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Вместо предисловия
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Вместо предисловия

“With further improvement of the 
computational possibilities, the diffraction 
data were playing a diminishing role in the 
combined analysis. It was increasingly 
realized that for many tasks, computation 
alone sufficed.”

Мой комментарий:
Это не означает, что ГЭ больше не нужна! Наоборот, имеется огромная потребность в 
точных экспериментальных структурах, т.к. доступные КХ приближения показывают 
сомнительную надежность на сложных объектах.
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Типичная калибровка теории

S. Coriani, D. Marchesan, J. Gauss, C. Hättig, T. Helgaker, 
P. Jørgensen, J. Chem. Phys. 2005, 123, 184107. 

Проблемы:
● только маленькие молекулы.
● нет тяжелых атомов.
● нет комбинаций “сложных” атомов,
● игнорирование прецизионности 

параметров.



 
5

H He Li Be B C N O F Ne Na Mg Al Si P S Cl Ar K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe Cs Ba La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn Fr Ra Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og

H 1.7(9)
N = 162

He 2.2(7)
N = 6

Li 2.0(1)
N = 14

2.7(3)
N = 7

Be 1.329(5)
N = 9

B 1.23(8)
N = 1416

1.935(4)
N = 2

1.84(5)
N = 4

1.79(5)
N = 1274

C 1.1(1)
N = 46542

3.87(8)
N = 49

1.93(5)
N = 9

1.89(8)
N = 59

1.7(1)
N = 550

1.5(1)
N = 24033

N 1.1(4)
N = 1514

3.5(1)
N = 4

1.9(1)
N = 6

1.5620
N = 2

1.5(2)
N = 114

1.4(2)
N = 4588

1.3(3)
N = 474

O 1.2(5)
N = 2237

1.7(1)
N = 14

1.61(7)
N = 22

1.4(2)
N = 84

1.3(2)
N = 5352

1.3(3)
N = 1057

1.7(7)
N = 137

F 1.5(8)
N = 171

1.73(2)
N = 6

1.40(4)
N = 15

1.3(1)
N = 178

1.34(7)
N = 4750

1.6(5)
N = 94

1.7(5)
N = 37

1.8(9)
N = 15

Ne 3.0(7)
N = 36

3(1)
N = 1

3.5(4)
N = 49

3.5(3)
N = 18

3.3(2)
N = 19

3.29(7)
N = 9

3.36(6)
N = 4

Na 2.50(2)
N = 4

3(1)
N = 1

2.303(5)
N = 2

2.25(6)
N = 8

2.13(8)
N = 3

2.22(8)
N = 16

2.09(2)
N = 20

3.2(2)
N = 12

Mg 2.2(5)
N = 8

2.3(1)
N = 33

1.96(4)
N = 13

1.84(8)
N = 13

1.7710
N = 2

Al 1.7(3)
N = 42

2.21(8)
N = 10

2.0(1)
N = 120

1.97(9)
N = 31

1.87(7)
N = 29

1.68(6)
N = 49

2.9(3)
N = 2

2.70(9)
N = 6

Si 1.49(3)
N = 1514

2.01(1)
N = 5

1.88(3)
N = 2806

1.72(5)
N = 268

1.63(3)
N = 392

1.58(3)
N = 308

2.35(6)
N = 150

P 1.4(2)
N = 295

1.95(9)
N = 33

1.82(9)
N = 502

1.66(6)
N = 130

1.6(1)
N = 220

1.57(3)
N = 478

3(1)
N = 1

2.45(3)
N = 7

2.23(5)
N = 15

2.21(5)
N = 48

S 1.5(4)
N = 265

4(1)
N = 1

2.144(1)
N = 2

1.8(2)
N = 78

1.8(4)
N = 1418

1.7(3)
N = 273

1.5(2)
N = 727

1.58(9)
N = 490

2.4785(4)
N = 2

2(1)
N = 1

2.38(9)
N = 6

2.09(8)
N = 24

2.0(1)
N = 107

2.0(2)
N = 94

Cl 1.4(4)
N = 123

3(1)
N = 1

2.20(4)
N = 6

1.85(8)
N = 15

1.8(2)
N = 71

1.8(2)
N = 1437

1.9(3)
N = 78

1.6(4)
N = 161

1.7(3)
N = 84

2.6(1)
N = 21

2.22(9)
N = 14

2.14(8)
N = 86

2.04(2)
N = 352

2.0(1)
N = 247

2.1(2)
N = 106

2.06(9)
N = 17

Ar 3.1(5)
N = 161

3(1)
N = 1

3.6(3)
N = 110

3.6(5)
N = 39

3.6(1)
N = 39

3.5(1)
N = 27

3.602(7)
N = 14

3(1)
N = 1

4.0(5)
N = 10

3.3(6)
N = 6

3.854(7)
N = 7

K 2.5047907(9)
N = 3

3(1)
N = 1

2.8(2)
N = 2

2.61(8)
N = 6

2.8(2)
N = 4

2.41(8)
N = 26

2.40(7)
N = 8

3(1)
N = 1

3(1)
N = 1

2.93(8)
N = 3

2.92(5)
N = 10

3.8(3)
N = 5

Ca 2.31887(2)
N = 3

2(1)
N = 1

2.6(1)
N = 23

2.124(2)
N = 2

2.1(1)
N = 9

2.1000
N = 2

2.56391(5)
N = 2

2.46(2)
N = 4

Sc 2.4(2)
N = 14

2.02003(3)
N = 3

2.081(5)
N = 18

1.83(2)
N = 6

2.35(9)
N = 11

3.0(2)
N = 2

Ti 1.8915
N = 2

2.21(4)
N = 10

2.3(1)
N = 47

1.99(8)
N = 11

2.0(2)
N = 11

1.74499(5)
N = 4

2.19(3)
N = 33

V 2.2(2)
N = 36

1.9(1)
N = 14

1.8(2)
N = 23

1.79(8)
N = 22

2.18(6)
N = 34

3(1)
N = 1

Cr 2.0567
N = 2

2.0(1)
N = 111

1.75(2)
N = 9

1.8(2)
N = 75

1.73(3)
N = 33

2.25(7)
N = 23

3.1(1)
N = 3

2.3(3)
N = 2

Mn 2.1(6)
N = 5

2.0(2)
N = 131

1.8(1)
N = 5

1.8(2)
N = 7

1.76(3)
N = 19

2.38(2)
N = 2

2.196(6)
N = 4

3(1)
N = 1

Fe 1.61(4)
N = 10

2.0(1)
N = 308

1.8(1)
N = 7

1.76(2)
N = 15

2.37668(9)
N = 5

2.2(1)
N = 53

Co 1.54(2)
N = 2

1.9(2)
N = 62

1.7(1)
N = 4

1.892(2)
N = 24

1.74(1)
N = 9

2.3809
N = 2

2.2(1)
N = 12

Ni 2.0(2)
N = 36

1.86(8)
N = 22

1.87(1)
N = 12

1.725(7)
N = 6

2.0990(7)
N = 4

2.064(9)
N = 6

Cu 1.1821
N = 2

1.9(1)
N = 42

1.95(4)
N = 39

1.90(4)
N = 50

1.74(1)
N = 16

2.17(9)
N = 11

2.12(6)
N = 60

2.26(3)
N = 5

2.50(3)
N = 5

Zn 1.6(2)
N = 22

2.0(1)
N = 58

1.99(5)
N = 36

1.91(6)
N = 18

1.738(6)
N = 6

2.30(6)
N = 6

2.10(5)
N = 7

Ga 1.6(1)
N = 61

2.26(7)
N = 17

2.0(1)
N = 78

2.05(7)
N = 28

1.92(6)
N = 26

1.719(6)
N = 6

2.48(4)
N = 2

2.36480(5)
N = 12

2.2(2)
N = 48

2.59(2)
N = 2

Ge 1.53(2)
N = 318

2.0(2)
N = 266

1.85(3)
N = 19

1.77(3)
N = 15

1.72(2)
N = 21

2.368(6)
N = 12

2.312(7)
N = 5

2.23(2)
N = 4

2.15(3)
N = 61

2.46(3)
N = 2

2(1)
N = 1

2.418(9)
N = 6

As 1.52(1)
N = 54

2.17(6)
N = 13

1.93(9)
N = 79

1.857(9)
N = 9

1.73(5)
N = 12

1.72(4)
N = 30

2.351(7)
N = 7

2.25(6)
N = 6

2.19(5)
N = 8

2.18(5)
N = 27

2.44(2)
N = 10

Se 1.461(9)
N = 18

2.0(2)
N = 7

1.9(1)
N = 77

1.796(5)
N = 3

1.66(9)
N = 50

1.68(4)
N = 78

2.2739(4)
N = 2

2.2(1)
N = 5

2.19101(2)
N = 2

2.18(2)
N = 4

2.34389(4)
N = 2

2.33(2)
N = 10

Br 1.6(5)
N = 58

2.34992(2)
N = 4

1.93(1)
N = 7

1.92(6)
N = 33

2.0(2)
N = 448

2.1(4)
N = 23

1.9(4)
N = 22

1.76(4)
N = 17

2.71(3)
N = 8

2.41(9)
N = 10

2.29(9)
N = 64

2.23(4)
N = 87

2.3(2)
N = 36

2.3(3)
N = 13

2.15(3)
N = 12

3.56(9)
N = 2

3.2020(2)
N = 4

2.6159(3)
N = 2

2.50(9)
N = 11

2.3389(3)
N = 4

2.27595(9)
N = 4

2.4(1)
N = 10

2.4(1)
N = 21

2.31(9)
N = 10

2.195(6)
N = 4

2.175(6)
N = 5

2.200(4)
N = 4

2.30(9)
N = 17

2.30(2)
N = 53

2.34(2)
N = 21

2.32(2)
N = 4

2.29(1)
N = 11

Kr 3.4(5)
N = 41

3(1)
N = 1

3.8(2)
N = 14

3.8(2)
N = 7

3.7(2)
N = 16

2.6(9)
N = 13

3.75(3)
N = 6

3.46(2)
N = 2

3(1)
N = 1

2.34(2)
N = 4

4(1)
N = 1

Rb 3.257(1)
N = 2

3.09(1)
N = 2

2.6(1)
N = 25

2.6(1)
N = 9

3.2(4)
N = 3

3.04(4)
N = 6

3.1809(6)
N = 4

4.0(4)
N = 6

Sr 2.457380(2)
N = 3

3(1)
N = 1

2.7(1)
N = 25

2(1)
N = 1

2.3(1)
N = 6

2.2000
N = 2

2.7054(6)
N = 2

2.62(1)
N = 4

2.76(2)
N = 4

Y 2(1)
N = 1

2.192(3)
N = 6

2(1)
N = 1

2.22(8)
N = 24

2.52(8)
N = 19

3(1)
N = 1

Zr 2.13889(6)
N = 2

2.34(4)
N = 11

2.52(3)
N = 20

2.07100(7)
N = 7

2.2(1)
N = 36

1.89992(6)
N = 4

2.5(2)
N = 14

2.46495(3)
N = 4

Nb 2.3(1)
N = 17

1.73(7)
N = 18

1.89(8)
N = 32

2.127(7)
N = 2

2.28(2)
N = 42

2.42(2)
N = 23

2.4(2)
N = 6

Mo 2(1)
N = 1

2.1(1)
N = 40

1.99(1)
N = 3

1.9(2)
N = 54

1.84(6)
N = 56

2(1)
N = 1

2.26(2)
N = 27

2.40(4)
N = 8

3.4980
N = 2

2.09(1)
N = 2

Tc

Ru 1.713(2)
N = 4

2.1(1)
N = 38

1.7060(7)
N = 4

1.9(1)
N = 60

2.58(1)
N = 2

Rh 2.1(2)
N = 16

2(1)
N = 1

2.24493(2)
N = 3

Pd 1.84(2)
N = 6

2.2639(4)
N = 2

2.3570(4)
N = 2

Ag 1.7(3)
N = 4

2.2(2)
N = 35

2.17(1)
N = 4

2.15(9)
N = 7

1.97(2)
N = 10

2(1)
N = 1

2.36(5)
N = 7

2.269(9)
N = 24

2.61(4)
N = 6

2.378(6)
N = 6

2.63(3)
N = 9

Cd 1.680(3)
N = 10

2.14(4)
N = 7

2.3(2)
N = 4

1.9700
N = 2

2.2820
N = 2

2.38(1)
N = 4

In 2.5(2)
N = 45

2.19(9)
N = 5

2.11(6)
N = 21

2.4(2)
N = 30

2.6499
N = 2

3.1590
N = 2

Sn 1.71(3)
N = 43

2.2(2)
N = 221

2.2(1)
N = 36

2.03(9)
N = 9

2.6254
N = 2

2.33(3)
N = 27

2.50(2)
N = 15

3(1)
N = 1

Sb 1.706(6)
N = 28

2.15(3)
N = 69

2.03(1)
N = 6

1.98(2)
N = 28

1.9(1)
N = 45

3(1)
N = 1

2.5549(4)
N = 3

2.41391(9)
N = 6

2.33(4)
N = 31

2.552(2)
N = 6

2.49(1)
N = 9

2.8181(1)
N = 2

Te 1.654(3)
N = 6

2.16(8)
N = 17

2(1)
N = 1

1.88(4)
N = 13

1.83(2)
N = 63

2.3810
N = 2

2.37(8)
N = 13

2.4800
N = 2

2.8399
N = 2

2.7812(3)
N = 4

2.8(1)
N = 2

I 2.0(7)
N = 20

2.53991(4)
N = 4

2.15(3)
N = 6

2.18(5)
N = 15

2.2(3)
N = 135

2.8(5)
N = 11

2.1(4)
N = 10

1.84(3)
N = 22

4(1)
N = 1

2.96(4)
N = 8

2.5200
N = 2

2.5(1)
N = 42

2.44(1)
N = 57

2.6(2)
N = 3

3.4(2)
N = 2

2.322(2)
N = 10

4.0(3)
N = 3

3.50293(3)
N = 4

2.80(4)
N = 4

2.68(8)
N = 33

2.54(2)
N = 10

2.6(1)
N = 8

2.6(1)
N = 10

2.40(4)
N = 12

2.403(3)
N = 3

2.449002(1)
N = 3

2.51(1)
N = 25

2.55689(1)
N = 3

3.9(1)
N = 2

3.46293(4)
N = 4

3.0090
N = 2

2.830989(8)
N = 3

2.6600(1)
N = 4

2.62(2)
N = 28

2.538(6)
N = 10

2.576(6)
N = 4

2.68(7)
N = 20

2.69(2)
N = 11

2.714(5)
N = 9

2.6930
N = 2

2.74(1)
N = 9

Xe 3.6(4)
N = 23

4.0(1)
N = 10

3.88(8)
N = 4

3(1)
N = 19

2.1(6)
N = 36

4.0010
N = 2

4(1)
N = 1

2.45(2)
N = 4

2.68(2)
N = 4

Cs 4(1)
N = 1

3.226(6)
N = 2

2.7(1)
N = 37

2.75(4)
N = 15

3.7(2)
N = 2

3(1)
N = 1

3.3786(2)
N = 2

3.10(8)
N = 9

3.4901
N = 2

3.35590(6)
N = 4

3.5042
N = 2

3.57188(4)
N = 4

4.4(4)
N = 6

Ba 2.88(8)
N = 21

2.0770(8)
N = 3

2.4(2)
N = 8

2.3300
N = 2

3(1)
N = 1

2.905(6)
N = 4

3.14999(2)
N = 4

La 2(1)
N = 1

2.392(9)
N = 18

2.220013(9)
N = 3

2.58(2)
N = 12

2.72(2)
N = 15

2.967(9)
N = 9

Ce 2.32997(1)
N = 3

2.0355(5)
N = 8

2.8(3)
N = 11

Pr 2.31002(3)
N = 3

2.3309(1)
N = 6

2.07(2)
N = 6

3.26762(7)
N = 3

2.53(2)
N = 6

2.69560(3)
N = 3

2.89(3)
N = 9

Nd 2.334(9)
N = 18

2.57997(2)
N = 3

2.70(2)
N = 6

2.88(5)
N = 11

Pm

Sm 2.30(2)
N = 18

2.56(4)
N = 7

2.69(5)
N = 5

2.9979
N = 2

Eu 2.27098(6)
N = 6

2.59(2)
N = 4

2.76690(4)
N = 2

Gd 2.27(1)
N = 12

2.03(2)
N = 6

2.47(2)
N = 9

2.62(3)
N = 6

2.82(2)
N = 9

Tb 2.24799(5)
N = 6

2.46(2)
N = 6

2.82298(3)
N = 3

Dy 2.26(1)
N = 18

2.456(3)
N = 6

2.7(1)
N = 17

2.87(9)
N = 17

Ho 2.24(1)
N = 18

1.99(1)
N = 6

2.44(2)
N = 9

2.59429(1)
N = 3

2.80000(2)
N = 3

Er 2.227(8)
N = 24

2.5(1)
N = 11

2.65(8)
N = 11

2.78904(2)
N = 3

Tm 2.21382(6)
N = 6

2.42201(1)
N = 3

Yb 2.64(2)
N = 35

2.210(4)
N = 18

2.46(4)
N = 7

Lu 2.197(5)
N = 18

2.44(9)
N = 17

2.54(2)
N = 9

2.75(2)
N = 6

Hf 2.31398(2)
N = 4

2.2(1)
N = 26

1.9100(4)
N = 4

2.6(3)
N = 8

2.44995(3)
N = 4

2.66195(7)
N = 4

Ta 2.15(3)
N = 11

2.02(4)
N = 5

1.90(9)
N = 25

2.29(2)
N = 7

2.44(3)
N = 5

W 1.73(5)
N = 7

2.2(2)
N = 82

1.9(1)
N = 15

1.79(8)
N = 44

1.84(1)
N = 37

2.10(1)
N = 3

2.27(3)
N = 59

2.22(1)
N = 3

2.43(2)
N = 18

3.3886(1)
N = 2

3.5019(1)
N = 2

3(1)
N = 1

3.11(2)
N = 2

Re 1.68(5)
N = 7

2.1(1)
N = 63

1.71(4)
N = 47

1.828(8)
N = 57

3(1)
N = 1

2.25(2)
N = 10

3(1)
N = 1

2.52(3)
N = 12

3(1)
N = 1

2.5(3)
N = 6

Os 1.7199
N = 2

2.0(1)
N = 21

1.7500(2)
N = 4

1.68(4)
N = 13

1.87(7)
N = 61

2.2580
N = 4

Ir 2.032633(7)
N = 3

2.15779(5)
N = 3

1.835(4)
N = 12

Pt 1.80(7)
N = 9

1.8520
N = 6

2.2200(3)
N = 4

Au 1.6168
N = 2

2.0(1)
N = 17

1.92(8)
N = 49

2(1)
N = 1

3(1)
N = 1

2.25(6)
N = 15

2.45(5)
N = 3

2.331(9)
N = 4

2.49(3)
N = 4

2.4(1)
N = 4

2.5481
N = 3

Hg 1.8(5)
N = 9

2.1553(3)
N = 2

2.2(4)
N = 28

2.6(8)
N = 3

2.26(2)
N = 7

2.40(2)
N = 5

2.56(1)
N = 8

Tl 2.6(2)
N = 23

2(1)
N = 1

2.3(2)
N = 21

2.26391(4)
N = 4

2.9099
N = 2

3.1909
N = 2

Pb 2.6(2)
N = 14

2.2000
N = 2

2.10(5)
N = 15

2.4(1)
N = 23

2.597(1)
N = 6

2.805(1)
N = 6

3.7(2)
N = 4

Bi 1.782(5)
N = 12

2.25(2)
N = 12

2.0669(2)
N = 3

1.981(4)
N = 9

2.421(3)
N = 15

2.572(5)
N = 6

1.797(7)
N = 9

Po 1.725001(1)
N = 2

At

Rn

Fr

Ra

Ac

Th 2.132(8)
N = 8

2.568(2)
N = 8

2.7199(1)
N = 4

Pa

U 2.2473(5)
N = 12

2.5119(5)
N = 4

2.66501(1)
N = 16

2.03(4)
N = 37

2.52(4)
N = 39

2.7(2)
N = 8

2.9(1)
N = 14

Np 1.9810
N = 6

Pu 1.9710
N = 6

Am

Cm

Bk

Cf

Es

Fm

Md

No

Lr

Rf

Db

Sg

Bh

Hs

Mt

Ds

Rg

Cn

Nh

Fl

Mc

Lv

Ts

Og

Газовая фаза: связи в MOGADOC (10.3K структур)

H
 до O

g

Z = 1(H) до 118(Og)

Проблема: 
большинство 
комбинаций не 
исследовано!
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Твёрдая фаза: связи в CSD (1.2M структур)
H He Li Be B C N O F Ne Na Mg Al Si P S Cl Ar K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe Cs Ba La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn Fr Ra Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og

H 0.8(2)
N = 16939

He

Li 2.0(1)
N = 3386

2.6(3)
N = 1148

Be 1.51(6)
N = 66

2.34(5)
N = 4

0.9(3)
N = 7

B 1.14(4)
N = 186878

2.4(1)
N = 788

1.94(6)
N = 20

1.78(4)
N = 335762

C 0.97(6)
N = 41009203

2.3(1)
N = 16160

1.81(7)
N = 581

1.65(6)
N = 224573

1.43(8)
N = 36868134

N 0.90(6)
N = 1058271

2.09(9)
N = 28832

1.72(8)
N = 920

1.53(7)
N = 80773

1.39(7)
N = 7825540

1.35(6)
N = 448325

O 0.88(9)
N = 1160386

2.0(1)
N = 61093

1.62(4)
N = 2626

1.42(6)
N = 70451

1.32(9)
N = 5505070

1.26(7)
N = 482940

1.2(3)
N = 40204

F 1.17(5)
N = 794

2.0(2)
N = 812

1.55(4)
N = 188

1.38(3)
N = 130086

1.34(2)
N = 1039089

1.41(5)
N = 177

1.1(2)
N = 790

0.9(3)
N = 5930

Ne

Na 2.4(1)
N = 940

2.58(4)
N = 3

2.96(9)
N = 338

2.8(2)
N = 5976

2.5(1)
N = 13614

2.4(1)
N = 103146

2.4(2)
N = 1444

3.2(9)
N = 478

Mg 2.0(2)
N = 1243

2.40(7)
N = 157

2.3(2)
N = 5026

2.10(8)
N = 13247

2.06(7)
N = 41214

2.1(1)
N = 218

3.3(2)
N = 4

2.9(2)
N = 65

Al 1.5(2)
N = 3677

2.76(7)
N = 20

2.36(2)
N = 4

2.2(1)
N = 182

2.0(1)
N = 28117

1.95(9)
N = 20252

1.83(9)
N = 62772

1.79(7)
N = 2727

3.04(7)
N = 20

2.74(4)
N = 12

2.7(1)
N = 2398

Si 1.4(2)
N = 6599

2.7(1)
N = 403

2.238(3)
N = 7

2.02(8)
N = 620

1.88(2)
N = 539974

1.75(7)
N = 61604

1.65(6)
N = 120288

1.65(7)
N = 7084

3.1(1)
N = 175

2.7(1)
N = 80

2.49(4)
N = 339

2.36(6)
N = 23605

P 1.2(2)
N = 8683

2.6(1)
N = 2282

2.24(4)
N = 34

1.95(6)
N = 5241

1.83(3)
N = 993867

1.65(6)
N = 88379

1.54(5)
N = 293331

1.59(3)
N = 248810

3.0(1)
N = 637

2.63(9)
N = 423

2.44(9)
N = 1047

2.27(7)
N = 3881

2.2(1)
N = 18233

S 1.1(2)
N = 2725

2.50(9)
N = 1468

2.12(4)
N = 25

1.92(7)
N = 2917

1.77(6)
N = 873720

1.63(5)
N = 62030

1.5(2)
N = 376113

1.58(5)
N = 4118

2.9(1)
N = 1608

2.5(1)
N = 307

2.3(2)
N = 903

2.2(1)
N = 2267

1.99(6)
N = 24250

2.0(2)
N = 15691

Cl 1.2(3)
N = 999

2.37(8)
N = 3503

2.01(7)
N = 440

1.81(5)
N = 7087

1.74(4)
N = 355637

1.7(1)
N = 486

1.43(3)
N = 219160

1.8(5)
N = 80

2.9(1)
N = 840

2.47(8)
N = 1883

2.16(7)
N = 7158

2.10(7)
N = 5678

2.05(9)
N = 6167

2.1(2)
N = 461

2.0(7)
N = 3515

Ar

K 2.8(2)
N = 1177

3.2(1)
N = 359

3.2(2)
N = 19207

2.9(1)
N = 18423

2.8(1)
N = 101257

2.8(2)
N = 2612

3.637(1)
N = 2

3.5(1)
N = 212

3.4(2)
N = 965

3.3(1)
N = 2435

3.3(1)
N = 1433

3(1)
N = 247

Ca 2.4(1)
N = 576

3.1(2)
N = 8

2.74(7)
N = 36

2.7(1)
N = 3101

2.5(1)
N = 6047

2.4(1)
N = 38073

2.5(2)
N = 242

3.17(6)
N = 3

3.2(1)
N = 38

2.96(8)
N = 207

2.93(8)
N = 164

2.75(7)
N = 320

3.5(6)
N = 62

Sc 2.1(1)
N = 230

2.6(2)
N = 44

2.4(1)
N = 6300

2.2(1)
N = 3655

2.1(1)
N = 8746

2.1(1)
N = 186

3.00(5)
N = 4

3.0(1)
N = 6

2.7(1)
N = 326

2.6(1)
N = 123

2.49(9)
N = 549

2(1)
N = 301

Ti 1.9(1)
N = 1007

3.00(3)
N = 5

2.43(7)
N = 282

2.4(1)
N = 60923

2.1(2)
N = 18403

1.9(1)
N = 93093

1.9(1)
N = 2960

2.78(2)
N = 8

2.83(8)
N = 25

2.58(9)
N = 85

2.6(1)
N = 1106

2.5(1)
N = 1990

2.3(1)
N = 9986

2.7(3)
N = 250

V 1.8(1)
N = 240

2.8(1)
N = 6

2.4(1)
N = 124

2.2(1)
N = 10710

2.1(2)
N = 14824

1.9(2)
N = 167274

2.0(1)
N = 2170

2.5946
N = 2

2.42(8)
N = 10

2.48(9)
N = 839

2.4(1)
N = 2670

2.3(1)
N = 2882

2.6(6)
N = 955

Cr 1.75(9)
N = 343

2.61(3)
N = 11

2.2(2)
N = 296

2.1(2)
N = 57567

2.0(2)
N = 21592

2.0(1)
N = 42441

1.91(3)
N = 5510

2.5(2)
N = 8

2.36(9)
N = 57

2.40(9)
N = 3403

2.36(7)
N = 2674

2.36(9)
N = 4335

3.07(1)
N = 7

2.92(3)
N = 4

2.4(4)
N = 1797

Mn 1.7(2)
N = 645

2.5736
N = 2

2.1(1)
N = 439

2.0(2)
N = 45726

2.2(1)
N = 95829

2.1(2)
N = 221404

2.0(2)
N = 815

2.85(4)
N = 2

2.5(2)
N = 10

2.4(1)
N = 253

2.3(1)
N = 3717

2.5(1)
N = 4592

2.5(1)
N = 8984

3.5462
N = 7

3.11(7)
N = 14

3.0(1)
N = 59

2.8(2)
N = 2547

Fe 1.6(1)
N = 2229

2.3(5)
N = 43

2.2(1)
N = 2537

2.0(1)
N = 441179

2.1(1)
N = 164496

2.0(1)
N = 134768

2.0(1)
N = 2005

3.1(2)
N = 11

2.58(5)
N = 13

2.39(8)
N = 92

2.31(9)
N = 969

2.26(9)
N = 22941

2.28(7)
N = 35578

2.30(9)
N = 15494

3.49(1)
N = 4

3.0185
N = 2

3.0(1)
N = 15

2.2(3)
N = 23

2.5(4)
N = 51

2.6(3)
N = 118

2.8(2)
N = 131

2.6(2)
N = 13370

Co 1.6(2)
N = 890

2.5(2)
N = 3

2.11(7)
N = 5491

2.0(1)
N = 98930

2.0(1)
N = 183941

2.1(1)
N = 235931

2.03(8)
N = 786

2.9(1)
N = 8

2.55(3)
N = 12

2.4(1)
N = 37

2.25(7)
N = 421

2.23(8)
N = 15355

2.3(1)
N = 13600

2.31(9)
N = 13447

3.6801
N = 3

2.80(6)
N = 24

2.3(2)
N = 39

2.6(2)
N = 6

2.4(3)
N = 89

2.6(1)
N = 71

2.55(8)
N = 564

2.6(2)
N = 11286

Ni 1.6(1)
N = 813

2.53(9)
N = 103

2.1(1)
N = 1084

2.0(1)
N = 43097

2.0(1)
N = 166477

2.06(9)
N = 166251

1.96(9)
N = 1048

2.86(9)
N = 60

2.5(1)
N = 41

2.4(1)
N = 51

2.23(9)
N = 441

2.19(5)
N = 17629

2.2(1)
N = 31324

2.3(1)
N = 9166

3.4(2)
N = 17

2.368(3)
N = 4

2.5(3)
N = 27

2.75(6)
N = 10

2.411(7)
N = 9

2.7(2)
N = 17

2.6(2)
N = 321

2.6(3)
N = 260

2.6(3)
N = 14128

Cu 1.8(1)
N = 3644

2.6(2)
N = 42

2.2(1)
N = 601

2.0(2)
N = 26549

2.0(1)
N = 346395

2.1(2)
N = 372737

2.2(2)
N = 1750

2.72(3)
N = 9

2.73(2)
N = 24

2.42(9)
N = 475

2.3(1)
N = 257

2.25(5)
N = 27531

2.3(1)
N = 50029

2.4(2)
N = 45356

3.3(3)
N = 16

2.896(8)
N = 2

2.87(6)
N = 38

2.70(7)
N = 61

2.7(1)
N = 27

2.6(1)
N = 45

2.6(2)
N = 726

2.5(1)
N = 97

2.7(2)
N = 173

2.7(2)
N = 28712

Zn 1.7(2)
N = 612

2.446(5)
N = 3

2.3(2)
N = 100

2.1(1)
N = 7881

2.08(8)
N = 171842

2.0(1)
N = 279729

2.1(1)
N = 879

2.99(8)
N = 19

2.61(4)
N = 6

2.48(1)
N = 7

2.42(9)
N = 124

2.43(8)
N = 814

2.4(1)
N = 10656

2.26(6)
N = 18000

3.6(1)
N = 24

3.21(6)
N = 10

2.64(1)
N = 4

2.51(2)
N = 7

2.47(2)
N = 14

2.5(2)
N = 106

2.5(3)
N = 33

2.4(1)
N = 149

2.47(6)
N = 62

2.6(4)
N = 1817

Ga 1.5(1)
N = 752

2.52(3)
N = 20

2.207(2)
N = 1

2.12(6)
N = 122

2.1(2)
N = 12001

2.0(1)
N = 10893

2.0(1)
N = 20425

1.93(9)
N = 1225

3.1(2)
N = 31

2.74(1)
N = 4

2.58(9)
N = 27

2.43(4)
N = 371

2.40(8)
N = 1368

2.31(7)
N = 4482

2.20(8)
N = 6620

3.5(2)
N = 44

3.23(3)
N = 7

2.685(1)
N = 3

2.52(4)
N = 7

2.44(5)
N = 47

2.6(1)
N = 31

2.39(8)
N = 315

2.41(7)
N = 110

2.4(1)
N = 189

2.36(8)
N = 45

2.5(2)
N = 45

2.6(1)
N = 3136

Ge 1.48(6)
N = 566

2.67(9)
N = 86

2.1(1)
N = 550

2.0(1)
N = 14793

2.0(1)
N = 6127

1.8(1)
N = 22899

1.79(5)
N = 740

3.02(7)
N = 21

2.67(5)
N = 16

2.5(1)
N = 22

2.40(5)
N = 2271

2.39(9)
N = 815

2.24(9)
N = 3066

2.25(9)
N = 2562

3.5(3)
N = 299

3.13(8)
N = 6

2.65(8)
N = 32

2.5(1)
N = 19

2.5(1)
N = 82

2.43(9)
N = 98

2.40(9)
N = 458

2.4(1)
N = 398

2.3(1)
N = 428

2.4(1)
N = 287

2.5(1)
N = 181

2.51(6)
N = 54

2.6(1)
N = 10360

As 1.0(1)
N = 217

2.6(1)
N = 324

2.176(3)
N = 2

2.14(8)
N = 275

1.94(4)
N = 23978

1.9(1)
N = 1493

1.71(7)
N = 17481

1.72(3)
N = 5148

3.0(1)
N = 34

2.62(4)
N = 16

2.5(1)
N = 240

2.34(4)
N = 853

2.32(7)
N = 432

2.3(2)
N = 2545

2.4(2)
N = 967

3.6(1)
N = 118

3.06(5)
N = 28

2.62(6)
N = 46

2.3(5)
N = 55

2.50(7)
N = 292

2.4(1)
N = 140

2.42(8)
N = 1410

2.42(9)
N = 967

2.37(6)
N = 491

2.4(1)
N = 1148

2.5(1)
N = 141

2.48(9)
N = 283

2.5(1)
N = 146

2.4(1)
N = 3559

Se 1.36(8)
N = 205

2.6(1)
N = 219

2.06(7)
N = 450

1.92(6)
N = 33891

1.9(1)
N = 2198

1.7(1)
N = 6956

1.84(7)
N = 58

3.1(1)
N = 272

2.7(1)
N = 32

2.42(9)
N = 226

2.27(9)
N = 506

2.15(6)
N = 6157

2.25(8)
N = 416

2.4(2)
N = 756

3.4(1)
N = 366

3.06(7)
N = 33

2.62(8)
N = 15

2.6(2)
N = 246

2.5(1)
N = 241

2.46(6)
N = 658

2.53(8)
N = 1347

2.39(5)
N = 3653

2.35(4)
N = 3769

2.33(9)
N = 1745

2.5(1)
N = 12922

2.5(1)
N = 1276

2.42(5)
N = 1750

2.4(1)
N = 2532

2.4(2)
N = 1060

2.3(1)
N = 4081

Br 1.2(3)
N = 337

2.53(7)
N = 867

2.17(7)
N = 84

1.99(6)
N = 3374

1.90(4)
N = 82406

2.0(2)
N = 270

1.7(2)
N = 384

1.9(1)
N = 40

3.0(2)
N = 114

2.6(1)
N = 1077

2.33(8)
N = 1498

2.28(8)
N = 591

2.3(2)
N = 465

2.4(2)
N = 101

2.5(3)
N = 122

3.5(2)
N = 373

2.90(5)
N = 98

2.66(5)
N = 32

2.5(1)
N = 349

2.55(6)
N = 87

2.49(9)
N = 212

2.6(1)
N = 3180

2.44(8)
N = 2726

2.43(8)
N = 2312

2.4(1)
N = 4524

2.5(1)
N = 20209

2.38(6)
N = 4257

2.38(9)
N = 1044

2.4(1)
N = 548

2.5(3)
N = 435

2.6(2)
N = 911

2.5(4)
N = 1798

Kr

Rb 2.9(1)
N = 146

3.3(2)
N = 10

3.4(1)
N = 1628

3.1(1)
N = 1982

3.0(1)
N = 12237

3.0(2)
N = 580

3.645(3)
N = 4

3.7(1)
N = 80

3.5(1)
N = 130

3.53(9)
N = 263

3.4(1)
N = 171

3.4704
N = 3

3.566(1)
N = 1

3.5(1)
N = 4

3.7(1)
N = 60

3.61(9)
N = 70

3.61(6)
N = 38

3.5(1)
N = 276

3(2)
N = 64

Sr 2.8(2)
N = 567

2.9(1)
N = 26

2.9(2)
N = 1096

2.7(1)
N = 3406

2.6(1)
N = 23730

2.6(2)
N = 261

3.32(9)
N = 31

3.13(7)
N = 175

3.1(1)
N = 70

2.94(8)
N = 125

3.6(1)
N = 1

3.4348(9)
N = 3

3.15(3)
N = 4

3.20(4)
N = 34

3.20(4)
N = 40

3.04(5)
N = 73

1.4(5)
N = 10

Y 2.2(1)
N = 1688

3.1(1)
N = 13

2.7(1)
N = 307

2.6(1)
N = 15264

2.4(1)
N = 10741

2.3(1)
N = 41159

2.5(3)
N = 213

3.48(6)
N = 3

3.19(1)
N = 6

3.2(2)
N = 57

2.9(1)
N = 389

2.8(1)
N = 326

2.67(8)
N = 1383

3.4506
N = 3

3.63(4)
N = 24

3.30(3)
N = 4

3.367(2)
N = 2

3.29(5)
N = 26

3.43(7)
N = 134

3.3(2)
N = 3

2.7(2)
N = 25

3.51(8)
N = 8

3.47(2)
N = 10

3.1758(4)
N = 1

2.98(2)
N = 11

2.97(2)
N = 4

2.90(9)
N = 51

2.9(1)
N = 46

3.5(6)
N = 254

Zr 1.9(1)
N = 1911

2.89(6)
N = 20

2.38(5)
N = 24

2.6(1)
N = 612

2.51(9)
N = 65865

2.2(1)
N = 11504

2.1(1)
N = 91349

2.08(9)
N = 1657

3.093(2)
N = 2

2.9(1)
N = 78

2.76(9)
N = 1420

2.7(1)
N = 772

2.49(8)
N = 8688

3.26(7)
N = 10

2.430(6)
N = 36

3.2(4)
N = 22

2.7(2)
N = 111

2.5(2)
N = 3

2.7(2)
N = 7

3.257(4)
N = 8

2.75(4)
N = 6

2.90(4)
N = 8

2.75(9)
N = 54

2.7(1)
N = 79

2.67(8)
N = 554

3.3(2)
N = 2758

Nb 1.9(2)
N = 338

2.47(7)
N = 94

2.4(1)
N = 10694

2.1(2)
N = 3482

2.0(2)
N = 32770

1.94(7)
N = 1188

2.61(5)
N = 57

2.6(1)
N = 848

2.5(1)
N = 1766

2.44(6)
N = 6695

3.29(5)
N = 12

3.08(3)
N = 76

3.0211(8)
N = 1

3.2(1)
N = 1

2.4(2)
N = 8

3.0(1)
N = 1

2.5(2)
N = 6

2.8(1)
N = 10

2.791(6)
N = 5

2.8(2)
N = 73

2.5(2)
N = 96

2.6(1)
N = 386

2.61(9)
N = 268

2.9(1)
N = 2108

Mo 1.8(2)
N = 1226

2.8(1)
N = 18

2.3(1)
N = 1271

2.2(2)
N = 85478

2.1(2)
N = 27690

2.0(2)
N = 472575

2.1(2)
N = 992

2.3(2)
N = 7

2.79(6)
N = 4

2.61(3)
N = 19

2.5(1)
N = 175

2.49(7)
N = 12097

2.4(1)
N = 30121

2.45(7)
N = 11037

3.6137(8)
N = 1

2.73(1)
N = 3

3.08(4)
N = 326

3.0(2)
N = 22

2.9(1)
N = 107

2.8(1)
N = 1071

2.7(1)
N = 681

2.7(1)
N = 153

2.69(8)
N = 729

3.0(3)
N = 162

2.56(6)
N = 62

2.6(2)
N = 146

2.62(7)
N = 866

2.53(8)
N = 2367

2.60(5)
N = 3888

3.45(6)
N = 8

3.2966
N = 2

3.00(1)
N = 6

2.6(3)
N = 14354

Tc 1.8(1)
N = 77

2.35(3)
N = 3

2.0(1)
N = 1411

2.1(2)
N = 1489

1.9(2)
N = 1480

2.0(1)
N = 37

2.43(4)
N = 810

2.4(1)
N = 899

2.38(7)
N = 920

2.50(2)
N = 22

2.51(8)
N = 90

2.54(5)
N = 241

2.5(3)
N = 284

Ru 1.7(1)
N = 9966

2.81(3)
N = 5

2.2(1)
N = 3439

2.1(1)
N = 213337

2.08(8)
N = 70371

2.1(1)
N = 31922

2.1(1)
N = 160

3.072(1)
N = 1

2.76(4)
N = 6

2.56(6)
N = 55

2.37(8)
N = 745

2.33(6)
N = 32788

2.36(8)
N = 13991

2.41(5)
N = 23749

2.83(5)
N = 80

2.8(2)
N = 42

2.94(8)
N = 8

2.82(8)
N = 27

2.7(1)
N = 481

2.67(9)
N = 504

2.7(2)
N = 178

2.7(1)
N = 545

2.49(9)
N = 105

2.43(8)
N = 126

2.47(8)
N = 374

2.45(5)
N = 708

2.51(6)
N = 1179

2.56(6)
N = 1084

3.0(1)
N = 22

2.9(1)
N = 14

3.16(4)
N = 38

2.9(2)
N = 362

2.8(2)
N = 26364

Rh 1.7(2)
N = 1978

2.54(7)
N = 18

2.2(1)
N = 2527

2.1(1)
N = 85649

2.10(8)
N = 22760

2.08(8)
N = 21399

2.3(3)
N = 101

2.55(7)
N = 3

2.47(7)
N = 36

2.33(7)
N = 379

2.29(6)
N = 16955

2.36(7)
N = 5832

2.41(5)
N = 10549

3.1(1)
N = 2

2.773(1)
N = 1

2.7(3)
N = 18

2.829(7)
N = 4

2.8(1)
N = 35

2.72(7)
N = 58

2.68(8)
N = 286

2.6(1)
N = 178

2.6(1)
N = 211

2.69(5)
N = 39

2.5(1)
N = 115

2.5(1)
N = 146

2.5(1)
N = 262

2.5(1)
N = 206

2.48(4)
N = 427

2.54(7)
N = 669

2.9(2)
N = 17

2.68(4)
N = 9

2.8(1)
N = 154

2.8(1)
N = 496

2.7(2)
N = 9135

Pd 1.73(7)
N = 311

2.55(9)
N = 18

2.2(1)
N = 551

2.1(1)
N = 41095

2.06(7)
N = 59915

2.07(7)
N = 21278

2.1(1)
N = 132

2.90(4)
N = 6

2.54(4)
N = 11

2.45(4)
N = 92

2.4(1)
N = 584

2.28(5)
N = 25975

2.31(6)
N = 12803

2.35(6)
N = 26816

3.4(3)
N = 6

2.7(2)
N = 9

3.0(1)
N = 12

3.1271
N = 2

2.80(7)
N = 14

2.69(7)
N = 49

2.8(2)
N = 144

2.7(2)
N = 659

2.66(8)
N = 709

2.7(1)
N = 141

2.50(8)
N = 128

2.50(8)
N = 154

2.5(1)
N = 347

2.41(6)
N = 666

2.42(5)
N = 1322

2.48(6)
N = 4407

2.9(1)
N = 9

2.9709(4)
N = 3

2.82(8)
N = 154

2.9(2)
N = 213

2.8(2)
N = 38

2.8(2)
N = 11948

Ag 1.9(2)
N = 726

2.76(4)
N = 6

2.5(2)
N = 273

2.3(2)
N = 37730

2.3(1)
N = 78084

2.4(2)
N = 67960

2.6(2)
N = 561

2.813(9)
N = 4

2.4693(8)
N = 1

2.5(2)
N = 56

2.44(7)
N = 14828

2.6(1)
N = 63212

2.6(2)
N = 5597

3.2(5)
N = 6

3.11(3)
N = 4

3.3(1)
N = 9

2.6579
N = 2

2.9(1)
N = 31

2.7(1)
N = 382

2.74(9)
N = 67

2.92(9)
N = 82

2.9(1)
N = 1467

2.6715(7)
N = 2

2.48(8)
N = 25

2.5(1)
N = 96

2.6(1)
N = 933

2.7(1)
N = 5756

2.7(1)
N = 5226

3.0(1)
N = 51

3.0(2)
N = 225

2.79(9)
N = 153

2.79(5)
N = 76

2.9(2)
N = 293

3.0(2)
N = 57332

Cd 2.3(3)
N = 122

2.5(2)
N = 34

2.3(2)
N = 2293

2.33(7)
N = 88410

2.4(1)
N = 160887

2.3(1)
N = 290

2.734(4)
N = 1

3.29(1)
N = 9

2.6(2)
N = 13

2.61(8)
N = 399

2.6(1)
N = 16146

2.6(1)
N = 16970

3.26(5)
N = 6

3.45(1)
N = 22

2.9(2)
N = 5

3.26(1)
N = 10

2.68(7)
N = 154

2.7(2)
N = 4

2.8(1)
N = 166

3.455(5)
N = 21

2.53(2)
N = 5

2.7(1)
N = 94

2.66(8)
N = 26

2.7(1)
N = 3070

2.7(1)
N = 4730

2.9(1)
N = 14

2.76(3)
N = 3

2.75(9)
N = 6

3.65(8)
N = 25

3.1(7)
N = 228

In 1.7(2)
N = 57

2.68(7)
N = 22

2.30(4)
N = 65

2.3(3)
N = 3960

2.3(1)
N = 6477

2.2(1)
N = 27072

2.10(6)
N = 396

2.843(2)
N = 1

2.7(1)
N = 108

2.7(1)
N = 782

2.5(1)
N = 9767

2.5(1)
N = 3117

3.7(2)
N = 12

2.6685
N = 2

2.63(6)
N = 17

2.65(3)
N = 38

2.60(6)
N = 156

2.57(5)
N = 40

2.6(1)
N = 91

3.235(2)
N = 1

2.56210(7)
N = 2

2.64(6)
N = 9

2.8(1)
N = 42

2.67(4)
N = 213

2.59(7)
N = 3085

2.6(1)
N = 1359

2.7916
N = 2

2.83(5)
N = 4

2.83(5)
N = 52

2.62(6)
N = 24

2.57(5)
N = 22

2.4(7)
N = 31

3.2(4)
N = 3

2.644(2)
N = 2

2.9(2)
N = 406

Sn 1.71(6)
N = 270

2.8(1)
N = 56

2.4(1)
N = 1892

2.2(1)
N = 51515

2.3(1)
N = 15231

2.2(2)
N = 47827

2.1(1)
N = 773

3.3(2)
N = 23

2.8341(2)
N = 3

2.78(2)
N = 4

2.63(6)
N = 785

2.6(1)
N = 1193

2.5(1)
N = 10993

2.5(1)
N = 11813

3.7(2)
N = 394

3.22(6)
N = 24

2.9(1)
N = 66

2.767(4)
N = 4

2.7(1)
N = 186

2.57(9)
N = 161

2.56(9)
N = 596

2.6(1)
N = 288

2.6(1)
N = 466

2.7(2)
N = 192

2.7(1)
N = 47

2.68(7)
N = 27

2.69(7)
N = 210

2.69(5)
N = 196

2.57(9)
N = 8029

2.7(2)
N = 2072

3.9(1)
N = 35

3.458(2)
N = 8

2.97(7)
N = 31

2.9(1)
N = 28

2.8(1)
N = 219

2.65(7)
N = 486

2.6(1)
N = 357

2.6(1)
N = 284

2.8(2)
N = 215

2.91(7)
N = 34

2.91(7)
N = 21

3.0(2)
N = 5130

Sb 1.68(6)
N = 71

2.92(5)
N = 10

2.26(6)
N = 45

2.1(1)
N = 14710

2.3(2)
N = 3110

2.1(2)
N = 16909

1.87(6)
N = 30415

3.18(9)
N = 35

2.86(3)
N = 41

2.8(1)
N = 64

2.57(3)
N = 320

2.6(1)
N = 310

2.5(2)
N = 6621

2.5(3)
N = 12526

3.6(3)
N = 76

2.96(5)
N = 34

2.62(7)
N = 171

2.7(1)
N = 64

2.55(7)
N = 428

2.55(7)
N = 150

2.6(1)
N = 525

2.6(1)
N = 663

2.64(3)
N = 32

2.7(1)
N = 219

2.69(6)
N = 62

2.65(6)
N = 33

2.7(3)
N = 1006

2.8(3)
N = 3165

3.9(3)
N = 20

3.2(1)
N = 25

2.84(1)
N = 7

2.87(3)
N = 33

2.82(7)
N = 306

2.6(1)
N = 236

2.7(1)
N = 313

2.6(1)
N = 464

2.72(9)
N = 275

3.1(3)
N = 5

2.83(3)
N = 93

2.9(1)
N = 282

2.8(3)
N = 1470

Te 1.9(6)
N = 17

2.78(5)
N = 55

2.29(9)
N = 158

2.13(8)
N = 9880

2.2(2)
N = 1421

2.1(2)
N = 5184

1.86(8)
N = 2000

3.16(7)
N = 52

2.718(3)
N = 2

2.65(7)
N = 92

2.49(7)
N = 287

2.45(6)
N = 434

2.7(2)
N = 1374

2.6(2)
N = 2260

3.6(1)
N = 89

3.196(1)
N = 4

2.82(6)
N = 24

2.7(2)
N = 81

2.7(3)
N = 40

2.68(5)
N = 279

2.68(7)
N = 509

2.57(6)
N = 1553

2.52(3)
N = 1035

2.50(6)
N = 477

2.7(1)
N = 3206

2.62(5)
N = 604

2.63(6)
N = 148

2.58(6)
N = 259

2.7(2)
N = 101

2.7(2)
N = 317

2.7(1)
N = 1502

3.82(2)
N = 6

2.8(1)
N = 46

2.78(9)
N = 102

2.70(6)
N = 487

2.561(7)
N = 10

2.68(5)
N = 426

2.61(5)
N = 132

2.57(6)
N = 610

2.8(1)
N = 1529

2.8(1)
N = 278

2.81(7)
N = 1081

2.77(9)
N = 733

2.9(3)
N = 63

2.8(3)
N = 1444

I 1.5(4)
N = 95

2.81(9)
N = 528

2.37(7)
N = 73

2.18(5)
N = 1322

2.10(4)
N = 27095

2.2(1)
N = 735

2.0(2)
N = 2208

2.0(2)
N = 215

3.14(9)
N = 177

2.74(7)
N = 302

2.57(9)
N = 728

2.52(8)
N = 215

2.5(1)
N = 366

2.7(2)
N = 317

2.5(1)
N = 454

3.6(1)
N = 419

3.12(6)
N = 355

2.89(9)
N = 164

2.8(1)
N = 117

2.75(8)
N = 67

2.71(8)
N = 163

2.75(8)
N = 487

2.65(6)
N = 980

2.61(9)
N = 948

2.6(2)
N = 852

2.66(9)
N = 39057

2.57(6)
N = 4500

2.58(8)
N = 1022

2.6(2)
N = 410

2.9(3)
N = 491

2.8(2)
N = 192

2.8(2)
N = 420

3.7(1)
N = 88

3.32(9)
N = 207

3.1(1)
N = 319

2.89(7)
N = 224

2.90(5)
N = 158

2.79(4)
N = 3481

2.75(9)
N = 37

2.72(4)
N = 831

2.70(7)
N = 1176

2.64(7)
N = 3113

2.9(1)
N = 11229

2.8(1)
N = 3724

2.8(1)
N = 564

3.0(2)
N = 3691

3.0(2)
N = 2961

3.0(2)
N = 1212

2.9(2)
N = 9142

Xe 2.11(4)
N = 25

2.8(1)
N = 16

1.9(3)
N = 139

2.5(2)
N = 33

3.02(6)
N = 20

3.16(6)
N = 26

Cs 3.1(1)
N = 414

3.30(7)
N = 10

3.5(2)
N = 3243

3.3(2)
N = 2043

3.2(2)
N = 15837

3.3(3)
N = 690

3.9(1)
N = 16

3.73(5)
N = 12

3.7(1)
N = 275

3.6(1)
N = 323

3.5(1)
N = 489

3.98(6)
N = 5

3.95(7)
N = 18

3.8(1)
N = 12

3.8(1)
N = 80

3.7(1)
N = 265

3.7(1)
N = 569

3.85(2)
N = 2

3.8(1)
N = 3

3.8566
N = 2

4.0(1)
N = 42

3.79(2)
N = 5

3.9(1)
N = 309

4.2(4)
N = 66

Ba 2.7(1)
N = 303

3.076(2)
N = 3

3.24(7)
N = 50

3.1(2)
N = 1955

2.9(1)
N = 4019

2.8(1)
N = 35231

2.8(2)
N = 349

3.5(1)
N = 6

3.30(8)
N = 201

3.3(1)
N = 240

3.17(8)
N = 399

3.7(1)
N = 24

3.7(1)
N = 22

3.58(1)
N = 2

3.5(1)
N = 22

3.41(2)
N = 3

3.32(4)
N = 16

3.34(8)
N = 49

3.4(1)
N = 55

3.68(3)
N = 9

3.63(9)
N = 25

3.51(9)
N = 191

4.0(8)
N = 132

La 2.5(1)
N = 421

3.0(1)
N = 65

2.8(1)
N = 9135

2.7(1)
N = 7959

2.6(1)
N = 53189

2.7(2)
N = 164

3.63(8)
N = 10

3.8012
N = 12

3.20(9)
N = 16

3.10(9)
N = 176

2.99(7)
N = 367

2.89(8)
N = 1165

3.47(5)
N = 8

3.2(2)
N = 593

3.5(1)
N = 149

3.58(2)
N = 2

2.62(4)
N = 2

3.6(1)
N = 27

3.6060(9)
N = 2

3.0135(7)
N = 1

3.20(7)
N = 110

3.2(2)
N = 10

3.13(8)
N = 111

3.1(1)
N = 481

3.586(4)
N = 2

3.1(2)
N = 2

3.2705
N = 2

3.81(9)
N = 12

3.404(4)
N = 4

3.35(5)
N = 137

3.37(9)
N = 144

3.19(7)
N = 255

3.26(9)
N = 1016

3.9(4)
N = 584

Ce 2.4(1)
N = 255

2.80(6)
N = 24

2.80(9)
N = 6199

2.6(1)
N = 7664

2.5(1)
N = 43384

2.6(2)
N = 175

3.18(4)
N = 10

3.1(1)
N = 68

3.0(1)
N = 281

2.85(9)
N = 1004

3.59(1)
N = 2

3.211(4)
N = 5

3.17(5)
N = 8

3.2(2)
N = 14

3.1(1)
N = 294

3.03(9)
N = 603

3.1(1)
N = 2

3.478(2)
N = 4

3.45(6)
N = 10

3.38(6)
N = 8

3.18(6)
N = 66

3.24(9)
N = 524

3.7(6)
N = 208

Pr 2.4(1)
N = 140

2.8(1)
N = 2067

2.6(1)
N = 4143

2.5(1)
N = 35776

2.49(9)
N = 228

3.14(2)
N = 4

2.98(2)
N = 2

2.94(7)
N = 231

2.84(8)
N = 1070

2.8833
N = 2

3.345(1)
N = 1

3.08(8)
N = 110

3.0(1)
N = 241

3.67(3)
N = 82

3.24(9)
N = 304

3.8(4)
N = 173

Nd 2.4(1)
N = 641

3.03(3)
N = 4

2.8(1)
N = 268

2.77(9)
N = 6012

2.6(1)
N = 8828

2.5(1)
N = 56308

2.4(2)
N = 269

3.4(3)
N = 6

3.1(1)
N = 17

3.112(2)
N = 1

3.0(2)
N = 64

2.91(7)
N = 585

2.80(8)
N = 1481

3.50(1)
N = 5

3.0(1)
N = 2

3.55(3)
N = 44

3.20(3)
N = 2

3.2(2)
N = 24

3.0(1)
N = 438

2.95(9)
N = 70

3.0(1)
N = 3

3.21(5)
N = 4

3.596(3)
N = 2

3.2(1)
N = 335

4(1)
N = 60

Pm

Sm 2.0(2)
N = 476

2.91(9)
N = 7

2.9(1)
N = 243

2.8(1)
N = 15221

2.5(1)
N = 10353

2.5(1)
N = 44685

2.4(2)
N = 75

3.34(6)
N = 4

3.04(9)
N = 9

3.19(8)
N = 51

3.0(1)
N = 235

2.88(9)
N = 803

2.77(9)
N = 1363

2.93(3)
N = 2

3.52(4)
N = 55

3.28(9)
N = 8

3.42(4)
N = 4

3.09(8)
N = 51

2.99(8)
N = 528

2.9(1)
N = 83

3.61(1)
N = 8

2.9(2)
N = 5

3.29(8)
N = 37

3.19(9)
N = 65

3.2(1)
N = 551

3.6(4)
N = 70

Eu 2.7(2)
N = 178

2.9(1)
N = 25

2.9(2)
N = 2137

2.6(1)
N = 14958

2.4(1)
N = 92145

2.5(2)
N = 367

3.3651(9)
N = 1

3.26(6)
N = 16

3.11(9)
N = 21

2.91(9)
N = 562

2.7(1)
N = 851

3.296(3)
N = 5

3.1073
N = 2

3.0429575(5)
N = 2

3.31(7)
N = 6

3.41(4)
N = 6

3.04(7)
N = 110

3.04(8)
N = 126

3.21(2)
N = 5

3.524(1)
N = 1

3.52(3)
N = 6

3.23(9)
N = 25

3.3(1)
N = 322

3.6(7)
N = 109

Gd 2.2(1)
N = 132

2.8(1)
N = 117

2.70(9)
N = 3500

2.5(1)
N = 9501

2.42(9)
N = 88079

2.31(6)
N = 129

3.62(6)
N = 14

3.13(8)
N = 14

2.82(5)
N = 11

2.87(6)
N = 289

2.72(8)
N = 817

3.6824
N = 2

3.2734
N = 2

3.43(1)
N = 36

3.51(6)
N = 61

3.3216
N = 6

3.02(4)
N = 50

2.9(1)
N = 62

3.58(1)
N = 6

3.1915
N = 8

3.0(2)
N = 4

3.1(2)
N = 311

2.9(7)
N = 190

Tb 2.3(2)
N = 113

2.73(5)
N = 92

2.68(9)
N = 2087

2.54(9)
N = 9281

2.40(9)
N = 78014

2.29(5)
N = 66

3.05(3)
N = 4

3.1(1)
N = 7

2.84(9)
N = 297

2.68(9)
N = 621

3.28(5)
N = 4

3.11(6)
N = 4

2.99(4)
N = 21

2.80(4)
N = 16

3.38(3)
N = 9

3.54(5)
N = 4

3.10(7)
N = 21

3.03(6)
N = 47

4.5937
N = 3

3.5(7)
N = 104

Dy 2.3(1)
N = 426

2.7(1)
N = 146

2.7(1)
N = 5841

2.5(1)
N = 16282

2.4(1)
N = 102107

2.3(1)
N = 172

3.0769(3)
N = 2

2.9(1)
N = 52

2.83(8)
N = 323

2.68(8)
N = 1089

3.220(9)
N = 3

3.007(6)
N = 24

3.0940(4)
N = 3

3.4734
N = 2

2.980(8)
N = 2

2.91(8)
N = 13

2.96(7)
N = 44

2.8(1)
N = 116

3.2166(6)
N = 1

2.915(5)
N = 3

3.325(4)
N = 4

3.2390(2)
N = 1

3.15(2)
N = 12

3.08(9)
N = 265

2.8(9)
N = 86

Ho 2.3(2)
N = 136

2.69(5)
N = 106

2.6(1)
N = 1800

2.5(1)
N = 3773

2.4(1)
N = 27473

2.3(1)
N = 49

3.00(1)
N = 4

2.9(1)
N = 15

2.9(1)
N = 93

2.67(8)
N = 316

3.4519
N = 3

3.0390
N = 2

3.14(5)
N = 10

2.95(7)
N = 45

2.76(2)
N = 8

2.904(9)
N = 2

3.3(1)
N = 12

3.07(4)
N = 38

2.97(5)
N = 19

3.6(5)
N = 93

Er 2.1(4)
N = 259

3.47(3)
N = 1

2.70(6)
N = 320

2.6(1)
N = 4352

2.5(1)
N = 6402

2.35(9)
N = 42993

2.1(2)
N = 15

2.994(5)
N = 3

2.9(1)
N = 26

2.81(9)
N = 262

2.64(7)
N = 672

2.91(6)
N = 87

2.84(7)
N = 133

3.3(2)
N = 12

3.01(2)
N = 11

3.06(7)
N = 142

3(1)
N = 128

Tm 2.3(1)
N = 138

2.69(2)
N = 6

2.7(1)
N = 2098

2.4(1)
N = 1440

2.34(9)
N = 8658

2.4(5)
N = 4

3.298(9)
N = 1

3.00(2)
N = 7

2.90(7)
N = 63

2.78(5)
N = 96

2.63(8)
N = 86

2.976(1)
N = 2

2.971(4)
N = 2

2.87(7)
N = 43

3.3548
N = 2

3.177(4)
N = 3

3.00(3)
N = 32

3.02(9)
N = 119

0.9(2)
N = 9

Yb 2.5(3)
N = 396

2.8(1)
N = 84

2.7(1)
N = 12830

2.4(1)
N = 11060

2.3(1)
N = 32636

2.3(2)
N = 276

3.58(8)
N = 6

3.18(9)
N = 8

3.10(7)
N = 51

2.91(8)
N = 154

2.77(9)
N = 433

2.62(8)
N = 1111

3.4278
N = 3

3.03(7)
N = 9

2.9892
N = 2

2.87(1)
N = 2

3.25(3)
N = 5

3.08(4)
N = 6

2.82(6)
N = 325

2.8(1)
N = 66

3.437(3)
N = 2

3.32978(2)
N = 4

3.05(5)
N = 6

3.1(2)
N = 12

3.3(1)
N = 9

3.228(2)
N = 2

3.14(5)
N = 19

3.10(8)
N = 335

3.5(1)
N = 73

3.6(3)
N = 103

Lu 2.2(1)
N = 527

2.59(2)
N = 2

2.7(1)
N = 72

2.6(1)
N = 5846

2.4(1)
N = 4313

2.3(1)
N = 9711

2.19(5)
N = 23

3.292(1)
N = 1

3.2(3)
N = 20

3.0(1)
N = 12

2.9(1)
N = 168

2.8(1)
N = 102

2.60(6)
N = 435

3.1189(8)
N = 1

2.6(1)
N = 3

2.88(1)
N = 2

2.86(5)
N = 11

2.79(5)
N = 7

3.17(2)
N = 2

3.0(1)
N = 15

2.79(3)
N = 2

3.3(2)
N = 12

2.99(2)
N = 11

3.0(1)
N = 23

2.8(9)
N = 46

Hf 2.2(1)
N = 160

2.6(1)
N = 108

2.5(1)
N = 9215

2.2(1)
N = 2971

2.1(1)
N = 10998

2.04(8)
N = 416

2.8(1)
N = 53

2.78(9)
N = 275

2.7(1)
N = 124

2.44(7)
N = 1244

2.6(1)
N = 8

2.412(3)
N = 2

2.6198
N = 2

2.8(1)
N = 14

2.84(7)
N = 5

2.70(7)
N = 44

2.68(8)
N = 44

2.842(2)
N = 2

2.963(3)
N = 1

2.96(4)
N = 2

2.7664
N = 2

2.95(6)
N = 24

2.89(7)
N = 5

2.716(9)
N = 8

2.84(9)
N = 64

3.2(3)
N = 397

Ta 1.9(1)
N = 631

2.63(2)
N = 1

2.4(1)
N = 493

2.4(1)
N = 10719

2.1(2)
N = 4141

2.0(1)
N = 6908

1.92(6)
N = 1069

2.6712
N = 2

2.7(1)
N = 44

2.62(9)
N = 1302

2.5(1)
N = 1235

2.41(7)
N = 4121

2.9304(8)
N = 1

2.8(2)
N = 20

2.79(2)
N = 9

2.6(2)
N = 14

2.77(3)
N = 3

2.79(1)
N = 9

2.8(1)
N = 15

2.7(1)
N = 71

2.7(2)
N = 160

2.59(5)
N = 563

2.971(2)
N = 1

3.21(3)
N = 3

2.9(2)
N = 7

2.7(2)
N = 18

2.8(1)
N = 12

2.94(7)
N = 23

2.7208(2)
N = 3

2.58(6)
N = 17

2.86(9)
N = 198

2.9(1)
N = 844

W 1.8(1)
N = 820

2.84(8)
N = 16

2.4(1)
N = 790

2.1(2)
N = 68998

2.1(2)
N = 11513

2.0(2)
N = 581252

1.93(8)
N = 777

2.6(1)
N = 24

2.6(1)
N = 204

2.50(5)
N = 8257

2.4(1)
N = 12139

2.4(1)
N = 6483

3.1213
N = 4

3.22(9)
N = 18

3.05(5)
N = 22

3.0(1)
N = 22

3.1(1)
N = 58

2.80(8)
N = 378

2.75(8)
N = 240

2.7(2)
N = 124

2.70(7)
N = 599

3.2(2)
N = 20

2.56(3)
N = 24

2.6(1)
N = 226

2.66(8)
N = 278

2.5(1)
N = 1364

2.62(5)
N = 930

3.4480
N = 2

3.596(2)
N = 1

3.2(2)
N = 19

3.27(3)
N = 8

2.9(3)
N = 205

2.9(1)
N = 441

2.82(8)
N = 107

2.79(6)
N = 61

3.0(1)
N = 339

2.79(5)
N = 7

2.77(9)
N = 258

2.76(7)
N = 151

2.74(6)
N = 480

2.82(4)
N = 1938

3.9(1)
N = 11

3.402(2)
N = 1

3.24(2)
N = 4

2.95(6)
N = 4

3.298(6)
N = 4

3.178(9)
N = 4

2.7(2)
N = 4901

Re 1.8(2)
N = 1897

2.3(1)
N = 528

2.0(2)
N = 50978

2.1(1)
N = 20309

2.0(2)
N = 16276

2.0(1)
N = 139

2.504(3)
N = 2

2.5(1)
N = 53

2.44(5)
N = 9418

2.42(8)
N = 12579

2.41(7)
N = 10290

3.0(2)
N = 13

3.0(1)
N = 35

2.79(7)
N = 84

2.66(8)
N = 29

2.63(7)
N = 11

2.70(9)
N = 75

2.58(7)
N = 8

2.55(4)
N = 14

2.5(1)
N = 32

2.54(7)
N = 166

2.53(4)
N = 9023

2.58(6)
N = 3524

3.05(6)
N = 5

3.1553(5)
N = 1

2.92(2)
N = 3

2.9(2)
N = 160

2.9(1)
N = 46

2.88(7)
N = 57

2.77(3)
N = 38

2.92(6)
N = 68

2.79(4)
N = 44

2.76(2)
N = 82

2.73(6)
N = 171

2.66(4)
N = 2115

2.77(5)
N = 567

3.07(2)
N = 10

2.974(9)
N = 3

2.914(7)
N = 6

3.030(8)
N = 3

2.91(7)
N = 15

3.017(1)
N = 1

2.9(1)
N = 81

2.7(2)
N = 11294

Os 1.8(1)
N = 4737

2.1(1)
N = 320

2.0(2)
N = 54190

2.1(1)
N = 7421

2.0(2)
N = 3413

1.94(7)
N = 147

2.40(6)
N = 117

2.36(5)
N = 6023

2.39(9)
N = 2530

2.41(6)
N = 3217

2.84(6)
N = 80

2.99(2)
N = 8

2.88(4)
N = 18

2.78(5)
N = 68

2.62(2)
N = 41

2.58(6)
N = 56

2.67(8)
N = 44

2.570(6)
N = 4

2.53(5)
N = 99

2.45(4)
N = 131

2.53(3)
N = 280

2.54(5)
N = 557

2.8047(7)
N = 2

2.93(7)
N = 40

2.8(1)
N = 367

2.82(8)
N = 318

2.78(8)
N = 178

2.85(6)
N = 77

2.7142(3)
N = 1

2.69(6)
N = 249

2.67(7)
N = 422

2.70(4)
N = 71

2.74(5)
N = 281

3.0(2)
N = 2

2.9(1)
N = 346

2.8(1)
N = 97

2.9(1)
N = 13942

Ir 1.7(2)
N = 3209

2.2(1)
N = 1565

2.13(9)
N = 74182

2.08(6)
N = 24776

2.13(7)
N = 6490

2.1(3)
N = 80

2.69(4)
N = 4

2.5(1)
N = 55

2.33(5)
N = 435

2.31(5)
N = 11330

2.36(8)
N = 3855

2.41(5)
N = 7084

3.32(3)
N = 3

2.6(1)
N = 5

2.850(3)
N = 8

2.6(1)
N = 2

2.70(9)
N = 5

2.68(8)
N = 182

2.6(1)
N = 75

2.7(1)
N = 26

2.7(2)
N = 46

2.52(6)
N = 3

2.43(6)
N = 19

2.48(6)
N = 219

2.43(4)
N = 71

2.47(5)
N = 390

2.51(5)
N = 411

2.76(8)
N = 48

2.83(6)
N = 361

2.8(1)
N = 362

2.81(7)
N = 104

2.96(7)
N = 24

2.78(9)
N = 82

2.784(1)
N = 1

2.55(3)
N = 3

2.63(7)
N = 195

2.6(1)
N = 22

2.64(4)
N = 68

2.72(5)
N = 963

2.68(8)
N = 6

2.6(2)
N = 45

2.83(7)
N = 320

2.8(1)
N = 67

2.82(7)
N = 116

2.8(1)
N = 3175

Pt 1.66(9)
N = 738

2.59(7)
N = 34

2.18(1)
N = 2

2.2(1)
N = 1520

2.05(9)
N = 38906

2.06(6)
N = 37175

2.05(6)
N = 9345

2.1(2)
N = 161

3.267(7)
N = 1

2.60(4)
N = 9

2.42(7)
N = 28

2.36(6)
N = 718

2.28(4)
N = 27737

2.32(7)
N = 12446

2.34(5)
N = 15667

3.83(4)
N = 3

2.753(6)
N = 2

2.78(6)
N = 5

2.79(4)
N = 8

2.7(1)
N = 17

2.71(9)
N = 72

2.62(9)
N = 296

2.7(1)
N = 237

2.7(2)
N = 693

2.7(2)
N = 192

2.6(1)
N = 96

2.40(5)
N = 134

2.43(7)
N = 274

2.41(5)
N = 478

2.45(4)
N = 855

2.51(7)
N = 2406

2.9(2)
N = 4

2.63(9)
N = 3

2.8(1)
N = 126

2.8(1)
N = 1063

2.8(1)
N = 284

2.7(1)
N = 267

2.9(1)
N = 1189

2.9(2)
N = 275

2.61(9)
N = 48

2.6(1)
N = 784

2.56(6)
N = 151

2.62(9)
N = 307

2.7(1)
N = 2921

3.226(6)
N = 4

3.225(4)
N = 4

3.2323
N = 2

3.2438
N = 2

3.2388
N = 2

3.263(7)
N = 1

2.78(2)
N = 2

2.795(4)
N = 3

2.81(9)
N = 205

2.9(1)
N = 230

2.78(8)
N = 549

2.8(1)
N = 141

2.8(2)
N = 6773

Au 1.8(1)
N = 81

2.87(2)
N = 4

2.4(2)
N = 333

2.03(9)
N = 24580

2.07(9)
N = 7335

2.06(7)
N = 1215

2.0(1)
N = 87

2.9(2)
N = 14

2.6(1)
N = 14

2.38(8)
N = 125

2.28(5)
N = 20951

2.33(8)
N = 18756

2.31(9)
N = 9090

3.6805
N = 3

3.1171(6)
N = 1

2.93(9)
N = 4

2.77(4)
N = 10

2.69(4)
N = 16

2.7(1)
N = 118

2.6(1)
N = 638

2.7(2)
N = 203

2.9(3)
N = 256

2.8(1)
N = 1945

2.5(2)
N = 45

2.5(1)
N = 211

2.39(6)
N = 493

2.5(1)
N = 1415

2.5(1)
N = 1806

2.97(5)
N = 14

2.8(1)
N = 150

2.6(1)
N = 1

2.79(7)
N = 610

2.8(1)
N = 274

2.9(2)
N = 779

2.9(1)
N = 8677

3.0(2)
N = 454

2.87(7)
N = 16

2.7(1)
N = 161

2.7(2)
N = 169

2.6(1)
N = 220

2.7(2)
N = 1140

2.7208(6)
N = 1

2.80(5)
N = 150

2.82(7)
N = 192

2.8(1)
N = 322

2.8(1)
N = 180

2.9(3)
N = 932

3.0(2)
N = 46978

Hg 1.9(2)
N = 4

2.573(7)
N = 4

2.3(1)
N = 98

2.09(9)
N = 5157

2.4(2)
N = 8830

2.6(3)
N = 5602

2.60(7)
N = 23

2.48(4)
N = 72

2.47(9)
N = 1050

2.6(2)
N = 6393

2.5(2)
N = 9025

2.663(3)
N = 4

2.66(3)
N = 15

2.60(8)
N = 370

2.57(9)
N = 97

2.8(3)
N = 31

2.9(3)
N = 268

2.480(5)
N = 4

2.52(2)
N = 5

2.7(2)
N = 52

2.64(7)
N = 26

2.7(2)
N = 2366

2.7(2)
N = 3958

2.835(2)
N = 5

2.75(7)
N = 72

2.6155
N = 2

2.76(7)
N = 132

2.8(2)
N = 47

2.9(2)
N = 36

3.1(3)
N = 32

3.02(1)
N = 2

3.07(5)
N = 12

2.9(2)
N = 9

2.8(1)
N = 1019

2.8(2)
N = 4516

3.773(2)
N = 1

2.77(3)
N = 11

2.85(6)
N = 55

2.82(7)
N = 211

2.56(6)
N = 52

2.7(1)
N = 217

3.0(1)
N = 126

2.5(6)
N = 519

Tl 2.6(2)
N = 8

2.4(2)
N = 40

3.0(5)
N = 2032

2.6(2)
N = 2078

2.8(3)
N = 3507

3.0(2)
N = 116

2.68(3)
N = 22

3.0(2)
N = 199

3.0(2)
N = 1070

2.7(3)
N = 542

2.76(9)
N = 13

2.65(1)
N = 11

2.8(2)
N = 117

2.646(9)
N = 5

2.8(1)
N = 14

3.04(8)
N = 8

3.160(4)
N = 1

3.04(7)
N = 12

2.79(7)
N = 21

3.0(3)
N = 167

2.6(2)
N = 333

2.86(5)
N = 9

2.9(3)
N = 15

2.9(1)
N = 8

2.9(2)
N = 98

3.10(8)
N = 18

3.0(2)
N = 11

3.5(1)
N = 29

3.0(4)
N = 123

3.8071(6)
N = 1

3.24(4)
N = 3

2.87(9)
N = 7

3.0(2)
N = 259

3.1(2)
N = 374

3.5(3)
N = 143

Pb 2.0(1)
N = 25

2.9(3)
N = 21

2.6(3)
N = 87

2.4(3)
N = 2960

2.6(2)
N = 11286

2.6(2)
N = 41141

2.5(1)
N = 140

3.13(3)
N = 6

2.8(1)
N = 112

2.8(1)
N = 289

2.9(2)
N = 2487

2.9(2)
N = 6222

3.7(2)
N = 104

3.27(9)
N = 30

3.1(3)
N = 12

2.95(1)
N = 2

2.72(3)
N = 74

2.9(2)
N = 93

2.65(8)
N = 52

2.6(2)
N = 53

2.71(1)
N = 38

2.9(2)
N = 104

2.85(8)
N = 45

2.79(2)
N = 8

2.77(8)
N = 18

2.83(4)
N = 64

2.9(2)
N = 161

3.0(1)
N = 13872

2.9(2)
N = 3

3.08(1)
N = 3

2.9(2)
N = 37

2.9(1)
N = 30

2.70(9)
N = 36

2.8(1)
N = 37

3.4(2)
N = 53

3.1(1)
N = 26

2.92(3)
N = 16

3.00(4)
N = 33

3.0(1)
N = 38

3.2(1)
N = 24256

4.4335
N = 4

4.072(4)
N = 31

3.2(5)
N = 37

3.3452(7)
N = 4

3.48(7)
N = 7

3.3(1)
N = 6

3.203(1)
N = 2

3.44(5)
N = 4

3.46(7)
N = 6

3.153(4)
N = 3

2.7927(3)
N = 3

2.8(3)
N = 23

2.833(2)
N = 8

2.86(2)
N = 19

2.9(2)
N = 94

3.1(2)
N = 170

3.4112(4)
N = 1

3.08(1)
N = 16

3.1(3)
N = 1985

Bi 3.09(9)
N = 8

2.33(2)
N = 9

2.3(1)
N = 4704

2.4(2)
N = 4230

2.5(2)
N = 27055

2.2(1)
N = 110

3.21(2)
N = 61

2.92(1)
N = 8

2.9(2)
N = 34

2.65(2)
N = 90

2.7(1)
N = 130

2.8(2)
N = 3396

2.7(2)
N = 7315

3.8(1)
N = 105

3.33(6)
N = 9

2.81(6)
N = 51

2.8(1)
N = 47

2.7(1)
N = 320

2.73(8)
N = 208

2.8(1)
N = 135

3.0(2)
N = 15

2.9(2)
N = 101

2.72(9)
N = 110

2.79(9)
N = 41

2.9(1)
N = 36

2.8(1)
N = 311

2.9(2)
N = 5783

2.999(7)
N = 2

2.92(6)
N = 177

2.75(9)
N = 113

2.6(1)
N = 242

2.77(9)
N = 28

3.12(8)
N = 14

2.99(2)
N = 4

2.92(6)
N = 92

2.97(8)
N = 189

2.99(6)
N = 11

2.9(1)
N = 42

3.1(2)
N = 9851

3.97(3)
N = 10

3.4(4)
N = 204

3.42(3)
N = 19

3.4(1)
N = 16

3.3(1)
N = 20

3.46(6)
N = 8

3.34(9)
N = 7

3.2(2)
N = 26

3.049(8)
N = 6

3.07(9)
N = 51

2.83(4)
N = 113

2.78(5)
N = 36

2.78(7)
N = 118

2.7(1)
N = 32

2.92(9)
N = 13

3.13(7)
N = 59

2.9(4)
N = 206

3.1(2)
N = 1115

Po

At

Rn

Fr

Ra

Ac

Th 2.4(1)
N = 262

3.427(3)
N = 2

2.9(2)
N = 50

2.8(1)
N = 7927

2.5(1)
N = 2705

2.5(1)
N = 12290

2.37(8)
N = 132

3.1191(8)
N = 1

2.9(1)
N = 218

2.9(1)
N = 395

2.8(1)
N = 615

4.087(2)
N = 1

3.571(1)
N = 1

3.0771(6)
N = 1

3.206(2)
N = 1

3.15(1)
N = 3

2.9(1)
N = 39

3.0(1)
N = 271

2.83(3)
N = 56

3.301(5)
N = 2

3.0276(8)
N = 1

3.2849(6)
N = 1

3.19(7)
N = 8

3.15(5)
N = 75

2.99(2)
N = 4

2.984(1)
N = 1

3.66(3)
N = 2

3.47(8)
N = 8

3.4(2)
N = 28

3.8(1)
N = 257

Pa 2.35(2)
N = 29

2.3(1)
N = 45

2.6(1)
N = 5

U 2.4(2)
N = 400

3.0(2)
N = 4

2.8(2)
N = 292

2.8(1)
N = 18913

2.5(2)
N = 16194

2.2(3)
N = 88200

2.3(1)
N = 1667

3.121(3)
N = 2

3.13(5)
N = 9

3.0(1)
N = 374

2.8(1)
N = 1195

2.71(9)
N = 3180

3.9(3)
N = 11

3.3320
N = 2

3.33(2)
N = 38

3.07(9)
N = 13

3.05(4)
N = 5

3.1(2)
N = 23

3.20(9)
N = 4

3.048(5)
N = 2

3.0(1)
N = 58

2.9(1)
N = 213

2.82(7)
N = 436

3.13(3)
N = 5

3.05(4)
N = 4

2.8(3)
N = 20

3.1(2)
N = 8

3.16(5)
N = 2

3.31(2)
N = 10

3.24(5)
N = 8

3.1(1)
N = 48

3.13(9)
N = 876

4.29(9)
N = 4

3.7026
N = 2

3.03(4)
N = 5

2.9(1)
N = 22

2.7584
N = 2

3.55(6)
N = 7

3.38(9)
N = 42

3.4(5)
N = 38

Np 2.17(5)
N = 24

2.79(7)
N = 379

2.57(9)
N = 393

2.3(3)
N = 4093

2.32(5)
N = 46

2.95(2)
N = 18

2.82(3)
N = 46

2.72(8)
N = 382

2.96(6)
N = 20

2.86(4)
N = 4

3.11(3)
N = 19

1.3(1)
N = 1

Pu 2.80(4)
N = 175

2.5(1)
N = 200

2.3(2)
N = 1987

2.97(1)
N = 2

2.86(7)
N = 21

2.63(7)
N = 279

3.06(5)
N = 32

2.87(1)
N = 5

3.14(3)
N = 6

3.10(3)
N = 21

1.2(1)
N = 1

Am 2.79(5)
N = 65

2.61(5)
N = 59

2.5(1)
N = 476

2.90(4)
N = 42

2.78(5)
N = 15

3.0620(5)
N = 12

2.86(3)
N = 6

Cm 2.57(3)
N = 18

2.49(7)
N = 96

2.88(3)
N = 14

2.791(2)
N = 1

Bk 2.53(2)
N = 12

2.48(7)
N = 65

Cf 2.68(3)
N = 20

2.53(2)
N = 14

2.44(9)
N = 102

2.84(4)
N = 6

2.660(6)
N = 4

Es

Fm

Md

No

Lr

Rf

Db

Sg

Bh

Hs

Mt

Ds

Rg

Cn

Nh

Fl

Mc

Lv

Ts

Og

Z = 1(H) до 118(Og)

H
 до O

g

Проблема:
молекулы в 
кристаллах (сильно) 
деформированы!
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r(C–C) в кристаллах

CSD 5.43 (сентябрь 2022)
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Осторожно, статистика в кристаллах!

CSD: распределение r(Si-F): Для сравнения, r(C-F):
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Осторожно, статистика в кристаллах!
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Осторожно, статистика в кристаллах!
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r(C–C): Эксперименты в газовой фазе

MOGADOC, 2021
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Csp3–Csp3

z.B. H3C–CH3

Csp3–Csp
z.B. H3C–C≡CH
Csp2–Csp
z.B. FC(O)–C≡CH

Csp2–Csp2, z.B.
H2C=CH–CH=CH2

Csp2∸Csp2

z.B. ⏣
Csp2=Csp2

z.B. H2C=CH2

X-C=C=C-Y

Csp≡Csp
z.B. HC≡CH

Csp3–Csp2

z.B. H3C–CH=CH2

MOGADOC, 2021
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Рабочая схема исследования свободных молекул

Целевая молекула (сложная для эксперимента)

Похожие калибровочные молекулы (годятся для эксперимента)

Экспериментальное исследование (ГЭ, спектроскопия)

Калибровка теории

Теоретический расчет параметров целевой молекулы (серий молекул)
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Пример полезного ГЭ-исследования
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1. Делаем 
интересное ГЭ

2. Теоретики 
возбуждаются

3. Перепроверяем ГЭ

4. Уточняем теорию



16

Применение теории
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Применение теории
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Применение теории
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Важность теории: Recent Advances in Lewis-acid Chemistry
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Длинные С–С связи
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22

T. Kubo, Y. Suga, D. Hashizume, H. Suzuki, T. Miyamoto, H. Okamoto, R. Kishi, M. Nakano, 
J. Am. Chem. Soc. 2021, 143, 14360–14366. 

B3LYP-D3/6-311+G**
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Аценафтен: наше ГЭ исследование



24

Yu. V. Vishnevskiy, A. A. Otlyotov, J.-H. Lamm, H.-G. Stammler, G. V. Girichev, N. W. Mitzel, 
Phys. Chem. Chem. Phys. 2023, 25, 11464–11476

Кристалл Газ
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ГЭ линии фона

Модифицирующая функция:

Вторая производная, как критерий гладкости:

Неприменима Применима
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Какую молекулярную функцию выбрать?
Imol s4Imol

M = Imol/Iat

Itot = Imol + Iat + B

sM = s×Imol/Iat
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Веса экспериментальных интенсивностей

Усреднение полных интенсивностей.
Очень низкая прецизионность 
молекулярной интенсивности!

Усреднение молекулярных интенсивностей. 
Высокая прецизионность!
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С честными ст. отклонениями все варианты эквивалентны
Imol s4Imol

M = Imol/Iat

Itot = Imol + Iat + B

sM = s×Imol/Iat
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Метод re(C1—C2), Å
ГЭ+МВ 1.560(4)
РСА 1.5640(4)
CCSD(T) 1.562
r2SCAN-3c 1.564
PBEh-3c 1.556

r(C–C) в аценафтене
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Димеры диамантана Метод O-Димер Димер

РСА 1.643(1) 1.647(4)

ГЭ 1.632(9) 1.630(5)
ГЭ+МВ 1.632(5) -

B3LYP/cc-pVTZ 1.662 1.674

TPSS/cc-pVTZ 1.658 1.668

HF/cc-pVTZ 1.652 1.664

B97-D3/cc-pVTZ 1.651 1.662

r2SCAN-3c 1.645 1.655
TPSS-D3/cc-pVTZ 1.642 1.652

B3LYP-D3/cc-pVTZ 1.642 1.653

ωB97XD/cc-pVTZ 1.638 1.648

PBE0/cc-pVTZ 1.637 1.648

M06-2X/cc-pVTZ 1.636 1.647

PBEh-3c 1.632 1.642
SCS(1.2;2/3)-MP2/def2-QZVP 1.629 1.640

PBE0-D3/cc-pVTZ 1.628 1.638

B3PW91-D3/cc-pVTZ 1.627 1.636

PW6B95-D3/def2-QZVP 1.626 1.636

ae-MP2/cc-pwCVTZ 1.622 1.633

A. A. Fokin, T. S. Zhuk, S. Blomeyer, C. Pérez, L. V. Chernish,
A. E. Pashenko, J. Antony, Y. V. Vishnevskiy, R. J. F. Berger,
S. Grimme, C. Logemann, M. Schnell, N. W. Mitzel, P. R. Schreiner,
“Intramolecular London Dispersion Interaction Effects on Gas-Phase and
Solid-State Structures of Diamondoid Dimers”,
J. Am. Chem. Soc. 139 (2017) 16696.

В этом исследовании ключевую роль 
играет газовая электронография!

Источник экспериментальных данных для 
калибровки теоретических приближений.
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[1.633]
[1.686]
[1.694]

[1.680]
[1.678]
[1.704]
[1.653]

[PBEh-3c]

Используем теорию:

Кристалл Газ
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Кристаллическая структура 6
CSD: UREGOQ
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[1.686]
[1.694]

[1.680]
[1.678]
[1.704]
[1.653]

d(C-C) (g) [Å]
Фтор-замещ. 

[3.918]**
[3.936]**

[1.700]
[1.725]
[1.691]
[1.691]

[2.417]*
[2.168]*
[1.584]

Предсказываем 
возможные 
варианты 
расчетами 
фторзамещенных 
аналогов:

Кристалл Газ Газ
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Предсказание для 5c при R = C6F5

PBEh-3c:

re(C—C) = 1.725 Å
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1,2-(EH)2-клозо-1,2-C2B10H10, E = S, Se

Другие варианты с длинной C—C

re = 1.750(28) Å

См. также: J. M. Oliva et al., J. Am. Chem. Soc. 2005, 127, 13538. 
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QTAIM указывает на наличие связи
1,2-(SeH)2-клозо-1,2-C2B10H10

ρ = 0.16 а.е.
∆ρ = -0.08 а.е.
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● Заявленное Kubo с соавторами r(C–C) = 2.04 Å крайне сомнительно для 
свободной молекулы. Это параметр кристалла!

● У молекул на основе аценафтена есть потенциал для удлинения C–C связи 
путём использования перфторзамещенных групп.

● Газовая электронография — незаменимый источник экспериментальных 
данных о геометрии свободных больших молекул.

● Делать расчеты можно и нужно, но для этого необходимо калибровать теорию.

● Давайте выбирать для экспериментальных исследований максимально 
полезные объекты (смотри карту связей).

● Если результаты экспериментального исследования полностью совпали с 
предсказанием, то ценность такой работы невелика.

Выводы
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