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Table 8.3 Wavelengths of Absor
ption Ed
Emission Lines of Varlous Efe ng‘:z;nd Characteristic

Emission (A)
Element K Absorption Edge (A) K, 52 Ker s
Mg 9.512 9.559 9.890
Ti 2.497 2.514 2.748, 2.752
Cr 2.070 2.085 2.290, 2.294
M.n 1.896 1.910 2.102, 2.106
Ni 1.488 1.500 1.658, 1.662
Ag 0.4858 0.4971,0.4977 0.5594, 0.5638
Pt 0.1582 0.1637,0.1645  0.1855, 0.1904
Hg 0.1492 0.1545,0.1553  0.1751, 0.1799

* When more than one number is listed, Ky, is listed first.
® When more than one number is Ilsted K., is listed first.

= ‘
AN ALL r0ph Qi G— / wnile. 2adiah
The broad continuous “background” emission of x-radiation seen in Flgure 8.3 is due to a second

process that occurs when high-energy electrons strike a solid. The continuous radiation results from
the collision of electrons with the atoms of the solid. At each collision, the electron loses some
energy and decelerates, with the production of an X-ray photon. The energy of the photon is equal
to the kinetic energy dlfference of the ¢ electron as a result of the collision. Each electron generally

The result of these many CO]]ISIOHS is emission of a continuum of X-rays over over a wide waveleng_th
range. This continuous radlatlon is called Bremsstrahlung or white radiation.

When all the energy of the impinging electrons is turned into X-rays, as would occur if the
electrons transferred all their energy in one collision, the wave]ength of the emitted photons is the
shortest attainable. This is termed the minimum A or A, The radiation with the highest energy
(and therefore the shortest wavelength) is deduced as follows. When all the energy of the electrons is
converted to radiant energy, then the energy of the electrons equals the energy of the radiation. The

energy of the radiation is given by E = hv, whereas the energy of the electrons is given by E = eV.
When they are equal, v = eV, where e is the charge of the electron; V, the applied voltage; and v, the

frequency of the radiation. But

c
Vi=—
A
Where
¢is the speed of light
Ais the wavelength of radiation
Therefore,
hv = 4 eV (8.4)
A
Rean‘ﬂ!lging, we get
i (8.5)
eV

h‘“ all the energy of the electron is converted to x-radiation, the wavelength of the radiation is a
cnergy 1CCLIE LR S5 G

Jinip; Nimum, and we achieve minimum A conditions:
he
lmin = €V (86)
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Figure 8.4 Partial Moseley’s law plots for selected K and L lines, showing the relationship between the X-ray
emission wavelength and atomic number of the element. Using this relationship, it was possible to
predict undiscovered elements and to correctly assign atomic numbers to known elements. (From
Helsen, L.A. and Kuczumow, A., in Van Griekin, R.E.; Markowicz, A.A. (eds.), Handbook of X-Ray
Spectrometry, 2nd edn. Marcel Dekker, Inc.: New York, 2002. Used with permission.)

81.3 X-Ray Methods

There are several distinct fields of X-ray analysis used in analytical chemistry and materials
characterization, namely, XRA, XRD, XRF, and’_X-LrEx_ginission. The basic principles of each are
described in the following. X-ray emission is generally used for microanalysis, with either an elec-
tron microprobe (Chapter 14) or a scanning electron microscope (SEM).

8.1.3.1 X-Ray Absorption Process

The gh@o@tion spectrum obtained when a ??EML)_(;@Y.S is passed through a thin sa_xpgrlgof a

pure metal is depicted in Figure 8.5.
As is the case with other forms of radiation, some of the intensity of the incident beam may be

absorbed by the sample while the remainder is transmitted. We can write a Beer's law expression
for the absorption of X-rays by a thin sample:

I(A) = Iy(\)e ¥R (8.9)

Where
1(2) is the transmitted intensity at wavelength A
Iyf2) is the incident intensity at the same wavelength
Ha is the mass absorption coefficient (cm?/g)
P1s the density of the sample (g/cm”)
*15 the sample thickness (cm)

The mags absorption coefficient is a constant for a given element at a given wavelength and is

"Ndependent of both the chemical and physical state of the element. An updated compilation of
35§ absorption coefficients can be found online at the NIST website: http:/www.nist.gov/pml/
coeffindex.cfm (J.H. Hubbell and S.M. Seltzer) or in the text by Bertin or handbooks listed

in 1 . -
g hy or references in the literature.
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