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X-ray photoelectron spectroscopy (XPS) is a unique technique for surface analysis
that detects elements other than hydrogen and relatively easily provides information
on their chemical bonding state.

XPS is a method to determine the kinetic energy spectrum of photoelectrons
ejected from the surface of a specimen by irradiating X-ray having a constant energy,
hn, in vacuum. Balance between hn and a kinetic energy of photoelectron, EK, is
expressed as follows:

hn ¼ EK þ EB þ f

where, EB is a binding energy of electron to nucleus relative to the Fermi level and f
a work function of specimen, in the case of solid, and utilized for identification
of elements. As commercial instruments mostly use the incident X-ray of
hn < 1.5 keV, it follows that EK is not larger than 1.5 keV, leading to a very shallow
escape depth (or inelastic mean free path, IMPF), l, of photoelectrons. In this energy
range, l is approximately 0.3e4 nm depending on EK, thus information depth is not
only shallow but completely different for different elements and electron orbits. In
addition, the number of photoelectrons that can migrate to the outside of a specimen
decreases exponentially with depth. Accordingly, XPS provides extremely weighted
information from the outermost layer, and inescapably causes the associated
difficulty that the measured data seriously suffer from surface contamination.

It is possible to estimate the atomic ratios of elements in the outermost layer
from peak intensities by height or area, commonly using “relative sensitivity factor”
(semi-quantitative analysis), but quantitative analysis is not possible. By computer-
aided calculations using commercially available software, a narrow-range spectrum 15



of elements can be separated to the peaks having different EB values corresponding
to the different chemical bonding states (referred to as chemical shift). In this case,
the peak intensity ratio by area directly gives the atomic ratio of different chemical
bonding states.

In this chapter quality use of XPS to characterize carbonaceous materials is
described along with evaluating applicability of XPS, on the premise that the
research using commercial instruments under normal laboratory environment is
targeted.
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