at http://e-drexler.com/p/

idx04/00/0404drexlerBioCV.html. Accessed online on July 16, 2015.



November 28, 2017 16:13 PSP Book - 9in x 6in 00-Section-Prelims

Introduction xxv

Nanomedicine: Applications and Concepts

(e) Alternative Medicine

(f) Aptamers

(g) Biosensors

(h) Cardiology

(i) Clinical nanomedicine

(j) Dendrimers

(k) Dentistry

(l) Dermatology

(m) Diagnostics

Perhaps the most important theme of the book is its global

perspective. Although the United States is generally recognized as

a leader in nanotechnology, many other countries and regions can

claim equal interest and commitment to nanotechnology and all it

promises. Therefore, Section 1 is devoted to literature relating to 115

countries and regions. Not surprisingly, nanotechnology literature is

common in Europe, much of Asia and other developed countries, but

its reach is even documented in such countries as Bhutan, Burkina

Faso, and Senegal. However, some 93 countries are not the subject

of such research and publication (Refer to Appendix 1 for a list).

Section 2 is devoted to the literature of economics and its interface

with nanotechnology. The majority of documents are from journals,

but there are some pivotal works published by government agencies

as well. Section 3 cites literature that examines nanotechnology as it

serves or is the subject of education and educators. It cites literature

from a nano-cultural perspective and the sociological impact of

nanotechnology. Section 4 may be the most pertinent as it cites

literature that examines documented and potential impacts that

nanotechnology has on our environment and human health.

In the headlong rush towards real-world applications of nano-

technology and related manufactured products there is real concern

that its impact is not being studied to the extent that it should.

Similarly, ethical, legal, and regulatory concerns in nanotechnology

are the subject of literature cited in Section 5.

The retrospective and futurespective examination of nanotech-

nology is reflected in the literature cited in Section 6. However,
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Section 7 may well be the most interesting as it cites literature that

studies the literature of nanotechnology. Such introspection allows

us to gauge the progress of research and writing on all aspects

of nanotechnology. Through such examination, we understand how

context and content changes over time. Sections 1 through 7 cite

literature that provides researchers with a solid foundation on

the history, promise, future, and impact of nanotechnology on

today’s world. If no other literature was consulted, the reader

would be informed. However, Sections 8 and 9 focus on the essence

of what nanotechnology is as revealed in its key concepts and

theories as well as real-world applications. Accordingly, Section 8

cites literature on nanostructured devices, materials, and systems.

These are the technologies that are changing how the world uses

nanotechnology in adaptive ways. Section 9 cites literature relating

to the real-world application of nanotechnology to common every-

day activities—ranging from its use in aerospace, to construction,

to transportation, and perhaps most significantly, nanomedicine

and the use of nanotechnology in nearly every subdiscipline of

medicine.

To facilitate the best use of this reference work, each citation

is numbered and is keyed into two important indexes. The first

index (Appendix 2) is subject oriented and is based on main

and subsection headings. However, the index is broader than that

with all 4621 citations scanned for key words. The second index

(Appendix 3) is geographic and allows the reader to quickly locate

which countries and regions are cited in this book.

Research Methods

Between 2012 and 2016, I conducted exhaustive searches of

nanotechnology utilizing publicly available and fee-based databases,

web portals, and online search engines. During the process of

conducting literature searches, specific themes and subject areas

were discerned, and those provide the structure of this refer-

ence guide. The bibliography is global in scope; it reflects the

broad interest in nanotechnology from developed and developing

nations.
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The following parameters were used to determine which docu-

ments would be cited in this bibliography. Review articles were the

preferred document source overall because they are comprehensive

in scope, timely, and peer-reviewed. However, all documents,

including journal articles, were chosen with the following criteria in

mind:

• They focus on the history and development of nanomedicine

• They focus on trends and emerging technologies

• They focus on ethical, regulatory, and legal issues related to

nanomedicine

• They focus on the relationship between nanotechnology and its

various disciplines and sub-disciplines

Also of critical interest were documents that indexed, abstracted,

or provided bibliographic citations and references on the literature

of nanotechnology. Finally, I sought a balance that reflects the

multidisciplinary nature of nanotechnology. Therefore, documents

from many branches of science and other disciplines are cited in

this bibliography. Most importantly, documents were included only

if abstracted by a database provider, available as a digital download,

or acquired from a research portal or document delivery service so

they could be reviewed for context and content.

I also sought a balance between spectrums of information.

I chose to include scholarly works because they represent the

penultimate of research and presentation, but I also chose to include

popular literature such as trade journals and magazines because

they represent the interests of the nanotechnology business world.

I also sought a global balance—that is, to focus not just on what the

United States is doing, but also on what the entire world is doing.

Where possible, I have used full journal titles. This despite the

internationally recognized journal abbreviation conventions posited

by the U.S. National Library of Medicine (NLM). This is due to the

explosion of open-source publishing and titles that are not indexed

by the NLM and that have not been assigned a recognized journal

abbreviation.

The new open-source environment is both a blessing and a curse

in scientific research. It offers a field of plenty for authors, but the
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actual intent and aim of some publishers is suspect and the quality

of the science may be in question. Indeed, the NLM’s Literature

Selection Technical Review Committee is charged with reviewing

and recommending journals for inclusion in MEDLINE, and whether

a journal is added is based on the following critical elements:

• Scope and coverage

• Quality of content

• Quality of editorial work

• Production quality

• Audience

However, I leave it to the reader to decide if a journal article,

or indeed any document, appearing in this bibliography provides

information of value and substance as it applies to his or her

involvement in nanotechnology.




