
Microscopy and

Microanalysis
Microscopy and 

Microanalysis

ISSN 1431-9276

Volume 19, Number 1 DFebruary 2013February 2013Volume 19, Number 1

M
icro

sco
p

y an
d

 M
icro

an
alysis

Volum
e 19, N

um
ber 1

February 2013
Pages 1-260

https://doi.org/10.1017/S1431927613000068 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927613000068


https://doi.org/10.1017/S1431927613000068 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927613000068


MicroscopyAND

Microanalysis
An Internat.ıonal Journal for the B.ıolog .ıcal and Phys.ıcal Sc.ıences

T H E O F F I C I A L J O U R N A L O F MICROSCOPY SOCIETY OF AMERICA
MICROANALYSIS SOCIETY
MICROSCOPICAL SOCIETY OF CANADA /

SOCIÉTÉ DE MICROSCOPIE DU CANADA
MEXICAN MICROSCOPY SOCIETY
BRAZILIAN SOCIETY FOR MICROSCOPY AND MICROANALYSIS
VENEZUELAN SOCIETY OF ELECTRON MICROSCOPY
EUROPEAN MICROBEAM ANALYSIS SOCIETY
AUSTRALIAN MICROSCOPY AND MICROANALYSIS SOCIETY
PORTUGUESE SOCIETY FOR MICROSCOPY

P U B L I S H E D I N A F F I L I A T I O N W I T H ROYAL MICROSCOPICAL SOCIETY
GERMAN SOCIETY FOR ELECTRON MICROSCOPY
BELGIAN SOCIETY FOR MICROSCOPY
MICROSCOPY SOCIETY OF SOUTHERN AFRICA

Editor in Chief
Editor, Biological Applications
Robert L. Price
Cell and Developmental Biology and
Anatomy
University of South Carolina
Columbia, SC 29209
e-mail: Bob.Price@uscmed.sc.edu

Editor, Materials Applications
David J. Smith
Department of Physics
School of Materials
Arizona State University
Tempe, Arizona 85287-1504
e-mail: david.smith@asu.edu

Editor, Scanning Probe
Microscopies
David Bell
School of Engineering & Applied
Sciences
Center for Nanoscale Systems
Harvard University
Cambridge, MA 02138
e-mail: dcb@seas.harvard.edu

Editor, Atom Probe
Thomas Kelly
Cameca Instruments, Inc.
A Business Unit of AMETEK, Inc.
Madison, WI 53711-4951
e-mail: Thomas.Kelly@ametek.com

Editor, Biological Applications
Heide Schatten
Veterinary Pathobiology
University of Missouri-Columbia
Columbia, Missouri 65211-5030
e-mail: schattenh@missouri.edu

Editor, Microanalysis
John Mansfield
Electron Microbeam Analysis Lab
North Campus, 417 SRB
University of Michigan
Ann Arbor, MI 48109-2143
e-mail: jfmjfm@umich.edu

Editor, Correlative and Emerging
Microscopy Applications
Vinayak P. Dravid
Materials Science and Engineering
Northwestern University
Evanston, Illinois 60208-3105
e-mail: v-dravid@northwestern.edu

Editor, Plant Biology Applications
Rosemary White
CSIRO Plant Industry
Canberra, ACT 2601, Australia
e-mail: rosemary.white@csiro.au

Special Issues and Reviews Editor
Jay Jerome
Vanderbilt University Medical Center
Nashville, TN 37232
e-mail: jay.jerome@vanderbilt.edu

Book Review Editor
Cynthia S. Goldsmith
Centers for Disease Control
Atlanta, GA 30333
e-mail: csg1@cdc.gov

M&M Program Guide Editor
Richard E. Edelmann
Miami University
Oxford, OH 45056
e-mail: edelmare@muohio.edu

Proceedings Editor
John Shields
University of Georgia
Athens, GA 30602
e-mail: jpshield@uga.edu

https://doi.org/10.1017/S1431927613000068 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927613000068


Editorial Board
Ralph Albrecht
Barry Carter
Wah Chiu
Niels de Jonge
Alberto Diaspro
Elizabeth Dickey
Alwyn Eades
Mark Ellisman
Pratibha Gai
Marija Gajdardziska-Josifovska
Dale Johnson
Paul Kotula
William Landis
Eric Lifshin
Charles Lyman
Dale Newbury
Jean-Paul Revel
Conly Rieder
John Silcox
Nestor Zaluzec

University of Wisconsin, Madison, Wisconsin
University of Connecticut, Storrs, Connecticut
Baylor College of Medicine, Houston, Texas
INM Institute for New Materials, Saarbrücken, Germany
University of Genoa, Italy
Pennsylvania State University, University Park, Pennsylvania
Lehigh University, Bethlehem, Pennsylvania
University of California at San Diego, San Diego, California
University of York, United Kingdom
University of Wisconsin-Milwaukee, Milwaukee, Wisconsin
University of South Florida, Tampa, Florida
Sandia National Labs, Albuquerque, New Mexico
University of Akron, Akron, Ohio
SUNY at Albany, Albany, New York
Lehigh University, Bethlehem, Pennsylvania
National Institute of Standards and Technology, Gaithersburg, Maryland
California Institute of Technology, Pasadena, California
Wadsworth Center, Albany, New York
Cornell University, Ithaca, New York
Argonne National Laboratory, Argonne, Illinois

Editorial Board Representatives from Affiliated Societies
Ian Anderson
Gautam Kumar Dey
Gema Gonzalez
Michael Robertson
Brendan Griffin
Guillermo Solorzano
Clive Walker
Miguel Yacaman
Henrique Almeida

NIST, Gaithersburg, Maryland (MAS)
Bhabha Atomic Research Centre (EMSI)
Venezuelan Institute for Scientific Investigation (Venezuela)
Acadia University, Wolfville, Nova Scotia (Canada)
University of Western Australia (AMMS)
Pontificia Universidade Catolica, Rio de Janeiro (Brazil)
Institute for Transuranium Elements, Karlsruhe (EMAS)
Mexico Institute for Nuclear Research (Mexico)
Universidade do Porto (Portugal)

Founding Editor
Jean-Paul Revel California Institute of Technology, Pasadena, California

Previous Editors-in-Chief
Dale Johnson
Charles Lyman

University of South Florida, Tampa, Florida
Lehigh University, Bethlehem, Pennsylvania

This journal is part of the Cambridge Journals Online service. Access to online tables of contents
and article abstracts is available to all researchers at no cost. Access to full-text articles online is
provided to those with online subscription. Online subscriptions must be activated. Once your
subscription is activated, free access to past, present, and forthcoming articles is available at:

Microscopy and Microanalysis website: journals.cambridge.org/MAM.

Instructions for authors submitting manuscripts may be found at journals.cambridge.org/MAM.
Select “Further Information” then select “Instructions for Contributors.” An abbreviated version of
these instructions will be published in the first issue ~February! of each volume.

MicroscopyAND

Microanalysis
© MICROSCOPY SOCIETY OF AMERICA 2013

https://doi.org/10.1017/S1431927613000068 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927613000068


https://doi.org/10.1017/S1431927613000068 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927613000068
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These include articles describing new techniques or instrumentation
and their applications, as well as papers in which established methods
of microscopy or microanalysis are applied to important problems in
the fields of biology or materials science. Microscopy and microanaly-
sis are defined here in a broad sense, and include all current and
developing approaches to the imaging and analysis of microstructure.
The criteria for acceptance of manuscripts are the originality and
significance of the research, the quality of the microscopy or micro-
analysis involved, and the interest for our readership.

Four types of communications are published in the Journal.
Regular Articles are of substantial length and describe the findings of
an original research project that satisfies the aims and scope of the
Journal, described above. Review Articles summarize the current
status of an important area within the aims and scope of the Journal.
Letters to the Editor usually contain comments on recent articles that
have appeared in the Journal. Book Reviews are also published, but
these are solicited only through the Book Review Editor.

Instructions for Contributors
Instructions for authors contributing manuscripts may be found at
http://mc.manuscriptcentral.com/mam under “Resources: Instructions
and Forms.” Authors may also visit http://www.journals.cambridge.org/
jid_MAM, select “Further Information,” and then select “Instructions
for Contributors.” An abbreviated version of these instructions will be
published in the first issue ~February! of each volume.
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published lecture, review, or thesis!; that it is not under consideration
for publication elsewhere; that its publication has been approved by
all coauthors, 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 the consent of the copyright holders; and that written permis-
sion of the copyright holder is obtained by the 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
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published in this journal may be reproduced photographically or
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first obtaining written permission from the publisher.
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etc., in this publication, even if not specifically identified, does not im-
ply that these names lack protection by the relevant laws and regulation.

Authorization to photocopy items for internal or personal use, or
the internal or personal use of specific clients, is granted by Cambridge
University Press, provided that the appropriate fee is paid directly 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 distri-
bution, promotion, new works, or resale. In these cases, specific
written permission must first be obtained from the publisher.

Disclaimer
The Microscopy Society of America, the other societies stated, and
Cambridge University Press cannot be held responsible for errors or
for any consequences arising from the use of the information con-
tained in this journal. The appearance of scientific reports and/or
workshops, or any other material in Microscopy and Microanalysis does
not constitute an endorsement or approval by The Microscopy Society
of America of the findings, data, conclusions, recommendations, pro-
cedures, results, or any other aspect of the content of such articles. The
appearance of advertising in Microscopy and Microanalysis does not
constitute an endorsement or approval by The Microscopy Society of
America of the quality or value of the products advertised or any of

the claims, data, conclusions, recommendations, procedures, results,
or any other information included in the advertisements.

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 the publisher can accept any legal responsibility for
any errors or omissions that may be made.
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and more...

Electron Microscopy Sciences is pleased to
announce our new full line catalog, your
comprehensive source for high-end Vacuum
Equipment. EMS is committed to providing
the highest quality products along with
competitive pricing, prompt delivery and
outstanding customer service.

and more... 
Not just Vacuum Equipment, EMS also offers:
Laboratory Microwave Ovens • Automated Tissue Processors • Oscillating Tissue Slicers • Vibrating

Microtomes • Rapid Immersion Freezers • Tissue Choppers • Desiccators and Desiccants • Centrifuges,

Tubes, and Racks • Stirrers, Stirring Hotplates, and Digital Hotplates • Stirring Bars, Stirring Rods, and Hand

Mixers • Vortex Mixers, Microplate Mixers, and Magnetic Stirrers • Tissue Rotators, Mixer Vortexes, and

Rotator/Rockers • Dri Baths • Oven/Incubators • Cooling Chambers • Ultraviolet Lamps • Lab Jacks

For catalog requests, please visit our website at www.emsdiasum.com

well equipped...
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P.O. Box 550 • 1560 Industry Rd. • Hatfield, Pa 19440

Tel: (215) 412-8400 • Fax: (215) 412-8450
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