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Lecture notes on optical microscopy and related topics:
http://www.cyto.purdue.edu/flowcyt/educate/pptslide.htm

http://micro.magnet.fsu.edu/primer/anatomy/anatomy.html



http://www.olympusconfocal.com/gfp/primer/index.html







Resolution

The Rayleigh criterion is the generally accepted, although arbitrary,  criterion for the minimum 
resolvable detail – the imaging process is said to be diffraction-limited when the first diffraction 
minimum of the image of one source point coincides with the maximum of another.
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Numerical Aperture
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One-photon excitation Two-photon excitation



Imaging modes: wide-field vs confocal













A little bit of theory: PSF
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The point spread function (PSF) describes 3-D light distribution in an 
image of a point source (for a given lens). An x-y slice through the center 
of the wide-field point spread function reveals a set of concentric rings: the 
so-called Airy disk that is commonly referenced in texts on classical optical 
microscopy.
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Lateral and axial intensity distributions



Wide field Confocal









10 microns

Wide-field fluorescence microscopeConfocal fluorescence microscope









Confocal PSF

PSFexc PSFdet PSFconf● =



Confocal PSF – example

PSF488 PSF560 PSFconf● =
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Total Internal Reflection Fluorescence Microscopy

Evanescent field produced adjacent to the 
interface between two media with a high 
(glass) and low (specimen) refractive index.

• Maximum depth ~ 200-300nm

• Eliminates background and out of focus 
fluorescence

• Optical section is only at interface
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Quest for super-resolution: SM 
localization

























Molecular alignment

R = TIPS
R= NODIPS

R = TCHS PMMA
BTBTB

• Host-dependent molecular orientation – much stricter constraints in polycrystalline host
• guest-host interactions depending on the host and on R

θ

PMMA

BTBTB











Nature Methods 3, 793 (2006)



Here we report a distance resolution of 
sreg = 0.50 nm and an absolute accuracy 
of sdistance = 0.77 nm in a measurement of 
the separation between differently 
colored fluorescent molecules using 
conventional far-field fluorescence 
imaging in physiological buffer 
conditions. The statistical uncertainty in 
the mean for an ensemble of identical 
single-molecule samples is limited only 
by the total number of collected photons, 
to sloc<0.3 nm, which is 3x10-3 times the 
size of the optical PSF. Our method may 
also be used to improve the resolution of 
many subwavelength, far-field imaging 
methods such as those based on co-
localization of molecules that are 
stochastically switched on in space. The 
improved resolution will allow the 
structure of large, multi-subunit biological 
complexes in biologically
relevant environments to be deciphered 
at the single-molecule level.



Nobel Prize in Physics 1997

The Nobel Prize in Physics 1997 was awarded jointly to Steven Chu (Stanford 
U), Claude Cohen-Tannoudji (École Normale Supérieure, Paris, France) and 
William D. Phillips (NIST) "for development of methods to cool and trap atoms 
with laser light".
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 PL spot diameter as a function of the aperture size

 The spatial resolution is monotonously enhanced with a decrease of the 
aperture diameter except for the 0 nm aperture (entirely metal coated 
probe).

 The spatial resolution is almost equal to the aperture diameter.

Matsuda et al.,APL, 81, 2291 
(2002)







(1991)

10/25/12:
1,059 citations



10/25/12: 824 citations

(1993)

















Surface enhanced Raman spectroscopy 
(SERS)









2. Theoretical explanations for SERS 

A. Electromagnetic field enhancement mechanism
 excitation of surface plasmon
 tends to form spacially localized “hot areas”
 the magnitude of enhancement ~106- 107 times for 

single colloidal silver, and ~108 for the gap between two 
coupled particles

B. Chemical enhancement 
 due to specific interactions, forming charge-transfer complexes
 the magnitude of chemical enhancement ~10-100 times



3. SERS applications 

Efficient enhancing substrates: 
Ag, Au and Cu, rough surfaces 
or colloidal particles with the 
size of tens of nanometers

classical electrochemical studies
e.g. corrosion processes, film 
growth, self-assembled 
monolayers

surface enhanced anti-stokes 
Raman scattering
surface enhanced resonance 
Raman scattering (SERRS)

biological samples
e.g. DNA/protein detection

trace analysis approaching 
single molecule detection limit
e.g. 100 pyridine molecules on 
Ag electrode
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