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The birth of Sant Eligio - patron saint of the goldsmiths.
Niccolo da Varallo, 1480-1486
Courtesy of the Fabbrica del Duomo di Milano, Italy.

The glass has been stained by gold and silver nanoparticles that get their bright
colors from localized surface plasmons!

What is nanooptics?
1. Nanoscopy: microscopy with resolution well below the diffraction limit
1. Near-field Scanning Optical Microscopy (NSOM)
2. ”Computer assisted” nanoscopy, such as STORM, PALM etc
3. Non-linear fluorescence imaging, such as STED
2. Optical properties of nanoscale (1-100 nm) structures
1. Metal nanostructures = nanoplasmonics
2. Semiconducting and dielectric nanostructures, e.g. quantum dots, Si nanop.
3. 1D and 2D materials, carbon nanotubes, graphene, WS2, …
3. Single molecule optical imaging and spectroscopy
1. Fluorescence correlation spectoscopy (FCS)
2. Fluorescence resonance energy transfer (FRET)
3. …
However, there are no strict limits, and many subfields incorporate components from 1-3
Example: TERS (tip-enhanced Raman spectroscopy), based on NSOM with nanoplasmonic
metal tip that can be used to record vibration spectra from single molecules

I will focus on red parts!
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Ernst Abbe (1840-1905)
Ø Developed image theory
Ø Developed methods for aberration corrections
Ø Leading technician at Carl Zeiss

d = 0.61λ

NA
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Resolution limit of optical imaging
(Abbe criterion)

NA is the numerical aperture of the lens used for imaging, α is half the opening angle

The reason for the finite resolution is
diffraction in the optical instrument

A point source is imaged as a socalled Airy pattern.
The radius of the central bright spot
(the Airy disk) is:

d = 0.61λ

NA
NA = n sin θ

€

State-of the art diffraction-limited
optical microscopy – the confocal
fluorescence microscope
The image is created by raster-scanning
a laser beam through the specimen and
simultaneously recording emission
from fluorescent molecules using a
small “confocal” aperture (with a radius
that equals the Airy disk) in front of the
detector.

Main use in cell biology
Cost ~1-5 MSkr
Resolution ~300 nm at best
Frame rate up to video rate

What does the light-field from
a point like object look like?
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Point-like source = oscillating dipole
Light-field = electromagnetic field
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k = ω /c = 2π / λ wave vector
ε 0ε dielectric constant of medium

Nanoscopy: to circumvent the diffraction limit
NSOM - Near-field Scanning Optical Microscopy
Concept formulated by Synge in 1928; experimental realization in the 1990’s

Raster-scan a tiny subwavelength hole or tip above the sample
surface using AFM feedback and record light that is transmitted/
reflected/emitted/scattered gives simultaneous optical and
topographic images with resolution given approximately by the
size of the hole/tip.

λ = 632 nm
NSOM imaging of “hot spots” between gold
nanoparticles by aperture-less (or scattering) NSOM
€ Rainer Hillenbrand, founder of Neaspec.

Commercialization: check out https://www.neaspec.com/
What could be the pros and cons of NSOM?

Nobel prize in Chemistry 2014
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."

Eric Betzig

Stefan Hell

PALM microscopy

STED microscopy

W.E. Moerner
Single molecule
fluorescence

Xiaowei Zhuang
STORM microscopy

PALM & STORM

Photo-activated localization microscopy & Stochastic image reconstruction microscopy
BASIC IDEA: if you know that you look at isolated point-sources, then you can use a measured or
calculated Airy pattern (called the “point spread function” = PSF in 3D) to “deconvolute” the image to
obtain the precise location of the point sources with nm resolution! To know that you have isolated point
sources = molecules, you typically look at molecules that can be switched between a fluorescent and a
non-fluorescent state, for example using UV light.

Photo switching and image formation
A small fraction of the molecules in a sample are switched, then imaged, then bleached.
Another (random) subset of molecules are switched, imaged and bleached.
After many such cycles, one can build up a complete image of the sample by deconvoluting each separate
image and then overlaying them
Example: Photo-activable Green Fluorescent Protein – PA-GFP

What could be the pros and cons of this technique?

STED – stimulated emission depletion
Background: stimulated emission

Basis for “Light Amplification by Stimulated Emission of Radiation” = LASER

STED microscopy

Two laser beams of slightly different wavelength:
One Gaussian beam for “ordinary” fluorescence
excitation.
One “donut shaped” beam for stimulated emission in
peripheral area of Gaussian beam.
Only central subwavelength spot yield fluorescence.

What can be the pros and cons of STED?

And now over to something completely different
VERMILLION CARDINAL

Cantaxanthin

VIOLET-CROWNED WOODNYMPH

Greenwalt et al., JOSA 1960

LYCURGUS CUP (~300 A.D)

British Museum

Colloidal silver nanoparticles in dark-field optical microscopy and transmission electron microscopy

Key features of
nanoplasmonic
structures
Very large scattering and absorption efficiencies
At resonance, the optical cross-sections of plasmonic particles can be
several times larger than the geometrical cross-sections
Extremely strong field enhancement and field confinement
Resonant optical fields can be enhanced by orders-of-magnitude in deep subwavelength volumes
d = 0.61λ
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Enormous tunability
The optical far-field and near-field properties can be tuned in space and wavelength
through the shape, size and material that defines the nanostructure
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Enabling technologies and simulation methods
FEM
lithography
Mie theory

colloid
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