
Spectroscopy at nanometer scale

1. Physics of the spectroscopies

2. Spectroscopies for the bulk materials

3. Experimental setups for the spectroscopies

4. Physics and Chemistry of nanomaterials



Various spectroscopic methods
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Born-Oppenheimer Approximation 



Electronic Spectroscopy 

1. Photons in, photons out – PL
2. Photons in, electrons out – UPS, XPS
3. Electrons in, electrons out – EELS



Binding energy and effective radius for the exciton

Ee = (m*/me)(ε/ε0)-2 (13.6 eV)

aeff = (ε/ε0)(m*/me)-1 (0.0529 nm)

For GaAs, ε/ε0~ 13.2 and m*~ 0.067me

then Ee ~ 5 meV and aeff ~ 10 nm
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Vibrational Spectroscopy 

1. Photons in, photons out – IR, Raman
2. Electrons in, electrons out – EELS







The Theory of Raman Spectroscopy 
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One dimensional size effect



Size effect
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Au nanoparticle as an example

10 nm

Number of valence electrons (N) contained
in the particles is roughly 40,000. Assume
the Fermi energy (EF) is about 7 eV for Au,
then

δ ~ 0.22 meV ~ 2.5 K

EF = (ħ2/2m) (3π2n)2/3

g(EF) = (3/2) (n/EF)

δ = 2/[g(EF)V] = (4/3) (EF/N)





Nature 391, 59 (1998).

Electronic Structure of Single-wall Nanotubes



Optical properties of nanoparticles
(in the infrared range)

(1)Broad-band absorption:
Due mainly to the increased 

normal modes at the surface.

(2) Blue shift:
Due mainly to the bond shortening 

resulted from surface tension.



Optical properties of nanoparticles
(in the visible light range)

(1) Blue shift:
Due mainly to the energy-gap widening 
because of the size effect.

(2) Red shift:
Bond shortening resulted from surface 
tension causes more overlap between 
neighboring electron wavefunctions. 
Valence bands will be broadened and the 
gap becomes narrower.

(3) Enhanced exciton absorption:
Due mainly to the increased probability 
of exciton formation because of the 
confining effect.
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Optical properties



Semiconductor quantum dots

(Reproduced from Quantum Dot Co.)
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Mass Analyzer

qV = ½ mv2

F = qvB = mv2/r

m/q = ½ B2r2/V









Reactivity of nanoclusters



Magic clusters



Mackay icosahedra

Shell model

N = 1 + Σ (10p2 + 2)

P = 2 P = 3P = 1

20 fcc(111) faces



STS of Si(111)-(7x7)

UPS IUPS

Science 234, 304 (1986).



STS of Si(111)-(7x7)

topograph

1. Science 234, 304-309 (1986).

2. Phys. Rev. Lett. 56, 1972-1975 (1986).



Density of states of various dimensions

D(ε)  ~ ε 1/2
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Quantum size effect

λ = de Broglie wavelength of electron
a = thickness of metal film
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Inelastic Tunneling



Single Molecule Vibrational Spectroscopy and Microscopy

B.C. Stipe, M.A. Rezaei, and W. Ho, 
Science 280, 1732-1735 (1998).



S.W. Wu and N. Ogawa and W. Ho, Science 312, 1362-1365 (2006) 

Atomic Scale Coupling of Photons to Single-Molecule Junctions



5 nm

Quantum corral

D.M. Eigler, IBM, Amaden

Lab



Artificial atom
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