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The atomic force microscope (AFM) has been shown to be
very versatile. Fu-Ren Fan and Allen Bard have extended this
versatility by imaging biologic molecules based on electro-
chemical reactions, referred to as scanning electrochemical mi-
croscopy (SECM). Imaging in this mode required the specimen
to be covered with a thin film of water. An electrical potential of
about 3 volts was maintained between the tungsten tip and an
electrode near the specimen, so that electrochemical reactions
that occurred within the aqueous medium resulted in a detect-
able current (a few picoamps).

As you can appreciate, the film of water was critical. Fan
and Bard accomplished this by having the specimens on a mica
chip in a environment with high relative humidity. The mica was
coated with gold on one side to create the reference/counter
electrode. When the SECM was operated on a dry mica chip,
very small currents were measured. Then the relative humidity
was increased to 93% within the specimen chamber, the cur-
rent increased at least 5 orders of magnitude, and the current
increased about 2 more orders of magnitude when a physiol-
ogic buffer was added. The current at the tip was attributed to
oxidation or reduction of species within the liquid layer. Most of
the images of the biologic molecules were made with the rela-
tive humidity between 65% and 85%. Higher humidity caused
the feedback system to be too unstable for good imaging.

The liquid layer was measured to be about half a nanome-
ter. This had important consequences on the resolution since
the current anywhere within the radius of curvature from the tip
contributed to the image. The thin layer limited this radius, giv-
ing a resolution on the order of 1 nanometer.

For imaging biologic molecules, Fan and Bard maintained
a constant current, as is usual for the scanning tunneling micro-
scope (the "grand daddy" of all scanning probe microscopes).
A feedback mechanism was used to move the tip up and down
to maintain contact with the thin liquid layer. Thereby, the z-
position of the tip provided the surface topology information.

Fan and Bard chose to image 4 molecules whose struc-

tures are well characterized: DNA, mouse monoclonal IgG, glu-
cose oxidase, and keyhole limpet hemocyanin. As you would ex-
pect, the image of the DNA showed an irregular, supercoiled ge-
ometry. There was a tendency to lose the image of the DNA after
repeated scans over the same area, presumably because the
electroactive species near the tip were depleted. Interestingly,
the signal recovered if a few minutes were allow to pass between
images, or a different area was scanned, suggesting that the elec-
troactive species are transient. The proteins were prepared at
sufficiently dilute concentrations to minimize aggregation, yet con-
centrated enough to be easily located in the microscope. The IgG
molecule was seen to have a C shape, with two "arms" and a
"body," perhaps corresponding to the two Fab and one Fc frag-
ments. The shape was similar to that seen by other imaging
methods, but the dimensions were somewhat larger by SECM,
suggesting that realm of electrochemical activity exceeds the di-
mensions of the molecule. The oxidase molecule could be visual-
ized as a dimer, with the monomeric unit being a compact sphe-
roid. Again, the size measured by SECM was larger than the ac-
cepted size. The hemocyanin is a fairly large molecule that ap-
peared as a cylinder with a suggestion of 9 parallel sections. The
ability to image this molecule indicated that a specimen thickness
of up to 20 nm may not pose serious limitations to the SECM im-
aging technique, as long as the water film can provide an ion con-
ductive path to the tip.

The overall shape of the specimens were well produced by
SECM, and are in agreement with other more established tech-
niques. Fan and Bard pointed out that whereas more information
is needed about the physical and chemical processes within the
water film, the potential of this technique is very attractive. •

1. The author gratefully acknowledges Drs. Allen Bard and Fu-
Ren Fan for reviewing this article.

2. Fan, F-R and AJ , Bard, Imaging of biological macromole-
cules on mica in humid air by scanning electrochemical mi-
croscopy, Proceed. Nat. Acad. Sci. (USA) 96:14222-14227,
1999. See also Commentary by Helen Hansma in the same
issue, pages 14678-14680.
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Need The RIGHT TOOL For
Your Microanalysis Application?

The only true microanalysis tools providing
unmatched seamless micrographic imaging
and elemental analysis capabilities from a
single-source.

Are you still looking for the right combination of instruments to simplify
your microanalysis without the hassles of multiple interfaces and proprietary
support?

The solution is the MT (Microanalysis Tool)
I from ASPEX111 Instruments, Simplicity of

design gives this tool synergistic power
to perform micrographic imagine and
analysis like no traditional combination of
equipment can.

Both the AMT and MT
can be customized to
meet specific application
requirements.

The AMT (Automated Microanalysis Tool) fully
realizes the seamless capabilities of the MT,
increasing efficiency and allowing automated
processing for specific applications such as Gun
Shot Residue, Metal Inclusion, Wear Debris,
Contamination Analysis and many others.
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A C O M P L E T E P R O D U C T L I N E

Automated
Microanalysis Tool

The Complete
Microanalysis Package

'firsuRiti SEM

Microanalysis Scanning Electron Energy Dispersive
Tool Microscope X-Ray System

The Hands-on User-fiiendly System far A Powerful Elemental
Miaoanalysis Package General Purpose Microscopy Analysis Tool

The Wand AMT are the industry's only
true microanalysis tools, allowing users to
focus on performing microanalysis rather than
dealing with system functionality and
integration issues.

ASPEX INSTRUMENTS
515 Pleasant Valley Road, Trafford, PA 15085 USA
Phone 724.744.0100
Fax 724.744.0506

Visit our Website: ASPEXLLC.com
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Analytical Laboratory Managers Association (ALMA)
ALMA is an association of analytical lab managers from

industry, academic and government labs which focuses on
management issues. Its principal activity is an annual meeting,
normally in October, which focuses on a specific management
issue. ALMA also supports education and training related to
lab management and sponsors the publication of Managing
The Modern Laboratory. This journal publishes reviewed arti-
cles related to lab management, ALMA's uniqueness lies in it
being the only association dedicated to analytical lab manage-
ment. For further information, visit their web site at:
www.labmanagers.com

NRL Symposium: "TEM At The Frontier"
In celebration of the acquisition of a new JEOL 3010

transmission microscope with environmental cell capabilities,
the Naval Research Laboratory Stennis Space Center will be
conducting a day long symposium on November 2, 2000. Out-
standing microscopists from around the country will join local
experts to discuss marine environmental and materials sci-
ence applications of TEM. On Friday morning, November 3,
participants are invited to visit informally with NRL researchers
in the new microscopy facility.

In addition to the opportunities for exploring and sharing
insights during the period of formal presentations, transporta-
tion will be provided Thursday evening to the French Quarter
in New Orleans. Here participants may enjoy interacting with
each other in a setting famous for its music, its food, and its
stimulating atmosphere.

For registration information contact Matthew Hulbert,
email: matthew_hulbert@hotmail.com

Microscopy Listserver Archives Are Now On-Line
One may now search the entire ~7 year history of the Mi-

croscopy Listserver for material of interest. Search options al-
low one to search on subject, author, and message text -
separately or together. Web address:
www.msa.microscopy.com/MicroscopyListserver

New Scanning Probe Microscopy Web Site
A new web site is now available with useful information on

scanning probe microscopy (SPM). There are, for example:
Weekly update of SPM research articles
Suggestions from some SPM literature
Links to many SPM research groups
Links to almost all SPM companies
There are also some interesting mpeg-movies with TEM-

SPM measurements of two tunneling tips jumping into each
other. The web site address is: www.nanofactory.com

Emitech Customers In USA
New contact information:

Emitech Products
(888)580-8366

Tel.: (281)580-0568 Fax: (281)580-0593
eMail: emitech@earthlink.net
Website: www.emitech.co.uk

Third Edition of The Imaqe Processinq Handbook is
now available.

By Dr. John C. Russ, North Carolina State University, the
new and revised Image Processing Handbook covers methods
for two different purposes:

Improving the visual appearance of images to a human
viewer.

Preparing images for measurement of the features and
structures present.

The handbook presents an extensive collection of image
processing tools, enabling the user of computer-based system
to understand those methods provided in packaged software
and to program additions needed for particular applications.
Comparisons are presented of different algorithms that may be
used for similar purposes, including a selection of representa-
tive pictures from light and electron microscopes as well as
macroscopic, satellite, and astronomical images.

Image Processinq Handbook examines the rapid, powerful
developments in graphic information, covering the array of con-
cepts and techniques in high-end imaging software. With bal-
anced, complete descriptions, the text outlines frequency
space methods with extensive mathematical presentation and
spatial domain processing—requiring only a modest technical
background in mathematics or computers.

The thrust of the book remains teaching by example: By
seeing what various operations do to representative images,
the reader will discover how and why to use them. The book
encourages the reader to use its information with a real source
of images and a computer-based system as well as to freely
experiment with different methods to determine the most ap-
propriate for his or her particular needs.

This new version of the established standard acts as a sin-
gular resource for professionals in medical, biological, and ma-
terials sciences as well as a range of engineering venues, in-
cluding electrical and computer engineering, optical engineer-
ing, telecommunications, and artificial intelligence.

The handbook {Catalog No. 2532, ISBN: 0-8493-2532-3)
is available from CRC Press in the U.S. at a price of $129.95
plus $5.95 S&H. CRC Press: Tel.: (800)272-7737, Fax: (800)
374-3401

FRONT COVER IMAGE
Second And Third Place Tie

Just For Fun Micrograph Contest
"Orange County Exploration"

Array 1600 SEM micrograph of orange peel. Captured with
Semicap's image system. Airplane inserted using PaintShop
Pro.

Image compliments of Mike Wassmuth,
Agilent Technologies
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