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Stephen W. Carmichael,1 Mayo Clinic

It has been dogma for more than a hundred years that the light micro-

scope cannot resolve structures that are much closer together than the

length of the wavelength of light. This limit is on the order of a few hundred

nanometers. This rule was "broken" by using the electron beam as the illumi-

nation source. The shorter wavelength of the electron beam gave corre-

spondingly better resolution, down in the nanometer range. The rule was

"broken" again when non-optical scanning probe microscopes (such as the

scanning tunneling and atomic force microscopes) were developed. This

technology gave us resolution in the sub-nanometer range, imaging individ-

ual atoms and molecules. However, scanning probe microscopes scan the

surface of the specimen, excluding what's underneath from our view. Would-

n't it be great if another rule could be "broken" so that we could look at indi-

vidual molecules beneath the surface? As you have already guessed, this

has been accomplished. Antoine van Oijen, Jtirgen Kohler, Jan Schmidt,

Michiel Muller, and Fred Brakenhoff have achieved super-resolution using

visible lights

They used a technique called Spectrally Selective Imaging to deter-

mine the position of single molecules within a crystal matrix. This technique

takes advantage of the fact that a fluorescent molecule will behave slightly

differently to a selected wavelength of light, depending on its immediate

surroundings, van Oijen et al, used individual pentacene (an aromatic hydro-

carbon) molecules embedded in p-terphenyi host crystal. For seven of these

molecules, they found that the relative excitation frequency varied over a

range of two to three thousand megahertz. Selecting one of these molecules

they tune the excitation laser burn to achieve maximum emission from this

molecule. Under cold (liquid helium) conditions, the centroid of the fluoresc-

ing molecule can be calculated to within 40 nm in the xy plane. The axial (z)

position is obtained by measuring the radial size of the photon distribution as a

function of the detector position along the optical axis This yielded a resolution

of approximately 100 nm. This improvement in resolution represents an en-

hancement of about 20- and 65-fold in the xy and axial planes, respectively.

This was repeated for the other molecules, each at its respective optimal excita-

tion wavelength, resulting in a 3 dimensional map of the position of each penta-

cene molecule within the volume studied.

Interestingly, van Oijen ef al. observed that the distribution of the penta-

cene molecules within the crystal was non-random. In three different experi-

ments, the molecules were in a much more narrow axial portion of the crystal

than would have been predicted by random distribution (within a plane of 1.3 pm

rather than the expected 7 |jm). They theorized that this resulted from local

structural properties of the crystal matrix. On this length scale, this would be

undetectable by other optical techniques

This is another demonstration of the old rules being "broken." By combin-

ing single-molecule spectroscopy with position-sensitive imaging, van Oijen et

al. enhanced the limit of resolution using light by an order of magnitude. It was

demonstrated that the method of Spectrally Selective Imaging may be used for

molecules that undergo photobleaching or spectral diffusion, even if this occurs

within a few seconds. It certainly seems possible to now determine the position

of fluorescent molecules within structures other than a crystal, possibly within a

cell, or within the nucleus. It will be exciting to see how this breakthrough will be

utilized to map the position of molecules with greater precision than has ever

been possible!
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Front Page Image
Third Prize - Just For Fun Micrograph Contest

At the recent Microscopy & Microanalysis '98 Conference in Atlanta, Microscopy Today held a "For Fun" contest - with micrograph entries being a composite
of two or more images, at least one being microscopical in nature. With fourteen entries and hundreds of "votes", Kurt Schenk, from Material Evaluation and
Engineering, Inc. won the third prize. His description of this third prize image is, "This image is a reflection of one possible result from too much microscopy. The
"Golf Ball" is actually an ambrosia (ragweed) pollen grain imaged using a scanning electron microscope".
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An open letter to microscopists:
(J K L 1 T ~ S L A R G E S T

FROM THt O f H f f O f JHE PSISIOEUT

I am pleased to announce that ThermoSpectra has completed the purchase of scanning probe micro-

scope pioneer TopoMetrix Corporation and merged it with Park Scientific Instruments. The combined

firm, THERMOMICROSCOPES, is part of Thermo Instruments, the world's largest instrument company,

THERMOMICROSCOPES joins over 150 companies in the Thermo Electron family providing worldwide

technical and product support you can always count on,

I N N O V A T I O N .

THERMOMICROSCOPES is a company representing much more than the sum of its parts. The extent of its SPM

intellectual property and patent portfolio is second only to that of IBM. The combination of Park Scientific

Instruments' extensive range of advanced research products with TopoMetrix1 industrial products - such as

those in wide use in the optical data storage, polymer research, materials analysis and electronics testing -

is the most complete in the SPM industry. With many hundreds of satisfied customers in Fortune 500 com-

panies, academia and government agencies throughout the world, THERMOMICROSCOPES instruments are

well recognized as innovative, leading-edge products.

H U N b ' S T T T A N D I N T E G R I T Y

To you, a professional involved in the exciting world of microscopy, this is a major step. You will be dealing

with an honest, world-renowned instrument company. It combines large company resources with the

enthusiasm, culture and entrepreneurial atmosphere of a small company. It offers the best of research and

industrial experience, as well as an open and honest approach in all customer dealings. But it is the estab-

lished product advantages that set THERMOMICROSCOPES even further apart from the competition: features

like open architecture in both software and hardware; the industry's finest optics; upward and downward

compatibility wherever possible; and software with the highest functionality. These are advantages you

will get only from THERMOMICROSCOPES, a company with the honesty, integrity and worldwide resources

necessary to stand behind its products and support you as your future requirements evolve.

A N t U l I 1 N b F U T U R E

You will be hearing and reading a great deal about THERMOMICROSCOPES in the days to come. In the

meantime, I invite you to visit our web page at www.thermomicro.com for up-to-date developments and

product information. Or feel free to call, write or e-mail me, if you have any questions about

THERMOMICROSCOPES and how we can directly assist you in your work.

Sincerely,

JyQ.
Gary Aden, President

THERMOMICROSCOPES

1171B0RREGA5 AVENUE, SUNNYVALE, CA 94089 USA TELEPHONE 408.747.1600 F/tX 408.747.1601 WEB WWW.THERMOMICROSCOPES.CON1
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