
Lecture 19
Surface vibrations



Variety: IR, Raman, EELS, inelastic neutron tunneling, helium atom scattering, STS

Most spectroscopies see, v = 0 to v= 1

Ev = (v+1/2) hȞ

v is the quantum number

Ȟ = 1/2ʌ¥(k/ȝ)

ȝ = m1m2/m1+m2



High resolution electron energy 
loss spectroscopy HREELS



Other methods to study surface vibrations
1. Inelastic electron tunneling

Metal 1

Metal 2
Oxide 

For eV0 > ƫ Z0
When voltage is varied, a new tunneling channel opens up.
The junction conductance G(V0) = dI/dV0 jumps discontinuously.
An important problem is thermal smearing of the Fermi Surface of the 
solid. This limits studies only at low temperatures.
2. Raman scattering
3. IR reflectivity of metal surfaces
4. Low energy atom beam scattering



Basic instrument

The technique is only for solid surfaces.



The spectrometer has many other facilities, normally. 



One needs high intensity to do a measurement
It is always an adjustment..



It helps to study
adsorbate orientation







Adsorption of CO
Frequencies allow us to understand the kind of adsorption
2130 – 2000 cm-1 Terminal CO m – CO
2000 – 1880 cm-1 m2 - CO
1880 – 1800 cm-1 m3 – CO
< 1800  cm-1 m4 – CO



Orbital picture

5V and 2S are the orbitals involved 
There are two effects
M o 2S*
M m 5V charge – transfer

Higher ligancy increases the S overlap and force constant decreases 



Vibrational frequencies (dipole active)
of oxygen or Ni, Pt, and Fe for various 

states of oxidation.



Oxygen on Ni(111) after exposure at 150 K 2L.

Oxide 

m Sub surface oxygen

m Adsorbed three fold site

p Another site?



Decomposition of NO



CC Stretching frequencies, C-C bond order, and 
CH stretching vibration for acetylene and 
ethylene on nickel





Overtones and bond energy

Birge-Sponer extrapolation

D0 = Z2/hZexe –1/2 Ze + 1/4 Zexe
Ze = 3Q1 - Q2

Zexe = Q1 – 1/2 Q2

Q1 = fundamental, Q2 = overtone









Origin of frequency shifts

1. Mechanical renormalisation a 40cm-1

2. Lateral interactions a 30cm-1

3. Bond order
This is the most important effect. Eg. C { C vibration of acetylene
(at about 2000 cm-1) get reduced to1200 cm-1 on Ni.

4.   Hydrogen bonding



Empirical fits

Force constant and bond parameters
f ~ 5. X 10-4 De2



f = 4.2 x 105 n1.45 (dyne/cm)



f = 1.86 (re – dij)-3 dij = 0.68 Å



Hydrogen bonding



Dissociation reactions





A complex reaction at the surface



Surface species

Ni(111) 
CH3 OH gas o CH3OH
CH3OH       o CH3O + H
CH3O o CO + H + C + O
2H o H2 gas

CO o COgas

C + O o COgas

Ni(5(111) x 110)

CH3OHgas o CH3O + H + CO
CH3O       o CO + H + decomposition products

150 K

180 K

300 K

380 K

460 K

850 K  

<150 K

320 K


