X-RAY ATOMIC ENERGY LEVELS

The energy levels in this tables are the values recommended by References
Bearden and Burr on the basis of a thorough review of the litera-
ture on x-ray wavelengths and related data. All values are in elec- 1. Bearden,]. A.,and Burr, A. E, Rev. Mod. Phys., 39,125, 1967; also pub-
tron volts (eV). Values in parentheses are interpolated, and an as- lished as X-Ray Wavelengths and X-Ray Atomic Energy Levels, Natl.
terisk * indicates a level which is not resolved from the level above Stand. Ref. Data Sys. — Natl. Bur. Standards (U.S.), No. 14, 1967.
it. See Reference 1 for uncertainties in the levels and a complete 2. Gray, D. E, Ed, American Institute of Physics Handbook, Third
1t P Edition, pp. 7-158 to 7-167, McGraw-Hill, New York, 1972.

description of how the recommended values were obtained.

Level 'H ’He *Li ‘Be °B sC N 50
K 13.59811 24.58678 54.75 111.0 188.0 283.8 401.6 532.0
L 23.7
- 47 6.4 9.2 7.1
Level qF ll)Ne 1 lNa IZMg 13A1 l4si ISP lﬁs
K 685.4 866.9 1072.1 1305.0 1559.6 1838.9 21455 2472.0
L, (31) (45) 63.3 89.4 117.7 148.7 189.3 229.2
L 8.6 18.3 31.1 51.4 73.1 99.2 132.2 164.8
Level 7Cl BAr PK 2Ca 2S¢ 2Ti By UCr
K 2822.4 3202.9 3607.4 4038.1 4492.8 4966.4 5465.1 5989.2
L, 270.2 320 377.1 437.8 500.4 563.7 628.2 694.6
L, 201.6 247.3 296.3 350.0 406.7 461.5 520.5 583.7
L, 200.0 245.2 293.6 346.4 402.2 455.5 512.9 574.5
M, 17.5 25.3 33.9 43.7 53.8 60.3 66.5 74.1
M, 6.8 124 17.8 25.4 323 34.6 37.8 425
M, 6.6 3.7 2.2 2.3
Level %Mn 2Fe Co 2Ni »Cu 0Zn 31Ga 2Ge
K 6539.0 7112.0 7708.9 8332.8 8978.9 9658.6 10367.1 11103.1
L 769.0 846.1 925.6 1008.1 1096.1 1193.6 1297.7 1414.3
L, 651.4 721.1 793.6 871.9 951.0 1042.8 1142.3 1247.8
L, 640.3 708.1 778.6 854.7 931.1 1019.7 1115.4 1216.7
M, 83.9 92.9 100.7 111.8 119.8 135.9 158.1 180.0
M, 48.6 54.0 59.5 68.1 73.6 86.6 106.8 127.9
M, 48.6* 54.0% 59.5* 68.1* 73.6* 86.6* 102.9 120.8
MIW 3.3 3.6 2.9 3.6 1.6 8.1 17.4 28.7
Level SSAS 34Se SSBr 361(r 37Rb SRSr S‘JY er
K 11866.7 12657.8 13473.7 14325.6 15199.7 16104.6 17038.4 17997.6
L, 1526.5 1653.9 1782.0 1921.0 2065.1 2216.3 23725 2531.6
L, 1358.6 1476.2 1596.0 1727.2 1863.9 2006.8 2155.5 2306.7
L 1323.1 1435.8 1549.9 1674.9 1804.4 1939.6 2080.0 2222.3
M, 203.5 231.5 256.5 322.1 357.5 393.6 430.3
M, 146.4 168.2 189.3 222.7 247.4 279.8 312.4 344.2
M, 140.5 161.9 181.5 213.8 238.5 269.1 300.3 330.5
M,, 41.2 56.7 70.1 88.9 111.8 135.0 159.6 182.4
M, 41.2% 56.7% 69.0 88.9* 110.3 133.1 157.4 180.0
N1 27.3 24.0 29.3 37.7 45.4 51.3
N, 2.5 5.6 5.2 10.6 14.8 19.9 25.6 28.7
N, 2.5% 5.6% 4.6 10.6* 14.0 19.9* 25.6* 28.7%
Level “Nb Mo BTc “Ru *Rh *Pd YAg BCd
K 18985.6 19999.5 21044.0 22117.2 23219.9 24350.3 25514.0 26711.2
L, 2697.7 2865.5 3042.5 3224.0 34119 3604.3 3805.8 4018.0
L, 2464.7 2625.1 2793.2 2966.9 3146.1 3330.3 3523.7 3727.0
L, 2370.5 2520.2 2676.9 2837.9 3003.8 3173.3 3351.1 3537.5
M, 468.4 504.6 585.0 627.1 669.9 717.5 770.2
M, 378.4 409.7 444.9 482.8 521.0 559.1 602.4 650.7
M, 363.0 392.3 425.0 460.6 496.2 531.5 571.4 616.5
M 207.4 230.3 256.4 283.6 311.7 340.0 372.8 410.5

=

10-223



10-224 X-Ray Atomic Energy Levels

Level “Nb Mo BTc “Ru *Rh *Pd YAg BCd

M\, 204.6 227.0 252.9 279.4 307.0 334.7 366.7 403.7
NI 58.1 61.8 74.9 81.0 86.4 95.2 107.6
N, 33.9 34.8 389 43.1 47.9 51.1 62.6 66.9
N“1 33.9* 34.8* 38.9* 43.1* 47.9*% 51.1* 55.9 66.9*
va,v 3.2 1.8 2.0 2.5 1.5 3.3 9.3
Level “In 5Sn 51Sh 52Te 53] Xe %Cs 56Ba

K 27939.9 29200.1 30491.2 31813.8 33169.4 34561.4 35984.6 37440.6
L, 4237.5 4464.7 4698.3 4939.2 5188.1 5452.8 5714.3 5988.8
Lu 3938.0 4156.1 4380.4 4612.0 4852.1 5103.7 5359.4 5623.6
L 3730.1 3928.8 4132.2 4341.4 4557.1 4782.2 5011.9 5247.0
M, 825.6 883.8 943.7 1006.0 1072.1 12171 1292.8
Mu 702.2 756.4 811.9 869.7 930.5 999.0 1065.0 1136.7
M, 664.3 714.4 765.6 818.7 874.6 937.0 997.6 1062.2
M,, 450.8 493.3 536.9 582.5 631.3 739.5 796.1
Mv 443.1 484.8 527.5 572.1 619.4 672.3 725.5 780.7
NI 1219 136.5 152.0 168.3 186.4 230.8 253.0
N, 77.4 88.6 98.4 110.2 122.7 146.7 172.3 191.8
Nm 77.4% 88.6* 98.4* 110.2* 122.7% 146.7* 161.6 179.7
va 16.2 239 314 39.8 49.6 78.8 92.5
N, 16.2* 23.9* 31.4* 39.8*% 49.6* 76.5 89.9
0, 0.1 0.9 6.7 11.6 13.6 22.7 39.1
OII 0.8 1.1 2.1 2.3 3.3 13.1 16.6
OIII 0.8* 1.1* 2.1* 2.3* 3.3* 114 14.6
Level 5La Ce ®Pr ONd S'Pm 2Sm SEu “Gd

K 38924.6 40443.0 41990.6 43568.9 45184.0 46834.2 48519.0 50239.1
L, 6266.3 6548.8 6834.8 7126.0 7427.9 7736.8 8052.0 8375.6
L, 5890.6 6164.2 6440.4 6721.5 7012.8 7311.8 7617.1 7930.3
L, 5482.7 5723.4 5964.3 6207.9 6459.3 6716.2 6976.9 7242.8
M, 1361.3 1434.6 1511.0 1575.3 1722.8 1800.0 1880.8
M, 1204.4 1272.8 1337.4 1402.8 1471.4 1540.7 1613.9 1688.3
M, 1123.4 1185.4 1242.2 1297.4 1356.9 1419.8 1480.6 1544.0
M]\, 848.5 901.3 951.1 999.9 1051.5 1106.0 1160.6 1217.2
M, 831.7 883.3 931.0 977.7 1026.9 1080.2 1130.9 1185.2
N, 270.4 289.6 304.5 315.2 345.7 360.2 375.8
N, 205.8 223.3 236.3 243.3 242 265.6 283.9 288.5
Nm 191.4 207.2 217.6 224.6 242 247.4 256.6 270.9
NIV,V 98.9 110.0 113.2 117.5 120.4 129.0 133.2 140.5
vau 0.1 2.0 1.5 5.5 0.0 0.1
OI 32.3 37.8 37.4 37.5 37.4 31.8 36.1
Oy 14.4 19.8 223 211 213 22,0 20.3
Level STb *Dy “"Ho SSEr “Tm Yb Lu ZHf

K 51995.7 53788.5 55617.7 57485.5 59389.6 61332.3 63313.8 65350.8
L, 8708.0 9045.8 9394.2 9751.3 10115.7 10486.4 10870.4 11270.7
L, 8251.6 8580.6 8917.8 9264.3 9616.9 9978.2 10348.6 10739.4
L, 7514.0 7790.1 8071.1 8357.9 8648.0 8943.6 9244.1 9560.7
M, 1967.5 2046.8 2128.3 2206.5 2306.8 2398.1 2491.2 2600.9
M, 1767.7 1841.8 1922.8 2005.8 2089.8 2173.0 2263.5 2365.4
M, 1611.3 1675.6 1741.2 1811.8 1884.5 1949.8 2023.6 2107.6
M]\, 1275.0 1332.5 1391.5 1453.3 1514.6 1576.3 1639.4 1716.4
M, 1241.2 1294.9 1351.4 1409.3 1467.7 1527.8 1588.5 1661.7
N, 397.9 416.3 435.7 449.1 471.7 487.2 506.2 538.1
N, 310.2 331.8 343.5 366.2 385.9 396.7 410.1 437.0
Nm 385.0 292.9 306.6 320.0 336.6 343.5 359.3 380.4
N, 147.0 154.2 161.0 176.7 179.6 198.1 204.8 223.8
NV 147.0* 154.2* 161.0* 167.6 179.6* 184.9 195.0 213.7
Ny 26 4.2 3.7 43 5.3 6.3 6.9 17.1
OI 39.0 62.9 51.2 59.8 53.2 54.1 56.8 64.9
O, 25.4 26.3 20.3 29.4 32.3 23.4 28.0 38.1
O 25.4* 26.3* 20.3* 29.4* 32.3% 23.4* 28.0* 30.6



X-Ray Atomic Energy Levels 10-225

Level Ta "W Re Qs Ir Pt Au SHg
K 67416.4 69525.0 71676.4 73870.8 76111.0 78394.8 80724.9 83102.3
L 11681.5 12099.8 12526.7 12968.0 13418.5 13879.9 14352.8 14839.3
L, 11136.1 11544.0 11958.7 12385.0 12824.1 13272.6 13733.6 14208.7
L, 9881.1 10206.8 10535.3 10870.9 11215.2 11563.7 11918.7 12283.9
M, 2708.0 2819.6 2931.7 3048.5 3173.7 3296.0 3424.9 3561.6
M, 2468.7 2574.9 2681.6 2792.2 2908.7 3026.5 3147.8 3278.5
M, 2194.0 2281.0 2367.3 2457.2 2550.7 2645.4 2743.0 2847.1
M,, 1793.2 1871.6 1948.9 2030.8 2116.1 2201.9 2291.1 2384.9
M, 1735.1 1809.2 1882.9 1960.1 2040.4 2121.6 2205.7 2294.9
N, 565.5 595.0 625.0 654.3 690.1 722.0 758.8 800.3
N, 464.8 491.6 517.9 546.5 577.1 609.2 643.7 676.9
N, 404.5 425.3 444.4 468.2 494.3 519.0 545.4 571.0
N, 241.3 258.8 273.7 289.4 311.4 330.8 352.0 378.3
N, 229.3 245.4 260.2 272.8 294.9 313.3 333.9 359.8
N,, 25.0 36.5 40.6 46.3 63.4 74.3 86.4 102.2
Ny, 25.0% 33.6 40.6* 46.3* 60.5 71.1 82.8 98.5
O, 71.1 77.1 82.8 83.7 95.2 101.7 107.8 120.3
O, 44.9 46.8 45.6 58.0 63.0 65.3 71.7 80.5
Oy 36.4 35.6 34.6 45.4 50.5 51.7 53.7 57.6
OIW 5.7 6.1 3.5 3.8 2.2 2.5 6.4
Level 81 82ph $Bj 81Po BAL 8Rn STFr %Ra
K 85530.4 88004.5 90525.9 93105.0 95729.9 98404 101137 103921.9
L, 15346.7 15860.8 16387.5 16939.3 17493 18049 18639 19236.7
L, 14697.9 15200.0 15711.1 16244.3 16784.7 17337.1 17906.5 18484.3
L 12657.5 13035.2 13418.6 13813.8 14213.5 14619.4 15031.2 15444.4
M, 3704.1 3850.7 3999.1 4149.4 (4317) (4482) (4652) 4822.0
M, 3415.7 3554.2 3696.3 3854.1 4008 4159 4327 4489.5
M, 2956.6 3066.4 3176.9 3301.9 3426 3538 3663 3791.8
M,, 2485.1 2585.6 2687.6 2798.0 2908.7 3021.5 3136.2 3248.4
M, 2389.3 2484.0 2579.6 2683.0 2786.7 2892.4 2999.9 3104.9
N, 845.5 893.6 938.2 995.3 (1042) (1097) (1153) 1208.4
N, 721.3 763.9 805.3 851 886 929 980 1057.6
N, 609.0 644.5 678.9 705 740 768 810 879.1
N, 406.6 435.2 463.6 500.2 533.2 566.6 603.3 635.9
N, 386.2 412.9 440.0 473.4 577 602.7
N, 122.8 142.9 161.9 298.9
N, 118.5 138.1 157.4 298.9*
O, 136.3 147.3 159.3 254.4
0O, 99.6 104.8 116.8 200.4
o, 75.4 86.0 92.8 152.8
O, 15.3 21.8 26.5 31.4 67.2
0O, 13.1 19.2 24.4 31.4* 67.2%
P, 3.1 435
Py 0.7 2.7 188
Level %Ac *Th 91Pa 22U SNp %Pu %Am %Cm
K 106755.3 109650.9 112601.4 115606.1 118678 121818 125027 128220
L, 19840 20472.1 21104.6 217574 22426.8 23097.2 23772.9 24460
L, 19083.2 19693.2 20313.7 20947.6 21600.5 22266.2 22944.0 23779
L, 15871.0 16300.3 16733.1 17166.3 17610.0 18056.8 185041 18930
M, (5002) 5182.3 5366.9 5548.0 5723.2 5932.9 6120.5 6288
M, 4656 4830.4 5000.9 5182.2 5366.2 5541.2 5710.2 5895
M, 3909 4046.1 4173.8 4303.4 4434.7 4556.6 4667.0 4797
M, 3370.2 3490.8 3611.2 3727.6 3850.3 3972.6 4092.1 4227
M, 3219.0 3332.0 3441.8 3551.7 3665.8 3778.1 3886.9 3971
N, (1269) 1329.5 1387.1 1440.8 1500.7 1558.6 1617.1 1643
N, 1080 1168.2 1224.3 1272.6 1327.7 1372.1 1411.8 1440
Ny, 890 967.3 1006.7 1044.9 1086.8 1114.8 (1135.7) 1154
N 674.9 714.1 743.4 780.4 815.9 848.9 878.7

=



10-226 X-Ray Atomic Energy Levels

Level Ac “Th “Pa 22U “Np %Pu “Am %Cm
N, 676.4 708.2 737.7 770.3 801.4 827.6
N, 344.4 371.2 391.3 415.0 445.8

Ny, 335.2 359.5 380.9 4044 432.4

O, 290.2 309.6 323.7 351.9 385
O, 229.4 222.9 259.3 283.4 274.1

O 181.8 222.9*% 195.1 206.1 206.5

O, 94.3 94.1 105.0 109.3 116.0 115.8
O, 87.9 94.1* 96.3 101.3 105.4 103.3
P, 59.5 70.7

P, 49.0 423

P, 43.0 323

Level 97B[( 98Cf 99Es 1()()Fm lUlMd lOZNo ]()3Lr
K 131590 135960 139490 143090 146780 150540 154380
L, 25275 26110 26900 27700 28530 29380 30240
L, 24385 25250 26020 26810 27610 28440 29280
L 19452 19930 20410 20900 21390 21880 22360
M, 6556 6754 6977 7205 7441 7675 7900
M, 6147 6359 6574 6793 7019 7245 7460
M, 4977 5109 5252 5397 5546 5688 5710
M,, 4366 4497 4630 4766 4903 5037 5150
M, 4132 4253 4374 4498 4622 4741 4860
N, 1755 1799 1868 1937 2010 2078 2140
N, 1554 1616 1680 1747 1814 1876 1930
N, 1235 1279 1321 1366 1410 1448 1480
O 398 419 435 454 472 484 490





