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the determination of the exact absorption correction
difficult. The absorption factor varied from 0-16 for
(002) to 0-51 for (020) amongst the inner reflexions,
so that any crror in it could mask the contribution
of the hydrogen atom to the structure factors. Another
cause could be the inaccuracies of the data arising
from systematic errors in intensity measurement and
scaling. The method of scaling the three-dimensional
data necessitated frequent rescaling in the course of
the refinement.

From an examination of all the 0-O distances in
the structure, however, it is clear that there is an
intermolecular hydrogen bond, since the 0(1)2-0(3)
contact (Table 3) is 2514+ 0-011 A long, whilst the
two next shortest O—-O contacts for oxygen atoms not
in the same carboxyl group are 298 and 3-11 A.
This intermolecular hydrogen bond means that be-
cause of the double nature of the anion the strain
in the anion is so great that the ion is neither planar
nor has an internal hydrogen bond.

We wish to express our gratitude to Prof. H. Lipson
for his constant interest. All the computations were
performed on the Mercury Computer of the Manchester
University Computing Laboratory and we take great
pleasure both in thanking Prof. F. C. Williams for
extending this facility to us and in thanking those
who have let us use their programs. One of us (S. K. K.)
would also like to express thanks to the Principal and
the Governing Body of the Hans Raj College, Delhi,
India for the granting of study leave and to the
British Council for providing the travel grant under
the Commonwealth University Interchange Pro-
gramme.
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Scattering Factors Computed from Relativistic Dirac-Slater Wave Functions*
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Scattering factors for a total of 208 neutral atoms, positive ions and a few negative ions are given
in tabular form and as nine-parameter analytic functions. These scattering factors have been
computed from relativistic self-consistent field wave funetions which include Slater’s approximate

exchange correction.

Introduction
Two extensive tabulations of scattering factors have
recently been published. Hanson, Herman, Lea &

* Work performed under the auspices of the U.S. Atomic
Energy Commission.

Skillman (1964) have computed, for neutral elements
from Z=1 to Z=100, scattering factors based on
self-consistent field Hartree-Fock—Slater (HFS) wave
functions which had been computed by Herman &
Skillman (1963). For these wave functions, Slater’s
(1951) approximate g% method rather than Fock’s
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Table 1. Dirac—Slater scattering factors

The columns headed S give values of s;=sin /4
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Table 1 (cont.)

S HR BR-1 KR RB REel SR SRe2 Y ALE] R IRe4 N8 NB¢3  NBeS  MC *0e¢2

0. 35.00 36.0C 36.00 37.0C 36.C0 38.00 36.CO 39.00 36.00 40.00 36,00 4l. .

040% 34,36 35,14 35,35 36403 35.47 36.91 35.55 37,93 35.61 38.96 35.66 6;.22 :g.g? ;g:g‘lj :f:gg :::22
0.10 32,62 33,04 33,63 34.10 34,02 34.68 34.30 35.62 34051 36.62 34.68 37.85 36.36 J4.86 38.89 37.32
0.15 30.38 30,52 31.34 31.95 31,97 32,43 32.47 33,20 32.€8 34408 33421 35.26 34.57 33.55 36.25 35.48
0.20 28.08 28.05 28,94 29.69 29.70 30.26 30.36 30.93 30.92 31,69 31,40 32.69 32.46 31.90 33.58 33,31
0425 25.99 25.94 26471 27.49 27,48 28,16 23.20 28.79 28.85 29.46 29.44  30.26 30.26 30.06 31.06 31.Cé
0430 244015 24,10 24,76 25,48 25.47 26,18 26417 26479 26485 27.40 27.49 28.05 28,14 28.15 28.75 28.84
0.35 22,564 22,50 23.08 23,71 23,70 24438 24,35 24,96 25,01 25.56 25.65 26.08 26.19 26.28 26.70 26.81
0.40 21.09 21.06 21.€l 22.17 22.17 22,78 22.76 23.34 23.36 23.88 23497 24035 26.45 24,51 24.90 25.CC
0.50 18.52 18.52 19.C7 15.58 19.59 20.10 20.10 20.61 20.62 21.10 21.15 21,54 21.58 21.37 22.00 22.05
0.60 16.2C 16.2C 16.E1 17,37 17.37 17.88 17.89 18,39 18.39 18,87 18.87 19.33 19,32 18.76 19.76 19.76
0.70 14,09 14.1C 14,764 15.35 15.25 15,90 15,91 lb6.44 16.43 16,95 16493 17.44 17.42 16.52 17.88 17.87

l.5C 6.26 6.26 6.43 .63 6,63 6.84 6.84 7.08 7.C8 T.35 T.34 T.t4 T.64 5.40 7.9% T.95

2.00 ©.95 4.95 5.09 5022 522 5434 5434 S5.46 S5.47 5.59 5.59 5.71 5.71 .n 5485 5.85

S HQes LORYY 10 Ry RU+3 Ru+4 RH RHe3 RHe 4 PO PCe2 PCed AG AGel AGe2 co

0. 37.00 36.00 43.00 44,00 41.C0 40.00 45.00 42.C0 41.00 46.00 44.00 42.00 47.00 46.00 45.00 48.C
0.05 36,68 35.73 42.04 43,14 40,55 39,60 44.16 41.55 40.&1 45.28 43.49 4l.61 46.21 45.41 44,49 &7:15
0,10 35,76 34,94 39.74 41.00 39.28 38.50 42.C5 40.27 39.48 43.34 42,04 40.47 44.17 43.780 43.06 45.03

0415 39.35 38436 37,77 40.67 39.89 38.74 41.48 41,35 4C.91 42.26
0.20 36,49 36.C5 35.67 37.70 37.34 36.61 38.55 38.6C 38.34 39.32
0.25 33,70 33,58 33,38 34.75 34.65 34.27 35.63 35.71 35,60 36.41
0430 31,10 31.15 31.08 21.9% 32.03 31.90 32.86 32.92 32.91 33.66
0.35 28.76 28.88 28,89 29.51 29.61 29,63 30.33 30.37 3C.4l 31.12
0440 26472 26.86 26.B9 27,34 27.45 21.55 28.C9 28.1C 28.16 28.85
0.50 23.62 23,50 23,56 23.89 23.96 24.08 24.47 26.45 24.50 25.09
0.60 20,98 21.CC 21.04 21.37 21.39 21.4t 21.81 21.79 21.81 22.29
0.70 19.08 19.07 19.C8 19.4% 19.44 19,45 19.80 19.79 19,80 20.18
0.80 17.46 17.45 17.46¢ 17.84 17.83 17.81 18.19 18.19 18.18 18.53
0.90 15499 15.98 15.96 16.40 16439 16.27 16.77 16,77 16.76 17.11
l1.0C 14,61 14,59 14,58 15.05 15.04 15.C1 15.45 15.45 15.44 15,82
1.10 13.29 13028 13.27 13,75 13.74 13.72 14,18 14419 14,18 14.59
1.20 12,05 12.05 12.04 12.52 12.52 12.51 12.57 12.98 12.97 13.40

1.30 9.56 9+5¢ 10.02 10.47 10,47 10.46 10.93 10.92 10.52 11.38 11.38 11.27 11.84 1l.€4 11.84 12.27
1.40 8.68 8.68 9.08 5450 949 9.49 9.92 9.92 9.91 10,35 10.35 16.35 10.79 10.79 10.79 11,22
1.50 7.95 7.95 8.3C 8,066 8.6 8466 9.C4 9.C4 9.04 .44 .44 9.43 9.84 9.84 9.84 10.26
1. 60 7435 T.35 T.84 .96 7.55 .95 8429 8.29 8.29 8.64 8464 B.t4 9.C1 9.01 5$.01 9.40
1.70 6.86 6.80 7.10 T1.37 1.27 7.37 .66 T.66 T.66 T.96 7.97 7.98 8.29 8.29 8.29 B.64
1.80 .46 6.45 6,66 6.88 6,88 6.88 7.13 7.13 .13 7.39 7.39 7.36 7.¢8 T.68 T.68 T.95
1.90 6413 612 6.3C 6,48 6.48 6448 6.69 6.69 6.69 6.92 €.92 6492 T.16 T.1¢ T.16 T.43
2.00 5.85 5.85 5.99 6.15 6415 6.15 6.33 6433 6.13 6.52 6.52 6.52 6.73 6.73 6.73 6.96

s CDe2 IN INe2 SN SNe2 Sh+4 S8 §8¢3  $Bet TE 1 1-1 x€ cs Csel  BA

0. 46,00 49.0C 46,C0 50.CC 48.CO 46.C0 51.00 48,00 46.C0 52,00 53.00 54+CC 54.C0 55.CC 54.00 56.CC
0,05 45,50 48.05 45.56 49.C2 47.41 45.61 50,00 47,48 45.65 50,99 51.99 52.74 52.99 53.65 S53.14 54,49
0,10 44.C8 45,77 44.30 46.61 45,79 44,48 47.5C 46,03 44,62 4B8.43 49,39 49.71 50.37 5C.€6 SC.83 51.41
0015 41,94 42495 42.27 43,67 43,45 42.T2 44,43 43,89 43.C2 45,23 46,08 46.14 46.97 47.65 47.68 48.17
0020 39.35 40.02 39.58 40.69 40.76 4U.SL 41435 41,36 40,97 42.04 42,76 42,701 43.52 44,30 44,31 44,95
0.25 36.58 37.16 37.25 37.83 37.97 36.C3 38.47 38.67 38.64 39.09 39.72 39.66 40.37 41.12 4l.11 41.84
0430 33,83 34,44 34,67 35,15 35027 35445 35,81 36402 36410 20442 37,02 10,98 37.60 38,27 E.20 38.97
0.35 31.24 31,91 32,10 32,66 32,72 32.92 33.35 33.49 33,60 23,96 34.59 34.57 35.15 35.75 35.75 36.40

0450 25407 25474 25473 26442 26440 26442 27411 27408 27413 27478 2B.46 28445 29.C7 29.65 29.86 30.21
0.60 22.25 22.80 22474 23,34 23,32 23428 23.92 23.88 23.E5 4,52 25.14 25.14 25,15 26.35 26.35 26.91

L1o10 14059 14.9¢ 16,57 15.31 15032 15433 15.64 15,65 15,66 15.95 16425 16.24 16.53 16.82 1¢.82 17.11
1420 13,41 13,81 13,02 14419 14.19 14420 14,56 14,55 14,66 14,88 15.19 15.15 15,48 15.77 15.77 16.04

1.40 11,22 11,65 11,65 12,06 12,06 12,07 12,46 12.46 12,47 12.84 13,20 12,20 13.54 13.86 13.86 14.16
1.5C 10,26 10,67 10.67 11,08 11,08 11,09 11.49 11,49 11,49 11,88 12.26 12.2¢ 12.62 12.96 12.96 13.28
9.40 9.79 9.79 10.18 1C.18 10.18 10.58 10.58 10.%8 10.97 11.35 11.35 11.72 12,08 12.08 12.42
8.64 9.0C 9.00 5437 9.37 9.37 9.74 .74 9.76 10412 10.50 1€.5C 10.87 11.23 11.23 11.59
7.98  8.31 8,31 8,65 B.64  B.64 8,99 8,99 B.59 9.35 9.71  9.71 10.C7 10.43 1C.43 1G.79

0 T.43 7.7 .71 8,01 8.C1 8.0l 8,33 8.3} 8.23 8,66 9.00 9.00 9.34 9.t9  9.69 10.04
2.00 6496 T.2C T.20 T.67 T.47 T.47 7.75 T.75 T.75 8.0% 8.36 8.36 8.¢8 9.01 9.01 9.34

s BA¢2 La LAel CE CE+3 CEeb PR PRe} PRe4 AT NCe3 LLd PV s» Sre3 1Y)

0. 54,00 S57.0C 54.C0 58.C0 55.C0 54.C0 59.00 56.CC 55.C0 ¢0.00 57.00 61.CC 58.00 €2.CC 59.00 63.00
0.05 53.25 55.5C 53423 56,55 54,34 53,40 57.58 55.35 54,41 5B8.60 56.36 59.62 57.37 6C.65 58.38 6l.68
06010 S51.19 52.3C 51.47 53.52 52.50 S1.71 54.57 53.53 52.73 55.63 54.56 56.£9 55.59 57.74 56.62 58.80
0415 €8.27 48.88 48,78 50425 49,82 49.21 51.30 50.€6 50,25 52,36 51.91 53.43 52.96 54.5C 54.01 55.56
0.20 45.03 45.58 45.¢8 406,96 46,71 46.27 48.00 47.75 47.31 49.05 48,80 5C.10 49.85 51l.16 50.91 52.23
0425 41,85 42.45 42,55 43.75 43,54 43,22 44.75 44,55 44,23 45.76 45,57 46.79 46,60 47.8) 47.64 48.87
0.30 38,94 39.57 39.£3 40.75 40.56 40.31 41.69 41.51 41,26 42.65 42.48 43,63 43,66 44,62 44,46 45.63
0435 36,37 36,99 37.ClL 38.C3 37.86 37.65 38.90 38.74 38.%4 J9.8C 39,64 40.71 40.57 41.€5 41.51 42.6C
0.40 34.10 34,69 34,69 35.61 35.47 35.29 36.41 36.27 36.10 37,24 37.10 36.C9 3T.96 3B.96 38,84 39.85
0.50 30,22 30.78 30.76 31.49 31.42 31,30 32.17 32.09 31.58 32.87 32.80 33.60 33.52 34.35 34.27 35.12
0.60 26.92 27.49 27,48 28,05 28.C4 28.01 28.64 2B.63 28.59 29.25 29.24 29.88 29.e6 30,53 30.51 31.20
Qe70 24¢10 26465 24065 25412 25415 25418 25464 25467 25469 26018 26420 20473 26475 2743C 27431 27.08
0.80 21,76 22,26 22.26 22465 22.70 22.75 23.11 23,15 23.20 23.58 23,62 24.C6 24.10 24.55 24.59 25.G6
0,90 19.87 20.29 20.29 2C.63 20,67 20.73 21,02 21.06 21.12 21,42 21.46 21.84 21.E8 22.26 22.30 22.70
1,00 18.36 18.71 18.71 19.00 19.03 19,07 19,3 19,37 19,41 19.68 19.71 20.C3} 20.06 2C.35 2C.42 20.76
110 17.11 17.41 17.41 17.68 17.70 17.72 17.97 17.59 18.C2 18.27 18.28 18.56 18.58 18.87 18.89 19.19
1420 16,04 16,32 16.32 16.58 16,58 16,60 16.84 16,85 16,86 17,10 17.11 17.26 17,38 17.63 17.64 17.90
1.30 15.C8 15,35 15.25 15,60 15,61 15,62 15.86 15.86 15,87 16.10 16,11 16.35 16.35 16.59 1¢6.60 16.84
Le40 14,16 14,49 14:35 14471 14.71 14072 14.96 14.97 14,98 15,21 15.21 15.45 15.45 15,68 15.69 15.92
1.50 13428 13,59 13.59 13,86 13,86 13,87 14.12 14,13 14clé 14,38 14.38 14,62 14.63 14,86 14,86 15.09
1.60 12,42 12.74 12.74 13,03 13,C4 13,05 13,31 13,32 13,33 13.58 13,58 13.82 13.84 14,08 14,08 14.3
1,70 11.59 11.92 11.92 12.22 12,23 12.25 12.51 12.52 12.54 12.80 12.80 13.0¢ 13.07 13.32 13.33 13,57
1.80 10.79 11413 11.13 11.43 11,45 11.47 11.74 11.75 11.77 12.03 12.04 12,31 12.32 12.58 12.59 12.84
1.90 10,04 10.38 10.38 10.68 10.70 10,72 10.99 11.C1 11.€2 11.29 11.31 11.58 11.99 1l.86 11.87 12.13
2,00 9.34 9.67 9.67 9.97 9.9 10.01 10.28 10.29 10.31 10.58 10.60 10.88 10.89 11.16 11.17 1l.44
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Table 1 (cont.)

s Eus2 EU+3 cC GD*3 1. TB+3 DY v+l HO FQe3 ER (1,05} ™ TPe3 Y8 Y842

0. 61.00 60.00 64,0 61,00 65,00 62.00 66.00 63,00 67.C0 £4.00 68.00 6%5.00 69.00 66,00 7C.00 68.00
0,05 60,32 59.35 62,68 60.4C 63,72 61,461 64,75 62.61 65,77 £3.62 66,79 64,43 67,81 65.46 68,83 67.39
0,10 58.42 S57.65 59.72 58.68 60.91 59.7L 61.96 60.74 63.01 €Ll.T7T 64.06 62.8C 65.11 ¢3.83 66.16 65.65
0415 55,63 55,07 56,36 56412 57.70 57.17 S8.77 58.22 59.84 59.28 60.90 60,33 61.97 61.38 63,06 63.03
0.20 52,34 51,97 52,57 53.03 56.36 56,10 55.44 55.16 56.51 56.23 57,58 57.30 58.66 58.36 59.73 59.85
0.25 4B.92 48,65 49,62 49.74 50,58 50,80 52.04 51.86 53.10 52.93 54.17 53.99 55.26 55.C6 56432 56.40
0430 45,63 45.47 46,29 46.5C 4T.67 47,52 4B.70 48.56 49.74 49.61 50,79 50,66 S51.86 51.71 52.90 52.93
0035 42,59 42,47 43,38 43,46 6455 44,63 45,54 45,42 46,54 46,43 4T7.56 4T.44 48,58 4B.AT 49,60 49.60
0,40 39,83 39,76 40,81 40.65 41,68 41,56 42,62 42.52 43,58 43,48 44.54 44,44 45,52 45,42 4£6.50 46.49
0.50 35,12 35.05 35.83 35,84 36,71 36.66 37.54 3T.47 38.28 38.31 39.24 39.17 40.11 40.C4 4C.99 40.99
0,60 31,21 31,18 31.E6 31.86 32.59 32.56 33.31 33.28 34.C4 34,01 34,80 34,77 35,57 35.56 36,35 36.36
0.70 27.89 27.89 28.49 28.49 29.C9 29.10 29.72 29.73 30.37 30.38 31.03 31.04 31.71 31.71 32.41 132.42
0.80 25.06 25.09 25.62 25,61 26.12 26,15 26.67 26.70 27.24 27.26 27.82 27.84 2B.42 28.44 29.03 29.04
0.90 22.70 22.74 23.19 23.19 23.61 23,65 24.09 24,13 24.58 24.62 25.09 25.13 25.61 25.64 26.15 26.15
1.00 20,76 20.75 21.18 21.18 21.56 21,57 21.95 21.98 22.37 22.40 22.81 22.64 23.26 23.29 23.712 23.72
1410 19.18 19.21 19.54 19.53 19.85 19,87 20.19 20.22 20.55 20.58 20.92 20.95 21.31 21.33 21.70 21.70
1.20 17,90 17.92 18.20 18.2C 18.47 18,48 18.76 18.78 19.C7 19408 19438 19.4C 19,71 19.73 2C.04 20.06
1.30 16,83 16,84 17.C9 17.09 17,33 17.364 17.59 17.6C 17.85 17.86 18.12 18.13 18.40 18.41 18,68 18.68
1.40 15,91 15,92 16.15 16415 16437 16.38 16,60 16.61 16,84 16,84 17,07 17.C0 17.31 17.32 17.56 17.56
1.50 15,€9 15,09 15.31 15.31 15.53 15.53 15,75 15,75 15,56 15,96 16.18 16,18 16.40 16.40 16,62 16.62
160 14,31 14.32 14,56 14.56¢ 14,76 14,76 14,97 14,97 15.18 15.18 15.39 15.39 15,60 15.60 15.80 15.80
1470 13,57 13,57 13461 13,81 14¢C3 146.C3 14,25 14225 14,46 16,66 14,67 14,67 14,87 14.87 15.07 15.C7
1.80 12.84 12,85 13.10 13,10 13.33 13,33 13.56 13.56 13.77 13,78 13.99 13.99 14.19 14.19 14.39 14.39
1.90 12,13 12.14 12.40 12,40 12.64 12.65 12.88 12.88 13.11 13,11 13.33 13.33 13,54 13.56¢ 13.75 1375
2.00 11.44 11.45 11.72 1172 11.97 11,98 12.22 12022 12.46 12.46 12,69 12.69 12.91 12.91 13.12 13.12

S YBe3 LU LL42  HF hF ¢4 Ta TA+Ss L] We6  RE os 0S+4 R IR¢3 Res PT

0. 67.00 71.0C 68.C0 72.CC 68.00 73.C0 68.00 74.C0 68,00 75.0C 76,00 72.0C 77.C0 74.C0 73,00 78.CC
0.05 66,45 69.82 67.45 70.84 67,50 71.85 67.54 72.87 67.58 73.89 74.91 7Tl.44 75.93 73,36 72.43 76.99
0,10 64,86 67,07 65.88 68.05 66.C7 69,05 66,22 70,07 66.35 71.09 72.11 69,83 73.15 71.55 70.80 74.32
0.15 62,43 63.8) 63.48 64,70 63.85 65,62 66.16 66.56 64,43 £7.52 68.51 67.39 69.51 68.83 68,31 7T0.72
0.20 59.43 60.48 60.50 61.26 61.C5 62,08 61.54 62.94 61.96 €3.81 64.71 64,37 65.64 £5.54 65,24 66.78
0.25 56413 57,09 57,21 57,84 57.92 58,60 58.55 59.38 59,12 60.18 60.99 61.C5 61.84 61,59 61.87 62.83
0.30 S2.77 S3.71 53.E3 54,48 54,85 55,22 55.39 55.96 56.CH 56,70 57.45 57.65 58.22 58.42 58.42 59.07
0.35 49.50 50.465 50.%53 51.23 51,40 51,98 52.22 52.70 52.98 53.41 54412 54.32 54.8) 54,99 55.05 355.56
0.4 46,61 47.3¢ 47.41 48415 48.29 48,91 4%.14 49.63 49,94 50.33 51.01 51.17 S51.69 51.78 51.86 52.33
G50 40,53 41,82 41.63 42,61 42,67 43.36 43,50 44.09 44.31 44,79 45.46 45.50 46.11 46.10 46.16 46.69
0.60 36,32 37.12 37.12 37.87 37.88 38,61 38,65 39.32 39.41 40,02 ¢0.69 40.69 41.34 41.21 41.33 41.93
0.70 32.40 33.11 33.11 33.82 33,81 34,53 34.51 35.22 135.22 35.91 36.57 36.56 37.22 37.21 37.21 137.8%5
0.80 29,05 29.67 29,67 3C.33 30.32 30,99 30,97 31.66 31.€2 32.32 32.97 32,96 33.62 33.£2 33.61 34.26
0.9C 26.18 26.73 26,73 27.33 27.31 27.94 27.91 28.56 28.51 29.18 29.81 29.8C 30.43 3C.44 30.43 31.07
1,00 23,75 24,23 26,23 24,76 24.75 25.31 25,29 25.87 25.84 26.65 27.03 27.03 27,62 27.63 27.62 28.23
110 21.73 22,14 22,14 22,60 22.60 23.08 23,07 23.58 23,56 26,09 24,62 24.62 25,16 25,17 25.16 25.72
1420 20.06 20.41 20,41 2C.81 20.80 21.22 21.21 21,65 21.64 22.10 22.56 22.56 23,04 23.C4 23,04 23,54
1430 18,7C 19.00 18.59 19.33 19.32 19,67 19.67 20,06 20.C3 20,42 20.82 2C.82 21.24 21.24 21.24 21.67
1.40 17.57 17,83 17.€2 18.10 18,10 18.40 18,39 18,70 18.70 19.03 19.37 19.37 19,73 19.72 19.73 20.10
1450 16,62 16.85 16,65 17,09 17.08 17.33 17.33 17,60 17,40 17.87 18.16 18.16 18.46 18.46 18.46 18.78
1660 15.80 16,01 16,01 16,22 16422 16.46 16,44 16467 16,67 16490 17.15 17,15 17,40 17.4C 17.40 17.67
1470 15.C7 15,27 15.27 15.46 15.46 15.66 15.66 15.87 15.87 16.07 16.29 16.29 16.51 16.51 16.51 16.74
1a80 14.39 14.59 14,59 14,78 14.78 14.97 14.97 15.16 15.16 15.35 15.55 15,55 15.75 15,75 15.75 15.9%
1.90 13,75 13,95 13.55 14.14 14o14 16,33 14,33 14,52 14,52 14.71 14.89 14.89 15.C8 15.C8 15.07 15.26
2.0C 13.13 13.32 13.33 13,53 13.53 13,73 13.72 13,92 13.51 14,10 14.29 14,29 14,47 14,47 14,67 14.65

5 Ple2 PTek AU Aued AUe3 HG Ho¢ 1 HG#2 1S TLed TLes L4 PBe2 PBeN 31 BleS

0. 76,00 74,00 79.00 78.00 76.00 0,00 79.00 78,00 /.00 #3.00 TB8.00 82,C0 &0.00 78.00 83.00 80.00
0.05 75.28 T3.%2 78.01 T7.19 75.36 78.98 78.15 77.28 [I9.88 19.12 I7.36 B80.8% 79,22 7T.«l B1.78 79,29
.16 73,35 7177 75,36 Tw.93 73,52 76,27 T75.81 75,26 T7.08 76.70 75.5) T7.88 77,02 75.72 7T8.7T1 11.29
.15 70,26 69.25 T1.IS T1.65 TO.75 72.59 T2.%5 12.23 75.3) 13,26 7T2.1% Tw,06 73.82 73.11 Tu.78 74.30
0.2C 66,69 66,13 87.706 67.83 067.38 68.55 68.59 08,60 69.29 69.35 69.27 69.99 70.07 69.86 70.67 70.72
0.25 62.92 62,71 63,74 63,85 63,72 66,51 6u.b6) 64,72 65,27 65,35 05.52 65.98 66.15 06.28 606.66 86.90
0.30 59.20 99,20 59.89 $9.98 60.035 60.65 6J.7% 60.86 61.43 o6l.48 61,71 62.15 62.29 62.5)1 62.85 63.08
0.35 95.67 55.78 S56.31 56.56 56.48 57.06 S7.12 57.20 S7.83 57.85 58.08 58.56 58,64 58.86 59.29 59.43
0.80 52.40 52.55 $3.02 53.08 53,18 53,75 53.78 53.81 58,50 94.90 56.6) 55.28 55.26 55.81 55.97 56.02
0.90 406.69 46,80 &T.351 47.28 &BT7,37 M7.99 W7.96 w7.9% MB.6T wB.6> 8B8.63 49.36 &9.33 u9.33 S50.06 50.0)
0.60 ®1.92 41,96 42.56 42,51 82,54 83,17 3,04 63,01 W5,79 63,78 3.7t kk,k2 44,39 we.32 45,06 45.01
0.70 37.8% 37,83 38.86 38.45 38,48 39.06 39.05 39.05 39.65 39.68 39,60 40.23 %0.22 40.16 40.82 40.80
.80 34.26 38,23 34.88 34.88 34.86 35.87 55.87 35.87 36,08 36.08 36.03 36.61 36,81 56,59 37.07 3T.07
0.90 31,07 31,05 31.68 31.69 31,67 32,27 32.27 32.28 32.8% 32.85 32.86 33.%0 33.41 33,82 33.95 33.96
1.0 28.23 28.2} 28.82 28.83 28,82 29.40 29.4) 29,42 29.97 29.97 29.99 30.52 30.53 30.5 31.07 351.09
1,00 25,72 25,71 26.28 26.29 20,28 26.83 26.8% 26,85 27.39 27.39 2T.6l 27.935 27,94 27.96 28.u7 28.48
1,20 23.54 25.5% 26.05 24,06 26,05 2W.S7 28.ST 24.58 25.09 25.09 25.10 25.61 25.82 25.63 26.13 26.1n
1.30 21,68 21,68 22,13 22,13 22.13 22.60 22.60 22.60 23.07 23.07 23.08 23.56 23.56 235.57 24.05 2u.0%
1.40 20,10 22.10 20.49 20.49 20.49 20.90 20.90 20.90 2i.33 21.33 21.33 21.77 21.77 21.1r 22.22 22.22
1.50 18478 18.78 19.11 19,11 19,11 19,87 19.47 19,46 19.84% 19.864 19,34 20.23 20.23 20.22 203.63 20.63
1260 17.67 17,67 17.96 17.96 17.96 18,26 18.26 18,26 18.58 1B.5s 18.%8 18.92 18.92 18.91 19,27 19,27
17D 16,76 16,75 16,99 16.99 16,99 17.25 17,25 17.2% 17.52 17.92 17,92 17.81 17.81 17,80 118.12 18,01
1.80 15,95 15.95 16.17 1616 16,17 16.39 15.39 16.39 16,63 16.63 16,62 16.88 16,87 16,87 17,16 17,13
1.90 15,26 15.26 15.%86 15.65 15,45 15.65 15.65 15,65 15.86 15.86 15.86 16.08 16.07 16.07 16,30 16.30
2.00 14,65 14,08 1u.B3 14,83 14,83 15,01 15,01 15.00 15,19 15.49 15,19 15,39 15,39 15.38 15.59 15.58

PO AT RN FR RA AC ACe3 ™ THed PA v U+l Ush uss NP

84.00 B85.00 B86.00 B87.00 88.00 B9.00 86,00 90.20 86,00 91.20 92.00 89.00 B88.00 H86.00 95.00
82.76 B3.Tw Bu.T3 B5.41 86,26 B7.26 85,11 88.25 85.18 B89.30 90.33 88.11 87.18 895.50 91.35
79.59 80.50 8l.us B1,96 ¥2.53 B3.35 B2.62 Bu.25 B82.88 BS.u3 Bo.uB 85.62 bu.BE 83,29 BT.54
75.54 T6.3% T2.17 17,84 18.38 79,02 79.03 79.73 79.50 B80.99 B82.03 81.98 81.47 B80.28 u3.07
TV.36 T2.038 72,75 T3.50 Tu.15 Tu.ls Tu.92 T5.355 75.54 T6.56 T7.95% TT.74 T7.83 76.463 78.5%
67,30 67.9% 68.57 69.30 T0.02 72,63 70.7u 71,21 71,43 72,28 75.20 73.36 73.20 72,71 Tu.)2
63,51 bu. Ik bM.TS 65,42 66,13 66.76 66.79 67.35 o67.48 6B.26 69.09 69.17 69.10 68.83 69.93
99.97 60.63 61.2u 61,88 62.5% 63.18 63,17 63.79 63.83 64.55 65,30 65.31 65.28 65.15 66.006
56,68 S7T.35 5B.00 58.62 59.25 59.89 59,86 6J.51 60.49 61,15 61.83 ol.81 6l.81 61.75 62.52
$3.76 51,45 52.18 52,78 53,40 54,03 Su.02 Su.66 94,62 55.18 55.T7 55.74 55.76 59.80 56.355
45,71 w6.36 uT.02 4l.67 48,30 &3.92 4B.93 49.95 49.93 50.05 50.59 50.59 50,62 50.71 Sl.lu
Gl.1 82.01 42,62 43,23 5,84 kkouh LU,uS 45.05 45.05 B85.56 46,09 46,09 46.13 46.23 ub.62
37.72 38.28 36.83 39.40 39.97 40.5% 40.5% Wi.1) L1.02 k1,64 82,16 42,16 42,19 42,26 u2.68
34,49 35,02 35.55 36.08 36.61 7.4 37.1% 37,68 37.08 358.21 36.73 38.73 3B.74 38.77 39.2w
31,61 32,15 32,65 33.16 33,67 3,17 3w )T 3u.67 34,68 35.2) 35.7) 35.7) 35.7) 35,70 36.21
29.00 29.55 30u.0w 30,5 31.04 31.53 31.53 32.Ct 352.01 32,5« 33.03 33,03 33.02 32.98 33.53
26465 2717 27.67 28,17 28.66 29.1% 29,14 29,62 29.62 30.135 30.62 30.63 30.61 30.56 31.11
24,55 25.08 25,53 26,02 26,50 26.98 26,98 27.u5 27.45 27.9% 28.43 28.43 2B.s) 28,37 28.9
22,68 23.14 23.61 24,08 2.5 25.01 25.01 25.47 25.47 25.95 26.42 26,42 26.41 26.37 26.89
21.05 21.87 21,90 22.3% 22,78 23.23 23,23 23.67 23.67 24,13 2u.58 26.58 2u.57 24.55 25.03
19.6% 20,02 20.41 20,81 21.22 21.63 21.65 22.0% 22.0% 22.88 22,91 22.91 22.91 22.90 23.3s
18.83 18,77 19.1) 19,47 19.85 23.23 20.23 22.01 22.61 2).30 21.40 21.40 21.%1 21,40 21.8)
1.0 17.13 17,41 17.70 18,00 18,32 18.6% 13.99 18.99 19,34 19,34 19,70 20.07 20.07 20.07 20,07 20.u
1.90 16.29 16.5% 16.79 17,05 17,55 17.62 17.92 17.92 18.24 1R8.26 18.55 14.89 18.88 18.89 15.90 19.23
2.20 15.58 15.79 106,01 16.24 16,48 16,76 17.00 17.00 17.28 17.28 17.56 17.85 17.85 17.86 17.87 |18.1e
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s NPe3 NP weo PU pued push puss AW AM+3 (4] 8K CF S (4] L NG

D 90.00 89.00 81.00 9u.00 91.00 90.00 88.00 95.00 92.00 96,00 q7.20 98.00 99.00 100.00 101.00 102.00
0.0% 89.12 83.19 86430 Q2.4 90.%2 89.19 ar.30 Q3. uu 91.13 u.42 95.45 6.1 97,49 98.51 9.53 100.59
3.1C 3b.04 85.89 Bu.29 88.7°% 81.66 86,90 8%.30 89.80 88.68 90.70 31.76 2.8% 93.87 .92 5 91,19

0.90 39.2% 39.25 39.29 39.73 39.7% 39,79 39,80 ug.22 0.23 wo. Tt w19 wis069 w2.1} u2.57 43.00 PSR
V.0U 36.21 36,21 36,21 36.7) 36.71 36,71 36,71 37.20 }Y.l‘? 37,61 8. 1% 38.60 39.05 39.50 39.94 0. 36
V.10 33.53 33.52 55,89 3u.03 34,02 3u.0% 33,98 3u.5) 3u.50 3u.91 35,48 35.90 36435 36.19 31.22 37.6%
1.20 31.\Y 31,09 31.05 31,061 51,59 31,58 31.5% 32.08 32.07 32.54% 33.01 33.u0 33.91 3u.36 38,79 35.23
1.30 28.9% 29.89 28.9% 29.40 29.39 29.37 29.33 29.87 29.80 30.32 30.79 31,25 31.70 32,18 32.58 33,03
1.%0 26.89 26.88 26.8% 2137 27.50 2130 1.3 21.83 21.82 28.29 28.7% 29.20 29.65 30.10 30.5% 30.99
1.5C 25404 25.03 25.00 2590 25.49 25.48 25.u0 25.9% 25.9% 26,40 26.85 21.3) 21,75 28.20 28,68 29.09
1.60 23.3% 23.3% 23.33 23.18 23.78 23.78 235.76 2%.22 2u.22 2u.bb 25.10 25.9% 25.99 26.43 26.806 27,31
1.70 21.81 21.81% 21.8) 22.23 22.23 22.22 22,22 22.0% 22.04 23.00 23.49 23.92 2u.39 6.8 25.2} 25.0%
1.80 20,44 27,48 20.45 20.82 20.83 20.83 20.83 21.22 21.22 21,00 22.02 22.42 22.83 23.25 23.067 24.09
V.90 19.23 13.23 19.24 19.58 19.58 19.58 19.59 19.9% 19.9% 2043 20,068 21.07 21,85 21.85% 22.2% 22405
2.00 18.106 18,16 1807 18.48 18,48 18,48 18,49 18.80 18.81 V9.1 19.49 19.8% 20.20 20.57 20,95 21.33

Table 2. Coefficients for nim-pammeter analytic [ it of Dirac-Slater scattering factors in the range
0<s -t

2 S

aten A4 138 [132) (132 el Blad [3 € arce ML) (138 21 Bt} a3 8i3) sisd B4y 4 €
< 8T 218.T141 g.1421 3.4848 0.602% 0.055¢ 15.087% €.438% 2.c987 1s.2268 74t -0. o3850 0.018C
we o [ 7 3.6188 O 3 L3128 0.217 0115 19 0.0l 9 .0092 2% 803 2.4199 bb.0151 “oner 0.0t3t
u coas 2 1.0181 e o 0.4s08 1e3.Bi30 “ I 1 . 2.2938 £2.097% 3.1118 0,010
tist T e L2168l 9,583 3 2 83.510) 3.7941 0.0142
1 - 3.3102 0.0128
5.352%
0.1107
£).8418
0.7503

5 2. -C. -0e

Toisar A-Sate 15,0008 - 12,7484 " 0 1 9

tioamy 15.0287 9° 92 &.T¢ . 4548605 0.0L 0.0 1049
v 0439

q1 28.179 32 10,9399
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method was used to incorporate exchange. Cromer,
Larson & Waber (1963, 1964), using self-consistent
field Hartree (H) wave functions computed by Boyd,
Larson & Waber (1965), have computed scattering
factors for elements from Z=2 to Z =98 and for many
of the chemically significant positive ions.

The HFS scattering factors ought to be more
accurate than the H scattering factors because the
former include an approximate exchange correction.
Both, however, will be in error for the heavy elements
because relativistic effects have not been accounted
for.

Liberman, Waber & Cromer (1965) have made
extensive self-consistent field calculation of relativistic
wave functions by using the Dirac equations with
Slater’s (1951) approximate exchange correction.
These wave functions have been called Dirac—Slater
(DS) wave functions and are the relativistic equivalent
of the HFS wave functions. Although not many
comparisons can be made because of the scarcity of
relativistic calculations, Liberman et al. (1965) have
shown that the eigenvalues for these DS wave funec-
tions are in better agreement with experimental
X-ray levels than are any other published values.

Scattering factors for a total of 208 neutral atoms,
positive ions and a few negative ions have been
computed from the DS wave functions and are
presented here. For the heavy atoms and ions these
scattering factors should be more accurate than any
that have been previously available.

These DS wave functions have also been used to
compute anomalous dispersion corrections for five
commonly used X-ray wavelengths (Cromer, 1965).

Calculations

Details of the self-consistent field wave function
calculations have been given by Liberman et al. (1965).
A logarithmic scale of radii was used and the radial
domain extended from 1-056 x 104 to 60-0 Bohr units.
This range was divided into 420 intervals equally
spaced with Alnr=1/32. The scattering factors were
computed with an IBM 7094 computer, from the total
electronic radial density by straightforward means
(James, 1948). Calculations were made at 201 points
in the range s;=sin 6/ from 0 to 2-00 A-1 at intervals
of 0-01 A-t, Also, at 19 points within this range, the
individual orbital transforms were computed from the
single-electron densities. These orbital transforms and
the total scattering factors at the 201 points have
been published in a Los Alamos Scientific Laboratory
report (Cromer & Waber, 1964).

109

Explanation of the tables

The results are given here in two forms. Table 1
lists the values of f as a function of s; at the intervals
used in International Tables for X-ray Crystallography
(1959). Table 2 gives the coefficients a;, b; and ¢
which fit the function

flsz) = Xaiexp (—b;sh)+e
i=1

for n=4. This analytical function is a concise means
of expressing the f curves over the entire range and
also is a convenient means for entering the f curves
into a computer. The analytic fit is a weighted f{fit,
as done by Forsyth & Wells (1959), so that the curve
is fitted best at s,=0-5 A-1. The last column in
Table 2 gives the quantity

_ 100 {&v@?ﬁ
" J0) | Zw; |

which is the error of the fit expressed as a percentage
of the scattering factor at s;=0. The analytic fit is
in general very good.

A comparison of the scattering factors obtained
from the four different atomic models for which exten-
sive scattering factors exist (Hartree, Hartree-Fock—
Slater, Dirac-Slater and Thomas-Fermi-Dirac) will
be the subject of a future paper.
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