MCGRAW-HILL ‘ BIOPHOTONICS

Nanobiophotonics

Gabriel Popescu




Nanobiophotonics

Edited by
Gabriel Popescu

New York Chicago San Francisco
Lisbon London Madrid Mexico City
Milan New Delhi San Juan

Seoul Singapore Sydney Toronto



The McGraw-Hill Companies

Library of Congress Cataloging-in-Publication Data

Nanobiophotonics / [edited by] Gabriel Popescu.
p.;  cm.

Includes bibliographical references and index.

Summary: “How can we realize super resolution medical imaging using
nanotechnology and optical technology. This introductory tutorial provides readers
sufficient knowledge to understand this new branch of multidisciplinary study,
nanobiophotonics, and further allow them to review most resent research results in the
biomedical application”—Provided by publisher.

ISBN 978-0-07-173701-2 (alk. paper)

1. Imaging systems in medicine. 2. Nanophotonics. 3. Photobiology.

4. Ultrastructure (Biology) 1. Popescu, Gabriel, date.
[DNLM: 1. Nanotechnology—methods. 2. Biosensing Techniques—methods.

3. Diagnostic Imaging—methods. 4. Optical Phenomena. QT 36.5 N1823 2010]
R857.N34N328 2010
616.07'54—dc22 2010020595

McGraw-Hill books are available at special quantity discounts to use as premiums and
sales promotions, or for use in corporate training programs. To contact a representative
please e-mail us at bulksales@mcgraw-hill.com.

Nanobiophotonics

Copyright © 2010 by The McGraw-Hill Companies, Inc. All rights reserved. Printed in the
United States of America. Except as permitted under the United States Copyright Act of
1976, no part of this publication may be reproduced or distributed in any form or by any
means, or stored in a data base or retrieval system, without the prior written permission
of the publisher.

1234567890 DOC/DOC 19876543210

ISBN 978-0-07-173701-2
MHID 0-07-173701-4

The pages within this book were printed on acid-free paper.

Sponsoring Editor Copy Editors Composition
Michael Penn Patti Scott and Glyph International

Acquisitions Coordinator Carol A. Loomis Art Director, Cover

Michael Mulcahy Proofreader Jeff Weeks

Editorial Supervisor Linda Leggio

David E. Fogarty Indexer

Project Manager Robert Swanson

Shruti Vasishta Production Supervisor
Glyph International Pamela A. Pelton

Information contained in this work has been obtained by The McGraw-Hill Companies, Inc.
(“McGraw-Hill”) from sources believed to be reliable. However, neither McGraw-Hill nor its authors
guarantee the accuracy or completeness of any information published herein, and neither McGraw-
Hill nor its authors shall be responsible for any errors, omissions, or damages arising out of use of this
information. This work is published with the understanding that McGraw-Hill and its authors are
supplying information but are not attempting to render engineering or other professional services. If
such services are required, the assistance of an appropriate professional should be sought.



Contributors

Catherine A. Best, Ph.D. Department of Medical Cell and Structural
Biology, College of Medicine, University of Illinois at Urbana—Champaign,
Urbana, IL (cHAP. 15)

Joerg Bewersdorf, Ph.D. Department of Cell Biology, Yale University
School of Medicine, New Haven, CT (CHAP. 16)

Rohit Bhargava, Ph.D. Department of Bioengineering, Micro and
Nanotechnology Laboratory and Beckman Institute for Advanced Science
and Technology, University of Illinois at Urbana—Champaign, Urbana, IL
(cHaP. 10)

Stephen A. Boppart, M.D., Ph.D. Departments of Electrical and Computer
Engineering, Bioengineering, and Medicine, Biophotonics Imaging
Laboratory, Beckman Institute for Advanced Science and Technology,
University of lllinois at Urbana—Champaign, Urbana, IL (CHAPSs. 8 AND 11)

Nicholas X.Fang,Ph.D.  Department of Mechanical Science and Engineering,
University of Illinois at Urbana—Champaign, Urbana, IL (CHAP. 9)

Kin Hung Fung, Ph.D.  Department of Mechanical Science and Engineering,
University of Illinois at Urbana—Champaign, Urbana, IL (CHAP. 9)

Travis J. Gould, Ph.D. Department of Cell Biology, Yale University School
of Medicine, New Haven, CT (cHAP. 16)

Renu John, Ph.D.  Biophotonics Imaging Laboratory, Beckman Institute for
Advanced Science and Technology, University of Illinois at Urbana—
Champaign, Urbana, IL (cHAP. 11)

Manuel F. Juette, Dipl.-Phys. Department of Cell Biology, Yale University
School of Medicine, New Haven, CT

Department of Biophysical Chemistry, University of Heidelberg, Heidelbery,
GER

Department of New Materials and Biosystems, Max Planck Institute for
Metals Research, Stuttgart, GER (CHAP. 16)

Logan Liu, Ph.D. Department of Electrical and Computer Engineering,
University of Illinois at Urbana—Champaign, Urbana, IL (CHAPS. 3 AND 14)

xiil



Xiv

Contributors

Marina Marjanovic, Ph.D. Strategic Initiative on Imaging, Beckman
Institute for Advanced Science and Technology, University of Illinois at
Urbana—Champaign, Urbana, IL (CHAPS. 1 AND 4)

Monal R. Mehta, M.S. Laboratory for Photonics Research of Bio/Nano
Environments (PROBE), Department of Mechanical Science and
Engineering, University of Illinois at Urbana—Champaign, Urbana, IL
(cHAP. 12)

Gabriel Popescu, Ph.D. Quantitative Light Imaging Laboratory,
Department of Electrical and Computer Engineering, Beckman Institute for
Advanced Science and Technology, University of Illinois at Urbana—
Champaign, Urbana, IL (CHAPS. 2 AND 5)

Raghu Ambekar Ramachandra Rao, M.S. Laboratory for Photonics
Research of Bio/Nano Environments (PROBE), Department of Electrical
and Computer Engineering, University of Illinois at Urbana—Champaign,
Urbana, IL (CHAPS. 6 AND 12)

S. Sayegh, M.D., Ph.D. The Eye Center, Urbana, IL (CHAP. 7)

Utkarsh Sharma, Ph.D. Biophotonics Imaging Laboratory, Beckman
Institute for Advanced Science and Technology, University of Illinois at
Urbana—Champaign, Urbana, IL (CHAP. 8)

Maxim Sukharev, Ph.D. Department of Applied Sciences and Mathematics,
Arizona State University at the Polytechnic Campus, Mesa, AZ (CHAP. 13)

Krishnarao Tangella, M.D. Department of Pathology, College of Medicine,
University of Illinois at Urbana—Champaign and Christie Clinic, Urbana, IL
(cHAPs. 1 AND 4)

Kimani C. Toussaint, Jr., Ph.D. Laboratory for Photonics Research of Bio/
Nano Environments (PROBE), Department of Mechanical Science and
Engineering, Affiliate, Departments of Electrical and Computer Engineering,
and Bioengineering, Affiliate, Beckman Institute for Advanced Science and
Technology University of llinois at Urbana—~Champaign, Urbana, IL (CHAPS. 6
AND 12)

Michael J. Walsh, Ph.D. Department of Bioengineering, Micro and
Nanotechnology Laboratory and Beckman Institute for Advanced Science
and Technology, University of Illinois at Urbana—Champaign, Urbana, IL
(cHaP. 10)



Preface

the field at the boundary between nanotechnology, photonics,

and biomedicine. Although this interdisciplinary topic is of
current, specialized research interest, the authors contributed prepara-
tory material, which makes the book accessible to both students and
scholars outside the field. To this end, the book consists of 16 chapters,
grouped in three different parts, which reflect the progression from
introductory to specialized topics. The Introduction covers the basics of
cancer cell biology, electromagnetic fields and nano-optics. In the
Review of Methods, the reader is exposed to a number of techniques of
broad interest: tissue pathology, light scattering, second-harmonic gen-
eration, vision restoration, low-coherence interferometry, plasmonics,
and metamaterials. Finally, Part III Current Research Areas cover a
range of active research directions: infrared spectroscopic imaging,
coherence imaging, second-harmonic imaging, plasmonics and plasmon
resonance energy transfer, nanoscale red blood cell fluctuations, super-
resolution microscopy, and spatial light interference microscopy.

The authors organized the 2009 Nanobiophotonics Summer
School at University of Illinois at Urbana—Champaign, during the
period of June 1 - June 12, 2009. The school was sponsored by the
Network for Computational Nanotechnology (NCN), which is funded
by the National Science Foundation.

Nanobiophotonics would not have been possible without the
support from NCN and nanoHub, National Science Foundation,
Beckman Institute for Advanced Science and Technology, Materials
Computing Center, and Department of Electrical and Computer
Engineering. Crucial in organizing the summer school were Umberto
Ravaioli, Nahil Sobh, and Julie McCartney.

Nanobiophotonics is designed to serve as a desktop reference for

XV
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