A Word to the Wise
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T his issue of Rocks & Minerals features abstracts of pre-
sentations from the 2003 Rochester Mineralogical Sym-
posium (see pages 186—189). Most of these mention the use of
analytical techniques, such as cathodoluminescence (CL), X-
ray diffraction (XRD), scanning electron microscopy (SEM),
energy dispersive spectrometry (EDS), and so forth. There are
literally hundreds of analytical techniques that are used to
probe all aspects of minerals. Two of the defining properties of
any mineral are atomic structure and chemical composition.
Thus, methods for determining these properties are of great
interest. Two of the most widely used methods for the charac-
terization of chemistry and structure are EDS and XRD,
respectively, and we focus our attention on these techniques in
this and a future column.

Energy dispersive spectrometry is a technique used to col-
lect and determine the energy and number of X-rays that are
given off by atoms in a material (Goldstein et al. 2003). These
X-rays can result from numerous physical processes, all of
which involve excitation of a sample by some energy source
(i.e., high-energy electrons in an electron microscope), transi-
tions of electrons in the sample between different energy
states, and the emission of excess energy from the sample in
the form of X-rays (see fig. 1). This process is known as X-ray
fluorescence. It is essentially the same process involved in vis-
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Figure 2. EDS spectrum of X-ray fluorescence from a ferroaxi-
nite, Lime Crest quarry, Sparta, New Jersey (see Wolf, Rakovan,
and Cahill 2003). The peaks are labeled by their associated ele-
ment (e.g., Fe) and the type of peak (e.g., Ko or Kjj). The carbon
peak is from the carbon sample stub.

ible fluorescence of a mineral that is excited by ultraviolet
radiation. The energy and wavelength of the emitted X-rays are
characteristic of the elements from which they originated; thus,
they can be used to identify which elements exist in the sam-
ple and the absolute concentration of those elements. The actu-
al analytical technique being used in such an experiment is X-




ray fluorescence analysis. Energy dispersive spectrometry is
one of several methods used to analyze an X-ray fluorescence
signal (i.e., the X-ray's energy is analyzed). Another common
method is wavelength dispersive spectrometry (i.e., the X-ray’s
wavelength is analyzed).

It is an unfortunate result of history that EDS (a.k.a. EDX
and EDAX) is widely used synonymously with or in place of
X-ray fluorescence analysis. The following is an excerpt from
a discussion that was posted on the Microscopy Society of
America ListServer regarding the use of this name (Vane
2001):

This name problem has been around for thirty years! Back in 1971
John Russ edited a little book called Energy Dispersive Analysis of
X-rays, published by the ASTM. Then Nuclear Diodes, Inc..
renamed itself EDAX, and the competition could not use that trade-
marked name. John worked for EDAX and promoted the technique
as “EDAX." Kevex had a book published in 1973 called Everything
You Wanted to Know about XES (X-Ray Energy Spectrometry),
but that name did not stick. EDS and EDX have stuck and are the
most popular,

Figure 2 shows a characteristic spectrum collected by EDS
on an SEM. Peak positions give the energy of detected X-rays
emitted from a sample as it is being bombarded by electrons in
the microscope. By comparing the peak energies to the tabu-
lated emission energies for all of the elements, the constituent
elements of the sample can be identified. Furthermore, by
comparing the area under each peak to a set of standards with
known elemental concentrations, the concentration of the ele-
ments in the sample can be quantified, and a chemical formu-
la for the sample can be calculated. In most studies EDS is
used for semiquantitative analysis only.

ACKNOWLEDGMENTS

[ would like to thank Kendall Hauer, Olaf Borkiewicz, and Richard
Edelmann for reviewing this manuscript.

REFERENCES

Goldstein, J. L., D. E. Newbury, P. Echlin, D. C. Joy, C. Fiori, and E.
Lifshin. 2003. Scanning electron microscopy and X-ray micro-
analysis. New York: Plenum Press.

Vane, R. 2001. Microscopy Society of America ListServer Archives*.
http://www.microscopy.com/.

Wolf, A, J. Rakovan, and C. Cahill. 2003. Ferroaxinite from Lime
Crest quarry, Sparta, New Jersey. Rocks & Minerals 78:252-56. 1

*The Microscopy Society of America ListServer Archives is an unrefereed
source of information.

Volume 79, May/June 2004

195



John Rakovan

John Rakovan




