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Overview

*High Resolution Electron Energy Loss Spectroscopy
*Molecular Symmetry at Surfaces
eAdsorbate-adsorbate Interactions

*|R Spectroscopy
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Why Measure Vibrations at Surfaces?

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

e Adsorption site identification
* symmetry
* Molecular analogs and shifted wo

e Bonding identification

e Energy Transfer

e Adsorbate-Adsorbate Interaction
* Phonons, surface stress



High Resolution Electron Energy Loss Spectroscopy
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Scattering Kinematics

—

Consider incident electron: ki, E. scattersinto state: ks, E. where E.=E tho,

Born Approximation: Done by components of the potential with: (j” — ES — k!
Suppose @ =0 ; @, small = k”S — k' = Q”

2l 2 2 h

Interaction time: At = —

v, V,Q Tvk6, "Ef

o 1-S

If Atw,<<1 then too fast 2 no excitation

If Atw,>>1 then adiabatic = no excitation

Atw, =1= zw" ~1= 0. = "o,

S
is i

ho, =100 meV )
Ei :5eV :>03z0.02z0.6




HEELS Spectrometer
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HEELS Spectrometer




Examples: Molecular Adsorbates
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Pt(111)+CH,C=N
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Mode Type CH,CN (gas) CH__,_CN at Pt(111)
2, (MeCN) torsion 280
v, (Pt—MeCN) Pt—MeCN
v, (Pt—MeCN) stretch 410
5(C=C—-N) CCN bond 361 605
V(C-C) CC stretch 920 950
2.(CHj) Me rock” 1041 1060
0, (CH,) Me sym. bend 1389 1375
54(CH,) Me deg. bend 1454 1435
v(CN) CN stretch 2268 1615
v, (CH) CH, sym. stretch 2954 ' 2960
vq (CH) CH, deg. stretch 3009 3005
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Figure Z. The arrangements of metal atoms on the (100}, (111), and (110} faces
face-centered cubic (fcc) metal crystal. Second layer atoms are hatched. High-symm
potential adsorbate sites are labelled 1,2, 3, or 4 according to the nearest-neighbor |
atom corrdination number in the site.
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Infrared Reflection Absorption Spectroscopy

X

b.
Ho1 _H 21,
I ~c” [o- Al 270y Hm'
nv L hy =
i =
= |

Wavelength [cm™]
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EELS: Energy loss of electrons - excitation of molecular vibrations

e Spectral Range:
~ 65 —500 meV
~ 500 — 4000 cm™!

e Resolution
0.125-0.625 meV
1-5cmt

e Sensitivity: ~ 103 ML
- Selection Rules:
- Strict dipole

* Versatility:
- photon in-photon out:
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* Only x, is observed
* High substrate reflectivity (at grazing angle)

* Versatility: photon in-photon out:
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IRAS Instrumentation
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iR absorption
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% » Observation of dipole forbidden mode at 285 cm™!

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

*Broadband absorption as function of coverage 2>
electron resistivity



