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Field emission scanning electron microscopy (FESEM) and scanning transmission electron microscopy
(STEM) are valuable microscopic imaging tools for characterizing the morphology and structure of
solid materials. When combined with energy dispersive X-ray spectroscopy (EDS), these techniques
also provide elemental composition information on the near-surface and subsurface of materials up to
several micrometers deep. However, EDS gives no detailed information regarding the chemical
composition within the top few nanometers of the surface. The topmost surface chemistry of materials
influences their interaction with other substances in the environment and thus affects important material
properties such as adhesion strength, catalytic activity, corrosion resistance, susceptibility to oxidation,
and other critical chemical and physical characteristics. Knowledge of surface chemistry is therefore
crucial to the successful production and optimization of innumerable advanced materials used in modern
devices such as coatings, ceramics, composites, metals, nanomaterials, polymers, semiconductors, and
thin films, among others. Highly developed surface sensitive techniques are required to properly and
fully characterize the surfaces of complex materials and specialized products, which cannot be
accomplished with electron microscopy techniques alone.

X-ray Photoelectron Spectroscopy (XPS) is a qualitative and quantitative chemical analysis technique
that probes only the outer few nanometers of the surface, thus enabling researchers to better understand
what surface compositional properties influence optimum material performance [1]. XPS is capable of
detecting all elements except for hydrogen and helium. XPS depth profiling, where XPS is combined
with monatomic argon ion or cluster argon ion sputtering (i.e., surface etching), allows the identification
of chemical variations from the topmost surface of solid materials (i.e., < ~10 nm) to hundreds of
nanometers or more into the bulk, which facilitates the characterization of complex layered structures.
XPS is the only analytical technique providing quantitative elemental and chemical state information
with extremely high surface sensitivity, as well as in-depth, thus making XPS the technique of choice
for comprehensively characterizing material surfaces and interfaces. So called “small spot” XPS allows
the analysis of surface features ranging in size from a few tens to a few hundred micrometers. In
addition to point analyses, XPS can, depending on the particular instrument used, produce linescans and
chemical parallel images and/or scanned maps of surfaces with spatial resolutions of a few tens to just a
few micrometers. Hence, XPS is the perfect complementary technique for materials characterization
studies involving the use of electron microscopy techniques.

This presentation will include a brief review of the basic principles, capabilities, and advantages of XPS.
A number of case studies will then be presented where XPS analyses were used in conjunction with
electron microscopy techniques to characterize a variety of materials including: nanomaterials,
multilayer thin film structures like solar cells and solar-control glass coatings, forensic trace evidence,
and others. For example, Figure 1 shows a low energy (30 keV) bright field STEM (BFSTEM) image of
a sample of single-walled carbon nanotubes (SWCNTs) that contained a nickel/yttrium catalyst
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impurity. The BFSTEM image indicates the catalyst particles ranged in size between ~5-20 nm and
were mostly imbedded in amorphous carbon material (as indicated by EDS). The EDS map shown in
Figure 1 indicated that the Ni and Y were closely associated with each other in the catalyst particles.
However, EDS could not reveal any chemical information concerning the catalyst composition. XPS
results shown in Figure 2 indicated that the Ni was present only as Ni metal whereas the Y was present
as a mixture of Y metal and Y oxide (Y,03) based on the observed peak shapes and binding energies
[2]. Since Ni metal is prone to oxidation, these results suggest that the catalyst particles consist of a Ni
metal core covered and protected by a layer of Y metal that is in turn oxidized on the outer surface.
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Figure 1. Bright field STEM image (left) and corresponding Ni (orange) and Y (purple) EDS maps
(right) for SWCNTs having a Ni/Y catalyst impurity.
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Figure 2. High resolution Ni 2p (left) and Y 3d (right) XPS spectra for SWCNTs having a Ni/Y catalyst
impurity. The Y 3d spectrum was fit with doublet peak components corresponding to Y metal and Y,Os.

https://doi.org/10.1017/51431927614012045 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927614012045

