
Vibrational SpectroscopyVibrational Spectroscopy



OverviewOverview

•High Resolution Electron Energy Loss Spectroscopy
•Molecular Symmetry at Surfaces•Molecular Symmetry at Surfaces
•Adsorbate‐adsorbate Interactions
•IR Spectroscopy
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Why Measure Vibrations at Surfaces?Why Measure Vibrations at Surfaces?

• Molecular Identification
• Gas phase spectra well known
• Most retained at surfaces

• Adsorption site identification• Adsorption site identification
• symmetry
• Molecular analogs and shifted wo

• Bonding identification
• Energy Transfer
Ad b Ad b I i• Adsorbate‐Adsorbate Interaction

• Phonons, surface stress



High Resolution Electron Energy Loss Spectroscopy

Eo~ 5 eV
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Time varying dipole: Potential seen by electron:
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Scattering Kinematics

Consider incident electron:                  scatters into state:               where
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Born Approximation: Done by components of the potential with:  is kkQ ||||||
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If   to << 1 then too fast  no excitation

If   to >> 1 then adiabatic  no excitation
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HEELS SpectrometerHEELS Spectrometer

Monochromator AnalyzerAnalyzer



HEELS SpectrometerHEELS Spectrometer



Examples: Molecular Adsorbates CO/Ni(111)Examples: Molecular Adsorbates / ( )
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Molecular Bonding
Geometry



Group Symmetry
Selection Rules



Surface Phonons



Negative Ion Resonance
(vibrational overtones)



Infrared Reflection Absorption Spectroscopy

• Spectral Range:
~ 65 500 meV~ 65 – 500 meV
~ 500 – 4000 cm‐1

• Resolution
0.125 – 0.625 meV
1 – 5 cm‐1

• Sensitivity: ~ 10‐3 ML• Sensitivity:   10 ML
‐ Selection Rules: 
‐ Strict dipole

• Versatility:
‐ photon in‐photon out:



• Only p‐component 
of light survives at 
the surface 

• Only  is observed
• High substrate reflectivity (at grazing angle) 
• Versatility: photon in photon out:• Versatility:  photon in‐photon out:
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IRAS Instrumentation



IRAS Examples
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• Observation of dipole forbidden mode at 285 cm‐1

• Coupling of discrete vibrational mode of   
molecule with continuum excitation of substrate

•Broadband absorption as function of coverage 
electron resistivity


