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Prize share: 1/3 William E. Moerner

Prize share: 1/3 ,
Prize share: 1/3

The Nobel Prize in Chemistry 2014 was awarded jointly to Eric
Betzig, Stefan W. Hell and William E. Moerner "for the development
of super-resolved fluorescence microscopy”.
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Breaking the diffractio: Opt. Lett. 19, 780 (1994)

by stimulated emission:
stimulated-emission-depletion fluorescence microscopy

Stefan W. Hell and Jan Wichmann

954 OPTICS LETTERS / Vol. 24, No. 14 / July 15, 1999

Subdiffraction resolution in far-field fluorescence microscopy
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Thomas A. Klar and Stefan W. Hell

High Resolution Optid %ﬁ5£3 E(J Hﬂ‘ I‘E—LI , STE DE i%iff% u im
Opt. Lett. 24, 954 (1999)

er part of the focal spot. Whereas a near-UV pulse generates a diffraction-limited distribution
olecules, a spatially offset pulse quenches the excited molecules from the outer part of the focus
wlated emission. This results in a subdiffraction-sized effective point-spread function. For a 1.4
1 a 388-nm excitation wavelength spatial resolution is increased from 150 = 8 nm to 106 * 8 nmn
> offset beam. Superior lateral resolution is demonstrated by separation of adjacent Pyridine 2
that are otherwise indiscernible. © 1999 Optical Society of America

s: 000.3110, 180.2520, 350.5730, 320.7150.
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Nature, 440, 935(2006)
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VOLUME 62, NUMBER 21 PHYSICAL REVIEW LETTERS 22 MAY 1989

Optical Detection and Spectroscopy of Single Molecules in a Solid

W. E. Moerner and L. Kador

IBM Research Division, Almaden Research Center, San Jose, California 95120
(Received 17 March 1989)

Using two different double-modulation techniques, we have observed the optical-absorption spectrum
of single dopant molecules of pentacene in a p-terphenyl host crystal at liquid-helium temperatures. To
achieve this, frequency-modulation spectroscopy was combined either with Stark or ultrasonic modula-
tion to remove interfering background signals from residual amplitude modulation, and the number of
molecules in resonance was reduced to one by operating in the wings of the inhomogeneous line. Triplet
bottleneck saturation appears to be suppressed in the single-molecule regime.

PACS numbers: 78.50.—w, 33.20.Kf, 33.70.Jg
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Science, 262, 1422 (1993)



February 1, 1995 / Vol. 20, No. 3 / OPTICS LETTERS 237

Proposed method for molecular optical imaging

E. Betzig

NSOM Enterprises, 17 Webster Drive, Berkeley Heights, New Jersey 07922

Received September 20, 1994

We can resolve multiple discrete features within a focal region of m spatial dimensions by first isolating each
on the basis of n = 1 unique optical characteristics and then measuring their relative spatial coordinates. The
minimum acceptable separation between features depends on the point-spread function in the (m + n)-dimensional
space formed by the spatial coordinates and the optical parameters, whereas the absolute spatial resolution is
determined by the accuracy to which the coordinates can be measured. Estimates of each suggest that near-field
fluorescence excitation microscopy/spectroscopy with molecular sensitivity and spatial resolution is possible.

The power of optical microcharacterization methods
provides a strong incentive to seek means whereby
they can be extended beyond the A/2 limit of
diffraction. One approach, near-field scanning op-
tical microscopy (NSOM),"! uses an illuminated
subwavelength-sized aperture to generate a super-
resolution image. As with other scanning optical
techniques, spatial resolution is determined by the

high spatial resolution of NSOM with the high spec-
tral resolution of cryogenic fluorescence excitation
spectroscopy.® This reduces the minimum mean
separation acceptable for isolation, improves the ab-
solute spatial resolution by minimizing the spatial
PSF used in localization, and greatly reduces photo-
stability and background noise problems associated
with far-field single-molecule detection (SMD) under







o000 000 —



o EEPRIRIF LN




\/

SRR IEEHKER

FIAPALMEIA | /N9 Ak 228mAY1/50006Y

AN P T HE | /\ﬂeﬂznefmzmp@ﬂe

mmmﬁe_

Science 313, 1642 (2006)
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Stochastic Optical Reconstruction Microscopy
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Basic Principle of STORM Superresolution Imaging

Figure 1
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Science 317, 1749 (2007)
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Nature Methods 9, 185(2012)
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Journal of Microscopy, Vol. 198, Pt 2, May 2000, pp. 82—87.
Received 12 January 2000; accepted 3 March 2000

SHORT COMMUNICATION

Surpassing the lateral resolution limit by a factor of two
using structured illumination microscopy

M. G. L. GUSTAFSSON
Department of Biochemistry and Biophysics, University of California San Francisco,
San Francisco, California 94143-0448, U.S.A.
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Scientific Background on the Nobel Prize in Chemistry 2014

SUPER-RESOLVED FLUORESCENCE MICROSCOPY

4. After the discovery
The history of super-resolved fluorescence microscopy is short. The eusemble—ﬂunmphure
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of novel and previously unreachable results, will accelerate over the next decades. This
development is expected to revolutionize biology and medicine by, not the least, eventually

allowing for realistic, quantitative descriptions at nano-scale resolution of the dynamics of the

complex, multidimensional molecular biological processes that define the phenotypes of all life

forms.
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