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5. HIGH RESOLUTION ELECTRON ENERGY 
LOSS SPECTROSCOPY (HREELS) 

 
 
5.1. BASIC PRINCIPLES 
 
The solid materials are transparent under high electron 
energy (100 keV) exposure. 
The electrons are loosing energy and changing 
directions. 
 
 
   meV = 8.066 cm-1 
 
 
 
Ruthermann (1941)   Electron beam passing  

through Al-foil, the loss of  
energy 15 eV. 
This loss is not dependent  
from original electron energy. 
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HIGH RESOLUTION ELECTRON ENERGY LOSS 
SPECTROSCOPY (HREELS) 

 

PRINCIPLE: 
 

 
Electron energy loss spectral ranges 

a) Elastic scattering; b) Fonon excitations; c) Electron 
transitions; d) and  e) Surface and bulk plasmons;  

f) Inner shell ionization 
 
      ES = Ei - h νi 
 

        vibrational energy 
 
 

Surface selection rule 

 

e-

Ei ES
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Homogeneous magnetic fields perpendicular to 
picture 

 
       Monochromatization  Focusing 

 
Electron's trajectory in homogeneous magnetic filed 

a) E1 < E2 < E3 different electron energy;  
b) same energy but different directions 
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H. Ibach (Jülich) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Electron Energy Loss (EELS) Spectrometer
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5.2. Examples and spectral interpretations 

 
Ni{110}p(2x1)-2CO adsorbate system 

 
 

 
 
 

Bridged CO molecules in tilted directions 
(θ ≈ 70°) 

 
 
 

C
O

70°
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CO chemisorbed on Ni{110} surface 
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Oxygen adsorption and hydroxyl formation on 
Ag {110} 
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Dioxygen adsorption on Ag{111} surface 
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Ag{110} (4 x 1)-O 
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Ag{110} (1 x 2)-OH 
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A - Surface OH-groups 
B - Surface oxide  
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Different bonding of C2H4 on different metal 
surfaces 
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Chemisorption of 
benzene on 
different metal 
surfaces 
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Electron energy loss spectra of the Ni{111} and Pt{111} 
surfaces, each covered with half a monolayer of CO. On the 
nickel surface the vibration spectrum indicates only a single 
CO species in a site of high symmetry. The only possibility for 
positioning the two-dimensional CO lattice on the surface 
consistent with the single type of adsorption site is to place all 
CO molecules into twofold bridges. By similar reasoning, half 
the CO molecules must occupy on-top sites on the Pt{111} 
surface. This example shows how powerful the in situ 
comparison of vibrational spectra and diffraction pattern can 
be, since a qualitative structure analysis is achieved without 
analyzing diffraction intensites. 
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Calculated and measured fundamental 
frequencies of Pd3(CCH3) 

 
 
 
  Calculated (DFT) [1] Pd{111} / (CCH3) [2] 
a1 CH str. 2914 2900 
 CH3 def. 1296 1334 
 CC str. 1149 1080 
 PdC str.   401   410 
 
a2 CC tors.   157     - 
    
e CH str. 2990     - 
 CH3 def. 1353 1400 
 CH3 rock   915   914 
 PdC str.    553      - 
 PdCC def.   154      - 
 
[1] I. Pápai et. al., Surf. Sci. Lett. 240, (1990) L604 
[2] J.A. Gates et. al., Surf. Sci., 124, (1982) 68 
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Characterization of C-M bond for M3(CCH3) surface 

species 
 
 

 Pd{111} Rh{111} Pt{111} Units 
νS(M3C) 410 420 410 cm-1 [1] 
FS(M3C) 1.68 1.86 1.97 Ncm-1 [2] 
 
[1]  J.A. Gates et al., Surf. Sci., 124 (1982) 68 
  G. Somorjai et al. Surf. Sci., 146 (1984) 211 

H. Ibach et al. Surf. Sci., 117 (1982) 685 
[2]  J. Mink et al., Surf. Sci., (under preparation) 
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5.3. ADSORBEATUM-SUBSTRATUM (METAL-
CARBON) STRETCHING MODES 

 
 

Platinum-hydrogen stretching frequencies  
observed on Pt/SiO2 and calculated force constants 

 
a Predicted (calculated) band components of the  
  asymmetric shape experimental band at  
  1530 cm-1 using harmonic approximation 
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IR emission spectra (cm-1) of CO on metal single 
crystals 

 
 
 

Stretching frequencies (cm-1) and calculated 
force constants (N cm-1) for adsorbed CO on 

supported Pt and [Pt(CO)Cl3]- anion 
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Low frequency vibrations of adsorbed 
benzene on Ni/SiO2 

 

 
 


