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Chemistry 21b { Spectroscop y & Statistical Thermo dynamics

Lecture # 18 { Photo electron and Related Spectroscopies

When photons of su cien tly short wavelength interact with molecules,ionization can
result. The free electrons that are produced can be detected with very high e ciency,
and can carry away sucient angular momertum to make all transitions permitted.
Thus, photoelectron spectroscofy can be an extremely versatile tool. The following pages
are again taken from Modern Spectrosopy by J.M. Hollis (Wiley), which overview the
applications of both valenceand core orbital photoelectron spectroscopies.

8.1 Photoelectron Spectroscopy

Photoelectron spectroscopy involves the ejection of electrons from atoms or molecules
following bombardment by monochromatic photons. The ejected electrons are called
photoelectrons and were mentioned, in the context of the photoelectric effect, in Section
1.2. The effect was observed originally on surfaces of easily ionizable metals, such as the
alkali metals. Bombardment of the surface with photons of tunable frequency does not
produce any photoelectrons until the threshold frequency is reached (see Figure 1.2). At this
frequency, v, the photon energy is just sufficient to overcome the work function @ of the
metal, so that

hv, =@ (8.1)

At higher frequencies the excess energy of the photons is converted into kinetic energy of the
photoelectrons

hy = @ +1ima? (8.2)

where m, and v are their mass and velocity.

Work functions of alkali metal surfaces are only a few electronvoltst so that the energy of
near ultraviolet radiation is sufficient to produce ionization. ‘

Photoelectron spectroscopy is a simple extension of the photoelectric effect involving the
use of higher energy incident photons and applied to the study not only of solid surfaces but
also of samples in the gas phase. Equations (8.1) and (8.2) still apply but, for gas phase
measurements in particular, the work function is usually replaced by the ionization energy /1,
so that equation (8.2) becomes

by =1+1ma? (8.3)

Even though Einstein developed the theory of the photoelectric effect in 1906 photoelec-
tron spectroscopy, as we now know it, was not developed until the early 1960s, particularly by
Siegbahn, Turner, and Price.

For an atom or molecule in the gas phase Figure 8.1 schematically divides the orbitals (AOs
or MOs) into core orbitals and valence orbitals. Each orbital is taken to be non-degenerate and
can accommodate two electrons with antiparallel spins. The orbital energy, always negative, is
measured relative to a zero of energy corresponding to removal of an electron in that orbital to
infinity. The valence, or outer shell, electrons have higher orbital energies than the core, or
inner shell, electrons. A monochromatic source of soft (low energy) X-rays may be used to
remove core electrons and the technique is often referred to as X-ray photoelectron
spectroscopy, sometimes, as here, abbreviated to XPS. On the other hand, far-ultraviolet

T 1eV=96.485 kJ mol™' =8065.54 cm™".
1 This is often referred to as the ionization potential, but since equation (8.3) shows that / has dimensions of energy,
the term ionization energy is to be preferred.
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8.1.1

PHOTOELECTRON AND RELATED SPECTROSCOPIES
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Figure 8.1 Processes occurring in (a) ultraviolet photoelectron
spectroscopy (UPS), (b) X-ray photoelectron spectroscopy (XPS),
(c) Auger electron spectroscopy (AES)

radiation has sufficient €hergy to remove only valence electrons and such a source is used in
ultraviolet photoelectron spectroscopy, or UPS.

Although the division into XPS and UPS is conceptually artificial it is often a practically
useful one because of the different experimental techniques used.

Acronyms abound in photoelectron and related spectroscopies but we shall use only XPS,
UPS, and, in Section 8.2 and 8.3, AES, XRF and EXAFS. In addition, ESCA is worth
mentioning, briefly. It stands for ‘electron spectroscopy for chemical analysis’ in which
electron spectroscopy refers to the various branches of spectroscopy which involve the
ejection of an electron from an atom or molecule. However, because ESCA was an acronym
introduced by workers in the field of XPS it is most often used to refer to XPS rather than to
electron spectroscopy in general.

Figures 8.1(a) and (b) illustrates the processes involved in UPS and XPS. Both result in the
ejection of a photoelectron following interaction of the atom or molecule M which is ionized
to produce the singly charged M™.

M+hv - Mt +e 8.4

EXPERIMENTAL METHODS

Figure 8.2 illustrates, in symbolic fashion, the general arrangement of the components of an
ultraviolet or X-ray photoelectron spectrometer (but see Figure 8.5 for actual spectrometer
designs). When the sample in the target chamber is bombarded with photons, photoelectrons
are ejected in all directions. Some pass through the exit slit and into the electron energy
analyser which separates the electrons according to their kinetic energy, rather in the way that
ions are separated in a mass spectrometer. The electrons pass through the exit slit of the
analyser onto an electron detector and the spectrum recorded is the number of electrons per
unit time (often counts s ™ ') as a function of either ionization energy or kinetic energy of the
photoelectrons (care is sometimes needed to deduce which energy is plotted: they increase in
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