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X-ray scattering factors for neutral atoms from He to Lw and for most of the chemically significant ions 
through Lu3+ have been computed from numerical Hartree-Fock wave functions. The results are given in 
the form of coefficients for an analytic function. 

During the last few years extensive calculations of X-ray 
scattering factors have been published for several different 
atomic models. In order of increasing sophistication these 

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

have been the Thomas Fermi-Dirac model by Thomas & 
Umeda (1957); the Hartree model by Cromer, Larson & 
Waber (1964); the Hartree-Fock-Slater (HFS) model by 
Hanson, Herman, Lea & Skillman (1964) and by Hanson 
& Pohler (1966); and the Dirac-Slater (DS) model, the 
relativistic equivalent of the HFS model, by Cromer & 

Table 1. Coefficients and maximum errors, over the range 0 <sin 0/2 < 1 50, for analytic approximations of Hartree-Fock 
scattering factors 

ATOM A(1) B ( I )  A(2) B(2) 
HE 0.76844 I0.9071 0.72694 4.30779 
L I  0 . 9 9 2 7 9  4 . 3 3 9 7 9  0 . 8 7 4 0 2  1 . 2 6 0 0 6  
L I + I  6.08475 0 . 0 0 4 9 8  0 . 8 6 7 7 3  1 . 5 3 7 3 0  
BE 2 . 2 2 7 4 4  0.04965 1 . 5 5 2 4 9  42.9165 
8E+2 5.69034 -0.01336 1.19706 0 . 3 9 0 0 0  
B 2 . 0 3 8 7 6  2 3 . 0 8 8 8  1.41491 0 . 9 7 8 4 8  
C 1.93019 1 2 . 7 1 8 8  1 . 8 7 8 1 2  2 8 . 6 4 9 8  
N 1 2 . 7 9 1 3  0 . 0 2 0 6 4  3 . 2 8 5 4 6  1 0 . 7 0 1 8  
0 2 . 9 5 8 4 8  1 3 . 8 9 6 4  2 . 4 5 2 4 0  5 . 9 1 7 6 ~  
0 - i  3 . 2 2 5 6 3  18.4991 3.01717 6 . 6 5 6 8 0  
F 3 . 3 0 3 9 3  11.2651 3.01753 4 . 6 6 5 0 4  
F -1  3 . 6 3 2 2 0  5 . 2 7 7 5 6  3 . 5 1 0 5 7  1 4 . 7 3 5 3  

NE 3 . 7 1 2 7 2  3 . 9 1 0 9 1  3 ~ 5 2 6 3 1  9 . 6 3 1 2 6  
NA 5 . 2 6 4 0 0  4 . 0 2 5 7 9  2 . 1 7 5 4 9  1 0 . 4 7 9 6  
NA+I 3.99479 3.11047 3.37245 7.14318 
MG 5 . 5 9 2 2 9  4.41142 2 . 6 8 2 0 6  1 . 3 6 5 4 9  
MG+2 4.30491 2 . 5 5 9 6 1  3.14719 5 . 6 0 6 6 0  
AL 5 . 3 5 0 4 7  3 . 4 8 6 6 5  2 . 9 2 4 5 1  1 . 2 0 5 3 5  
AL+3 4 . 1 7 4 4 8  1 . 9 3 8 1 6  3 . 3 8 7 6 0  4 . 1 4 5 5 3  
S I  5 . 7 9 4 1 1  2 . 5 7 1 0 4  3 . 2 2 3 9 0  3 4 . 1 7 7 5  
S [ + 4  4 . 4 3 9 1 8  1.64167 3.20345 3.43757 
P 6 . 9 2 0 7 3  1 . 8 3 7 7 8  4.14396 2 7 . 0 1 9 8  
S 7 . 1 8 7 4 2  1 . 4 3 2 8 0  5 . 8 8 6 7 1  0 . 0 2 8 6 5  
CL 9 . 8 3 9 5 7  -0.00053 7.53181 I . I i i 1 9  
CL-I 1 8 . 0 8 4 2  0 . 0 0 1 2 9  7 . 4 7 2 0 2  1.12976 
AR 1 6 . 8 7 5 2  -0.01456 8 . 3 2 2 5 6  0 . 8 3 3 1 0  
K 8 . 1 1 7 5 6  1 2 . 6 6 8 4  7 . 4 8 0 6 2  0 . 7 6 4 0 9  
K + l  9 . 7 0 6 5 9  0 . 5 9 9 4 7  7 . 3 7 2 4 5  1 1 . 8 7 6 5  
CA 8 . 6 0 2 7 2  1 0 . 2 6 3 6  7 . 5 0 7 6 9  0 . 6 2 7 9 4  
CA÷2 1 3 . 2 0 6 3  0 . 3 9 4 6 6  1 1 . 0 5 8 6  - 0 . 0 8 2 0 4  
SC 9 . 0 6 4 8 2  8 . 7 7 4 3 1  7 . 5 5 5 2 6  0 . 5 3 3 0 6  
SC+3 1 3 . 4 0 0 8  0 . 2 9 8 5 ~  8 . 0 2 ? 3 0  7 . 9 6 2 9 0  
rl 9 . 5 4 9 6 9  7 . 6 0 5 7 9  7 . 6 0 0 6 7  0 . 4 5 8 9 9  
T1÷3 £ 7 . 7 3 4 4  0 . 2 2 0 6 1  8 . 7 3 8 1 6  7 . 0 4 7 £ 6  
TI~4 1 q . 5 1 1 4  0 . [ 7 8 8 5  8 . 2 3 4 7 3  6 . 6 7 0 1 ~  
V 1 0 . 0 6 6 1  6.6772l 7 . 6 1 4 2 0  0 . 4 0 3 2 2  
V +2 9 . 3 4 5 1 3  6 . 4 9 9 8 5  7 . 6 8 8 3 3  0 . 3 9 4 9 1  
V +3 9.43141 6 . 3 9 5 3 5  7.74190 0 . 3 8 3 3 5  
V +5 IS.6887 0.67900 8.14208 5.40135 
CR 1 0 . 4 7 5 7  6 . 0 1 6 5 8  7 . 5 1 4 0 2  0 . 3 7 4 2 6  
CR+2 9.54034 ~ . 6 6 0 7 8  7 . 7 5 0 9 0  0 . 3 4 4 2 6  
CR+3 9 . 6 8 0 9 0  5.59463 7 . 8 1 1 3 6  0 . 3 3 4 3 9  
MN 11.2519 S . 3 4 8 1 8  7 . 3 6 9 3 5  0 . 3 4 3 7 3  
MN+2 9 . 7 8 0 9 4  4 . 9 8 3 0 3  7 . 7 9 1 5 3  0 . 3 0 4 2 1  
MN÷3 9 . 8 4 5 2 1  4 . 9 1 7 9 7  7 . 8 7 1 9 4  0 . 2 9 4 3 9  
MN+4 9 . 9 6 2 5 3  4 . 8 4 8 5 0  7 . 9 7 0 5 7  0 . 2 8 3 3 0  
FE 11.9185 4 . 8 7 3 9 4  7 . 0 4 8 4 8  0 . 3 4 0 2 3  
FE+2 1 0 . 1 2 7 0  4.44133 7 . 7 8 0 0 7  0 . 2 7 4 1 8  
FE÷3 1 0 . 0 3 3 3  4 . 3 6 0 0 ?  7 . 9 0 6 2 5  0 . 2 6 2 5 0  
CO 12.61~8 4 . 4 8 9 9 4  6.62642 0.35459 
CO+2 1 0 . 5 9 4 2  4 . 0 0 8 5 8  7 . 6 7 7 9 1  0 . 2 5 4 1 0  
CO+3 1 0 . 3 3 8 0  3 . 9 0 9 6 9  7 . 8 8 1 7 3  0 . 2 3 8 6 7  
NI  £ 3 . 3 2 3 9  4 . [ 7 7 4 2  6 . 1 8 7 4 6  0 . 3 8 6 8 2  
N I÷2  11.1650 3.65944 7 . 4 5 6 3 6  0 . 2 4 3 9 7  
N I + 3  1 0 . 7 8 0 6  3 . 5 4 7 7 0  7 . 7 5 8 6 8  0 . 2 2 3 1 4  
CU 1 3 . 9 3 5 2  3 . 9 7 7 7 9  5 . 8 4 8 3 3  0 . 4 4 5 5 5  
CU+l 1 2 . 4 6 5 5  3 . 5 4 2 7 0  6 . 6 3 1 1 1  0 . 2 8 9 2 0  
CU+2 1 1 . 8 1 6 8  3 . 3 7 4 8 4  7 . 1 1 1 8 1  0 . 2 4 4 0 8  
ZN 1 4 . 6 7 4 4  3 . 7 1 4 8 6  ~ . 6 2 8 1 6  0 . 5 0 0 3 3  
ZN+2 1 2 . 5 2 2 5  3.13961 6 . 6 8 5 0 7  0 . 2 5 4 3 1  

A t 3 )  
0 . 2 7 6 3 1  
0 . 8 4 2 4 0  
0 . 8 0 5 8 8  
1 . 4 0 0 6 0  
1 . 0 3 0 5 7  
1 . 1 1 6 0 9  
1.57415 
1 . 7 6 4 8 3  
1 . 5 0 5 1 0  
1 . 4 2 5 5 3  
1 . 3 5 7 5 4  
1 . 2 6 0 6 4  
1 . 1 9 2 3 7  
1 . 3 6 6 9 0  
1 . 1 3 8 7 7  
1 . 7 2 2 3 5  
1 . 1 2 8 5 9  
2 . 2 7 3 0 9  
[ . 2 0 2 9 6  
2 . 4 2 7 9 5  
1 . 1 9 4 5 3  
2 . 0 1 6 9 7  
5 . 1 5 8 5 8  
6 . 0 7 1 0 0  
6 . 4 6 3 3 7  
6 . 9 1 3 2 6  
1 . 0 7 7 9 5  
5 . 6 7 2 2 8  
1 . 7 5 1 1 7  
7 .73221  
2 . 0 5 0 1 7  
1 . 6 5 9 4 3  
2 . 1 7 2 2 3  
5 . 2 5 6 9 1  
2 . 0 1 3 4 1  
2 . 2 3 5 5 1  
2 . 9 4 5 3 1  
2 . 1 5 3 4 3  
2 . 0 3 0 8 [  
3.50115 
3 . 5 8 2 7 4  
2 . 8 7 6 0 2  
3 . 0 4 1 0 7  
4.18544 
3 . 5 6 5 3 1  
2 . 7 6 0 6 7  
3 . 3 4 3 2 6  
4 . 7 1 8 2 5  
4 . 2 0 5 6 2  
3.57722 
5 . 1 5 9 4 7  
4 .  76795 
3.  74792 
5 . 5 1 1 0 6  
5 . 2 2 7 4 6  
4 . 6 4 2 2 [  
5 . 7 6 6 7 9  
5 . 7 8 1 3 5  
3 . 9 2 5 4 0  
5 . 9 8 3 8 2  

B ( 3 )  A(4)  8 ( 4 )  C EMAX EMIN 
1 . 3 3 1 2 7  0 . 2 [ 5 7 2  2 5 . 6 8 4 8  0 . 0 [ 2 4 9  0 . 2 4 2  - 0 . 6 6 9  
9 8 . 7 0 8 8  0 . 2 3 1 0 1  2 1 2 . 0 8 8  0 . 0 5 9 8 8  0 . 4 0 2  - 1 . 1 8 5  
4 . 2 8 5 2 4  0 . [ 7 7 2 0  9 . 8 1 4 1 3  - 5 . 9 3 5 6 0  0 . 0 8 5  - 0 o 0 3 6  
1 . 6 6 3 7 9  0 . 5 8 2 9 0  [ 0 0 . 3 6 1  - [ . 7 6 3 3 9  0 . 3 5 5  - 0 ° [ 8 0  
1 . 9 7 4 4 1  0 . 2 0 1 5 0  4 . 9 0 6 4 2  - 6 . 1 1 9 5 0  0 . 0 [ 3  - 0 . 0 2 9  
5 9 . 8 9 8 5  0 . 7 3 2 7 3  0 . 0 8 5 3 8  - 0 . 3 0 4 0 9  0 . 0 8 2  - 0 . [ 9 1  
0 . 5 9 6 4 5  0 . 3 7 1 0 8  6 5 . 0 3 3 7  0 . 2 ~ 6 3 7  0 . 0 2 7  - 0 . 0 2 6  
3 0 . 7 7 7 3  0 . 5 4 7 0 9  1 . 4 8 0 4 4  - 1 1 . 3 9 2 6  0 . 4 6 5  - 0 . 2 1 0  
0 . 3 4 5 3 7  0 . 7 8 1 3 5  3 4 . 0 8 1 1  0 . 3 0 4 1 3  0 . 0 2 5  - 0 . 0 4 6  
0 . 4 0 5 8 9  0 . 9 0 5 2 5  6 [ . 1 8 8 9  0 . 4 2 3 6 2  0 . 1 0 [  - 0 . [ 9 2  
0 . 3 3 7 6 0  0 . 8 3 6 4 5  2 7 . 9 8 9 8  0 . 4 8 3 9 8  0 . 0 3 [  - 0 . 0 6 2  
0 . 4 4 2 2 6  0 . 9 4 0 7 1  4 7 . 3 4 3 7  0 . 6 5 3 4 0  0 . [ 0 2  - 0 . 2 0 8  
0 . 4 0 4 8 3  0 . 8 3 0 8 0  2 3 . 9 5 4 6  0 . 7 3 7 2 8  0 . 0 3 1  - 0 . 0 6 2  
0 . 8 4 2 2 2  1 . 0 8 8 5 9  1 3 3 . 6 1 7  1 . 0 9 9 1 2  0 . [ 1 9  - 0 . 2 5 5  
0 . 4 0 6 9 2  0 . 6 5 1 1 8  [ 5 . 7 3 1 9  0 . 8 4 2 6 7  0 . 0 1 0  - 0 . 0 2 0  
9 3 . 4 8 8 5  0 . 7 3 0 5 5  3 2 . 5 2 8 1  1 . 2 6 8 8 3  0 . 2 8 1  - 0 . 6 4 3  
0 . 4 1 5 7 4  0 . 4 9 0 3 4  [ 1 . 4 8 4 0  0 . 9 2 8 9 3  0 . 0 0 3  - 0 . 0 0 6  
4 2 . 6 0 5 1  [ . 1 6 5 3 1  1 0 7 . 1 7 0  1 . 2 8 4 8 9  0 . 1 1 3  - 0 . 2 6 5  
0 . 2 2 8 7 5  0 . 5 2 8 1 4  8 . 2 8 5 2 4  0 . 7 0 6 7 9  0 . 0 0 4  - 0 . 0 0 2  
0 . 8 6 9 3 7  1 . 3 2 1 4 9  8 5 . 3 4 [ 0  1 . 2 3 1 3 9  0 . 0 2 0  - 0 . 0 2 0  
0 . 2 1 4 9 0  0 . 4 1 6 5 3  6 . 6 5 3 6 5  0 . 7 4 6 3 0  0 . 0 0 2  - 0 . 0 0 1  
0 . 2 1 3 1 8  1 . 5 3 8 6 0  6 7 . 1 0 8 6  0 . 3 7 8 7 0  0 . 1 1 2  - 0 . 0 5 6  
2 2 . 1 1 0 1  1 . 6 4 4 0 3  5 5 . 4 6 5 [  - 3 . 8 7 7 3 2  0 . 0 9 2  - 0 . [ 6 4  
1 8 . 0 8 4 6  [ . 8 7 1 2 8  4 5 . 3 6 6 6  - 8 . 3 1 4 3 0  0 o 1 3 [  - 0 . 2 8 3  
[ 9 . 3 0 7 9  2 . 4 3 9 1 8  5 9 . 0 6 3 3  - [ 6 . 4 6 5 4  0 . [ 0 9  - 0 . 2 3 1  
1 4 . 9 1 7 7  2 . 1 8 5 1 5  3 7 . 2 2 5 6  - 1 6 . 2 9 7 2  0 . 1 2 1  - 0 . 2 6 7  
2 1 1 . 2 2 2  0 . 9 7 2 1 8  3 7 . 2 7 2 7  1 . 3 5 0 0 9  0 . 4 1 6  - 0 . 1 9 4  

- 0 . 0 8 3 5 9  [ . 9 0 6 8 8  2 6 . 7 6 6 8  - 6 . 6 5 8 [ 9  0 . 0 9 1  - 0 . 2 0 1  
[ 4 9 . 3 0 [  0 . 9 6 2 1 6  6 0 . 2 2 7 4  [ . 1 7 4 3 0  0 . 4 0 4  - 0 . [ 7 6  
9 . 6 2 9 7 6  1 . 7 2 0 5 7  2 0 . 3 3 4 1  - 1 5 . 7 1 7 6  0 . 0 5 8  - 0 . [ 2 5  
1 2 3 . 8 8 0  1 . 2 8 7 4 5  3 6 . 8 8 9 0  1 . 0 3 8 4 9  0 . 2 6 2  - 0 . [ 1 5  

- 0 . 2 8 6 0 4  1 . 5 7 9 3 6  [ 6 . 0 6 6 2  - 6 . 6 6 6 6 8  0 . 0 3 4  - 0 . 0 7 2  
1 0 9 . 0 9 9  1 . 7 5 4 3 8  2 7 . 5 7 1 5  0 . 9 1 7 6 2  0 . 1 3 7  - 0 . 0 6 3  

- 0 . 1 5 7 6 2  1 . 9 2 1 3 4  1 5 . 9 7 6 8  -14.6519 O.Oll -0.013 
- 0 . 2 9 2 6 3  1 . 5 2 0 8 0  1 2 . 9 4 6 4  - 1 3 . 2 8 0 3  0 . 0 1 8  - 0 . 0 3 7  

9 8 . 5 9 5 4  2 . 2 3 1 7 0  2 2 . 5 7 2 0  0 . 8 4 5 7 4  0 . 0 4 8  - 0 . 0 4 4  
1 5 . 9 8 6 8  0 . 2 6 9 9 8  4 [ . 0 8 3 2  0 . 7 5 [ 4 3  0 . 0 9 6  - 0 . 0 4 2  
1 5 . 1 9 0 8  0 . 0 [ 6 8 6  6 3 . 9 6 9 0  0 . 6 5 6 5 7  0 .  L06 - 0 . 0 4 6  
9 . 9 7 2 7 8  - 9 . 5 7 6 0 2  0 . 9 4 0 4 6  1 . 7 1 4 3 0  0 .C02  - 0 . 0 0 2  
1 9 . 0 6 5 4  [ . 5 4 9 0 2  9 7 . 4 5 9 9  0 . 9 5 2 2 6  0 . 0 5 5  - 0 . 0 5 0  
13 .3075  0 . 5 0 9 1 1  3 2 . 4 2 2 4  0 . 6 1 6 9 0  0 . 0 4 8  - 0 . 0 2 2  
1 2 . 8 2 8 8  0 . 1 1 3 5 7  3 2 . 8 7 6 1  0 . 5 1 8 2 7  0 . 0 5 3  - 0 . 0 2 4  
1 7 . 4 0 8 9  2 . 2 7 7 0 3  8 4 . 2 1 3 9  1 . 0 5 1 9 5  0 . 0 5 8  - 0 . 0 8 1  
l l . 4 3 9 9  0 . 7 2 7 3 6  2 7 . 7 7 5 0  0.51454 0 . 0 2 1  - O .  OlO 
1 0 . 8 1 7 1  0 . 3 2 3 6 1  2 4 . 1 2 8 1  0 . 3 9 3 9 7  0 . 0 2 5  - 0 . 0 1 1  
1 0 . 4 8 5 2  0 . 0 5 4 4 5  2 7 . 5 7 3 0  0 . 2 5 1 8 8  0 . 0 2 7  - 0 . 0 1 2  
1 5 . 9 3 3 0  2 . 2 7 2 2 8  7 9 . 0 3 3 9  1 . 4 0 8 1 8  0 . 0 6 2  - 0 . 1 1 7  
10.1451 0 . 8 9 5 4 7  2 4 . 8 3 0 2  0 . 4 7 8 8 8  0 . 0 0 5  - - 0 . 0 0 3  
9 . 3 5 8 4 7  0 . 5 5 0 4 8  2 0 . 4 1 0 5  0 . 3 0 4 2 9  0 . 0 [ 0  - 0 . 0 0 5  
1 4 . 8 4 0 2  2 . 2 5 6 4 4  7 4 . 7 3 5 2  1 . 9 1 4 5 2  0 . 0 7 1  - 0 . 1 4 1  
9.2193[ 1.01440 2 2 . 7 5 1 6  0 . 5 5 3 5 8  0.004 -0.004 
8 . 3 5 5 8 3  0 . 7 2 5 5 9  1 8 . 3 4 9 1  0 . 2 8 6 6 7  0 . 0 0 2  - 0 . 0 0 1  
1 4 . 0 1 2 3  2 . 2 3 1 9 5  7 1 . 1 1 9 5  2 . 4 9 8 9 9  0 . 0 7 7  - 0 . 1 5 6  
8 . 5 2 5 5 6  1 . 0 9 4 9 6  21.1647 0 . 7 7 2 1 8  0 . 0 0 5  - 0 . 0 0 9  
7 . 6 4 4 6 8  0 . 8 4 1 1 1  [ 6 . 9 6 7 3  0 . 3 8 6 0 4  0 . 0 0 2  - 0 . 0 0 2  
1 3 . 3 9 7 1  1 . 4 4 7 5 3  7 4 . [ 6 0 5  3 . 1 1 6 8 6  0 . 0 8 5  - 0 . 1 7 4  
9 . 3 1 1 4 0  1 . 3 4 2 3 0  2 6 . 9 7 9 9  1 .79285  0 . 0 1 6  - 0 . 0 3 3  
7 . 9 8 7 6 0  1 . 1 4 5 2 3  1 9 . 8 9 7 0  1.14431 0 . 0 0 6  - 0 . 0 1 2  
1 2 . 8 8 6 2  2 . 1 6 3 9 8  6 5 . 4 0 7 [  3 . 5 9 8 3 8  0 . 0 8 2  - 0 . 1 7 2  
7 . 5 5 5 4 4  1 . 1 7 3 1 7  1 8 . 8 4 5 3  1 . 6 3 4 9 7  0 . 0 0 7  - 0 . 0 1 3  
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ATOM A l l )  8 ( 1 )  
GA 1 5 . 3 4 1 2  3 . 6 3 8 6 8  
GA+3 1 2 . 6 9 2 0  2 . 8 1 2 6 2  
GE 15.4378 3.39715 
AS 15.4043 3.07517 
SE 1 5 . 5 3 7 2  2 . 7 1 5 3 0  
8R 1 5 . 9 9 3 4  2 . 3 5 6 5 1  
BR- I  1 5 . 6 0 8 0  2 . 4 3 5 3 2  
KR 1 6 . 8 4 9 4  2 . 0 1 8 5 6  
RB 1 1 . 4 8 0 9  1 . 0 8 1 4 0  
RB+I  1 7 . 8 9 4 3  1.71750 
SR 1 1 . 6 1 6 4  1 . 8 5 5 7 4  
SR+2 1 8 . 2 4 3 0  1 . 5 1 2 1 5  
Y 1 9 . 0 5 6 7  1.24615 
Y +3 1 8 . 4 2 0 2  1 . 3 4 4 5 7  
ZR 1 9 . 2 2 7 3  1.15488 
ZR+4 19.1301 1.16051 
N8 1 9 . 3 4 9 6  1 . 0 6 6 2 6  
NB÷3 1 9 . 1 2 4 8  1 . 0 7 2 3 5  
N8+5 19.0175 1 . 0 6 0 2 8  
MO 1 9 . 3 8 8 5  0 . 9 7 8 7 7  
MO+3 19.6761 0.95118 
MO+5 19.6054 0.94029 
MO+6 1 9 . 4 8 0 0  0.94043 
TC 19.3597 0.89356 
RU . 19.6316 0 . 8 2 0 9 2  
RU+3 2 0 . 8 0 2 4  0.74711 
RU+4 4 1 . 5 8 2 1  0 . 6 1 4 6 6  
RH 1 9 . 4 5 2 4  0.75019 
RH+3 2 5 . 0 9 5 8  0 . 6 1 3 6 6  
RH+4 41.5236 0 . 5 2 9 0 5  
PD 1 9 . 5 1 2 3  0 . 6 8 5 8 3  
P 0 + 2  1 9 . 4 6 5 2  0.68159 
PD+4 5 1 . 1 2 8 8  0 . 4 3 7 3 4  
AG l g . 5 2 8 6  0 . 6 2 3 8 7  
AG+I 1 9 . 5 4 1 6  0 . 6 2 2 7 3  
AG+2 1 9 . 5 1 5 2  0 . 6 2 0 5 0  
CD 1 9 . 5 5 2 8  0 . 5 6 6 0 4  
CD+2 l g . 5 9 0 1  0 . 5 6 3 8 9  
IN 19.5872 0.51510 
IN+3 19.6698 0 . 5 0 9 2 6  
SN 19.6527 0.46604 
SN+2 1 9 . 7 1 6 6  0 . 6 6 0 2 7  
SN+4 19.7914 0 . 4 5 8 7 9  
S8 20.0755 5 . 2 4 3 2 8  
SB+3 1 9 . 8 6 1 7  0 . 6 1 4 0 9  
SB+5 1 9 . 9 6 1 3  0 . 6 1 2 6 2  
TE 2 0 . 4 6 0 8  4 . 7 4 2 2 5  
I 2 0 . 7 4 9 2  4 . 2 7 0 9 1  
I -1 2 0 . 8 3 0 7  4.29514 
XE 2 1 . 6 6 7 9  0 . 2 6 4 2 2  
CS 2 2 . 3 1 6 3  0 . 2 3 0 9 2  
CS+I 2 3 . 9 6 4 9  0 . 2 0 4 4 8  
86 2 7 . 7 4 8 9  0 . 1 5 1 5 2  
BA+2 2 9 . 2 9 9 6  0 . 1 4 0 4 7  
LA 3 3 . 2 1 0 9  0.11040 
t A + 3  4 3 . 6 3 4 6  0 . 0 7 8 5 4  
CE 29.4100 0.12335 
CE+3 49.1105 0.06535 
CE÷4 66.7693 0.04464 
PR 2 2 . 9 2 2 0  2 . 7 8 6 0 4  

Table 1 (cont.) 

A I 2 )  8 ( 2 )  A[31 
5 . 7 4 1 5 0  0 . 6 5 6 4 0  3 . 1 0 7 3 3  
6 . 6 9 8 8 3  0 . 2 2 7 8 9  6 . 0 6 6 9 2  
6 . 0 0 4 3 2  0 . 7 3 0 9 7  3 . 0 5 1 5 8  
6 . 1 3 7 2 3  0.74113 3.74679 
5 . 9 8 2 8 8  0 . 6 8 9 6 2  4 . 8 3 9 9 6  
6 . 0 2 4 3 9  1 9 . 7 3 9 3  5 . 5 1 5 9 9  
6 . 7 8 0 8 3  2 2 . 0 8 3 2  6 . 0 0 7 1 5  
7 . 1 9 7 9 0  1 8 . 0 4 0 9  4 . 9 2 5 6 4  
9 . 4 6 9 0 4  18.2800 9 . 1 6 9 8 1  
8 . 5 9 3 6 1  0 . 0 9 2 5 8  7 . 9 1 4 2 8  
9 . 7 3 0 C 9  1 4 . 6 1 0 9  8 . 6 8 0 8 1  
8 . 9 0 8 1 1  1 3 . 6 5 3 6  1 . 6 9 1 9 2  
6 . 5 0 7 8 3  9 . 6 8 0 1 9  4 . 8 1 5 2 6  
9 . 7 5 2 1 3  1 2 . 0 6 3 1  1 . 0 5 2 7 0  
1 0 . 1 3 7 8  1 0 . 7 8 7 7  2 . 4 8 1 7 7  
1 0 . 1 0 9 8  1 0 . 4 0 8 4  0 . 9 8 8 9 6  
1 0 . 8 7 3 7  10.5977 3 . 4 7 6 8 7  
18.2989 0.00315 I I .0121 
I0.7591 9.36239 1.09900 
11.8308 1 0 . 0 8 8 5  3.75919 
1 8 . 0 8 9 3  - 0 . 0 0 6 6 9  1 1 . 7 0 8 6  
1 7 . 9 2 9 2  - 0 . 0 0 7 9 5  1 1 . 3 4 5 1  
1 7 . 6 3 2 8  - 0 . 0 0 7 2 3  11o0940 
1 2 . 8 0 8 7  9 . 2 7 4 9 7  3 . 4 1 3 7 2  
1 3 . 7 3 0 9  8 . 9 7 7 3 7  4 . 2 6 5 3 7  
1 3 . 2 9 9 5  8 . 3 6 6 2 6  3 . 2 7 5 4 2  
1 2 . 9 9 3 6  7 . 9 9 8 0 1  2 . 7 1 2 7 6  
1 4 . 6 8 4 5  8 . 4 2 6 2 2  6 . 5 0 2 4 0  
1 4 . 1 5 1 0  7 . 8 0 2 4 4  3 . 6 4 4 2 8  
1 3 . 8 2 7 2  7.49419 3 . 0 7 9 6 9  
1 5 . 3 8 0 0  7 . 9 5 7 1 4  5 . 3 8 3 3 0  
1 5 . 5 8 0 5  7 . 8 0 8 8 0  6 . 0 6 7 4 8  
1 4 . 6 9 7 9  7.03139 3.41607 
16.5811 7 . 3 9 5 0 4  4.99150 
1 6 . 4 2 3 9  7 . 3 9 6 6 3  5 . 1 2 9 9 5  
1 6 . 4 8 5 2  7 . 3 0 3 4 7  4 . 3 2 5 2 5  
1 7 . 5 7 1 7  6 . 7 9 6 3 0  4 . 4 7 3 7 4  
1 7 . 3 7 4 0  6 . 8 3 0 8 2  6 . 6 2 5 9 6  
1 8 . 7 1 6 9  6 . 2 9 4 3 0  4 . 0 2 7 2 2  
1 8 . 1 9 4 2  6 . 2 8 0 9 8  4 . 0 9 8 5 1  
1 9 . 5 1 0 8  5 . 7 6 3 2 1  3 . 8 6 8 9 5  
1 8 . 9 2 6 5  5 . 6 6 4 4 8  3 . 7 9 7 7 5  
1 8 . 9 1 6 2  5 . 7 6 6 8 2  3 . 6 6 7 6 1  
19.7766 0.41858 4 . 3 0 3 8 9  
19.5199 5 . 1 8 2 9 2  3 . 7 3 4 6 5  
1 9 . 5 8 8 9  5 . 3 0 0 2 8  3 . 2 4 3 3 3  
2 0 . 0 3 3 6  0 . 3 7 0 4 1  5 . 3 8 6 6 4  
2 0 . 5 6 4 0  0 . 3 1 9 6 0  6 . 8 6 1 5 8  
2 0 . 4 4 5 4  0 . 3 2 4 0 2  7 . 5 2 6 1 8  
2 1 . 0 0 8 5  3 . 8 3 5 2 6  8 . 4 3 3 8 2  
21.1792 3.49464 1 0 . 7 3 8 2  
2 1 . 2 2 0 4  3 . 4 3 8 7 6  9 . 7 6 7 2 7  
2 1 . 3 7 7 7  3 . 0 9 8 1 7  1 1 . 0 4 0 0  
2 1 . 4 6 6 9  3 . 0 8 7 8 5  1 0 . 9 2 0 9  
2 1 . 7 1 8 1  2 . 8 3 6 4 1  1 1 . 6 2 2 2  
2 1 . 7 1 9 2  2 . 7 8 3 6 0  1 1 . 7 2 6 4  
2 2 . 2 4 2 8  2 . 7 4 8 3 7  11.9818 
2 2 . 3 4 9 9  2 . 6 7 2 2 9  11.8399 
21.8563 2.53711 12.2486 
22.2518 0.18015 12.2269 

8 1 3 )  A(4 )  8 (4J  C 
1 6 . 0 7 1 9  2 . 5 2 7 6 4  7 0 . 7 6 0 9  4 . 2 6 8 4 2  
6 . 3 6 4 4 1  1 . 0 0 6 6 0  1 4 . 4 1 2 2  1 . 5 3 5 4 5  
1 8 . 9 5 3 3  2 . 9 3 5 7 2  6 3 . 7 9 6 9  4 . 5 6 0 6 8  
21.0014 3.01390 57.7446 4.69149 
2 1 . 0 0 7 9  2 . 9 3 5 4 9  5 2 . 4 3 0 8  4 . 7 0 0 2 6  
0 . 5 8 1 4 3  2 . 8 8 7 1 6  4 7 . 3 3 2 3  4 . 5 7 6 0 2  
0 . 6 8 6 2 1  2 . 9 9 3 3 2  6 4 . 9 1 9 3  6 . 8 0 2 3 4  
0 . 3 9 7 4 1  2 . 9 1 6 0 6  4 2 . 5 0 5 6  4 . 1 0 8 6 4  
2 . 3 8 8 2 5  1 . 4 2 6 0 8  1 8 5 . 2 9 3  5 . 4 3 9 2 1  
1 5 . 4 4 8 4  2 . 4 7 4 9 9  3 2 . 5 1 1 0  - 0 . 8 7 7 5 6  
0 . 8 9 8 5 2  2 . 6 0 9 8 6  1 3 9 . 8 3 0  5 . 3 4 8 4 1  
2 7 . 8 2 3 8  - 3 2 . 1 1 1 8  - 0 . 0 1 4 8 8  3 9 . 2 6 9 1  
1 8 . 8 9 0 3  2 . 8 6 7 8 6  1 2 1 . 3 5 3  5 . 7 6 1 2 1  
2 5 . 1 6 8 4  - 3 3 ° 4 7 5 5  - 0 . 0 1 0 2 3  4 0 . 2 5 1 3  
1 2 0 . 1 2 6  2 . 4 2 8 9 2  3 3 . 3 7 2 2  5 . 7 1 8 8 6  
2 0 . 7 2 1 4  - 0 . 0 0 0 0 4  - 3 . 2 0 4 4 2  5 . 7 7 1 6 4  

3 2 . 6 1 7 4  1 . 6 4 5 1 6  1 2 0 . 3 9 7  5 . 6 5 0 7 3  
1 0 . 3 3 8 5  2 . 0 4 3 2 5  2 5 . 9 2 9 2  - 1 2 . 4 7 9 9  
0 . 0 3 7 6 5  0 . 4 8 4 6 9  2 0 . 9 7 6 4  4 . 6 6 0 4 5  
31.9738 1 . 4 6 7 7 2  1 1 7 . 9 3 2  5.55047 
9 . 6 1 0 9 7  2 . 5 0 6 2 4  2 4 . 0 3 5 6  - 1 2 , 9 8 1 3  
8 . 7 6 7 1 5  1 . 0 4 2 4 7  1 9 . 3 6 9 0  - 1 2 . 9 2 1 7  
8 . 2 9 7 4 5  0 . 3 7 1 5 4  1 8 . 9 7 0 0  - 1 2 . 5 7 7 8  
3 2 . 3 5 1 3  1 . 9 9 9 2 6  1 0 7 . 4 0 6  5 . 4 1 5 5 6  
2 8 . 2 6 2 1  1 . 2 8 7 2 0  111.501 5 . 2 8 1 9 2  
2 0 . 6 1 7 9  2 . 2 1 0 2 6  - 0 . 1 4 6 6 4  1 . 4 1 0 8 7  
1 8 . 1 5 6 4  - 2 4 . 2 5 9 3  0 . 6 3 8 5 7  6 . 9 7 0 2 5  
2 6 . 1 5 6 6  1 . 2 4 7 4 0  1 0 7 . 7 8 0  5 . 1 1 0 0 7  
19.0932 - 1 2 . 5 7 6 8  0.13532 1 1 . 6 8 3 8  
1 6 . 9 4 9 8  - 2 5 . 9 6 9 4  0 . 3 2 6 8 6  8 . 5 3 8 2 4  
2 3 . 1 8 0 8  0 . 8 1 0 1 5  6 5 . 9 2 9 5  4 . 9 1 4 2 7  
2 0 . 9 5 7 3  0 . 0 2 2 1 6  1 1 0 . 0 2 0  4 . 8 8 5 1 0  
1 5 . 8 6 2 3  - 3 8 . 2 6 7 8  0 . 2 6 5 8 9  11 .0241  
2 2 . 2 2 8 2  1 . 2 1 4 0 4  1 0 0 . 2 2 6  4 . 6 8 1 1 4  
2 0 . 5 5 3 0  0 . 2 4 0 5 3  5 9 . 0 6 0 4  4 . 6 6 4 7 0  
19.3673 0 . 0 2 7 7 7  9 2 . 9 1 8 4  4 . 6 4 6 9 5  
2 1 . 2 9 0 7  1 . 9 8 5 6 2  8 5 . 2 7 7 7  4 . 4 1 1 5 8  
1 7 . 8 8 5 6  0 . 0 3 7 7 0  7 6 . 2 9 0 9  4 . 3 7 2 6 9  
2 2 . 7 3 0 8  2 . 5 1 4 5 2  8 8 . 5 6 7 5  4 . 1 4 5 4 2  
1 5 . 4 1 8 9  0 . 0 0 3 6 5  1 6 0 . 2 2 7  4 . 0 3 3 9 6  
2 4 . 0 6 2 7  3 . 1 6 7 6 4  7 8 . 1 5 3 3  3 . 8 1 2 2 7  
17 .7248  1 . 8 6 2 4 8  4 2 . 8 0 8 6  3 . 6 9 6 4 8  
1 3 . 3 7 3 3  - 0 .  - 0 .  3 . 6 4 4 9 4  
2 6 . 0 1 7 8  3 . 4 4 9 5 2  7 0 . 1 6 4 6  3 . 3 8 8 8 1  
1 6 . 8 5 2 9  1 . 6 1 0 2 7  3 5 . 1 4 0 6  3 . 2 7 3 5 6  
1 1 . 7 6 0 3  - 0 .  - 0 .  3 . 2 0 7 0 1  
2 7 . 3 6 5 8  3 . 3 3 0 7 9  6 5 . 0 5 7 3  2 . 7 8 4 6 2  
2 7 . 3 1 8 6  2 . 9 7 5 8 9  6 1 . 5 3 7 5  1 , 8 4 7 3 9  
2 9 . 8 9 9 0  3.18616 8 1 . 4 3 4 4  2 . 0 0 5 1 3  
2 6 . 2 2 9 7  2 . 6 2 2 6 5  5 8 . 4 8 3 0  0 . 2 6 6 3 5  
2 5 . 1 8 6 4  1 . 4 6 1 6 3  2 3 2 . 8 2 9  - 0 . 7 0 7 0 9  
2 3 . 4 9 4 1  1 . 6 1 5 5 0  4 9 . 7 0 5 7  - 2 . 5 6 7 2 8  
2 0 . 6 7 7 4  2 . 6 8 1 8 6  1 7 8 . 8 1 9  - 6 . 8 5 8 5 4  
20.8818 0.80126 4 6 . 8 8 4 2  - 8 . 6 8 7 5 3  
1 9 . 3 8 8 6  3 . 1 7 2 3 9  144 .438  - 1 2 . 7 4 0 4  
1 8 . 4 9 3 0  0 . 3 2 9 4 5  4 9 . 2 2 2 2  - 2 3 . 4 0 8 5  
1 8 . 3 7 9 4  3 . 1 9 2 5 9  1 3 9 . 6 0 3  - 8 . 8 4 5 6 0  
1 7 . 2 0 4 0  0 . 6 7 4 5 5  38.1904 - 2 8 . 9 7 3 9  
16.4477 0.09617 6 4 . 4 6 7 5  - 4 6 . 9 6 9 1  
1 7 . 5 6 6 3  2 . 7 2 4 3 1  160 .915  - 1 . 1 3 9 3 0  

EMAX EMIN 
0 . 1 1 7  - 0 . 2 4 9  
0 . 0 0 3  - 0 . 0 0 5  
0.II0 - 0 . 2 3 7  
0 . 0 8 3  - 0 . 1 8 0  
0 . 0 5 1  - 0 . 1 1 2  
0 . 0 2 5  - 0 . 0 5 6  
0 . 0 4 4  - 0 .  o98 
0.01o - 0 . 0 1 8  
0 . 0 9 9  - 0 . 2 1 6  
0 . 0 0 6  - 0 . 0 0 7  
0 . 0 6 6  -0oli0 
0 . 0 2 0  - 0 . 0 3 6  
0 . 1 5 8  - 0 . 4 1 9  
0 . 0 3 0  - 0 . 0 6 3  
0 . 0 9 7  - 0 . 2 7 3  
0 . 0 2 2  - 0 . 0 1 4  
0 . 0 4 4  - 0 . 1 2 7  
0 . 0 3 0  - 0 . 0 6 4  
0 . 0 2 9  - 0 . 0 6 3  
0.021 - 0 . 0 2 4  
0 . 0 2 6  - O . 0 5 7  
0 . 0 2 6  - 0 . 0 5 7  
0 . 0 2 4  -0.051 
0 . 0 6 7  - 0 . 0 4 2  
0 , 1 1 0  - 0 , 0 5 5  
0 . 0 1 8  - 0 . 0 3 7  
0 . 0 1 7  - 0 . 0 3 6  
0 . 1 3 0  - 0 . 0 6 0  
0 . 0 1 1  - 0 . 0 2 2  
0 . 0 1 3  - 0 . 0 2 7  
0 . 1 3 9  - 0 . 0 6 2  
O. 145 -0.063 
0.009 -0.019 
0 . 1 2 4  - 0 . 0 5 5  
0 . 1 3 3  - 0 . 0 5 9  
o .  136 -0.059 
0 . 1 0 4  - 0 , 0 4 6  
0 . 1 2 1  - 0 ° O 5 2  
0 . 0 7 2  - 0 .  034 
O. 105 - 0 . 0 4 5  
0.051 - 0 . 0 2 6  
0 . 0 7 5  - 0 . 0 3 3  
O. 088 - 0 . 0 3 8  
0.039 - 0 . 0 2 1  
0 . 0 ~ 9  - 0 . 0 2 6  
0.071 -0.031 
0 . 0 3 8  - 0 . 0 1 8  
0 .C45  - 0 . 0 2 0  
0 . 0 3 4  - 0 . 0 1 7  
0 . 0 5 5  -0.024 
0 . 0 3 5  - 0 . 0 3 5  
0 . 0 6 4  - 0 . 0 2 9  
0 . 0 5 4  - 0 . 0 2 6  
0 . 0 6 7  - 0 o 0 3 1  
0 . 0 3 7  - 0 . 0 3 5  
0 . 0 5 3  - 0 . 0 2 9  
O. 040 - 0 .  039 
0 . 0 4 4  - 0 . 0 2 2  
0 . 0 3 1  - 0 . 0 3 2  
0 . 0 3 1  - 0 . 0 2 9  

Waber (1965). A comparison of these four models has been 
made by Cromer (1965). 

Except for relativistic effects (and the rather trivial effect 
of electron correlation) the best free atom approximation 
is the Hartree-Fock (HF) model. HF scattering factors for 
elements through Kr (Z= 36) have been computed by a 
number of persons and their results have been tabulated 
by Ibers in International Tables for X-ray Crystallography 
(1962). Most of these HF scattering factors were calculated 
from analytic wave functions. 

Mann (1967) has recently made extensive calculations of 
numerical HF wave functions from which we have com- 
puted X-ray scattering factors for all neutral atoms through 
Lw (Z= 103) and for most of the chemically significant ions 
through Lu (Z= 71). These HF scattering factors were com- 

puted from sin 0/;t=0 to 1.50 at intervals of 0.01 A-a and 
the detailed results have been tabulated elsewhere (Cromer 
& Mann, 1967). For convenience in use and for brevity 
in this publication these scattering factors have been fitted 
to the analytic function 

4 
f(sin 0/,l)= 2: ai exp [-b~ s i n 2 0 / 2 2 ]  + c .  

i = 1  

The coefficients along with the maximum and minimum 
percentage deviations of the analytic fit defined as E =  
(fHF--fanaayUo) × 100/f~tF are listed in Table 1. 

There is some duplication of other work here. The lighter 
elements are included because analytic expressions for HF 
scattering factors have not, heretofore, been published and 
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Table 1 (cont.) 

ATOM A l l )  B i l l  AT2) 8[2)  A(3) B(3) 
PR+3 4g.4655 0.06197 22.9705 2.57634 11.8015 16.0371 
PR+4 62.6752 0.04586 22.4952 2.45900 12.4946 15.5713 
ND 23.4069 2.71587 19.7073 0.20950 12.5016 16.9122 
ND+3 49.4292 0.05936 23.6116 2.48611 11.6190 14.9366 
PM 23.8480 2.6R746 17.5535 0.24780 12.7324 16.2463 
PM+3 49.2699 0.05709 24.2700 2.40059 11.3481 13.9124 
SM 24.2242 2 . 6 0 9 9 3  15.9132 0 . 2 9 4 7 5  1 2 . 9 2 3 8  1 5 . 6 5 5 4  
SM+3 36.3271 0.07823 24.8502 2.33602 11.3426 13.1872 
EU 24.S148 2.57255 14.8058 0.34930 13.0799 15.1280 
EU+2 25.6516 2.36073 23.9387 0.13260 i0.573~ 12.6495 
EU+3 33.2862 0.08350 25.5041 2.26275 11.1494 12.3883 
00 2 4 . 4 0 0 4  2 . 4 7 4 9 1  1 4 . 0 3 0 8  0 . 4 0 2 3 8  1 3 . 1 7 5 4  1 4 . 4 6 7 0  
GD+3 29.0290 0.09521 26.1387 2.19696 11.0510 11.7141 
TB 2 4 . 3 7 3 6  2 . 4 6 6 3 7  13.8649 0 . 4 7 5 1 7  1 3 . 2 5 1 0  1 4 . 0 4 2 4  
IB+3  2 6 . 7 8 2 1  2 . 1 3 3 3 3  2 5 . 9 4 6 3  0 . 1 0 5 9 7  1 0 . 9 7 2 4  1 1 . 0 9 7 4  
DY 2 4 . 6 1 9 3  2 . 5 2 2 0 8  1 4 . 2 7 3 5  0 . 5 4 5 5 6  1 3 . 3 5 6 7  1 3 . 8 4 8 7  
DY+3 2 7 . 3 8 0 5  2 . 0 7 8 3 2  2 2 . 2 0 6 2  0 . 1 2 6 4 3  1 0 . 9 9 7 5  1 0 . 5 9 6 0  
HO 2 4 . 3 1 6 2  2.52724 14.9012 0.61572 13.3895 13.5041 
HO+3 2 7 . 9 9 5 6  2 . 0 2 3 2 4  1 9 . 9 5 6 0  0 . 1 4 2 7 5  11.0106 10.1165 
ER 2 3 . 8 2 0 1  2 . 5 4 4 1 9  1 5 . 8 7 9 6  0.68445 1 3 . 3 9 3 8  1 3 . 1 9 3 2  
ER+3 2 8 . 5 3 1 5  1 . 9 7 7 9 6  1 7 . 4 3 1 6  0 . 1 7 1 8 2  1 1 . 1 1 1 3  9 . 7 3 8 2 1  
TM 2 3 . 1 3 8 6  2 . 5 7 3 2 0  1 7 . 1 7 0 7  0 . 7 4 9 4 8  1 3 . 3 7 0 3  1 2 . 9 1 2 6  
¢M+3 2 9 . 0 2 1 5  1 . 9 3 7 0 7  1 5 . 6 1 6 8  0 . 2 0 4 6 7  1 1 . 2 2 8 8  9 . 4 0 3 4 2  
YB 2 2 . 3 0 2 8  2 . 6 1 3 9 3  1 8 . 7 2 0 2  0 . 8 0 8 6 8  1 3 . 3 2 0 0  1 2 . 6 5 9 0  
Y8+2 2 9 . 1 3 1 3  1 . 9 9 9 7 9  1 3 . 5 8 5 5  0 . 3 2 3 3 5  1 1 . 4 1 3 2  9 . 5 9 2 7 7  
YB+3 2 9 . 4 7 6 1  1 . 8 9 8 7 9  1 4 . 4 3 5 7  0 . 2 3 7 9 3  1 1 . 3 4 4 6  9 . 0 9 4 0 8  
LU 2 1 . 1 8 6 6  0 . 8 8 6 5 4  2 0 . 1 7 6 0  2 . 6 8 6 1 0  1 3 . 0 5 3 2  1 2 . 2 7 4 6  
LU+3 2 9 . 8 4 8 0  1 . 8 6 5 9 6  1 3 . 6 2 6 8  0 . 2 7 6 2 3  1 1 . 4 7 5 0  8 . 8 2 4 7 9  
HF 2 4 . 6 7 2 5  0 . 9 7 4 0 0  1 7 . 2 2 9 5  2 . 8 9 0 3 8  1 2 . 8 0 6 9  1 2 . 2 8 9 7  
[A 2 8 . 1 7 5 7  1 . 0 4 0 3 4  1 4 . 4 2 8 8  3 . 2 0 7 8 4  1 2 . 6 4 1 2  12.5054 
W 3 1 . 0 9 3 5  1 . 0 7 8 8 5  1 2 . 5 2 7 3  1 2 . 8 3 3 1  1 2 . 3 7 6 9  3 . 6 3 2 9 8  
RE 3 3 . 2 9 6 1  1 . 0 9 3 1 5  1 2 . 3 4 9 7  1 3 . 2 5 5 9  1 1 . 2 8 1 9  4 . 1 6 7 3 6  
OS 3 4 . 8 6 6 7  1 . 0 8 8 4 0  1 1 . 9 5 2 4  1 3 . 8 0 4 2  1 1 . 1 8 5 1  4 . 7 9 1 7 9  
IR 3 5 . 9 4 5 4  1 . 0 6 9 2 4  11.9980 5 . 4 3 4 4 3  1 1 . 2 5 0 1  1 4 . 4 9 8 3  
P l  3 6 . 8 1 0 2  1 . 0 4 4 2 2  1 3 . 0 7 4 7  6 . 0 7 3 4 0  1 1 . 3 3 2 3  1 5 . 7 0 1 8  
AU 3 7 . 3 0 2 7  1 . 0 0 8 1 0  1 4 . 9 3 0 6  6 . 5 2 5 5 0  1 0 . 3 4 2 5  16.5100 
HG 3 7 . 5 1 8 6  0 . 9 6 4 5 5  1 7 . 0 3 5 3  6 . 6 5 7 8 6  8 , 5 1 1 2 1  1 6 . 8 4 3 8  
TL 3 7 . 6 9 4 7  0 . 9 2 2 6 3  1 9 . 7 1 9 5  6 . 7 8 2 4 8  6 . 3 8 2 9 0  1 9 . 2 4 3 5  
P8 3 7 . 7 3 8 3  0 . 8 7 7 5 5  21.3394 6 . 5 8 9 6 4  5 . 1 7 5 2 7  2 1 . 2 4 3 7  
81 3 7 . 7 1 4 3  0 . 8 3 2 2 2  2 2 . 4 5 4 2  6 . 2 7 0 5 1  4 . 8 4 5 4 9  2 4 . 4 6 9 3  
PO 3 7 . 6 2 9 7  0.78640 2 3 . 1 3 2 3  5 . 8 6 6 4 4  5 . 5 9 2 0 3  2 7 . 8 6 7 8  
AT 3 7 . 4 9 7 1  0 . 7 4 0 1 2  2 3 . 5 6 3 5  5 . 4 2 6 9 4  7 . 1 5 9 5 3  2 9 . 8 3 5 0  
RN 3 7 . 3 3 0 8  0 . 6 9 3 5 4  2 3 . 8 9 3 3  4 . 9 8 6 9 6  9 . 0 2 2 2 2  3 0 . 0 3 3 8  
FR 3 7 . 1 9 0 2  0 . 6 5 3 0 3  24.1306 4 . 6 1 3 0 5  1 1 . 5 0 2 6  2 9 . 2 5 9 7  
RA 3 6 . 9 8 2 0  0 . 6 0 3 9 4  2 4 . 2 4 9 5  4 . 1 7 8 5 7  1 1 . 8 7 1 9  2 4 , 3 7 8 2  
AC 36.8705 0.56458 24.7131 3.88776 12.3889 23.1506 
TH 3 6 . 7 7 5 4  0.52510 25.2506 3.61658 13.0681 2 2 . 3 4 1 0  
PA 3 7 . 1 4 5 7  0 . 5 2 0 2 0  2 5 . 2 9 9 8  3.66300 1 3 . 7 8 4 6  2 0 . 6 5 3 9  
U 3 7 . 2 8 0 8  0 . 5 0 2 3 9  2 5 . 6 5 6 3  3 . 5 8 5 6 2  14.3501 1 9 . 6 3 4 2  
NP 3 7 . 3 9 6 8  0 . 4 8 6 7 6  2 6 . 0 6 7 1  3 . 5 2 3 2 5  1 4 . 8 3 6 6  1 8 . 7 4 1 9  
PU 37.6407 0.47976 26.5603 3.57178 15.4492 17.9814 
AM 3 7 . 6 9 0 9  0 . 4 6 6 1 7  2 7 , 1 4 3 6  3 . 5 2 1 9 5  1 5 . 7 8 4 2  1 7 . 3 0 6 9  
CM 3 7 . 5 5 4 3  0 . 4 4 9 3 2  2 7 . 6 6 5 7  3 . 3 8 7 1 3  1 5 . 8 8 5 8  1 6 . 6 4 9 8  
8K 3 7 . S 2 7 3  0 . 4 3 9 3 0  2 8 . 3 2 0 2  3.35014 16 .1181  1 6 . 1 0 0 0  
~F 3 7 . 6 1 1 1  0 . 4 3 2 5 5  2 9 . 2 4 6 5  3 . 3 9 2 8 5  1 6 . 4 5 6 6  1 5 . 6 7 9 1  
ES 3 7 . 4 9 7 9  0 . 4 2 3 5 3  3 0 . 0 4 9 5  3 . 3 5 2 3 4  1 6 . 5 8 8 1  1 5 . 2 3 8 1  
FM 37.3380 0 . 4 1 5 6 2  30.8936 3.31193 16.6818 14.8362 
MD 3 7 . 1 3 0 1  0 . 4 0 8 8 3  3 1 . 7 7 2 1  3 . 2 7 1 3 2  1 6 . 7 4 2 2  1 4 . 4 6 8 3  
NO 3 6 . 8 7 3 1  0 . 4 0 3 2 4  3 2 . 6 7 8 4  3 . 2 3 0 4 5  1 6 . 7 7 3 2  1 4 . 1 3 0 2  
LW 36.3813 0.40165 33.1999 3.13608 16.6469 1 3 . 7 2 5 5  

A I 4 )  B(41 
1 . 1 2 1 7 9  3 2 . 3 6 7 3  
0 . 2 0 2 9 4  4 6 . 5 8 8 9  
2 . 7 2 8 5 0  1 5 6 . 5 5 6  
1.68986 28.4515 
2 . 7 2 9 7 5  1 5 2 . 6 8 2  
2 . 3 2 8 6 9  2 5 . 6 9 0 6  
2 . 7 2 8 3 6  1 4 9 . 2 2 1  
2 . 6 2 3 0 0  2 4 . 3 9 9 6  
2 . 7 2 4 7 7  146.103 
4 . 0 5 8 5 3  25.0026 
3 . 1 3 4 9 6  2 2 . 8 3 5 1  
3 . 2 4 4 7 2  1 1 9 . 7 3 8  
3 . 5 2 2 4 4  21.6929 
3 . 2 4 4 3 5  117.446 
3.88172 20.7042 
2 . 7 0 3 1 6  1 3 8 . 3 8 5  
4.10030 1 9 . 9 6 7 1  
2 . 6 9 3 0 9  136.246 
4 . 3 3 2 0 5  19.2589 
2 . 6 8 1 9 0  1 3 4 . 2 8 2  
4 . 4 3 1 5 6  1 8 . 7 2 9 4  
2 . 6 6 9 8 1  1 3 2 . 4 6 8  
4 . 4 9 4 0 3  1 8 . 2 6 0 7  
2 . 6 5 7 0 1  1 3 0 . 7 8 3  
4 . 6 9 6 5 9  2 0 . 3 5 0 7  
4 . 5 4 6 8 1  1 7 . 8 2 0 6  
3.21190 107.128 
4 . 5 6 0 0 9  1 7 . 4 3 6 4  
3 . 5 5 9 7 0  9 3 . 4 3 8 1  
3 . 7 4 4 3 6  8 5 . 0 1 8 3  
3 . 7 9 1 3 8  7 9 . 7 6 4 7  
3 . 7 2 3 6 7  7 6 . 6 5 6 2  
3 . 5 6 4 3 6  7 5 . 1 3 9 9  
3 . 3 4 3 1 2  7 4 . 7 9 1 8  
2 . 3 1 4 2 1  7 3 . 8 3 7 5  
2 . 0 1 2 2 9  7 6 . 9 1 1 7  
2 . 6 3 3 4 0  7 6 . 7 2 2 8  
3 , 0 0 9 6 0  8 5 . 9 2 6 7  
3 . 7 1 6 0 4  7 8 . 8 0 9 4  
4.14816 7 2 . 1 5 5 8  
4.04218 6 8 . 1 6 1 7  
3 . 4 ~ 9 2 4  6 6 . 3 5 6 4  
2 . 7 7 3 4 9  6 5 . 5 7 9 9  
1 . 4 7 9 8 0  2 5 7 . 9 6 5  
2 . 7 2 4 2 8  2 0 0 . 0 2 4  
3 . 2 6 5 0 1  1 6 1 . 7 2 6  
3 . 6 3 7 9 1  1 3 9 . 1 6 4  
3.29611 150.973 
3 . 3 0 7 3 2  1 4 6 . 6 3 3  
3 . 3 1 5 8 6  1 4 2 . 7 9 8  
2 . 7 9 8 1 4  1 6 5 . 2 3 2  
2.79600 161.931 
3 . 3 2 7 5 8  1 3 3 . 5 4 7  
3 . 3 2 7 9 3  1 3 1 . 0 2 7  
2.78216 1 5 3 . 7 6 6  
2 . 7 7 5 9 6  151.474 
2 . 7 6 9 2 9  149.344 
2 . 7 6 2 3 2  147.353 
2.75513 1 4 5 . 4 8 1  

• 3 . 3 1 4 0 6  1 1 9 . 3 7 7  

C EMAX EMIN 
- 2 9 . 3 5 8 6  0 . 0 3 0  - 0 . 0 1 5  
- 4 2 . 8 6 & 7  0 . 0 2 3  - 0 . 0 2 4  
1.64038 0 . 6 3 3  - 0 . 0 4 7  

-29.3493 0.021 -0.011 
4.12018 0.035 -0 .064 

- 2 9 . 2 1 6 5  0.017 - 0 . 0 0 8  
6 . 1 9 3 5 5  0 . C 4 0  - 0 . 0 8 0  

- 1 6 . 1 4 2 9  0.004~r0.004 
7 . 8 5 7 3 1  0 . 0 4 6  - 0 . 0 9 4  

- 3 . 2 2 3 5 8  0 . 0 0 3  - 0 . 0 0 4  
-13.0748 0.002 - 0 . 0 0 2  

9 . 1 2 4 8 8  0 . 0 5 2  - 0 . 1 0 6  
- 8 . 7 4 1 5 0  0 . 0 0 2  - 0 . 0 0 2  

1 0 . 2 4 2 0  0 . 0 5 7  - 0 . 1 1 6  
- 5 . 5 8 3 0 7  0 . 0 0 2  - 0 . 0 0 3  

1 1 . 0 2 9 0  0 . 0 5 9  - 0 . 1 2 2  
- 1 , 6 8 5 1 6  0 .C03  - 0 . 0 0 5  
11.6817 0.061 -0.128 
0.70499 0.003 -0°005 
1 2 . 2 0 6 2  0.063 -0.133 
3 . 4 9 3 2 5  0 . 0 0 3  -0 .006 
1 2 . 6 3 2 2  0 . 0 6 4  - 0 . 1 3 6  
5 . 6 3 8 1 2  0 . 0 0 4  - 0 . 0 0 8  
1 2 . 9 8 1 8  0 . 0 6 4  - 0 . 1 3 8  
9.17182 0.007 -0.015 
7 . 1 9 6 0 0  0 . 0 0 4  - 0 . 0 0 8  
1 3 . 3 4 8 9  0 .C67  - 0 . 1 4 5  
8 . 4 8 9 2 3  0 .C04  - 0 . 0 0 9  
1 3 . 7 0 4 9  0.074 -0.161 
1 3 . 9 8 2 4  O.OBO - 0 . 1 7 8  
1 4 . 1 8 4 2  0 . 0 8 4  - 0 . 1 9 1  
14,3239 0.086 -0 .199 
14.4097 0.085 -0,201 
1 4 . 4 4 4 9  0 . 0 7 9  - 0 . 1 9 2  
1 4 . 4 5 2 6  0 . 0 7 2  - 0 . 1 7 8  
1 4 . 3 9 9 2  0 . 0 5 9  - 0 . 1 5 0  
14.2911 0.044 -0.113 
14.1800 0 . 0 3 4  -0.092 
1 4 . 0 2 0 3  0 . 0 2 3  - 0 . 0 6 3  
13 .8301  0 . 0 1 3  - 0 . 0 3 7  
1 3 . 5 9 9 1  0.008 -0.012 
13.3183 0.011 -0.006 
12.9796 0.032 -0.015 
1 2 . 6 8 6 8  0 . 0 3 1  - 0 . 0 1 7  
1 2 . 1 6 4 2  0 . 0 5 3  - 0 . 0 2 4  
1 1 . 7 4 8 4  0 . 0 5 0  - 0 . 0 2 3  
11.2497 0.046 -0 .024 
11.4561 0 . C 2 4  -0 .023 
1 1 . 3 8 6 4  0 . 0 2 6  - 0 . 0 2 4  
1 1 . 3 6 3 2  0 . 0 2 7  - 0 . 0 2 6  
1 1 . 5 3 5 8  0 . 0 2 2  - 0 . 0 2 2  
1 1 . 5 6 8 5  0 . 0 2 3  - 0 . 0 2 9  
1 1 . 5 4 3 1  0 . 0 3 1  - 0 . 0 3 7  
1 1 . 6 8 2 3  0 . 0 3 1  - 0 . 0 4 5  
11.8853 0.027 -0.051 
1 2 . 0 6 9 8  0 . 0 2 9  - 0 . 0 5 6  
1 2 . 2 9 8 3  0 . 0 3 I  - 0 . 0 6 1  
1 2 . 5 7 4 1  0 . 0 3 3  - 0 . 0 6 5  
12.9008 0.034 -0 .068 
1 3 . 4 3 1 3  0 . 0 3 7  - 0 . 0 7 3  

it is convenient to have a complete tabulation of HF scat- 
tering factors in one place. Also, because we used numerical 
wave functions, many of these results should be more ac- 
curate than previous calculations, although the differences 
between these scattering factors and those computed from 
analytic wave functions are not large (about 0.02 electron 
at most). 

The importance of relativistic effects can be judged by 
inspecting Fig.7 in Cromer (1965) where the HFS and DS 
scattering factors are compared. These scattering factors 
are essentially identical up to Z ~ 4 0  and do not differ 
greatly until Z >  ~55.  Thus, HF scattering factors are 
probably the best to use for atoms lighter than Cs ( Z =  55). 
For heavier elements, HF scattering factors are too small 
because of the neglect of the relativistic contraction of the 

atom, and it is now believed that the DS scattering factors 
(Cromer & Waber, 1965) are in error by being too large. 
Kohn & Sham (1965) and Cowan, Larson, Liberman. 
Mann & Waber (1966) have given evidence that the Slater 
(1951) 01/3 exchange coefficient should be ~- as great as that 
given by Slater. This change in coefficient has the effect 
of lowering the exchange energy, expanding the atom and, 
therefore, decreasing the scattering factor. Thus, scattering 
factors calculated from a relativistic HF model should lie 
between the HF and DS scattering factors for the heavier 
elements. Until relativistic HF scattering factors are avail- 
able, however, the HF or DS scattering factors should be 
about equally useful for heavy elements. 

A deck of cards with the analytic coefficients may be 
obtained from the authors. 
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Extinction in a lithium fluoride sphere. By W. H. ZACHAmASEN, Department of  Physics, University of  Chicago, Chi- 
cago, Illinois 60637, U.S.A. 

(Received 4 December 1967) 

Intensity measurements have been made on a sphere of lithium fluoride with Mo K~ and Cu Ke radiations. 
The sphere, of radius 2.99 + 0.03 x 10-2 cm, was ground from a cleavage fragment of a synthetic crystal ob- 
tained from the Harshaw Company. The/t0R value was 0.11 for Mo K~ and 0.96 for Cu Ke. 

According to recent theory (Zachariasen, 1967) the observed 
structure factors, F~, are related to the calculated values, 
Fc, as follows (for unpolarized incident radiation): 

F a = CFcyll2, 
Y = (Yl + K2yr)/(1 + K2),  

yr  = (1 + 2XK) -I/2 , 
xK = r*K2Q02-1 T ,  
r* = r[1 + (r/2g)2]-a/2, 
T=AdA*/d#o . (1) 

C is the scale factor while K =  1 for the normal and K =  
[cos 20] for the parallel component of polarization. The 
other symbols have their usual meanings. 

It is sometimes convenient to use a simplified, but ap- 
proximate form of equation (1), namely 

y = ( 1  + 2x)-1/2 
x = r*Q02-1Tp2/pt (2) 

where 
pz/pl = (1 + cos420)/(1 + cos220) . 

The intensities of all reflections with 20 < 90 ° were meas- 
ured with molybdenum radiation, only the reflections (HKO) 
with 20 < 120 ° with copper radiation. 

The stationary counter-crystal procedure was used with 
Zr or Ni filter. The counting rate was kept low by atten- 
uating the beam with a set of carefully calibrated Ni foils. 
A balanced Y-Zr  filter was used for background correction 
for the molybdenum data. In the copper ease the back- 
ground was measured at 20_+ 2 °, and the mean value taken 
to be the background under the peak. 

The intensities varied very little from plane to plane of 
a given form with an indicated accuracy of one per cent 
for the mean value. The F~ values are given in Tables 1 
and 2 (adjusted to ultimate C values of unity). 

Table 1. Structure factors. Mo K~ 

HKL Fc Fcy ~ Fa 
111 19"9 18"9 19"0 
200 30"0 27"3 27" 1 

Table 1 (cont.) 

HKL Fc Fcy ~ Fa 
220 21 "9 21 "0 21-0 
311 9"59 9"52 9"31 
222 17"0 16"7 16"7 
400 13"8 13"6 13"9 
331 6"31 6-30 6-18 
420 11"5 11"4 11"4 
422 9-86 9-81 9"80 
511 4"87 4"86 4"95 
333 4"87 4"86 5"07 
440 7"62 7"60 7-59 
531 4"10 4"10 4-09 
442 6"83 6"81 6-87 
600 6"83 6-81 6"81 
620 6"17 6"16 6-14 
533 3"59 3"59 3"58 
622 5"63 5"62 5-60 
444 5"16 5"15 5"06 
711 3"22 3"22 3-22 
551 3"22 3-22 3"24 
640 4"76 4"75 4"69 
642 4"41 4"40 4"32 
731 2"90 2"90 2"91 
553 2"90 2"90 2"87 

Table 2. Structure factors. Cu K~ 

H K O Fc Fc Y ~ Fa 

200 30"0 23"9 23"7 
220 21"9 19"4 19"7 
400 13"8 13"1 13"3 
420 11-5 11-2 11-0 

In the interpretation of the data the f curves of Cromer 
& Waber (1964) for Li + and F-  were adopted, and the very 
small anomalous dispersion corrections were neglected. 

The closest agreement between the sets F~ and CFey 1/2 
for the molybdenum data was sought as C, BT.i, BF, and 
r~o were varied. For r ~ o = 2 - 2 x  10-6 cm one finds Bra= 


