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R179N 2.1 (5)

1 ° L L3 ‘ o . L]
A1 Absorption Edge Uarwi 49 M T IR LanT L AWIZR 0BT IRRYY 7 (Tunmuas keV)
L]

'X-Ray Critical-Absorption and Emission Energies in kev = |

F 4
Atomse K series 4 L series
Num-
ber Element Ko KBy K8, Ka Kas Lion Lits Lt L L8, Lh Lay Las
1 Hydrogen 0.0136¢ s 4
2 Hoelium 0.02482
3 Lithium 0.055 0,052
4 Beryllium 0.1168% 0}110
S Boroa 0.192¢ 04185
6 Carbon 0.283 0.282
7 Nitrogen 0.399 0.
8 Ozxygen 0.531 0.
9 Fluorine 0.687¢ ,0.677
10 Neon 0.874° o,ogll,? 0.048¢ 0.022¢ 0.022¢
11 Bodium 1.08¢ 1,067 1.041 0.055§ 0.034§ 0.034§
12 Magnesium 1.303 1.297 =124 0 083 0.050 0.049
13 Aluminum 1.559 l: 1.487 486 0.087 0.073°%® 0.072°°
14 S8ilicon 1.838 1.832.°1.740 s.nb 0.118% 0.089%° 0.008°°
18 Phosphorus 2.142 2.138 2015} 2.014§ 0.153% 0.129§ o0.128§
16 Sulphur 2.470 2.454 2508 '2.308 0.193° 0.164°* 0.163°
17 rine 2.8199 2.815 ‘2822  2.821 0.238° 0.203§ 0.202§
18 Argoa 3.203 3.192§2.957 2.955 0.287° 0.247°° 0.245°°
19 Potassium 3.607 3.5890 3313 3.310 0.341% 0.297°° 0.204°°
20 Calcium 4.038 4.012 | 3:801 s',.ql:b_ 0.399% 0.352  0.349 0.344 0.341
21 Bcandium 4.498 4.460 4000 4,085 0.462° 0.411°° 0.408% 0.39%9 0.398
22 Titanium 4.964 —4,98317,4.510. 4.504 0.460°° 0.454°° 0.458 0.452
23 Vanadi 5.463 —5.427 - 4952  4.944" * 0.519°° 0.5132% 0.519 0.510
24 Chromium 5.988 —5.948 5414 5.405 0.879° 0.583°° 0.574°° 0.581 0.571
25 Manganess 6.837 0.490 5 898 5 887 0.762° 0.650%* 0.639°* 0.647 0.636
26 Iroa 7.111 “7.067° 5 403 6.390 0.849° 0 721 0.708°° 0.717 0.70¢
27 Cobalt 7.709, 7.649 6.930 6.915 0.929° 0.794%* O 779%® 0.790 0.778
28 Nickel 8.331) 8.328 8264 7.477 7.460 1.015° 0.871°°.0.853%° 0.8668 0.849
290 Copper 89607 _2.978 3904 8 047 8027 1 1000953 .4. 0.948 0.928
30 Zine 9.660 9.657 9.571 $.638 8.615 1.200° 1.045 °1.022 1.032 1.009
© 31 Gallium 10.388" 10.365 10.263 9 251 9.234 1.30° 1.134°*1117°° 1.122 1.096
32 Germanium 11.103 “11.100 10.981 9.885 9.854 1.42° 1.248°%%]1.217°° 1.218 1.186
33  Arsenic 11.863 11.863 11.725 10 543 10 507 .1 529 1.359, 1.323 1.317 1.282
34 Selenium 12.652. §2.651 12.495 11.221 11.181 1 652 1.473 . 1.434 1419 1.379
35 Bromine 13.475 13.465 13.290 11 923 11.877 1.794§ 1.509%¢ | 552¢¢ 1.526 1.480
36 Krypton 14.323 14:313. 14.112 12,648 12.597 . 1.931§ 1.727¢ ] 675°° 1.638§ 1.587%¢
37 Rubidium 15.201 15.184 "14.960 13.394 13.335° 2 067 1.866 1.806 1.752 1.694 1.692
38 Stroatium 16,106 (16.083 | 15.834 | 14164 144097 (2/221/ 2,008 1.9} 1.872 1.806 1.80S8
39 Yttrium 17.037 17.011  16.738 14 957 14.882 2.369 2.154 2.079 1.996 1.922 1.920
40 Zirconium 17,998 17.969 17.666 15.774 15.690 2.547 2.305 2.220 (2.302 2.219 2.124 2.042 2.040
41 Niobium 18.987 18.951 18.621 16.614 16.520 2.706 2 467%® 2.374 2.462 2.367 2.257 2.166 2.163
42 Molybdenum 20.002 19.964 19.607 17,478 17.373 2.884 2627 2.523 2.623 2.518 2.395 2293 2.290
43 Technetium 21.054§ 21.012§—-20 5859 18.4109 13.3289 3.0548.2. 795§ 2.677§ 2.792§ 2 674§ 2 538§ 2 424§ 2 420§
44 Ruthenium 22:418 22.072 21:655: 19.278 ;19:149 .3.2364 2 966, 2 837..2.964 2,836 2 683 2 558 2.554
45 Rhodium 23:2241. 23.169 22.721 (20.214 20072 3.419 3145 '3.002 3.144 3001 2834 2696 2 692
46 Palladium 24347 24.297 23.81% 21.175,21.018 3 617/ 3 329 3.172 3.328 3/172 2 990 2838 2 833
47 Silver 25.517 25.454 24.942 22.162 21 988 3810 3 528 37352 3 519 3.348 3.151 2.984 2978
48 Cadmium 26.712 26.641 26093 23.172 22982 4019 3727 3538 3716 3.528 3.316 3133 3.127
49 Indium 27.928 27.859 27.274 24.207 24 000 4 237 3.939 3.729 3.920 3.713 3.487 3.287 3.279
50 Tin 29.190 29.106 28.483 25.270 25 042 4.464 4.137 3.928 4.131 3 904 3 662 3.444 3.435
81 Antimony 30.486 30.387 29.723 26.357 26.109 4. 697 4.381 4.132 4 347 4.100 3.843 3.605 3.595
52 Tellurium 31.809 31.698 30.993 27.471 27.200 4.938 4 613 4.341 4570 4.301 4.029 3.769 3.758
53 lodine 33.164 33.016 32.292 28.610 23.315 35.190 4.856 4.559 4.800 4.507 4.220 3.937 3.926
54 Xenon 34.579 34.4469 33 644 29 8029 29 485% 5. 452 5104 4.782 5.036§ 4.720§ 4.422§ 4.111} 4.098}
55 Cesium 35.959 35.819 34.98¢ 30 970 30.623 5.720 5358 5011 5.280 4.936 4.620 4.286 4.272
56 . Barium 37.410 37.255 36.376 32.191 31.815 5.995 5.623 5.247 5531 5.156 4 828 4.467 4. 451
87 Lanthanum 38.931 38 728 37.799 33.440 33 033 6 283 5894 5480 57890 5384 5043 4 651 4.635
58 Cerium 40.449 40.231 39.255 34.717 34 276 6 561 6.165F 5.729 6 052 5 613 5262 4.840 4.823
59 Praseodymium  41.998 41.772 40.746 36.023 35 548 6.846 6.443 5.968 6.322 5850 5.489 5.034 5.014
60 Neodymium 43.571 43 2089 42 269 37 359 36.845 7.144 6.727 6.215 6.602 6.090 S5.722 5.230 5.208
61 Promethium 45.207§ 44 955§ — 43 9459 33 649% 38.1609 7.448§ 7.0:18% 6.466§ 6.891§ 6.336§ 5.956 5. 431 5. 408§
62 Samarium 46.846 46 5539 45.400 4).124 39.523 7.754 7.281¢ 6.721 7 180 6.587 6.206 5.636 S5.609
63 Europium 48.515 48.241 47.027 41.529 40877 8 069 7.624 6.983 7.478 6.842 6.458 5846 S.816
64 Gadolinium 50.229 49.96]1 48.718 42 983 42.280 8 393 7.940 7.252 7.788 7.102 6.714 6.059 6.027
65 Terbium 51.998 51.737 50.391 44.470 43.737 8.724 8.258 7.519 8.104 7.368 6.979 6.275 6.241
66 Dysprosium 53.789 53 491 52 178 45.985 45.193 9.083 8.621Y 7.85098.418 7.638 7.249 6.495 6.457
67 Holmium 55.615 55 292°¢ 53 934§ 47.528 46.686 9 411 8 920 8 074 8.748 7.912 7.528 6.720 6.680
638 . Erbium 57.483 S7.088 55.690 49 099 48.205 9 776 9 263 B 364 9.080 8.188 7.810 6.948 6.904
69 Thulium 59.3359 58 969°¢ 57 5759 50 730 49 762 10.144 9 628 8 652 9.424 8.472 8103 7.181 7.13$
.70 Ytterbium 61.303 60.959 59.352 52 360 51 326 10.486 9 977 8.943 9.779 8.758 8 401 7.414 7.367
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A1779n 2.1 (R3)

Atomic K series L series
Num-
ber Element Ko Kps K8, Kay Kax Lia Lus Line Lyi L8y LB La La
71 Lutecium 63.304 62.946 61.282 54.063 52.959 10.867 10.345 9.241 10.142 9.048 8.708 7.654 7.604
72 Haloium 65.313 64.936 63.209 55.757 54.579 11.264 10.734 9.556 10.514 9. 346 9.021 7.898 7.843
73 Tantalum 67.400 66 999 65.210 57.524 56.270 11.676 11.130 9.876 10.892 9.649 9.341 8.145 8.087
74 Tungsten 69.508 69.090 67.233 59.310 57.973 12.090 11.535 10.198 11.283 9.959 9.670 8.396 8.333
75 Rhenium 71.662 71 220 69.298 61.131 59.707 12.522 11.955 10.531 11.684 10.273 10.008 8.651 8. 584
76 Osmium 73.860 73.393 71.404 02.991 61 477 12.965 12.383 10.869 12.094 10.596 10.354¢ 8.910 8.840
77 Iridium 76.007 75.605 73.549 64.886 63.275 13.413 12.819 11.211 12.509 10.918 10.706 9.173 9.098
78 Platinum 78.379 77.868 75.736 66.820 Mz? .873 13.268 11.559 12.939 11.249 11.069 9.441 9.360
79 Gold 80.713 80.165 77.968 68.794 68 98014, 13.733 11.919 13.379 11.582 11.439 9.711 9.628
80 Moercury 83.106 82.526 80.258 70.821 63 594 44 841 14.212 12.285 13.828 11.923 11.823 9.987 9.896
81 -Thallium 85.517 84.904 82 558 72.860 70.820 lll‘ﬁdq 14.697 12.657 14.288 12.268 12.210 10.266 10.170
82 Lead 88.001 87.343 84.922 74.957 , 72.794 15870 15.207 13.044 14.762 12.620 12.611 10.549 10.448
83 Bismuth 90.521 89.833 87.335 77.00?"' 74.805 16.893 15.716 13.424 15.244 12.977 13.021 10.836 10.729
84 Polonium $3.112 92.236 50.809 79.296 76.568 16.835 16.244 13.817 15.740 13.338 13.441 11.128 11.014
Astatine 95.740 S4.976 02.3i9 #1.525 78.958 17 .490 10.784 14.213 16.248 13.70S 13.873 11.424 11.304
86 Rados 98.418 97.618 . 04, £3.500 81.080 18 058 17.337 14.618 16.768 14.077_14.316 11.724 11.597
87 Francium 101. 147 :a,” -483 £0.119 83.243 18.638 17.904 15.028 17.301 14.459 14.770 12.029 11.89%4
88 Radium 103.927 .048 100136, 38.485 85.440 19.233 18.481 15.443 17.845 14.839 15.233 12.338 12.194
89 Actinium 106.759 10S.838 102.848 00.804 ‘157.08l 19.842 19.078 15.865 18.405 15.227 15.712 12.650 12.499
90 Thorium 109.630 1 1 302 93.334 89.942 20.460 19.688 16.296 18.977 15.620 16.200 12.9668 12.808
91 Protactinium 112.58} ﬁ . /108,408 95.851 $2.271 21.102 20.311 16.731 19.559 16.022 16.700 13.291 13.120
92 Ursnium 115.591 114. 111.289 108.428 648 21.753 20.943 17.163 20.163 16.425 17.218 13.613 13.438
93 Neptunium 118.619 117 u.pmox.dos .023 22.417 21.598 17.614 20.774 16.837 17.740 13.945-13.758
94 Plutonium 121.720 592/ 117,148 103.653 99.457 23.097 22 262 13.066 21.401 17.254 18.278 14.279 14.082
98 Americium 124.876 .7@ 124 utwo:m 1 x.oaﬂz_ 23.793 22 944 18.525 22.042 17.677 18.829 14.618 14.411
98 Curium 128.088 126 875 123. 109. 098 448 24.503 23.640 18.990 22.699 18.108 19.393 14.961 14.743
97 Berkelium 131.387 l?jﬁll 126.362 111.896 107.023 25.230 24.352 19.461 23.370 18.540 19.971 15.309 15.079
98 Californium 134.683 133 383 | 129.544 114 745 109" 25.971 25.080 19.938 24.058 18.980 20.562 15.661 15.420
| 138.067 138.724 131.73‘ 117:846 112 244 gﬂﬂ 25 824 20.422 24.758 19.426 21.166 16.018 15.764
100 141.510 140. l; 136.075 120.3598 154.926 27.503 26.584 20.912 25.475 19.879 21.785 16.379 16.113
For 3 < 09, values without symbols arv derived from (7). Valles prefited with a — sign are Kfioa
For Z 2 70, absorptios-edge values are from (4) in the came of 7 = 70-83 8 . and 92; remaizing absorption edges to 3 = 100 are obtained from these

tion relations Xy = Ku» = Lygp, Koy = Koy = Lyy, Kfi o - Mypoesen o 1

@ Obtained from R. D. Hill, K. L. Chureh, J. W. Mibalich (5). t Derived {rom Comptos and Allisos (#). 3 Derived from C. E. Moore (9).

9 Values derived from Cauchois and Hulubei (1) whieh deviaie lrom the Mossley law. Better-ftting values are: 3 = 17, Koy = 2.826; Z = 43,
Kay = 18.370, Ko = 18.250, K5 = 20.612; 2 = 34, Ka; = 30.779, Kas 9‘_:.“ Kby = 34.398; 2 = 00, Kby = 43.340: Z = 61, Koy = 38720, Ky =
38100, Kb = 43.811; 5 = 62, Kby = 48.381, Ly; = 7.913: % = 64, Lyg = 8. ngg.'g 7.7900: Z = 09, Kob = 50.382. Kb = S7.487.

§ Calculajed by metbod of least squares. <7 7= -ee Caleulatad by i lati
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(Auger electron) L?unU1ﬁnanﬂ1uu11 "TBtatautaan (Auger effect)"
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Auger electron
- - .
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W
uun1luaieaﬂsunu (primary radiation source)ﬁn1aaﬂi (sample) uassu

na@1zuu1auaz1tn11su1qalanf (X-ray detection and analysing system)
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PAYAAUATINLATY uar Aauindiy (constructive and destructive interference)
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n=1 t38ni1 first order of reflection

n =2 t3isn11 second order of reflection

n=3 tienan i order of reflection
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