PES: Photoelectron Spectroscopy 

Photoelectron spectroscopy is a technique used to analyse the electronic configuration of a substance.  It utilizes photo-ionization and creates a graph that gives information about the number of electrons that occupy various orbitals.   Measurements are made that determine the binding energy of specific electrons, ie:  how tightly they are held to the atom.  Energy photons strike a surface and electrons are emitted.  By comparing the energy of the incoming photon (E=hf) with the kinetic energy (KE) of the emitted electron (E=mv2/2) the binding energy can be calculated.

BE= hf-KE
 h - Planck constant ( 6.62 x 10-34 J s )   f - frequency (Hz) of the radiation
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Photoelectron spectroscopy uses monochromatic sources of radiation (i.e. photons of fixed energy).  There are two types. In X-ray Photoelectron Spectroscopy   (XPS)  the photon is absorbed by an atom in a molecule or solid, leading to ionization and the emission of a core (inner shell) electron. By contrast, in Ultraviolet Photoelectron Spectroscopy (UPS)  the photon interacts with valence levels of the molecule or solid, leading to ionization by removal of one of these valence electrons. 

The kinetic energy distribution of the emitted photoelectrons (i.e. the number of emitted photoelectrons as a function of their kinetic energy) can be measured using any appropriate electron energy analyser and a photoelectron spectrum can thus be recorded. 

The basic requirements for a photoemission experiment (XPS or UPS) are:

1. a source of fixed-energy radiation (an x-ray source for XPS or, typically, a He discharge lamp for UPS)
  

2. an electron energy analyser (which can disperse the emitted electrons according to their kinetic energy, and thereby measure the flux of emitted electrons of a particular energy)
  

3. a high vacuum environment (to enable the emitted photoelectrons to be analysed without interference from gas phase collisions)

Such a system is illustrated schematically below:
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X-ray Photoelectron Spectroscopy (XPS) 

Watch the following video: https://www.youtube.com/watch?v=NRIqXeY1R_I
For each and every element, there will be a characteristic binding energy associated with each core atomic orbital i.e. each element will give rise to a characteristic set of peaks.   Examine the following examples 
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Hydrogen: 


Helium:
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The height of the peak is relative to the number of electrons.  The energy of the peak is lower for valence electrons and much higher for core (inner) electrons.  Note the logarithmic scale on the x-axis.

Label the orbital electrons for each of the peaks: 
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Lithium: 2 peaks
On the above graph predict the peaks for berrylium and boron.  Use a different colour for each.  Check your answers at : for the graphs of the other elementshttp go to://www.chem.arizona.edu/chemt/Flash/photoelectron.html
Practise labelling the orbital electrons:
Nitrogen: 
Oxygen:
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