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ABSTRACT
This report reviews the status of research and development in nanoparticles,
nanostructured materials, and nanodevices worldwide, with particular focus on comparisons
between the United States and other leading industrialized countries. Topics covered include
particle synthesis and assembly, dispersions and coatings of nanoparticles, high surface area
materials, functional nanoscale devices, bulk behavior of nanostructured materials, and
biological methods and applications. The final chapter is a review of related government
funding programs around the world. The report also includes site reports for visits conducted
by the panel to leading research laboratories in Japan and Europe. The panel held workshops
in the United States, Germany, Sweden, and Russia to gather additional information for this
report on activities in those countries. The proceedings of the U.S. and Russia workshops are
being published separately by WTEC. The panel’s conclusions include the following: (1) In
the synthesis and assembly area (Chapter 2), the U.S. appears to be ahead with Europe
following and then Japan; (2) In the area of biological approaches and applications (Chapter
7), the U.S. and Europe appear to be rather on a par with Japan following; (3) In nanoscale
dispersions and coatings (Chapter 3), the U.S. and Europe are again similar with Japan
following; (4) For high surface area materials (Chapter 4), the U.S. is clearly ahead of Europe
and then Japan; (5) In the nanodevices area (Chapter 5), Japan seems to be leading quite
strongly with Europe and the U.S. following; In the area of consolidated materials (Chapter
6), Japan is a clear leader with the U.S. and Europe following. These and other conclusions
are reviewed in detail in the panel’s executive summary.

ACKNOWLEDGEMENTS
I would like to thank the U.S. government sponsors of this study: the National Science
Foundation, the Air Force Office of Scientific Research, the Office of Naval Research, the
Department of Commerce (both the National Institute of Standards and Technology and the
Office of Technology Policy), the Department of Energy, the National Institutes of Health,
and the National Aeronautics and Space Administration (Ames Research Center). We are
very much indebted to our panel chair, Richard Siegel, and to our co-chair, Evelyn Hu, for
their dedication and leadership over the course of the study. All of the panelists are due great
credit for their invaluable contributions of time and intellect to the project. It was both an
honor and a pleasure to work with such an illustrious and affable group. Finally, we are
extremely grateful to all of our hosts and correspondents around the world who took the time
to share their work with us, as well as their insights and vision of the future of this exciting
field.
Sincerely,
Geoffrey M. Holdridge
WTEC Division Director and ITRI Series Editor

International Technology Research Institute (ITRI)
R.D. Shelton, Principal Investigator, ITRI Director
George Mackiw, Deputy ITRI Director
George Gamota, Associate ITRI Director
J. Brad Mooney, TTEC Division Director
Robert Margenthaler, BID Division Director

World Technology (WTEC) Division
Geoffrey M. Holdridge, WTEC Division Director
Bobby A. Williams, Financial Officer
Aminah Batta, Editorial Assistant, Europe trip advance work
Catrina M. Foley, Administrative Assistant
Christopher McClintick, Head of Publications Section
Roan E. Horning, Professional Assistant, Web Administrator
Rob Capellini, Student Assistant
Jason Corso, Student Assistant
Michael Stone, Linux Systems Administrator
Rob Tamburello, Student Assistant
Xinye Zhang, Student Assistant
Cecil Uyehara, Senior Advisor for Japan Operations
Hiroshi Morishita, WTEC Japan Representative
Patricia M.H. Johnson, Editor
This document was sponsored by the National Science Foundation (NSF) and other
agencies of the U.S. government under NSF Cooperative Agreement ENG-9707092, awarded
to the International Technology Research Institute at Loyola College in Maryland. The U.S.
government has certain rights in this material. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of the authors and do not necessarily
reflect the views of the United States government, the authors’ parent institutions, or Loyola
College.

Copyright 1999 by Kluwer Academic Publishers. Copyright to electronic versions
reserved by Loyola College in Maryland. This work relates to NSF Cooperative Agreement
ENG-9707092. The U.S. government retains a nonexclusive and nontransferable license to
exercise all exclusive rights provided by copyright. This copy reproduced for U.S. government
use under license. A list of available JTEC/WTEC reports and information on ordering them
is available at http://itri.loyola.edu/.

Foreword

Timely information on scientific and engineering developments
occurring in laboratories around the world provides critical input to
maintaining the economic and technological strength of the United States.
Moreover, sharing this information quickly with other countries can greatly
enhance the productivity of scientists and engineers. These are some of the
reasons why the National Science Foundation (NSF) has been involved in
funding science and technology assessments comparing the United States
and foreign countries since the early 1980s. A substantial number of these
studies have been conducted by the World Technology Evaluation Center
(WTEC) managed by Loyola College through a cooperative agreement with
NSF. The National Science and Technology Council (NSTC), Committee
on Technology’s Interagency Working Group on NanoScience, Engineering
and Technology (CT/IWGN) worked with WTEC to develop the scope of
this Nanostucture Science and Technology report in an effort to develop a
baseline of understanding for how to strategically make Federal nanoscale
R&D investments in the coming years.
The purpose of the NSTC/WTEC activity is to assess R&D efforts in
other countries in specific areas of technology, to compare these efforts and
their results to U.S. research in the same areas, and to identify opportunities
for international collaboration in precompetitive research.
Many U.S. organizations support substantial data gathering and analysis
efforts focusing on nations such as Japan. But often the results of these
studies are not widely available. At the same time, government and privately
sponsored studies that are in the public domain tend to be "input" studies.
They enumerate inputs to the research and development process, such as
monetary expenditures, personnel data, and facilities, but do not provide an
i
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assessment of the quality or quantity of the outputs obtained. Studies of the
outputs of the research and development process are more difficult to
perform because they require a subjective analysis performed by individuals
who are experts in the relevant scientific and technical fields. The NSF staff
includes professionals with expertise in a wide range of disciplines. These
individuals provide the expertise needed to assemble panels of experts who
can perform competent, unbiased reviews of research and development
activities. Specific technologies such as telecommunications, biotechnology,
and nanotechnology are selected for study by government agencies that have
an interest in obtaining the results of an assessment and are able to
contribute to its funding. A typical WTEC assessment is sponsored by
several agencies.
In the first few years of this activity, most of the studies focused on
Japan, reflecting interest in that nation’s growing economic prowess. Then,
the program was called JTEC (Japanese Technology Evaluation Center).
Beginning in 1990, we began to broaden the geographic focus of the studies.
As interest in the European Community (now the European Union) grew, we
added Europe as an area of study. With the breakup of the former Soviet
Union, we began organizing visits to previously restricted research sites
opening up there. Most recently, studies have begun to focus also on
emerging science and technology capabilities in Asian countries such as the
People’s Republic of China.
In the past several years, we also have begun to substantially expand our
efforts to disseminate information. Attendance at WTEC workshops (in
which panels present preliminary findings) has increased, especially industry
participation. Representatives of U.S. industry now routinely number 50%
or more of the total attendance, with a broad cross-section of government
and academic representatives making up the remainder. Publications by
WTEC panel members based on our studies have increased, as have the
number of presentations by panelists at professional society meetings.
The WTEC program will continue to evolve in response to changing
conditions. New global information networks and electronic information
management systems provide opportunities to improve both the content and
timeliness of WTEC reports. We are now disseminating the results of
WTEC studies via the Internet. Over 25 of the most recent WTEC final
reports are now available on the World Wide Web (http://itri.loyola.edu) or
via anonymous FTP (ftp.wtec.loyola.edu/pub/).
As we seek to refine the WTEC activity, improving the methodology and
enhancing the impact, program organizers and participants will continue to
operate from the same basic premise that has been behind the program from
its inception, i.e., improved awareness of international developments can
significantly enhance the scope and effectiveness of international
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collaboration and thus benefit the United States and all its international
partners in collaborative research and development efforts.
Paul J. Herer
Directorate for Engineering
National Science Foundation
Arlington, VA
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