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- == / ;i E = X- in KeV Crystal |2d (A)JBe B C N O F Ne Na
C - Cameca // // E=12.396/A e \_SpeCtrometer Jnits R = WD Rowland cirdle in mm PC3/LDE3 | 200
- X -JEOL XCE / // _ or JEOL units =24.792 x R/ (2d X E) || 4 = Diffracting crystal lattice spacing in A PC2.5/LDEB | 145 M
1 1 Kp 1 9 F - JEOL FCE / / ¥ /' A =12.396/E Cameca units = sin(0) x 100,000 L = X-ray wavelength in A PC2/LDE2 100 P Kp |
| . 1 H - JEOL H-Type / i PC1/LDET | 60 - . |
=259.2 . / / N JEOL XCE and FCE spectrometers JEOL H-type spectrometers PCO 45 -269.7 %
RS2, 7 Lt | // y/ /’ 4 . . . . TAP 25.75 Cameca spectrometers R = 160 -268.9 o |
0071 La — 8 / b JEOL UnItS-= 0_0028 x Cameca Unl‘ES JEOL units = 0902 x Cameca Uf-TltS PET 8.74 JEOL XCE/FCE spectrometers R = 140 0 126 La =
10 11\\/145 . // » Py //’ Cameca units = 357.143 x JEOL units Cameca units = 500 x JEOL units LIF 4.0267 JEOL H-type spectrometers R = 100 | 1\1\;{1([)3( -
. > / .
pr
3 6. 941 4 9.012182 7 KB/ / < A 5 10.811 | 6 12.01115 |7 14.0067 | 8 15.9994 {9 18.9984032 |10 20. 1797
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bee hex 9 - 2 hex hex 5 hex 5  cubic 5  cubic 5 fce
1 1 KB 0 2 2 KB i () L B/ _~ La 3 3 K S 4,2 K 3,542 KB Ml 6 -2 K Al 7 -1 K o 8 K 3
_ 180.5 Ko 0.052 _ D77 Ko 0.110 (- 4 e - (2030) Ko 0.185 R707 Ko 0.282 210 Ka 0.392 ] -218.8 Koo 0.523 ) 219.6 Ko 0.677 ] 248.6 Ko 0.851
330 IO T LI S = = | Lo 4830 O floss L figs2 IO 246 B -
0.53 Mp 1 1.85 Mp | -~ 7 /_4; — Al 2.34 MB 1 6 MB 1 0.81 MB 1 1.505 MB i 1.20 MB i
] 0.76 Mo _ 0.45 Mo 3 ~ N == — N _ 0.27 Mo _ 0.16 M _ 0.16 Mo _ _ 1.33 Mo _ - Mo
—
I V). 989769 12 24. 3050 M = B 13 26. 9815386 14 28. 0855 i 30. 973762 16 17 35. 453 18 39. 948
Sodium Magnesium 5 _— B = = Aluminium Silicon Phosphorus Chlorine Argon
— — an ®
— B -
5 bce 2 hex 0 — — fcc 5 fcc 5  cubic ortho tetrag 5 fcc
8 1 KB -1 s 2 KB L o _ _ _ . L _ C C C — — 8 3 KB -1 3 4 Kp 1838 | g +£3,45 KB 2142 | g 42,46 Kp 2468 8 +13,57 KB 2817 | g KB 3.191
1 97.8 Ko 1.041505 650 Ko 1.254 n@e=0 % (ZG <HEPO 8 == § E < 8 (ch 8 $ m @ »n- N § |<—J é E <?:) = UC) & 8 rg 8 - DE_ (% 8 I-2 E Ll £ 3 Ic—U = 8 — 2 :ICID ﬁ Qg < é CCKU <<E) Dc? > i E é O L,E_ 3 660 Ko 1487 | 4 1410 Ka 1740 | 5 44.2 Ka 2015 | 6 119.0 Ko 2307 | 7 -101.0 Ko 2622 | 8 _1804 Ko  2.957
R’ 1%5 oozl 1'% 1%5 0.049 \ / -0 ES Wie | A Eg 0.092 2 ig 0.1194 g ig 0.1487 =i ig 8'1243t ! 5--8 ig 833
g).gg vy f)' 74 o 270 o 2133 82\ 207 o 156 o M £40 i
R N’ > NG 535 o O35 29 T _ . Ny
19 39. 0983 20 40. 078 21 44.955912 | 22 47.867 | 23 50.9415 | 24 51.9961 |25 54.938045 | 26 55.845 |27 58.933195 | 28 58.6934 | 29 63.546 | 30 65.38 | 31 69. 723 32 128 64 33 74. 92160 34 78. 96 35 79. 904 36 83. 798
Potassium Calcium Scandium Tltamulgl Vanadium Chromium Manganese Iron Cobalt Nlckel. Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
5 bee 5 fce 5 hex 5 hex 5 bee bee 5 cubic bee 5 hex 5 fcc fce 5 hex 5 ortho fcc rhomb hex ortho 5 fcc
3 1 KB 3.589 | g 2 Kp 4012 | g 3 Kp 44508 4 3 KB 405MNe 5 4 32 Kp 5420 8 6,3,2 KB SOTEEENT G132 KB 6492 8 2,3 KB 7.0500EN 2 3 Kp 7649 | 5 2.3 KB 8265 8 2 KB 8907 | g 2 Kp 951 o 3 Kp 10263 | g 4 Kp 10.984 8 +3, 5 Kp 11.729 8 2,46 Kp 1250 ; 11,5 Kp 1329 | g KB 14.120
8 63.7 Ka 3312 | g ]38 Ko 3.690 | 9 1539 Ka 4.083 | 10 1668 Ka 4508 | 11 1900 Ko 4949 | 13 1875 Ka 35411 | 13 1245 Ko 35895 | 14 1536 Ka 6400 | 15 1495 Ka 6.925 | 16 1453 Ka 7472 | 18 1083 Ko 8041 | 18 4195 Ka 8.631 | 18 208 Ko 9243 | 18 0374 Ka 9.876 | 18 817 Ko 10.532 | 18 217 Ko 11.210 | 18 72 Ko 11907 | 18 -157.3 Ko 12.630
1 Lp 0263 | 2 Lp 0344 | 2 Lp 0399} 2 Lp 0458 | 2 Lp 0519 | 1 Lp 0581 | 2 Lp 0647 | 2 Lp 071715 g 07% | 2 Lp 0866 | 1 Lp 0948 | 2 Lg 1.0328 3 g 1122 | 4 g 1216 | 5 Lg 1317 |8 Lg 14108 7 Lp 1526 | 8 Lp 1.638
) 07%% Lo 0.260 : 114;‘? La 0.341 ] 2;300 Lo 0.395 12?? Lo 0452 i 32510 Lo 0.510 ] 276]695 Lo 0.571 ) 2715;) La 0.636 i 370(2((5) Lo 0.704 i 22%0 Lo 0.775 : 2;:20 Lo 0.849 ) %9532 Lo 0.928 i ?(;2 Lo 1.009 ] ?523]7 Lo 1.096 %58;;) Lo 1.186 ) .?1;; Lo 1.282 58759 Lo 1.379 ] 355;2 Lo 1.480 ) ;562 Lo 1.587
’ MpB 1 ‘ MpB = i MpB 1 | MpB 1 ' MpB 3 ' Mp = I MpB - : MpB - ' MpB - ' MpB - ' MpB - ' MpB - i MpB -~ ' MpB - : MpB - j MpB L - MpB = : MpB =
] 1.38 M _ 1 Mo _ 0.745 Mo _ 0.605 Mo _ 0.54 Mo _ 0.615 Mo ] 0.67 Mo _ 0.55 Mo _ 0.65 Mo _ 0.69 Mo ] 0.73 Mo _ 0.74 Mo _ 0.62 Ma ] 0.53 Ma ] 0.58 Wi _ 0.5 Mo _ 1.96 Ma ] - Mo
37 85. 4678 38 87. 62 39 88. 90585 40 91]. 224 41 92. 90638 42 95. 96 43 97. 9072 44 101. 07 45 102. 90550 46 106. 42 47 107. 8682 48 1128 411 49 114. 818 50 118. 710 51 121 760 52 1278 60 53 126. 90447 54 131. 293
Rubld% Strontium Yttrium Zirconium N10b1% Molybdenum Technetium Ruthenium R hodlulm1 Pallada Silver Cadma Indium Tin Antlnﬁ Tellurium [odine Xenon
5 bce fcc hex hex bce bce hex 5 hex fcc 2 fcc g hex tetrag 5  tetrag rhomb hex 5 ortho 5 fcc
3 1 KB 14.971 8 2 Kp 15849 | g 3 KB 16.754 8 4 KB 17.687 8 5,3 KB 18.647 g 6,5432 Kp 19633 | g 7 KB 20647 | g 234,68 KB 21.687 8 2,3, 4 Kp 22759 | g 2,4 KB 23.859 8 24.987 8 2 KB 26.143 8 23 Kp 27382 | g 4,2 KB 28.601 8 4,2 Kp 29.851 MBS D 4 6 KB 31.128 | g +£1,5,7 Kp 32437 | g KB 33.777
18 38.9 Ko 13.357 | 18 768 Ko 14.142 | 18 1509 Ko 14933 | 18 1852 Ka 15.746 | 18 2468 Ko 16584 | 18 2610 Ka 174438888 2140 Ka 18327 | 18 2500 Ko 192588 1g 1966 Ka 20.167 | 18 1552 Ko 21.123 | 18  960.8 22.104 SR 300 9 Ko 23.109 | 18 1562 Ko 24139 | 18 2319 Ko 25193 | 18  630.5 Ko 26274 | 18 4495 Ko 27380 | 18 113.7 Ko 28512 | 18 -111.9 Ko 29.669
8 Lp L2 s g 1872 | 9 Lg 199 | 10 Lp 2.1248 12 LB 2255 g 2395 | 13 | L  2.538MM5 Lp 2683 | 16 Lp 2834 | 18 g 299 | 18 LB 3.151 | 18 Lp 3316 | 18 Lp 3487 | 18 Lp 3.662 | 18 Lp 3.843 | 18 Lp 4.029 | 18 LB 4220 | 18 LB 4422
1 fi@ La 1.694 13 %0 La 1.806 2494%; La 1.922 2 :}5488 La 2.042 1 3;30 La 2.166 1 5]506;) La 2.293 2 i 5 La 2.424 1 4].920;) Lo 2558 1 4].5203 La 2.696 0 3]9288 La 2.838 2]201? Lo 2.984 ;?;5 Lo 3.133 270;)5) La 3.287 272;8 La 3.444 15323 La 3.605 9683'48 La 3.769 ;893;{ La 3.937 200850 La 4.111
. : MB 4 : MB 5 ' MB L ' MB L i MB d ' MB 4 : MB L ; MB L : MB . : MB . : MB . ' MB L : MB i : MB i : MB 5 ' MB L ' MB 5 : MB 5
;L N 0.9 1o .72 o NG . 50 NG 56 NG5 NG5 G55 5 o5 s G0 075 o7 . _ . Ny
55 132.005452 |56 137327 72 178.49 | 73 180.94788 | 74 183.84 75 186207 | 76 10023 |77 19221778 195.084 |79 196.966569 | 80 20059 |81 204.3833 | 82 2072 |83 203.98040 |84  208.9824 |85  209.9871|86  222.0176
Caesium Barium Hafnium Tantalum Tungsten Rhenium Osmium [ridium Platinum Gold Mercury Thalhui Lead Blsmutlz Polonium Astatine Radon
5 bee bec 5 hex 5 bee 5 bee hex hex fee 5 fee 5 fce 5, rhomb g 5 hex 5 fce 5, rhomb o  cubic 9 - 5 fee
3 1 KB 35.149 8 2 KB 36.553 3 4 KB 63.562 | g 5 KB 65556 | g 6,54,32 KB 67.586 8 7.642,1 Kp 6o 8 23468 Kp TINES 8 2,3,4,6 KB 7393 | g 2,4 KB 76131 | g 3,1 KB 78372 | g 2,1 80.656 | g 3,1 Kp 82985 | 3 4,2 Kp 85357 | g Pl 1 Kp 87.774 | g 2,4 KB 90243 | g 13,57 Kp 92754 | g KB 95315
18 PR 7 Ko 30.854 | 18 714 Ko 32.065 B 2220 Ka 55382 | 18 2994 Ka 57.106 | 18 3410 Ko 58864 | 18 3180 Ka 60.655 | 18 3000 Ko 62482 | 18 2454 Ka 64.346 | 18 1769 Ko 66.246 | 18 1063 Ka 68.135 | 18 384 70.160 | 18 303 Ko 72176 | 18 3274 Ko 74228 | 18 2713 Ko 76.321 | 18 254 Ko 78.460 | 18 302 Ko 80.636 | 18 .71.15 Ko 82.855
18 L 4.620 | 18 LB 4.828 32 Lp 9.02imms 35 LB 9341 | 32 LB 9.670 | 32 LB 10.008 | 32 LB 10354 | 32 LB 10.706 | 32 LB 11.069 | 32 LB 11.439 | 32 L[3 11.823 | 32 LB 12210 | 32 LB 12.611 | 32 LB 13.021 | 32 LB 13.441 | 32 Lp 13873 | 32 _ LB 14.316
8 ]699% La 4.286 8 1.?4;0 La 4.467 10 51430? La 7.898 11 5;:522 La 8.145 12 5]993;) La 8.396 13 529103 La 8.651 14 52520((5) La 8.910 15 52?;0;) La 9.173 16 25]34(1) Lo 9.441 18 2]9972 La 9.711 18 ;.;?’-76 La 9.987 18 ]1;‘.?;5 La 10.266 | 18 1]7125 La 10.549 | 18 195%0 La 10.836 | 18 99622 La 11.128 18 (307) La 11.424 18 sl La 11.724
1 : MB 12 ' MB 4 2 : MB  1.698 | 2 ' MB  1.766 | 2 : MB  1.835 : MB  1.906 ; MB  1.978 : MB  2.054 : MB  2.127 : MB  2.205 ; MB  2.283 - MB  2.362 : MB  2.443 : MB  2.526 (9.2) MB (2.615) - MB (2.703) | 8 y MB (2.792)
1.67 Mo, .35 Mo e 0.71 Mo Loie.  0.64 Mo 1.710 0.6 Mo 1.775 0.53 Mo 1.843 0.63 Mo 1.910 0.625 Mo 1980 0.625 Mo 2051 0.85 Mo 2.123 1.02 Mo 2.195 ieS Mo 2271 1.19 Mo 2.346 1.03 Mo 2.423 04 Mo 2.500 0.62 Mo 2.579 ' Mo, (2.660)
B )3, 0197 B 226. 0254
Francium Radium
57 138.90547 | 58 140.116 | 59 140.90765 | 60 144.242 | 61 1449127 | 62 150.36 | 63 151.964 | 64 15725165 158.92535 |66 162.500 | 67 164.93032 | 68 167.259 169 168.93421 (70 173.054 | 71 174.9668
I ‘ r a Lanthanum Certum Praseodymium | Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
8 1 KB 97930 | g Kp 100.593
:132 (27) Ii% ?i';% ;1),2 700 II%E ?Z;g; hex fcc hex hex 5 hex rhomb 5 bce hex 5 hex 2 hex 5 hex hex hex fcc 5 hex
e (677) e 10 1737 Lo 8 3 KB 37.986 8 3,4 KB 39.453 8 3,4 KB 40.953 8 3 Kp 42484 | g 3 KB 44.049 8 8o Kp 4564908 3 > KB 47.283 8 3 Kp 43040MIMEN 3 4 KB 50650 | g 3 KB 5238 | g 3 KB 54.155 8 3 Kp 55063 3 > KB 57.806 8 3,2 Kp 59.687 [SE 3 > KB 61.607
B (1.37) MB (2 é80) 8 758 MB (2 §69) 18 920 Ko 33.302 | 18 795 Ko 34.569 | 18 935 Ka 35864 | 18 1024 Ko 37.1SSHIEES 1042 Ko 38538MM 18 1072 Ko 39914 | 48 826 Ko 41.32308EEN {319 Ka 42761 | 18 1356 Ko 44229 | 18 1407 Ko 45728 | 18 1461 Ko 47250MEN8" 1497 Ko 48818 | 18 1545 Ko 50.410 | 18 824 Ko 52.035 | 18 1652 Ko 53.693
Lo 4.651 Lo 4.840 Lo 5.034 Lo 5.230 Lo 548 La 5636 | 8 Lo 5.846 La  6.059 Le 628 Lo  6.495 Le 628 Lo 6948 | 8 Lo 718 Lo 7414 | 9 Lo 7.654
™\ 6.17 MB  0.854 6.67 MB  0.902 6.77 MB  0.950 7.00 MB  0.997 7.26 MB (1.049) 7.54 Mg 1.100 3.26 Mg Lisaier /8% Mg  1.209 8.27 MB 1266 8.54 MB 1325 8.50 MB  1.383 9.05 Mp 1443 | 2 933 MB  1.503 0.998 Mp 1565 RN 284 MB  1.631
7 - CHEZEEERVES . N Ma 0.883 [ 0.99 Mo OOZOMEEE 0.983 ;oSN 0.97 Mo (RO - 0958 Mo 10300 0947 Mo 1080 0.938 Mo 1CEEEE 0923 o 1200 0.912 o JOCHEEEES 0.90] o, (S0 0.89 Mo 1400HEEE 0.88 Ma 1462 | . 0868 Mo 1521 0.86] o NIEHE
°IAt. mass 89  227.0278 {90 232.03806 |91 231.03588 (92 238.02891 193  237.0482 (94 244.0642 195 243.0614 {96 247.0704 |97 247.0703 {98  251.0796 199  252.0830 [ 100 257.0951 | 101 258.0984 (102 259.1010 103 262.1096
Element - . N g : i - . { ) ; ) < ) : :
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
xtal - Crystal structure :-
bee - Body centred cubic| | ‘ a l I I l l I l l S I I l O I
cubic - simple cubic B
fcc - face centred cubic
hex - hexagonal L . xtal fce fce ortho ortho ortho mono hex hex hex - - -
mono - monoclinic | L val 2 2 2 2 2 2 2 2 2 2 2
. e M Ko 4130008 3 3 Kp 103.310 8 4 KB 106.077 8 5, 4 Kp 108906 | § 6,5,4,3 Kp1I11786 | g 6,5 4,3  Kp 114720 8 6,543 KplIZUSEEENG 5 4 3 Kp 12070500 3 Kp 1235050 4 3 Kp 127.102 | g 3 Kp 130377 | g - Kp 133730 | g - Kp 137.167 | g - KB -1 s 2 KB -1 s - KB -
R, | >N m LB emission 18 1050 Ko 89.790 | 18 1742 Ko 92.190 | 18 1568 Ko 94643 | 18 11322 Ko 97.143 | 18 637 Ko 99.693 | 18 6394 Ko 10220588 1176 Ko 104952 | 18 1340 Ko 107.670 | 18 986 Ko 110.450 | 18 900 Ko 113.298 | 18 860 Ko 116.217 | 18 1527 Ko 119.210 | 18 827 Ka -1 18 827 Ka -1 18 1627 Ko -
tetrag - tetragonal |:| O b Lo line 32 3198 Lp 15.712 32 4788 Lp 16.200 32 (4027) LB 16.700 32 4131 Lp 17.218 32 4000 LB 17.740 32 3228 LB 18.278 32 2607 LB 18.829 32 3110 LB 19.393 32 | LB 19.971 32 _ LB 20.562 32 _ LB 21.166 32 _ LB 21.785 32 _ LB - 32 _ LB - 32 _ LB -
P 21 MpB energy 18 10 La 12650 | 18 " Lo 12.966 1537 La 13291 | 21 0 La 13.613 202 Lo 13.945 10.86 La 14.279 1 La 14618 | 25 75 o La 1491 27, ¢ Lo 15309 | 28 Lo 15.661 | 29 Lo 16.018 | 30 La 16379 | 31 La -1 32 Lo -1 32 Lo -
Electron shell occupancy Q Mo (keV) 9 MB (3.050) : MB  3.146 | 9 : MB 3239 | 9 : MB 3337 | 9 : MB 3.436 | 8 ' MB  3.532 MB 3632 | 9 ; MB (3.730) | 8 ' MB (3.828) | 8 - MB (3.926) | 8 i MB (4.025) | 8 i MB (4.125) | 8 - M N - MB 19 - MB -
2 L2 Mo 2908 | 2 094  mMo 2006 2 078 Mo 3082 2 073 Me 3171 | 2 075 Mo 3262 R 050  no SRS 0.975 USSR 0.97 o G 096 Mo oot 2 0% Mo i) 2 - Ma (3.802) | 2 - Ma (3.894) | 2 - Ma |2 1 Ma _| 2 - Ma _
val - Valencies, common valency in bold 4|
m - Melting point (°C) [Notes:- [1] - Crystal structure for element at t t d for solids or at melti int f d liquids. . . . .
b- Boiling Point (°C) | """ 2] Density atroom temperature and pressure for soid or Tiquid elements, o o boiling poiat of liquid stae for gaseous elements, Produced by M. Matthews with support from the Atomic Weapons Establishment, the Institute
fll - DGPSitYd(g-CTn'3) | [3] - Shannop ionic radius fgr common valence state and.co-ordination number 6 (R. D Shannon, Acta Cryst. (1976) A32, 751-767. Electronic Table of Shannon Ionic Radii, J. David Van Horn, 2001, downloaded 5%-July-2008). . . . .
k i - Ionic radius in common valence state (nm) / [4] - Values in brackets are interpolated and are denoted in the graph above by dotted lines. fo r' Tra n S u ra n I u m E I e m e n tS : a n d th e E u r'o p e a n M I Cro b e a m An a Iy S I S S OC I ety. 20 1 6
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