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Chemist’s point of view Physicist's point of view





The roles of surface is critical.

Not too strong !

Not too weak !

Model catalysis : CO oxidation

Correlation between 

surface chemical properties 

and 

surface electronic structure

Why Pt is such a good catalyst ?



Molecular Orbital Theory
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Frontier Molecular Orbitals









J. K. Norskov et al. Catalysis Letters 46 (1997) 31-35

d-Band Model : Explaining the trend of surface reactivity
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Physicist's point of view on matter

• Periodic arrays of atoms  Periodic potential

• Electrons (waves) in a periodic potential

• (Periodic) electronic band structure formed

• Many physical properties determined by the electronic structure
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We want to know this



Electronic structure
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C. Y. Kim (IBS, SNU)Electronic structure
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Chemist’s point of view Physicist's point of view

Real Life



X-ray Photoelectron Spectroscopy (XPS)

f = final states

i = initial states

p = momentum of photoelectron 

A = vector potential of photon

(Electric fields)

Photoelectric Effect : Einstein (1905)

E(K.E.) = E(hv) – E(B.E.) – Work function



XPS Core-Level : Element Specific Chemical Information 
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XPS Valence Band : Electronic Structure



Transmission vs angle modes

• x-position @ sample → x-position @slit 

→ x-position @ detector

• Angle @ sample → position @ slit 

→ position @ detector
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Measuring electron (kinetic) energy

Electrons with the same energy 

end up at the same position

e-

Hemispherical analyzer

Energy axis

C. Y. Kim (IBS, SNU)



Measuring electron (kinetic) energy
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Band dispersion

• Photoelectron kinetic energy is measured

• Emission angle of photo electron is measured

• Momentum is obtained from energy and 

emission angle
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When all are considered…

EDCs at different angles

Measured bands

Electron emission angles

* Peak positions give the bands

From Hufner’s book

Quick overview C. Y. Kim (IBS, SNU)



Angle Resolved Photoemission Spectroscopy (ARPES)

2-dimension
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Graphite band structure

B
in

d
in

g
 e

n
er

g
y
 (

eV
)

(A) M(L) K(H) (A)

0

1

2

3

4

5

6

7

k
y
(Å

-1
)

0 1 2 3

0

1

2

3

4



M K


0.10.0-0.1-0.2

B
in

d
in

g
 e

n
er

g
y
 (

eV
)

k (Å-1)

0.0

-0.5

-1.0

-1.5

-2.0

Binding energy (eV)

In
te

n
si

ty
 (

ar
b

.)

1.61.20.80.40.0

NB

BB

C. S. Leem et al, 

PRL 100, 016802 (2008)
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Notations of Symmetry

Silicon



Frontier Molecular Orbitals

Can we see these orbitals ?



PHYSICAL REVIEW B 69, 153413 (2004)

Previous Reports
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Summary

1. Electronic structure of CO on Pt(111) and PtSn surface alloys are measured.

2. Bonding state of back-donation is observed as CO adsorption increase.

3. The energy level of observed bonding state shows agreement with previous 

calculation results

4. DFT calculation (KKR method) shows good agreement on clean surface.

5. Supercell calculation of CO/Pt, PtSn will refine our interpretation.


