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Aims and Scope 
Microscopy and Microanalysis provides the highest quality forum for pub­
lication of truly innovative results in a wide range of fields of importance 
to microscopy and microanalysis. To this end, the Journal publishes 
original research papers in the entire range of microscopy and micro­
analysis, from new methods and instrumentation to their application to 
compositional analysis for determination of structure or chemistry at the 
microscopical level. Fields of interest include: microbeam analysis, scan­
ning probe microscopies, and all forms of light microscopy. Image ac­
quisition and improvement techniques, along with computer-assisted mi­
croscopy, are included. 

Four categories of communications are published in the Journal. 
Regular Articles contain reports of new instrumentation and new theo­
retical methods and their applications to microstructural analysis in a 
broad range of fields including biological, physical, and materials science. 
Communications are short technical or scientific articles in biological, 
physical, or materials science. Reviews have a broader technical content 
than Regular Articles. Letters to the Editor may be on any topic. 

Copyright Information 
Submission of a manuscript implies: that the work described has not been 
published before (except in the form of an abstract or as part of a pub­
lished lecture, review, or thesis); that it is not under consideration for 
publication elsewhere; that its publication has been approved by all co­
authors, if any, as well as by the responsible authorities at the institute 
where the work has been carried out; that, if and when the manuscript is 
accepted for publication, the authors agree to automatic transfer of the 
copyright to the Microscopy Society of America; that the manuscript will 
not be published elsewhere in any language without die consent of the 
copyright holders; and that written permission of the copyright holder is 
obtained by die authors for material used from other copyrighted sources. 

All articles published in this journal are protected by copyright, 
which covers the exclusive rights to reproduce and distribute the article 
(e.g., as offprints), as well as all translation rights. No material published 
in this journal may be reproduced photographically or stored on micro­
film, in electronic data bases, video disks, etc., without first obtaining 
written permission from the publisher. 

The use of general descriptive names, trade names, trademarks, etc., 
in this publication, even if not specifically identified, does not imply that 
these names are not protected by the relevant laws and regulation. 

While the advice and information in this journal is believed to be 
true and accurate at the date of its going to press, neither the authors, the 
editors, nor die publisher can accept any legal responsibility for any errors 
or omissions tiiat may be made. 

The publisher makes no warranty, express or implied, widi respect 
to the material contained herein. Springer-Verlag publishes advertise­
ments in this journal in reliance upon the responsibility of the advertiser 
to comply with all legal requirements relating to the marketing and sale 
of products or services advertised. Springer-Verlag and die editors are not 
responsible for claims made in the advertisements published in the jour­
nal. The appearance of advertisements in Springer-Verlag publications 
does not constitute endorsement, implied or intended, of the product 
advertised or claims made for it by die advertiser. 

Audiorization to photocopy items for internal or personal use, or 
the internal or personal use of specific clients, is granted by Springer-
Verlag New York, Inc., provided mat the appropriate fee is paid direcdy 
to Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 
01923, USA (Tel: (508) 750-8400), stating the ISSN (1431-9276), the 
volume, and the first and last page numbers of each article copied. The 
copyright owner's consent does not include copying for general distribu­
tion, promotion, new works, or resale. In these cases, specific written 
permission must first be obtained from the publisher. 

The Canada Institute for Scientific and Technical Information 
(CISTI) provides a comprehensive, world-wide document delivery service 
for all Springer-Verlag journals. For more information or to place an 
order for a copyright-cleared Springer-Verlag document, please contact 
Client Assistant, Document Delivery, Canada Institute for Scientific and 
Technical Information, Ottawa K1A OS2, Canada (Tel: 613-993-9251; 
Fax: 613-952-8243; e-mail: cisti.docdel@nrc.ca). 

Subscription Information 
Microscopy and Microanalysis is published bimonthly in January, March, 
May, July, September, and November by Springer-Verlag, plus two 
supplements (Expo and Proceedings) to be published in July. Volume 3 
will appear in 1997. 

Society Rates: Members of the Microscopy Society of America should 
contact the MSA Business Office for all subscription inquiries. 

Microscopy Society of America 
4 Barlows Landing Road, Suite 8 
Pocasset, MA 02559 
Toll-Free Tel: 800-538-3672 
Tel: 508-563-1155 
Fax: 508-563-1211 
E-mail: businessoffice@msa.microscopy.com 

Members of other affiliated societies should contact their respective so­
ciety business offices for all subscription inquiries. 

Institutional Rates: North America: US $471.00 plus $24.00 postage and 
handling. (Canadian customers please add 7% GST to subscription price, 
then add postage and handling. Springer-Verlag's GST registration num­
ber is 12339498.) Subscriptions are entered with prepayment only. Please 
mail orders and inquiries to: Springer-Verlag New York, Inc., Journal 
Fulfillment Services Department, P.O. Box 2485, Secaucus, NJ 07096-
2485, USA. Tel: 1-800-SPRINGER, Fax: (201) 348-4505. e-mail: 
custserv@springer-ny.com. 

Outside North America: Subscription rate: US $471.00 (calculated in DM 
at the exchange rate current at time of purchase), plus postage and han­
dling. SAL delivery (surface airmail lifted) is mandatory for Japan, India, 
Australia, and New Zealand. Customers should ask for the appropriate 
price list. Airmail delivery to all other countries is available upon request. 
Subscriptions can either be placed via a bookdealer or sent direcdy to: 
Springer-Verlag GmbH & Co. KG, Postfach 31 13 40, D-10643 Berlin, 
Germany. Tel: (030) 827 87-0, Telex: 18 33 19. 

Back volumes: Contact die Microscopy Society of America, 4 Barlows 
Landing Road, Suite 8, Pocasset, MA 02559 (Tel: 800-538-3672) for in­
formation. 

Change of address: Allow six weeks for all changes to become effective. 
All communications should include botii old and new addresses (with 
postal codes) and should be accompanied by a mailing label from a recent 
issue. Society members should contact dieir respective society business 
offices to inform them of address changes. 

Microform editions are available from: University Microfilms Interna­
tional, 300 North Zeeb Road, Ann Arbor, MI 48106, USA. 
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Dale E. Johnson 
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1997 AWARDS 

MICROSCOPY SOCIETY OF AMERICA 

1997 DISTINGUISHED SCIENTIST AWARDS 

PETER SWANN 
Physical Sciences 

After obtaining a PhD from Cambridge University in 1960 
Peter Swann worked at US Steel, University of Gottingen 
and University of London. He published over 60 scientific 
papers and was awarded eight medals and prizes including 
the prestigious Beilby Gold medal of the Royal Chemical 
Society and the Robert Lansing Hardy Gold Medal of the 
American Institute of Metallurgical Engineers. In Got­
tingen, after almost killing himself using a well known 
rocket fuel to electropolish TEM specimens he started to 
develop other specimen preparation methods. In 1978 he 
resigned his Chair at Imperial College to become CEO of 
Gatan. Under his direction Gatan became a worldwide 
leader in the design and manufacture of instruments in 
the field of electron microscopy and analysis. Gatan's most 
successful products include the DuoMill, PIPS and Dimple 
Grinder, a range of cameras and DigitalMicrograph soft­
ware that revolutionized the way microscopists record 
TEM images, cryotransfer systems, the GIF (Gatan Imaging 
Filter), and many specialized TEM specimen holders. He 
has a keen interest in music and has conducted the Califor­
nia Symphony Orchestra. He is now studying Law in the 
Caribbean Island of Antigua. 

S.J. SINGER 
Biological Sciences 

S.J. Singer is the father of immunoelectron microscopy, 
the use of antibodies tagged with electron-dense markers 
as reagents for detecting and localizing specific proteins 
and other antigens in biological specimens at the electron 
microscope level of resolution. In 1959, he described for 
this purpose the preparation of a conjugate of the iron-
storage protein, ferritin, with antibodies. In more recent 
years, colloidal gold has replaced ferritin as the electron-
dense marker of choice. In 1973, Dr. Singer and his 
colleague Dr. Kiyoteru Tokuyasu developed a general 
method for the routine preparation of ultrathin frozen 
sections of lighdy-fixed biological specimens, as substrates 
with which to carry out immunoelectron microscopic la­
beling of intracellular antigens. These procedures have 
since become widely used, and have greatly enhanced the 
scope of electron microscopy in biological research. Dr. 
Singer, after 10 years on the faculty of the Chemistry De­
partment at Yale University, became in 1961 a founding 
member of the Biology Department at the University of 
California at San Diego, where he is now University Profes­
sor and Professor of Biology, Emeritus. 

ix 
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BURTON MEDAL 

P. M. AJAYAN 

Professor P.M. Ajayan received his Ph.D. in materials sci­
ence and engineering from Northwestern University in 
1989 under the guidance of Professor L.D. Marks. He spent 
three years of Post-doctoral research at the fundamental 
research laboratory of NEC Corporation in Japan. He was 
part of the group headed by Dr. Sumio Iijima who discov­
ered carbon nanotubes. Later he spent two years at the 
French CNRS Laboratoire de Physique des Solides in Orsay 
as a research scientist and a year and a half at the Max-
Planck-Institute fur Metallforschung in Stuttgart as an 
Alexander von Humboldt Research Fellow. He is presently 
assistant professor at the department of materials science 
and engineering at Rensselaer Polytechnic Institute in 
Troy, New York. His research interests consist of structure-
property relations in low dimensional system. This includes 
metal clusters, carbon nanotubes and inorganic nanowires. 
Recently his work is focused on understanding structure 
and electronic properties of carbon nanotubes using high 
resolution transmission and scanning electron microscopy, 
electron energy loss spectroscopy and scanning tunneling 
microscopy and spectroscopy. 
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THE MORTON D MASER 

MSA DISTINGUISHED SERVICE AWARD 

WILLIAM T. GUNNING, III 

William T. Gunning III received B.S. and M.S. degrees 
from Bowling Green State University, and a Ph.D. from the 
Medical College of Ohio, where he is Associate Professor of 
Pathology and Director of the Electron Microscopy Facil­
ity. He is a past President of the Northwest Ohio Micros­
copy Society and serves as a trustee for the Microscopy 
Society of Northeast Ohio. He was Chairman of the 1987 
Great Lakes Electron Microscopy Affiliates Meeting, and 
is a founding member of that organization. Dr. Gunning 
has been an (E)MSA member since 1973, serving the Soci­
ety beginning in 1983 as a member of the Certification 
Board and the Local Arrangement Committee for the 1984 
Annual meeting in Detroit, Advertising Editor of the Bulle­
tin and The Journal of the Microscopy Society of America 
from 1985 through 1996, Managing Editor of EXPO, and 
as a member of the Society Publications Committee. He 
recently was reappointed to serve as Editor of EXPO. He 
also served the International Congress for Electron Micros­
copy as an Associate and is a member of the MSA Telecom­
munications Committee. His research interests include 
clinical investigations of bleeding disorders, basic research 
studies of hyperbaric oxygen therapy effects on the central 
nervous system, and experimental carcinogenesis and 
chemoprevention studies involving xenobiotic chemicals 
and dietary supplements in murine models. Dr. Gunning 
is the Local Arrangements Committee Chairman for this 
year's Microscopy and Microanalysis '97 meeting in Cleve­
land. 

XI 
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MSA OUTSTANDING TECHNOLOGIST AWARD 

JOHN P. BENEDICT 

John joined IBM in 1984 as a Senior Laboratory Technician 
in the Surface and Material Analysis group, doing TEM 
sample preparation. In die last thirteen years he has re­
ceived a number of internal awards for his support of 
IBM's logic and memory programs using TEM. For the 
past eleven years he has worked as a part of the East Fishkill 
group in refining methods for preparing samples for both 
TEM and SEM analysis. In 1989 he received the Outstand­
ing Technical Achievement Award in recognition for his 
contributions in sample preparation. He is now a Senior 
Associate Engineer in the Surface and Material Analysis 
group and is completing his B.Sc. in Electrical Engineering. 
Presently, he is working on refining sample preparation 
for the next generation of semiconductors. Prior to joining 
IBM, he did TEM analysis for the Department of Pathology 
at the University of Cincinnati and has a B.Sc. in Biology. 

I " : : ; ; - : : V ; ; . 

STANLEY J. KLEPEIS 

Stanley Klepeis is a graduate of Lincoln Tech, Allentown, 
Pennsylvania and has been a technician at IBM for 29 
years. His initial career at IBM involved experiments to 
predict the reliability of IBM technology. In 1969, Stan 
was drafted into the army and served in Vietnam as a 
combat infantryman with the 101st. Airborne Division 2/ 
502. He welcomed a career change in 1980 to do SEM/EDX 
analysis and Microprobe EDX/WDX analysis of specimens 
from his former IBM group. In 1986 he began to improve 
sample preparation for TEM. IBM has presented him with 
numerous awards for individual and team contributions 
as well as major suggestion awards. In 1989 he received 
the MSA best poster award in physical sciences for the 
Tripod Polisher and an IBM outstanding technical achieve­
ment award for contributions to TEM sample preparation. 
Stan has authored and co-authored several papers on the 
Tripod Polisher and sample preparation. 

Xll 
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1997 MSA PRESIDENTIAL SCHOLARS 

Daniel M. Freeh 

University of Washington 

Mani Gopal 
University of California-Berkeley 

Steven Harfenist 
Georgia Institute of Technology 

Michael T. Kennedy 
University of California-Santa Barbara 

Eric Landree 
Northwestern University 

Hoojeong Lee 
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FOREWORD 

C. BARRY CARTER 

President, Microscopy Society of America 

JOE MICHAEL 
President, Microbeam Analysis Society 

THERESA PRETLOW 
President, Histochemical Society 

This year the Proceedings of our meeting, Microscopy and Microanalysis, is published as a supplement to our 
relaunched journal Microscopy and Microanalysis. So our Proceedings is now part of a journal not a book. The 
Proceedings is included in every library subscription to the Journal so you should be able to find it on the same shelf. 
We have continued the approach of having a single Proceedings, a single Program Committee and a single LAC. With 
this philosophy in mind, MSA and MAS have collaborated this year to bring you events which all attendees (including 
our exhibitors) can enjoy. The events have been called the Presidential Happenings because we knew they would happen 
but weren't quite sure what they would be! HCS offers you a more traditional Presidential Symposium. 

We would like to thank the Program Committee for all their work in making this meeting such a success. Special 
thanks goes to Ruth Dimlich, the Chair of the Committee. Ruth has been assisted by vice-Chair Kathi Alexander (MSA) 
and co-Chairs Jon McCarthy (MAS) and Theresa Pretlow (HCS). This team not only designed the program of scientific 
talks but also coordinated the topics with Jim Turner and John Mansfield (tutorials), Jay Jerome (short courses), the 
Integrated Microscopy Resource at Wisconsin and the Center for Light Microscopy Imaging and Biotechnology at 
Carnegie-Mellon University, Nestor Zaluzec and John Mansfield (the computer workshop), Beverly Maleeff (Tech. 
Forum) and our many exhibitors. 

We also thank the Local Arrangements Committee headed by Bill Gunning. The successful coordination of planned 
scientific sessions, social events, committee meetings and informal exchanges with colleagues from around the world is 
accomplished by the dedicated work of the LAC. 

Finally, we would like to thank Jacquelyn Goss, Bill Curtis, Herb Niemirow and all the staff at Springer-Verlag 
for working so hard to produce the Program Supplement to the journal on time. 

We congratulate the winners of all our MSA awards: S.J. Singer, the MSA Distinguished Scientist Award in the 
Biological Sciences, Peter Swann, the MSA Distinguished Scientist Award in the Physical Sciences, P.J. Ajayan, the MSA 
Burton Award, Bill Gunning, the MSA Morton D Maser Distinguished Service Award, and Stanley Klepeis and John 
Benedict, who share the MSA Outstanding Technologist Award. Congratulations also to David Williams, the MAS 
Presidential Sciences Award winner, John Small, the MAS Presidential Service Award winner and Raynald Gauvin, the 
Heinrich Award Winner. We also congratulate our winners of the eight MSA Presidential Student Awards and the seven 
MAS Distinguished Scholar Awards. 

Cleveland is a center for microscopy in Ohio, but is also offers other attractions such as the Rock and Roll Hall 
of Fame, its new Science Museum and the Flats. After the successful meeting in Cincinnati, we are happy to be back 
in the Buckeye State. We thank all those involved for organizing the Microscopy and Microanalysis event of 1997 and 
are already looking forward to our 1998 meeting in Adanta, Georgia. 
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