
Introduction to Soft X-ray Techniques (G. Held) 

 

 

Exercises  

 

Question 1 (XPS) 

 

Use a suitable labelled energy diagram to explain the energy transfer in the photoelectric effect and, 

from this derive an equation linking the kinetic energy of the emitted electron with the photon energy 

and the binding energy of the electron prior to excitation. 

 

The Figure below shows a XP spectrum recorded using Al K X-ray radiation (1486.6 eV). 

  

(a) Assign the main peaks above 800 eV and below 200 eV using the table of binding energies below 

and determine which 2 elements are present at the surface. 
 

(b) Explain the peaks between 500 and 800 eV and assign them. 

 

 
 

(c) How could one determine whether one atomic species is covering the other (layered structure) or 

both are present in the surface layer? 
 

  



Question 2 (XPS) 

 

Assign all the XPS  peaks in the spectra below. 

Why are there no Auger peaks in the spectra? 

 

 
 

 

Question 3 (XPS) 

 

(a) A thin film of PdO is grown on Pd foil when it is heated in a low pressure oxygen atmosphere. 

When foil is exposed to Mg Kα X-rays of hν = 1253.6 eV the photoelectron spectrum shows peaks at 

binding energies 335.2 eV, 336.5 eV, 340.5 eV, and 341.8 eV, which are assigned to Pd 3d lines (Pd 

3d3/2 and Pd 3d5/2) of metallic Pd and PdO. The workfunction was measured to be 5 eV. 

 

(i) Assign the binding energies to Pd and PdO, respectively, and justify your assignment.  

(ii) Explain the reason for the splitting of the Pd 3d signal. What intensity ratio is expected between 

the Pd 3d3/2 and the Pd 3d5/2 signals? 

(iii) Calculate the range of kinetic energies for the Pd 3d photoelectrons.   

(b) When the foil is annealed in vacuum the sample is fully reduced and the Pd 3d photoelectron 

signal of metallic Pd increases by a factor of 7 with respect to the oxidised sample.  Given that the 

inelastic mean free path of the photoelectrons through PdO is 1.7 nm, calculate the thickness of the 

PdO film on the oxidised sample. 

 

 

 

 

  



Question 4 (NEXAFS) 

  

CO has a strong NEXAFS resonance at 288 eV which is due to the excitation C 1s → 2π* (LUMO). 

When CO is adsorbed on a flat Ni single crystal surface at low temperatures this resonance is only 

observed if the polarisation vector of the X-ray beam has a component parallel to the surface. The 

resonance grows in intensity when the parallel component increases. For Ni powders exposed to CO 

the same resonance is observed for all orientations of the polarisation vector.  Explain this behaviour 

using a diagram and discuss what conclusions can be drawn about the orientation of the molecules. 

 

 

Question 5 (NEXAFS) 

 

Chemisorbed layers of (aromatic) benzene molecules (C6H6) are adsorbed upright on iridium single 

crystal surfaces, whereby two of the 6 carbon atoms have lost their H atoms and form bonds with 

two nearest neighbour Ir atoms in the surface layer. 

Draw the possible orientations of such benzene molecules on Ir{111}, Ir{100} and Ir{110} surfaces. 

 

The NEXAFS signal of benzene has a strong resonance associated with the π electrons at 284 eV.  

The resonance is strongest when the polarization vector of the exciting X-ray beam is perpendicular 

to the molecular plane and changes proportional to (sin γ)2, where γ is the angle between the 

polarization vector and the molecular plane. 

 

Which angular dependence of the resonance would one expect if the polarization vector is rotated 

within the surface plane:  

(a) for a single molecule 

(b) for equal numbers of molecules in all possible orientations on Ir{111}, {100} and {110}?  

  



 

 


