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Ionization, Excitation and Emission

2
step VACUUM ionization
I Energy you need at least Ey energy
L transferred to atom.
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L
LI EL
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With a hole in the inner shell the atom is energetically unstable. Relaxa-

tion occurs by a more outer shell electron filling the hole; e.g., an Lir
electron depicted below
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In this step Ek-EL energy is released. This can be given up either by

II

releasing a photon (X-ray emission) or given to another electron (either in the
same level or ome with lower binding energy). If the 2nd electron has suffici-
ent excess kinetic energy it will be ejected into the vacuum where we can

measure its energy. [Auger emission.]
e~ energy [EK-(EL ) - g 1

TI I1I
step VACUUM
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k —_— In the end, we are left with
a doubly ionized atom. This
is called Auger emission.
If a photon is released, we call
step VACUUM it X-ray emission.
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Auger Spectroscopy Nomenclature

Auger Electron Spectroscopy

Esected K chextron Epected L) y electron
KLy bz g ehectron)
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//m in lonized atom has
one more + charge and looks
First approximation: E,,,c- E,-E—E like atom with Z+1

Ar, LAJ i nurl il s a o0d
Better approximation:

EaclZ) = Eo(Z) = 0.5[Ex(Z) + Ey(2+1)] -0.5[E(2Z) + E(Z+1)]

e e




Ka, KB Xray transitions

0
My 5 (3d)
My 5 (3p) S 76
M, (3s) 122
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NOTE: Quantum mechanic selection rules, only p to s
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The “effective” backscattering factor for
Xray generation by electrons in bulk materials

Sn(Ka) % 24 keV, E, = 30 keV
E
Mn (KQ)®5.9keV, Eg=295 keV =2=1.25
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TABLE 14.3. Mass attenuation coefficients for K, lines, after Heinrich (1966 b)

" Emitter

Absorber Nas Mg Al Si P S CI Ar K Ca Se¢e Ti V Cr Mn Fe Co Ni Cu
Z

6 C 1534 90§ 557 357 =235 160 111 79 57 42 32 24 18 14 11 9 7 6 s
2 N 2450 1448 893 573 378 258 179 128 93 68 s1 39 30 23 18 14 12 9 B
8 O 1608 2190 1353 869 575 392 274 194 141 104 78 59 46 35 28 23 18 14 12
9 F 5169 3066 1898 1221 c 809 ssz2 386 275 200 148 111 84 65 so 40 31 25 20 17
te Ne 6967 4140 2567 1654 1098 <750 524 375 272 201 151 11§ 8 69 54 43 35 28 23
11 Ns, 571® 5409 13359 2168 1441 086 690 494 359 266 200 152 117 I 72 57 46 37 3¢
12 Mg 270 463 4377 2825 1877 1285 B899 643 468 346 260 198 153 119 94 7S 6o 48 4o
13 Al jo21 615 3867 3493 2325 1593 1117 8co 583 432 325 247 191 149 117 93. 75 61 32
14 Si 1333 80z 503 328 2840 1949 1368 981 716 531 400 304 235 184 145 116 o3 75 61
is P 1696 1021 643 417 280 237: 1664 1103 870 645 486 370 286 224 176 141 113 91 75
16 S 2103 1266 7904 518 347 239 1966 1411 1031 765 577 440 34° 266 210 167 135 109 &3
17 Cl1 2578 1552 974 635 425 294 207 1657 1210 898 677 516 399 312 247 197 158 128 103
18 Ar 3132 1886 1:83 771 517 357 252 181 1390 1033 779 595 461 361 285 227 183 149 121
19 K 3729 2245 1409 918 615 425 300 216 158 1190 898 685 530 415 328 262 211 171 142
20 Ca 4413 2657 1667 1086 728 50z 354 255 187 139 1011 772 599 469 371 206 239 194 13%
21 Se 5183 3120 1058 1276 855 590 416 300 220 164 124 879 681 534 422 337 272 221 18!
2z Ti 6os7 3464 2288 1491 999 690 486 350 257 T 191 145 IIl 86 597 473 378 304 247 28
23 V 693y 4178 2621 1708 1145 790 557 402 294 219 166 127 98 97 531 424 342 278 22t
24 Cr 2043 4782 3001 1955 1311 904 638 460 337 251 190 145 1I3 88 70 474 382 311 2%
25 Mn 0042 S444 3416 2225 1492 1030 226 523 383 286 216 165 128 101 8o 64 423 344 28
26 Fe jo167 6121 3841 2502 1677 1158 816 ¢88 431 321 243 186 144 313 89 71 s8 380 3u
27 GCo 11465 6902 4331 2822 1892 1305 921 663 486 362 274 209 162 127 101 8: 65 53 34
28 Ni 12806 7710 4838 3152 2113 1458 1028 741 543 4%4 306 234 181 142 113 90 73 59 4
29 Cu 12165 8569 377 3503 2348 1621 1143 824 604 450 340 260 202 158 125 100 81 66 =&
30, Zn 9601 9507 5065 3886 2605 1798 1268 914 670 499 377 288 224 175 139 111 8 73 &

© No value given by Heinrich: this value obtained by extrapolation.

In cm?/gm
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Fig. 1-5. Silicon, chlorine and iron mass absorption coefficients.
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Adapted from Moseley's ongingd data (H. G. J. Moseley,
Philos. Mag. (6) 27:703, 1914)

When the square root of the frequencies of the characteristic x-rays from the
clements is plotted against the atomic number, a straight line is obtained. In
his early 20's, Moseley measured and plotted the x-ray frequencies for about
40 of the elements of the periodic table. He showed that the K-alpha x-rays
followed a straight line when the atomic number Z versus the square root of
frequency was plotted. With the insights gained from the Bohr model, we can
write his empirical relationship as follows:

4

!Calculation and further detail. !Somc historv |

-

s 3 .
hvg,=13.6eV (Z - I)‘[ l. - l-.]= “13.6(Z-1) eV
YA

ILabcling of x-ray transitions

[Tablc of K-alpha x-ray energies I

Mosley’s law,1913
H.G.Mosley, Phil. Mag.
1913, p.1024.
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200 A. Berner and G. Proaktor

Cu

Fig. 2. (a~c) X-ray depth distribution functions for
Al, Cu and Au. at 29 keV: circles—two-flux presen-
tation, filled squares—Monte Carlo simulation,
solid lines—experiment, triangles—two-flux pre-
sentation accounting for the dependence of ioniza-
¢ tion cross-section on depth

Mikrochim. Acta. 114/115, 195-203.(1994)
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Bremmestrahlung

Continuum radiation
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continuum radiation Si HT we just substitute the ntinuum xray signal of

xrays greater than Ejp (the ionization edge for the A xrays) and integrate over
all xray energies > Ej (actually, we don't have to integrate to Ep for the

reasons given above).

The number of photons/sec/eV emitted due to fast electrons being
decelerated in a thick target was first derived in 1923 (H.A. Kramers, Phil,

Mag. 46(6th ser.) 836 (1923)). It is given as

A (E)dE -—u(%ﬂ—»)*ffdf

where I, is the incident electrom current in electrons/sec and K _is a constant
weakly dependent on atomic number Z (it is approximately 2.2x107"/eV see figure
below).
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Therefore, to find the continuum fluorescence correction we have to integrate

1
A'(E)dE x (u/p)EinA /(u/p)E ik aTE from E, to Ep
Thus,
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trystal spectromeder geometny
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Since manv crystals are difficult to grind properly, a simpler crystal
mounting is ::: .n which the crystal is just bent to a radius of 2R (Johann
mounting). Tue focusing is no longer perfect and gets worse the further the
Xrays are from the crystal center. Thus, for a given collimation, the
wavelength resolution is less than for the Johansson mounting.

— Johann mounting.
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Energy Dispersive XRay Analysis
(real detector/sample)

From: LCorbari, etal Biogeosciences.5.(2008).1295-1310.
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s (NBS K252) with a Si(Li) detector (above) and
with a 10-cm radius LiF curved-crystal spectrometer (below). Both performed at 20-kV
excitation potential. The composition of the glass is as follows: Si0,: 0.40, BaO: 035,
MnO: 0.10, MnO,: 0.05, CuO: 0.05, Co0: 0.05, all mass fractions.
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Silicon Drift Detector for X-ray spectroscopy.
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Function of Silicon Drift Detector

Radiation
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