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A t o m i c  sca t t e r ing  fac tors  ca l cu la t ed  f rom carefu l ly  c o m p u t e d  H a r t r e e - F o c k - S l a t e r  w a v e  func t ions  
are  p r e s e n t e d  for t he  n e u t r a l  e l emen t s  f rom Z = 2 to  Z = 100 over  a r ange  of sin 0/~ va lues  up  to  6.0. 
Because  of t he  n a t u r e  of t he  w a v e  func t ions  used  and  because  of t h e  range  a n d  d e n s i t y  of t h e  
p a r a m e t e r s  for which  t h e  ca lcula t ions  have  been m a d e ,  th is  compi l a t ion  should  r ep re sen t  t he  m o s t  
comple t e  a n d  mos t  a c c u r a t e  f va lues  avai lable .  

Introduction Discuss ion  

The need for good values of the atomic scat tering 
factors in crystal lographic studies has long been ap- 
preciated. Wi th  the int roduct ion of new refined meas- 
urement  techniques and wi th  the efforts to solve more 
difficult  and more subtle crystal  s tructure problems, 
this  need is now being felt  even more acutely.  I t  is 
general ly conceded tha t  the best values of the atomic 
scat ter ing factors are those obta ined from the most 
sophisticated and  presumably  most realist ic atomic 
models. In  par t icular ,  the Har t ree -Fock  (HF) values 
have found par t icular  favor al though the diff icul ty  of 
obtaining true H F  wave functions has precluded the 
compilat ion of form factors for any th ing  but  a l imited 
number  of elements.  A simplif icat ion of the basic H F  
problem which was introduced by Slater (1951) pro- 
vides one with a computa t ional ly  t rac table  problem. 
The resul t ing Har t r ee -Fock-S la te r  (HFS) wave func- 
t ions are very  good approximat ions  to those obta ined 
by  H F ;  whatever  differences exist  lie ma in ly  in the 
same direction as the effect produced by fur ther  
physical  ref inements  of the H F  problem. 

Self consistent wave functions have been calculated 
by  Herman  & Ski l lman (1962) for all  ground state 
neutra l  atoms from Z = 2  to Z = 1 0 3  using the HFS  
approach. These values represent  the most complete 
atomic wave functions avai lable  both from the point  
of view of numerical  accuracy and of atomic number .  
For this  reason it was felt  tha t  a calculat ion of atomic 
scat tering factors from these wave functions would be 
of interest  and importance.  

* This work has been supported by the Robert  A. Welch 
Foundat ion of Texas. 

The calculations of the atomic scat ter ing factors were 
made from the HFS wave functions by  incorporat ing 
the assumpt ion  of spherical symmet ry  into the ex- 
pression, 

f = ~ '  ~ Iw~l 2 exp ( i x s . r j )dz j ,  (1) 
l d 

obtaining 

1 ~ U~(r) sin sr dr (2) 
f = ~  o sr 

using a common notation. 
The integrat ion was carried out in a s t raightforward 

fashion by means  of Simpson's  rule. The r coordinate 
is expressed in terms of the Thomas -Fe rmi  parameter ,  

3 )~ h 2 1 0-88534138 
r =  ~ 2me 2 Z~ x = Z~ 

and the integrat ion is performed over x when it  has  
been expressed in units  of the first  Bohr radius. The 
x mc~h i~ common to ~11 ~t0m~ ~nd i~ that utilized in 
the original HFS  wave funct ion calculations. I t  is 
constructed as follows: The first  41 values of x from 
0"00 to 0-10 are given a constant  spacing of 0.0025. 
The next  41 values of x range from an x of 0-10 to an  
x of 0.30 inclusive with a constant  spacing of 0.005. 
The process of doubling is continued from one block 
of 41 mesh points  unt i l  441 values of x are involved.  
After  expressing all distances in terms of the Bohr 
radius, the integrat ion was performed with a sui table  
modif icat ion of Simpson's  rule to accout for the non- 
constant  intervals .  To check the accuracy of the wave 
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T~b]e 1. Atomic scattering factors for e~ements Z =  1 to Z =  100 as a function of sin 0/1 
H He Li Be B C N 0 F Ne 

• 00 1.000 2.000 5.000 4.000 5.000 6.000 7.000 8,000 9,000 i0.00 
• 05 .947 1,955 2.722 `5.712 4,727 5.757 6.784 7.805 8,825 9.84 
• i0 .811 1.851 2.242 `5.085 4.080 5.141 6.211 7.276 8.552 9.58 
.15 .641 1.652 1.927 2.495 5.567 4,585 5.455 6.558 7,625 8.71 

- .20 .481 1.447 1,760 2,097 2.771 5.662 4.667 5.728 6.814 7.91 
.25 .550 1.241 1.644 1.860 2.`537 5.065 ,5.954 4.944 5.991 7.07 
.50 .251 1.049 1.555 1.717 2.041 2,601 5.555 4.245 5.218 6.25 
.55 .180 .879 1.418 1,618 1.844 2.261 2.875 5,645 4,528 5.49 
.40 .150 .734 1,500 1.556 1.710 2,017 2.504 5.155 5.955 4.81 
.45 .095 .612 1.181 1.457 1,615 1.844 2.225 2.759 5.455 4.22 
.50 .071 .511 1.067 1.578 1,540 1.719 2.012 2.448 5.021 5.71 
.55 .055 .428 .960 1.298 1,475 1.626 1.854 2,205 2.686 5.29 
.60 .040 .559 .860 1.216 1.415 1.555 1.756 2.017 2.416 2.95 
.65 .051 .505 368 1.154 1.551 1.491 1.644 1.871 2.200 2.64 
.70 .024 .256 .685 1.054 1.289 1,456 1.571 1.757 2.028 2.40 
.75 .019 .217 .611 .977 1,227 1.585 1,510 1.666 1.891 2.20 
.80 .015 .185 .544 .902 1.164 1.552 1,457 1,592 1.780 2.04 
.85 .012 .158 .485 .852 i.i01 1.281 1.408 1.551 1,690 1.91 
.90 .010 .156 .452 .766 1,059 1.229 1.561 1.477 1.616 1.80 
.95 .117 .586 .705 .979 1.178 1.517 1.4~0 1.555 1.72 

1.00 .i01 .544 .647 .920 1.127 1.275 1.586 1.499 1.64 
1.05 .088 .508 .595 .864 1.076 1.229 1,544 1,451 1.58 
i.i0 .076 .275 .546 .810 1.026 1.185 1.504 1.408 1.52 
1.15 .066 .247 .501 .759 .977 1.142 1.265 1,568 1.47 
1.20 .058 .222 .460 .711 .929 1.099 1.227 1.550 1.45 
1.25 .051 .199 .425 .665 .882 1,056 1.189 1.294 1.59 
1.50 .045 .179 .588 .622 .857 1.014 1.151 1,259 1.55 
1.35 .040 .162 .557 .581 .794 .975 1.114 1.224 1.52 
1.40 .055 .146 .528 .545 .752 .952 1.077 1.191 1.28 
1.50 .028 .120 .278 .474 .674 .854 1.004 1.124 1.22 
1.60 .022 .099 .257 .414 .605 .781 .954 1.059 1.16 
1.70 .018 .082 .202 .562 .559 .712 .866 .995 i.i0 
1.80 .015 .069 .175 .517 .482 .648 .801 .955 1.04 
1.90 .012 .058 .148 .278 .451 .590 .740 .875 .99 
2.00 .010 .049 .128 .244 .586 .556 .682 .818 .95 
2.20 .C36 .096 .190 .509 .445 .579 .709 .85 
2.40 .026 .07`5 .149 .249 .566 .490 .614 .7̀ 5 
2.60 .020 .057 .118 .202 .505 .415 .550 .64 
2.80 .015 .044 .094 .164 .252 .552 .457 .56 
5.00 .012 .055 .076 .155 .210 .299 .595 .49 
5.20 .009 .028 .061 .lll .176 .254 .541 .45 
,5.40 .025 .050 .092 .148 .217 .295 .58 
5.60 .018 .042 .077 .126 .186 .256 .,55 
5.80 .015 .055 .065 .107 .160 .222 .29 
4.00 .01,5 .029 .055 .091 .158 .195 .26 
4.20 .011 .024 .047 .078 .119 .169 .25 
4.40 .009 .021 .040 .067 .105 ,148 .20 
4.60 .018 .054 .058 .090 .150 .18 
4.80 .015 .029 .051 .079 .i14 .16 
5.00 .015 .026 .044 .069 .lO1 .14 
5.20 .012 .022 .059 .061 .089 .12 
5.40 .010 .019 .054 .054 .079 oli 
5.60 .017 .050 .048. .071 .i0 
5 .80  .015 .027 .042 .065 .09 
6.00 .015 .025 .058 .056 .08 

Na ME A1 S[ P S C1 A K Ca 

.00 Ii.00 /2.00 15.00 14.00 ]5,0(3 i6.00 17.00 18.00 19.00 20.00 

.05 10.60 11.54 12.48 15.47 14.49 15.52 ~8.54 ]7.57 18.26 19.]6 

.I0 9.82 10.55 11.52 12.25 15.25 14.29 15.55 16.41 16.~6 1V.43 

.15 9.11 9.60 10.20 10.94 11.81 12.79 15.79 14.94 15.45 15.91 

.20 8.44 8.84 9.50 9.85 10.55 11.35 12.25 15.20 15.96 14.50 

.25 7.75 8.19 8.58 9.00 9.51 10.14 10.97 11.70 12.52 15.17 

.50 7.04 7.57 7.97 8.54 8.7~ 9.21 9.78 10.45 11.22 ]] .92 

.`55 6.54 6.95 7.41 7.78 8.12 8.50 8.94 9.46 10.12 !0.~0 

.40 5.66 6.54 6.87 7.28 7.62 7.94 8.29 8.70 9.23 9.~5 

.45 5.04 5.75 6.54 6.81 7.17 7.48 7.76 6.I] 8.55 9.04 

.50 4 .48  5 .20  5 .82  6 .54  6 .75  7 .08  7 .56  7 .64  7 .98  8 .59  
• 55 5.99 4.,38 5.35 5.88 6.55 6.69 6.99 7.25 7.55 7.97 
.60 5.56 4 .22  4 .86  5 .45  5 .92  6 .52  6 .64  6 .91  7.17 7 ,45  
.65 5.19 5.80 4 .42  5 .00  5 .52  5 .95  6 .51  6 .60  6 .85  7..~0 
.70 2.88 3.44 4 .02  4 .60  5 .15  5 .59  5 .98  6 . 5 0  6.56 6.79 
.75 2.62 3 .12  5.66 4 .22  4 .75  5 .25  5 .65  6.00 6.28 6 .52  
.80 2.40 2.84 5.54 5.87 4.40 4.89 5.52 5.70 6.00 6.26 
.85 2.22 2.61 5.06 5.55 4 .06  4 .55  5 .00  5 .40  5 .75  6 .00  
• 90 2.07 2.40 2.81 5.27 5.76 4.24 4.69 5.]1 5.46 5.75 
• 95 1 .94  2 .25  2.60 5.02 5.47 5.94 4 .40  4 .82  5.19 5 .50  

1 .00  1 .85  2.09 2 .41  2.79 5 .22  5.67 4 .11  4 .54  4 .92  5.2;, 
1.05 1.74 1.96 2.25 2.¢0 2.99 5.41 5.R4 4.27 4.66 5.01 
i.i0 1.67 1.86 2.11 2.42 2.78 5.18 5.59 4.0/ 4.41 4.77 
1.15 1.60 1.77 1.99 2.27 2.60 2.97 5.56 5.77 4.16 4.5`5 
1.20 1.54 1.69 1.89 2.15 2.45 2.76 3.15 5.54 .3.92 4.29 
1 .25  1 .50  1 .65  1.80 2 .02  2.29 2.60 2.95 5.5~ 5.70 4.07 
1 .50  1 .45  1.57 1 .72  1 .92  2 .16  2.45 2.77 .%.13  5.49 5.85 
1.55 1.41 1.52 1.65 1.85 2.05 2.51 2.61 2.94 5.29 5.65 
1.40 1.57 1.47 1.59 1.75 1.95 2./8 2.46 2.78 5.11 5.45 
1.50 1.51 1.40 1.50 1.62 1.78 1.98 2.21 2.48 2.79 "~.09 
1 .60  ] .25 1 .55  1 .42  1 .52  1.55 1.81 2.CL 2.24 2.50 2.7q 
1.70 1.19 1.27 1.55 1.44 1.55 i.¢6 ].84 2.04 2.26 2.5J 
1.80 1.14 1.22 1.50 /.,57 1.46 1.57 ] .71 i .87 2.07 2.29 
1.90" 1.09 1.17 1.24 1.52 1.40 1.49 i.'~0 1.74 ]..90 2.10 
2.00 1.05 1.12 1.20 1.27 1.54 1.42 1.51 1 .65  i.77 ~ .9, ~ 
2.20 .95 1.05 1.11 l.lq 1.24 I.X] 1.58 1.47 ].57 L.R9 
2.40 .84 .94 1.02 1.09 1.16 !.22 1.26 ".`55 ] .45 1.5[ 
2.60 .75 .g5 .94 i .02 1 ,08  1 , ! 4  ] .20 1.26 1 .52  ] .59 
2.80 .67 .77 .86 .94 1.0~ 1,07 1.15 i"-'8 1,24 1.50 
5.00 .59 .69 .7~ .87 .94 I .Of 1.0~ 1.12 1.!7 /.22 
`5.20 .55 .62 .71 .80 .87 .94 i O0 ] .06 i,ii 1.16 
5.40 .47 .56 .85 .75 .~1 .F'q .94 1.00 1.05 i.I0 
5.60 .41 .50 .59 .67 .74 .82 .8 ;~ .9~ .99 1.04 
`5.80 .57 .45 .55 .61 .69 .76 .82 .89 .94 .99 
4.00 .55 .40 .48 .56 .65 .70 .77 .85 .89 .94 
4.20 .29 .56 .45 .51 .58 .65 .72 .78 .84 .P. 9 
4.40 .26 .32 .̀ 59 .46. .55 .60 .87 .75 .79 .84 
4.60 .25 .29 .̀ 55 .42 .49 .55 .~2 .68 .74 .7~ 
4.80 .21 .26 .52 .̀ 58 .45 .51 .57 .64 .69 .75 
5.00 .18 .24 .29 .55 .41 .47 .55 .59 .65 .?l 
5.20 .16 .21 .26 .52 .5~, .4~ °49 .55 .~i .67 
5.40 .15 .19 .24 .29 .54 .40 .46 .51 .57 .63 
5.60 .15 .17 .22 .27 .52 .,57 .42 .48 .55 .59 
5.80 .12 .16 .20 .24 .29 .54 .59 .45 .50 .55 
6 .00  .11 .14 .19 .22 .27 .51 .56 .41 .47 .52 

Sc 'it V Cr Mn. Fe C= N'- Cu Zu 

.00 21.00 22.00 25.00 24.00 25.00 26.00 27.00 26.03 29.0C 5,5.0.5 

. 05  20,20 21.24 22.27 2 5 . 5 8  24.35 25.56 26.39 27,4" 2, ~ . 4 9  23,45 

.i0 18.52 19.58 20.64 2i.95 22.77 25.84 24.90 25.85 27.20 28.05 

.15 16.85 17.85 18.88 20.24 20,89 22.05 25.12 24.19 25.56 26.55 

.20 15.`55 16.27 17.24 18.54 19.26 20.29 21.54 22.40 25.79 24.55 

.25 15.96 14.81 15.71 16.87 17.62 19.62 19.65 20.66 21.98 22.75 

.50 12.65 15.44 14.28 15.29 18.08 17.02 17.99 i~.98 20.20 21.01 

.55 11.47 12.19 12.96 15.82 14.65 15.51 16.45 17.5.q 19.47 19.55 

.40 10.45 11.07 11.77 12.51 i5.`50 14.12 14.98 15.87 18.86 17.75 

.45 9.55 10.12 10.75 11.57 12.11 12.86 1,5.66 14.49 15.56 16.25 

.50 8.82 9.51 9.85 10.40 11.07 11.75 12.47 15.25 14.01 14.86 

.55 8.24 8.65 9.10 9.56 10.17 10.77 11.42 12.1~ 12.%~ 15.6. 

.60 7.76 8.i0 8.49 8.90 9.41 9.94 10.52 ii.i5 11.75 12.49 

.65 7.56 7.66 7.99 8.55 8.77 9.25 974 10.28 10.84 Ii 50 

.70 7.05 7.29 7.57 7.87 8.24 8.65 9.07 9.55 10.04 10.64 

.75 6.74 6.97 7.22 7.48 7.80 8.15 8.51 8.95 9.55 9.89 

.80 6.48 6.70 6.92 7.16 7.42 7.71 8.04 8.41 8.79 9.25 

.85 6.24 6.45 6.66 6.87 7.11 7.56 7.64 7.96 8.29 8.70 

.90 6.00 6.22 6.42 6.62 6.85 7.06 7.50 7.58 7.87 8.22 

.95 5.76 5.99 6,20 6.59 6.59 6.79 7.01 7.?. .5  7,51 7.81 
1.00 5.55 5.77 5.98 6.18 6.57 6.56 6.75 6.97 7.20 7.45 
1.05 5.50 5.55 5.77 5.97 6.16 6.54 6.55 6.72 6.95 7.16 
1 .10  5.07 5 .55  5.57 5.77 5 .96  6.14 6 .52  6 .50  6.69 6 .90  
1.15 4.84 5.12 5.56 5.57 5.77 5.95 6.12 6.50 6.47 6.66 
1.20 4.62 4.90 5.16 5.58 5.58 5.77 5.94 6.11 6.28 645 
1.25 4.59 4.69 4.96 5.18 5.40 5.59 5.76 5.95 6.09 6.2 =, 
i.~0 4.18 4.48 4.75 4.99 5.22 5.41 5.59 5.76 5.92 6.08 
1.`55 5.97 4.28 4.56 4.80 5.04 5.24 5.42 5.59 5.75 5.91 
1.40 5.77 4 .08  4 .56  4 .61  4 .85  5.07 5 .26  5 .45  5 .59  5 .75  
1.50 5.40 5.70 3.99 4.24 4.50 4.72 4.9`5 5.11 5.28 5.44 
1.60 5.07 5.55 5.65 5.89 4.15 4.59 4.60 4.90 4.98 5 15 
1.70 2.78 5.04 5.51 5.57 5.85 4.07 4.29 4.49 4.88 4.85 
1.80 2 .52  2.77 5 .02  5.26 5 .52  5.76 5.98 4 .20  4 .59  4 .58  
1.90 2.50 2.55 2.76 2.99 `5.24 5.47 " 5.69 5.91 4.i0 4,50 
2.00 2 .12  2 .52  2.5`5 2.74 2.98 5.20 ,5.42 5 .64  5 .85  4 .05  
2.20 1 .85  1 .98  2 . / 5  2.'55 2 .55  2 .75  2 .94  5.14 3 .55  5 .55  
2.40 1.62 1.74 1.87 2.02 2.18 2.56 2.5,5 2.72 2.90 5.08 
2.60 1.47 1 .56  1.67 1 .78  1 .92  2.06 2.21 2.57 2 .55  2.70 
2.80 1.36 1.45 1.52 1.61 1.71 1.8,5 1.95 2.09 2.2,5 2 . ,~3 
5.00 1.28 1.55 1.40 1.48 1.56 1.65 1.75 1.87 1.98 2 !l 
5.20 1.21 1.26 1.51 1.57 1.44 1.52 1.60 i.~9 1.79 ~ 90 
5.40 1.15 1.19 1.24 1.29 1.55 1.41 1.46 1.56 1.64 1.75 
5.60 1.09 1.15 1.18 1 25 1.27 1 53 i.,58 1.45 1.52 1.59 
5.80 1.04 1.08 1.15 1.17 1.21 1.26 1.51 1.56 1.42 1.48 
4.00 .99 i~05 1.'08 1.12 1.16 1.2(; 1.24 1.29 1.54 i.,59 
4.20 .94 .99 1.05 1.07 i.ii 1.15 1.19 1.25 1.27 /.52 
4.40 .89 .94 .98 1.05 1.07 l.lO 1.i4 1.'-8 1.22 126 
4.60 .85 .90 .94 .98 1.02 1.06 1.10 1.15 1.17 1.2/ 
4.80 .80 .85 .90 .94 .98 1.02 1.06 1.09 1.15 I.~6 
5.00 .76 .81 .86 .90 .94 .98 1.02 1.05 1.09 1.12 
5.20 .72 .77 .82 .86 .90 .94 .98 1.01 1.05 1.08 
5.40 .68 .75 .78 .82 .86 .90 .94 .98 i:0! 1.04 
5.60 .64 .69 .74 .78 .85 .87 .91 .94 .99 1.01 
5.80 .60 .65 .70 .75 .79 .85 .87 91 ,94 .99 
6.00 .57 .62 .66 . 7 i  .76 .80 .84 .87 .91 .94 

G~ Ge As Se Br .Kr }Rb Sr Y Zr 

.00 31.00 52.00 33.00 54.00 55.00 38.00 57.00 58.00 59.00 40.00 

.05 50.54 51.52 52.52 55.52 54.53 55.55 58.02 56.88 57.91 58.94 

.i0 28.80 29.67 50.81 51.59 .52.59 55.FI .54.08 54.64 58.58 56.58 

.15 27.00 27.72 28.55 29.41 50.55 51.29 51.90 32.58 55.18 54.05 

.20 25.18 25.82 26.49 27.25 28.05 28.88 29.65 50.21 50.88 51.65 

.25 25.45 24.05 24.65 25.26 25.95 26.64 27.42 28.09 28.72 29.59 

.50 21.74 22.57 22.95 25.51 .24.09 24.70 25.40 26,]0 26.70 27.,52 

.55 20.11 20.79 21.59 21.95 22.48 25.02 25.64 24.50 24.87 25.44 

.40 18.55 19.28 19.95 20.51 21.05 2].55 22.10 22.70 25.24 25.77 

.45 17.07 17.84 18.54 19.16 "19.72 20.24 20.75 2.:..29 2~81 22.50 

.50 15.69 16.48 17.21 17.88 18.47 19.01 19.52 20.05 20.55 21.0. 
• 55 14.41 15.20 15.95 16.~5 17.28 17.86 18.58 18.88 19..~ !9.~5 
.60 15.25 14.01 14.76 15.47 16.]4 16.75 17.50 17.81 i8.~1 i~.79 
~65 12.21 12.95 15.66 14.57 15.05 15.68 18.26 16.80 /7.51 17.80 
"70 11.28 11.96 12.65 15.54 14.02 14.67 15.27 15,82 i~.7,6 i~.R~ 
.75 10.47 11.09 11.7.5 "2.40 15.06 15.70 i4.52 14.89 15.44 15.96 
.80 9.76 10.52 10.91 11.55 12.17 12.80 15.41 14.00 14.56 15.10 
.85 9.14 9.64 10.18 10.78 11.,55 11.96 12.57 15.15 15.72 14.26 
.90 8.61 9.05 9.54 10.06 10.62 11.19 11.77 12.55 12.91 15,48 
.95 8.16 8.54 8.97 9.45 9.95 10.49 /1.04 11.60 12.]5 12,70 

1.00 7.76 8.10 8.48 8.90 9.56 9.86 10.57 10.91 1/.44 11.98 
1.05 7.42 7.72 8.05 8.45 8.84 9.29 9.77 10.27 10.78 ii.50 
i.i0 7.15 7.58 7.68 8.01 8.58 8.78 9.22 9.89 /0.17 10.67 
1.15 6.87 7.09 7.55 7.64 7.97 8.55 8,75 9.16 9.61 i0.08 
1.20 6.65 6.84 7.07 7.,52 7.61 7.94 8.50 8.69 9.i0 9,54 
1.25 6.45 6.61 8.81 7.04 7.50 7.59 7.91 8.26 8.64 9.05 
1.50 6.24 6.41 6.59 6.79 7.02 7.28 7.57 7.88 P.25 8.61 
1.`55 6.06 6.22 6.59 6.57 6.78 7.00 7.28 7.55 7.86 8.20 
1.40 5.90 6.05 6.21 6.58 6.56 6.76 6.99 7.25 7.5`5 7.R4 
1.50 5,59 5.74 5.88 6.05 6.18 6.55 6.54 6.74 6,,.97 7.25 
1.60 5.51 5.45 5.59 5.7`5 5.87 8.01 6.17 6.54 R.52 6.7,5 
1.70 5.05 5.18 5.55 5.48 5.59 5.75 5.86 6.C0 6.16 6.,55 
i.~0 4.75 4.92 5.07 5.21 5.54 5.47 5.60 5.72 5.86 ¢ 00 
1.90 4.49 4.66 4.82 4.9~ 5.10 5.23 5.55 5.4~ 5.60 5,72 
2.00 4.22 4.40 4.57 4.75 4.87 5.00 5.15 5.25 557 5 4q 
2.20 5.72 `5.91 4.09 4.26 4.42 4.57 4.70 4.85 4.95 50 ~, 
2.40 ,5.27 `5.48 5.64 5.81 `5.98 4.14 4.29 4.45 4.58 4.6 ~. 
2.60 2.87 5.05 `5.25 5.40 5.57 ~.74 ,5.89 4.04 4.18 4.51 
2.80 2.55 2.70 2.86 5.05 5.19 3.`58 `5.52 5,67 5.82 `595 
5.00 2 .25  2.59 2.54 2 .70  2 .85  5 .01  ,5.17 5.,52 5.47 5 .61  
5.20 2.02 2.14 2.27 2.41 .2.55 2.70 2.85 5.00 ,5.14 ,5.25 
5.40 1.85 1.94 2.05 2.17 2.50 2.4`5 2.57 2.71 2.84 2.98 
5.60 1.68 1.77 1.86 1.97 2.08 2.20 2.52 2.45 2.58 2.71 
5.80 1.55 1.65 1.71 1.80 1.90 2.01 2,11 2.25 2.55 2.47 
4.00 1.45 1.52 1.59 1.67 1.75 1.84 2.94 2.04 2.14 2.25 
4.20 1.57 1.43 1.49 1.55 1.65 1.70 1.79 1.88 1.97 2.07 
4.40 1.50 1.55 1.40 1.46 1.52 1.59 1.86 1.74 1.82 1.91 
4.60 1.25 1.29 1.55 1.58 1.44 1.49 1.56 i.~2 1.70 1.77 
4.80 1.20 1.24 1.28 1.52 1.56 1.41 1.47 1.55 1.59 i.~8 
5.00 1.15 1.19 1.22 1.26 1.50 1.55 1.59 1.45 1.50 /.56 
5.20 i. Ii 1.15 1.18 1.21 1.25 1.29 1.55 1.58 1.42 1.48 
5.40 1.08 i. Ii 1.14 1.17 1.21 1.24 /.28 1.32 1.56 1.41 
5.60 1.04 1.07 i.i0 1.15 1.16 1.20 1.25 1.27 1.50 1.54 
5.80 1.01 1.04 1.07 I.i0 1.15 1.16 1.19 1.22 1.25 1.29 
6.00 .97 1.01 1.05 1.08 1.09 1.12 1.15 1.18 1.21 1.24 
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C~ 

.00 ¢1.00 

.05 40.04 

.I0 57.82 

.15 55.25 

.20 52.64 

.25 50.18 

.50 27.95 

.55 25.97 

.40 24.24 

.45 22.74 

.50 2 / . 4 5  
,55 20.28 
.60 19.25 
.65 18.26 
.70 17.54 
.75 16.47 
.80 /5.62 
.85 14.80 
.90 14.00 
.95 15.24 

1.00 12.51 
/.05 11.82 
i.i0 11.17 
1.15 10.56 
1.20 i0.00 
1.25 9.48 
1.50 9.00 
1.55 8.57 
1.40 8.18 
1.50 7 .51  
1.60 6.96 
1.70 6.52 
1.80 6.16 
1.90 5.86 
2.00 5.60 
2.20 5.17 
2.40 4 .79  
2 .60  4.4,5 
2.80 4.08 
5.00 5 .74  
5 .20  5 .42  
5.40 5 .12  
5 .60  2.84 
5.80 2.59 
4.00 2.56 
4.20 2.17 
4.40 2.00 
4.60 1.85 
4.80 1.75 
5.00 1.62 
5 .20  1.55 
,5.40 1.4,5 
5.60 1.59 
5.80 1.55 
6.OO 1,28 

Sb 

.00 51.00 

.05 49.97 
,i0 47 .41  
.15 44.50 
.20 41.25 
.25 58.56 
.5O 55.71 
.55 55.25 
.40 50.96 
.4-5 28.65 
.50 26.94 
.55 25.23 
.60 25.71 
.65 22.59 
.70 21.24 
.75 20.24 
.80. .]9.36- 
.85 18.58 
.90 17.87 
.95 17.21 

1.00 16.80 
1.05 16.01 
i.i0 15.44 
1.15 14.88 
1.20 14.54 
1.25 15.80 
1.50 15.27 
1,55 12.74 
1.40 12.25 
1.50 11.25 
1.60 i0.55 

1.70 9.50 
1.80 8 .75  
1.90 8.09 
2.00 7 . 5 2  
2.20 6.61 
2.40 5.95 
2.60 5 .46  
2.B0 5,09 
5.00 4.77 
5.20 4.49 
5 .40  4 .25  
5 .60  5 .98  
5.80 5 .75  
4.OO 5.48 
4.20 5.25 
4 .40  5 .02  
4.60 2.81 
4.8O 2.62 
5.00 2.4~ 
5.20 2.27 
5.40 2.12 
5.60 1.99 
5.80 1.87 
8.00 1.77 

MO 

42.00 
¢ l . 0 7  
58.87 
.~ .22  
55.54 
50.99 
28.66 
26.59 
24.78 
25.25 
2/ .88 
2O.70 
19.65 
18.68 
17.78 
16.92 
16.09 
15.29 
14.51 
15.76  
15.05 
12.55 
ii. 67 
11.05 
I0.47 
9.92 
9 .42  
8 .96  
8.54 
7.81 
7.2~ 
6 .75  
6 .55  
6.01 
5 .75  
5.28 
4.90 
4.54 
4.20 
5.87 
5.5.5 
5.25 
2.97 
2.71 
2.48 
Z.27 
2.09 
1.94 
1.80 
1.69 
1.59 
1.51 
1.45 
1.57 
i. 52 

Te 

52.00  
50 ,96  
48.55 
45 .11  
¢1 .90  
58.96 
56.31 
55.88 
51.62 
29.54 
27.62 
25.87 
24.51 
22.95 
21.72 
20.66 
19.75 
18.91 
18.18 
17.51 
16.89 
16. 
15.74 
15.19 
14.66 
14.14 
15 .62  
15.11 
12.60 
11.65 
10.71 

9.86 
9,09 
8.40 
7.80 
6.82 
6.11 
5.58" 
5.18 
4 .86  
4 .58  
4 .52  
4.07 
5 .82  
5 .58  
5 .55  
5.12 
2.91 
2.71 
2.55 
2.56 
2 .21  
2.07 
1.94 
i .85 

T¢ 

45.00  
42 .02  
59.69 
56.96 
54.25 
51.71 
29.58 
27.27 
25.42 
25.79 
22.59 
2/.16 
2O .O7 
19.09 
18.18 
17.55 
16 .52  
15.74  
3.4.98 
14.24 
15.52 
12.85 
12.17 
11.54 
i0.94 
10.58 

9.86 
9.57 
8 .95  
8.14 
7.49 
6.96 
6 .55  
6.17 
5.87 
5 .59  
5 .00  
4.65 
4 . 5 2  
4.00 
5.68 
5 .58  
5.09 
2 .85  
2.59 
2.58 
2.19 
2 .05  
1.88 
1.76 
1.65 
1.56 
1.48 
1.42 
/.56 

i 

55.00 
51.96 
49.51 
45.96 
42.61 
59.58 
56.88 
54.46 
52.24 
50.18 
28.27 
26.52 
24.92 
25.49 
?2.25 
21.11 
20.15 
19.27 
18.50 
17.81 
17.17 
16.58 
16.02 
15.49 
14.96 
14.45 
15.95 
15.45 
12.96 
12.00 
11.09 

i0.23 
9.44 
8.75 
8.09 
7.05 
6.28 
5.71 
5.29 
4.95 
4.66 
4 .40  
4 .15  
5.91 
5.88 
5.45 
5.22 
5.01 
2.81 
2 .62  
2.45 
2.29 
2.15 
2.01 
1.90 

RU 

44.00 
45 .13  
40,97 
58,28 
55,46 
52.75 
30.19 
27 ,95  
25.95 
24.25 
22 .80  
21.54 
20,44 
19 : 47 
18.57 
17.74 
16.95 
16.18 
15.44 
14.71 
14.01 
13 .32  
12 .66  
12.02 
11.42 
i0.84 
10.50 
9.80 
9 .55  
8 .49  
7~79 
7 .31  
6 .74  
6 ,54  
6.02 
5.50 
S. i0 
4 .75  
4.45 
4.11 
3.80 
5.50 
5 .22  
2.95 
2.71 
2.49 
2.29 
2.12 
1.97 
1.85 
1.72 
1.62 
1.54 
1.46 
1.40 

Xe 

54.OO 
52.97 
50.29 
46 .85  
45 .56  
40 .21  
57.45 
55.01 
52.81 
50.78 
28.90 
27.15 
25.54 
24.07 
22.76 

.?.2..59 
20.56 
19.65 
18.84 
18 .ll 
17 .46  
16 .86  
16 .50  
15.76 
15 .25  
14.75 
14.26 
15.77 
15,29 
12.55 
11.4,5 

10.59 
9.79 
9.06 
8.4O 
7.50 
8.47 
5 .86  
5.40 
5.04 
4.74 
4.48 
4.24 
400 
3.77 
5.54 
5.52 
5.11 
2.91 
2.72 
2.$4 
2.58 
2 .25  
2.09 
1.97 

P_h 

45 .00  
44.15 
42 .02  
59.52 
56.46 
55.65 
51.02 
28.66 
26.59 
24.80 
25.27 
21,97 
20.84 
19.84 
18.94 
18.11 
17.55 
16.58 
15.86 
15.15 
14.46 
15.79 
15.15 
12.80 
2_1.89 
11.50 
i0.75 
i0.25 

9.74 
8.86 
8.12 
7.49 
6.97 
6.54 
5.18 
5 .65  
5 .20  
4.85 
4.55 
4 , 2 2  
3.91 
5.R2 
5.54 
5.07 
2 .82  
2.60 
2.59 
2 .21  
2 .05  
1.91 
!.79 
1.68 
1.59 
1.51 
1.44 

Cs 

55.00 
55.60 
50.77 
47.55 
44.14 
40.94 
58.09 
5 5 . 5 9  
55.56 
51 .54  
29.48 
27.74 
26.15 
24.65 
25.50 
22.09 
21.01 
20.05 
19.20 
18.44 
17.76 
17.14 
16.57 
16.05 
15 .52  
15.02 
14.54 
14.07 
15.60 
12.69 
11.80 

I0.94 
10.14 

9.59 
8.71 
7 .56  
6.67 
6.01 
5.51 
5.15 
4 . 8 5  
4 .56  
4 .52  
4.08 
5.P6 
5 .65  
5.42 
5.20 
5.00 
2.81 
2.65 
2.46 
2.51 
2.17 
2.04 

P4 

46.00 
45.28 
45.55 
40.66 
57.68 
54.70 
51.91 
29.40 
27.21 
25.35 
25.75  
22.57 
21.21 
2O, 2O 
19.29 
18.47 
17.70 
16.97 
16.26 
15.57 
14.89 
14.25 
15.59 
12.96 
12.55 
11.76 
ii. 20 
I0.67 
10./8 
9.25 
8.46 
7.79 
7.22 
6.75 
6.56 
5 .76  
5.51 
4.95 
4.62 
4 .52  
4 .02  
5 .75  
5.45 
5.19 
2.94 
2.71 
2.50 
2.51 
2.14 
1.99 
1.86 
1.75 
1.65 
1.56 
1.49 

Ba 

56.0Q 
54 .45  
51.30 
48.C4 
44.79 
4 1 . 6 6  
58.78 
56 .21  
55 .95  
51.89 
50.05 
28.50 
26.70 
25.21 
25.84 
22.60 
21.46 
20.48 
19.59 
18.79 
18.08 
17.45 
16.84 
16.50 
15.78 
15.29 
14.82 
14.55 
15.90 
15.00 
12.15 

.1i ,29 
i0.48 

9.72 
9 . 0 2  
7.82 
8.89 
6.17 
5.64 
5 .25  
4.91 
4 .64  
4,59 
4.16 
5.94 
5.72 
5.51 
550 
5.10 
2.90 
2.72 
2.55 
2.59 
2.25 
2. Ii 

T~ble I (cont.) 
Ag C~ In Sn 

47.00 48.00 49.00 50.00 
46.19 47.14 48.02 48.96 
44 15 44.97 4,5.89 46.52 
41.45 42.2C 42.96 45.55 
~ . 5 2  59.26 59.95 40.58 
5,5.58 36.36 57.09 57.75 
32.78 33.59 ,54.57 55.0 "~ 
,90.25 51.05 51.82 52.56 
27.96 28.72 29.50 50.25 
• ?,5.99 26.69 27.4!  28.14 
24.50 24.92 ?.5.58 26.25 
22.86 25.40 25.98 24.59 
21.64 22,10 22.F0 25.14 
20.57 20.98 21.42 21.89 
19.64 20.01 20.59 20.60 
18.80 19.14 19.49 19.55 
18.05 18.56 18.68 19.01 
17.51 17.65 17.95 18,26 
16.62 16.95 17.26 17.57 
15.94 16.29 16,61 18.92 
15.29  15 .65  15.99 16 .50  
14 .64  15 .02  15.59 15 .70  
14.01 14.41 14.78 15.12 
15.59 15.81 14.19 14.55 
12.79 15.21 15.61 i~,99 
12.2i 12.64 15.05 15.45 
11.64 12.08 12.49 12,89 
Ii.i0 11.55 11.95 12.5~ 
10.59 ll.01 11.45 11.84 

9,64 10.05 10.45 10.95 
8 ,82  9 .19  9 ,56  9 .95  
8.10 8.43 8.78 9.15 
7.49 7.79 6.09 8.4i 
6.98 7.25 7 .50  7,79 
6.56 6.77 7 . 0 0  7 .25  
5 .90  8 .05  6 .22  6 .41  
5 .42  5 .54  5 .66  5 .~0 
5.04 5.14 5.24 5.,95 
4.72 4.81 4.90 4.99 
4 . 4 2  4 .51  4 .60  4 .69  
4.15 4.22 4.32 4.41 
5.84 5.95 4 .05  4.14 
5.57 5 .68  5.78 5.8~ 
5 .50  5.41 5 .52  5 .65  
5.05 5 .16  5.27 5. ,-~ 
2 .62  2.95 5 .04  5,14 
2.60 2.71 2.81 2.92 
2.41 2.51 2,~! 2.71 
2.25 2 .55  2.42 2 .52  
2.08 2.16 2.25 2.54 
1.94 2.02 2.I0 2.18 
1.82 1.89 1.96 2.04 
1.71 1.78 I.P5 1.92 
1.62 i.68 1,74 1.81 
1.54 1.59 1.65 1.70 

I~ Ce Pr ~d 

57.00 58.00 59.00 6C.00" 
55.45 56.48 57.51 58,55 
52.20 55.40 54.45 55.51 
48.78 50.15 51.18 52.24 
4 5 . 4 2  46 .85  47.86 48 .91  
4.2.26 45.59 44.59 45 .61  
59.56 .40.57 41.51 4 2  48 
56 .78  57.86 5~.75 59.22 
54 49 55.44 56.24 57.07 
52.45 55.28 54,01 54.77 
5O.58 51.51 51.99 52.70 
28.~7 29.51 30.14 50.80 
27.26 27.85 28.42 29 .04  
25.77 26.28 2~.85 27.41 
24.59 24.84 25.56 25.90 
85.12 25 .55  24 .02  24 .51  
21.96 22.54- 22.79 25.25 
20.92 21.27 21.68 22.10 
19.99 20.51 20.69 ZI.O7 
19,15 19.45 19.80 20.15 
18.41 18.69 19.00 19,52 
17.75 18.00 18.29 18.58 
17.i2 17.58 17.65 17.92 
16.58 16.81 17 .O& 17.52 
16 .04  16.28 16.55 16.77 
15.55 15.79 16.02 16.26 
15.C8 15.52 "15.55 15.78 
14.62 i4.86 15.10 15.59 
14.17 14.42 14.8q 14.@9 
15.50 15.56 15.81 14.06 
12.45 12.72 12.99 15,24 

11.62 11.90 12.l~ 13.45 
lO.81 ii.io 11.38 ll.@a 
10.05 IC.~4 10.64 1C.92 
9 54 9.85 9.92 10.21 
8.10 8.36 8.65 8.90 
7,11 7.53 7.56 780 
6 .55  6 .55  6 .72  6 .92  
5,78 5.92 8.07 6.25 
5 .54  5 .46  5 .58  5 .71  
5 .00  5.10 5.19 5 . ~  
4.72 4.90 4.88 4.q7 
4.47 4 .55  4 ~2 4.70 
4 .24  4 .52  4 .59  4 .46  
4.02 4.]0 4,17 4.25 
5 ~ 0  5.~9 5.98 4,04 
.5,59 5.68 3.76 3,~4 
5.59 5.47 5.56 5.~.4 
5.19 5.27 5.59 5 4 4  
2.99 5 .08  5 . i 7  5 .25  
2.81 2.90 2.98 5.07 
2.64 2 .72  2.80 2.99 
2.47 2.56 2 ,64  2.72 
2 .55  2.40 2.48 2.5~ 

• 2 .19 2.2~ 2.54 2 .41  

Pm Sm Eu 0d Tb ~, Ho Er Im To 

.00 61.00 62.00 65.00 64.00 65.00 66.00 67.00 68.00 69.00 70.00 

.05 59.58 60.58 61.60 62.62 65.65 64.67 6 , 5 . ~  66.70 67.7Z 68.74 

.I0 66.56  57.61 58.66 59 .59  6 0 7 6  6: .al 62.65  6 5 9 C  64.95 65 .99  

.15 55.50 54.57 55.45 56.22 57.56 58.65 59.69 60.75 61 o2 62.88, 

.20 49.97 51 .05  52.09 52 .82  54 .25  55 .50  56.57 57 .44  58 .52  59 .58  

.25 46.65 47.67 48.72 49.44 50.82 51.89 52.95 54.02 55.10 56.16 

.50 45.46 44.45 45.46 46.20 47.50 48.55 49.57 50.22 51.68 52.75 

.55 40.54 41.48 42.45 45.17 44..~8 45.57 4F.57 47 .~8 48.41 49.42 

.40 57.92 58.79 59.68 40 .41  41 .52  42 .45  45 .40  44.57 45 .56  46.5.5 

.45 55.56 56.57 57.20 57.91 58.91 59.80 40.69 41 .61  42 .55  45.47 

.50 55.45 54.18 54.95 55.64 56.55 57.58 58 .22  59.08 59.97 40 .84  
• 55 B1.47 52.17 52.89 55.56 54.58 55.16 55.95 56.76 57.59 58.4~ 
.60 29.67 50.52 50.99 51.65 52.59 55.11 55.85 54.61 55.40 56.17 
.65 28.00 28.80 29,25 29;87 30.54 51.21 .51.91 52.62 55.56 54.09 
.70 26.45 27.02 27.60 28.22 29.82 29.45 50.i0 ~0.77 51.47 52.!6 
.75 25.02 25.55 26.10 26.69 27.25 27.82 28.45 29.06 29.71 ~O.~ 
.80 25.72 24.21 24.71 25.27 25.77 26,52 26.89 27;47 28.08 28.88 
• 85 22.54 22.99 25.45 25.98 24.45 24.94 25.46 26.01 26.57 27.14 
.90 ?-1.47 ?.1.88 22.51 22.80 25.Z.I 25.68 24.16 24.67 25.19 25.72 
.95 20.51 20.89 21.28 21.75 22.10 22.55 22.98 25.44 25.95 24.41 

1.00 19.66 20.00 20.56 20.76 21.10 21.50 2/.91 22.55 22.78 25.25 
1.05 18.89 19.20 19.55 19.89 20.21 20.57 20.94 21.35 2/.74 22.15 
1.10 18.20 18.49 18.78 19.12 19.41 19.74 20.08 20.45 20.80 21.18 
1.15 17.58 17.85 18.12 18.42 18.69 18.99 19.50 19.62 19.96 30.50 
1.20 17.01 17.26 17.52 17.79 18.04 18.51 18.60 18.89 19.20 19.51 
3..25 16.49 16.75 16.97 17.22 17.45 ]7.71 17.97 18.25 18.51 18,80 
1.50 16.01 16.24 16.46 16.70 16.92 17.15 17.7~9 17.64 17.90 18.16 
1.55 15.55 15.77 15.99 16.21 16.45 16 85 16.87 17.10 17.54 17.58 
1.40 15.12 15.54 15.55 15.76 15.97 16./8 16.59 16.61 16.83 17.05 
1.50 14.29 14.51 14.72 14.95 15.15 15.55 15.55 15.75 15.95 16.15 
1.60 15.49 15.72 15.94 14.16 /4.5£ 14.56 14.76 14.94 15.15 15.52 
1.70 12.71 12.96 15.]9 15.42 15.65 15.85 14.05 14.22 14.41 14.59 
1.80 11,95 12.20 12.45 12.70 i2.91 15.]5 25.55 15.55 15.72 15.91 
1.90 11.20 11.47 11.75 ii.99 12.21 12.44 12.6,5 12.86 15.05 15.25 
2.00 10.49 10.76 /-1.02 i/.29 11.52 ii.76 i/.99 12.20 12.41 12.61 
2.20 9.17 9.44 9.70 9.97 10.21 ]0.48 10.70 10.95 11.15 11.57 
2.40 8.05 8.29 8.54 8.79 9.02 9.27 9.50 9.74 9.97 10.i9 
2.60 7.15 7.~4 7.55 7.78 8 00 ~.22 8.44 8.67 8,89 9.]-1 
2.80 6.40 6.58 6.76 6.95 7.14 7.54 7.54 7.74 7.94 8".15 
5.00 5.84 5.98 6.15 6.29 6.45 6.62 6.79 6.97 7.15 7.5,% 
5.20 5.41 5 .52  5 .64  5.77 5 ,90  6 .04  6 .19  6 .54  6 49 6 .65  
5 .40  5 .06  5 .16  5 .26  5 .56  5.47 5 .58  5 .71  5 8 5  5 .96  ,6.10 
5.60 4 .78  4 .86  4 .95  5 .05  5 . 1 5  5 .22  5 .52  5 45 5 .55  5 .65  
5.80 4.54 4.61 4.69 4.76 4.84 4.95 5.01 510 5.19 5,29 
4.00 4.52 4.59 4.46 4.55 4.60 4.68 4.75 4.85 4.91 4.99 
4.20 4.11 4.18 4.25 4.52 4.59 4.48 4.55 460 4,67 4.74 
4.40 5.91 5.98 4.05 4.12 4.19 4.26 4.52 4.,K9 4,46 4,52 
4.60 5.71 5.79 5.86 5.95 4.00 4.07 4.~-5 4.2C 4.2~ 4.~ 
4.80 5 .52  5 .60  5.67 5.75 5 ,82  5.89 5.95 4 ,02  4 .08  4 .15  
5 .00  5 .55  5.41 5.49 5 .56  5 .64  5 .71  5.78 5.~4 5.91 5.97 
5.20 5.15 5.25 5.51 5.58 5.46 5.55 5.60 5.67 5.74 5.80 
5 .40  2.97 5;05 5 .15  5 .21  5.29 5 .56  5 .45  5.50, 5.57 5 .64  
5.60 2.80 2.88 2.96 5.04 5.12 5.19 5.26 5.54 5.41 5,47 
5.80 2.64 2.72 2.80 2.88 2.95 5.05 5.]0 5.17 5.25 5.51 
6 .00  2.4,9 2.57 2 .64  2 .72  2 .80  2.87 2 .94  5 .02  5.09 5 .16  

Lu Hf Ta W Re 0s Ir Pt AU Hg 

.00 71.00 ~2.00 75.00 74.00 75.00 76.00 77.00 78.00 79.00 80.00 

.05 69.74 70.76 71.78 72.80 75.,91 74.85 75,85 76.94 77.96 78.90 
,10 66.91 67,88 68.88 69.89 70 91 71.95 72 97 74.21 75.2,5 78.07 
.15 65.67 64.62 65.45 66.56 67.52 68.51 69.50 70.60 71.65 72.56 
.20 60.52 61.08 61.89 62,75 65.61 64.51 85.44 66.65 67.61 ~8.5~ 
.25 56.90 57.64 58.58 59.15 59.95 60.77 61.6/ 62.65 65.54 64.29 
.50 55.50 ,54.24 54.96 55.69 56,42 57.i7 5794 5@,78 59.60 60.58 
,55 50.25 50.98 5/.70 52.40 55.09 55 79 54.50 55.19 55.94 56.72 
.40 47.14 47.90 48.62 49.51 49.98 50.65 51.,91 51.91 52.59 55.54- 
.45 44.28 45.04 45.76 46.44 47 .I! 47.76 48.58 4a.94 48.57 50.27 
.50 41.65 42.59 45.11 45.79 44.45 45 09 45.70 46.25 46.84 47.50 
.55 59.19 59.95 40.65 41.54 42.00 42.65 45.24 45.79 44.59 44.98 
.60 56 .95  57.66 58.57 59.06 59 .75  40 .56  40.97 4 / . 5 4  42 .10  42.69 
.65  54.82 55 .55  56.25 56.94 57.60 38.24 ."-,9.86 59.45 40 .01  40.,58 
,70 52.86 55.57 54.27 54.95 55.62 56.26 5g.88 57.49 58.06 58.62 
,75 51.04 51.72 52.41 55.08 55.75 54.59 55.02 55.64 58.25 56.78 
.80 29.54 50.00 50.67 51.55 51.99 52.65 55.26 55.89 54.48 ,%5.05 
.85 27.76 28.59 29.04 29.68 50.55 ~).97 51.59 52.25 52 .85  55.40 
.90 26.50 26.90 27.52 28.14 2~.77 Z"B. 40 ~O.O2 /~.6b 51.2fo 51.82 
,95 24.96 25.55 26.11 26.72 27.5/ 27.92 28.55 29.15 29.75 50.52 

1.00 25.75 24.26 24.81 25.58 25.95 26.54 27.15 27.75 28.52 28.89 
1.05 22.62 25.// 25.62 24.15 24.69 25.25 25.81 26.59 26.97 27.54 
i.i0 21.60 22.06 22.55 25.02 25.55 24.05 24.59 25.14 25.70 26.25 
1.15 20.69 21.10 21.55 21.99 22.46 22.95 25.46 25.99 24.51 25.05 
1.20 19.86 20.24 20.65 21.05 21.48 2,1.94 22 41 22.90 25,40 25.92 
1.25 19.12 19.46 19.82 20.20 20.60 21.02 2i .45 21.91 22.58 22.86 
1.50 18.45 18.76 19.08 19.45 19.79 20.17 20.58 20,99 21.45 21.89 
1.55 17.84 18.12 18.42 18.75 19.06 19.41 :9.78 20.16 20,57 20.99 
1.40 17.29 17.55 17.81 18.10 18.40 18.7/ 19 05 19.40 19.77 20.17 
1.50 16.55 16.55 16.77 17.00 17.25 17.51 17.79 18.08 18.59 i~.72 
1.60 15.50 15.69 15.89 16.09 18.50 16.52 16.75 "699 17,24 17.52 

1.70 14.77 14.94 15.12 15.50 15.49 /5.58 15 87 .'6.08 ]6,29 /5.52 
1.80 14.09 14.26 14.45 14.60 /4.78 14.95 15.12 15.50 15.48 15.68 
1.90 15.44 15.62 15,79 15.96 14.15 14.29 14.46 14.62 14.79 14.98 
2.00 12,81 15.00 15.18 15.56 15.55 1569 15.85 14.01 14,17 14.52 
2.20 11.59 11.80 12.00 12.i9 12.58 12.56 12.75 12.89 15.05 15.21 
• 2.40 10.42 10.64 10.86 11.07 ii 28 11.47 ii.86 ii.84 12,02 12.19 
2.60 9 .55  9.56 9.78 i0.00 10.22 10.42 10.65 10.85 11.02 11.20 
2.80 8.56 6.58 8.79 9.01 9.22 9.44 9.64 9.85 10,05 10.25 
5.00 7 .52  7 .72  7 .92  8 .12  ,~ 52 8 .55  8 .75  8 .94  9 .14  9 .54  
5.20 6 .82  6.99 7.17 7 .55  7 .55  7 .72  7 .91  8 .11  8 . 5 0  8 .49  
5.40 6 .24  6.58 6 .54  6 .70  6.86 7 .05  7 .20  7 .58  7 .56  7 .74  
5.60 5.77 5 .89  6 .02  6 .16  6 .50  6 .44  6.59 6 .75  6 ,91  7.07" 
5.80 5.59 5 .49  5 .60  5 .71  5 . 8 5  5 .96  6,09 6 .22  6 .56  6 .51  
4 . 0 0  5.07 5 . / 6  5 .25  5 .55  5.4-5 5 .56  5 .67  5 .78  5 . 9 0  6 .05  
4 .20  4 .81  4 .89  4.97 5 .05  5 .14  5 .25  5 .52  5 .42  5 ,52  5 . 6 5  
4 .40  4.59 4.66 4 .75  4.80 4.87 4 .95  5 .05  5 . 1 1  5 , 2 0  5 .29  
4 .60  4 .59  4 .45  4 .52  4 .58  4 .65  4 .72  4 .79  4 .86  4 , 9 5  5 .01  
.4.80 4 .21  4.27 4 . 5 5  4 .59  4 ,45  4 .51  4 .58  4 .64  4 , 7 1  .4.78 
5 .00  4 .05  4 .09  4 .15  4 ,21  .4.27 4 . 5 5  4 .59  4 .45  4 , 5 1  .4.57 
5 .20  5.87 5 .95  5.99 4 .05  4 .10  4 . 1 8  4 .22  4 .27  4 , 5 5  .4.59 
5.40 5.70 5.76 5.85 5.88 5.94 4.00 4.06 .4.11 4,17 4.22 
5 .60  5.54 5 .61  5.67 3 .73  3.79 5 .85  5 .90  5 .96  4 , 0 1  .4.06 
5 .80  5.58 5 .45  5 .51  5.57 5 .64  5 .69  5 .75  -5.81 .5.86 5 .92  
6 .00  5 .25  5,730 5 .56  5 .42  5 .49  5 .55  5 .61  .5.66 5 .72  5 .77  
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T1 Pb 61 Fo A% ~n 

.00 8]..00 82.00 85.00 84.00 85.00 86,00 

.05 79.77 80.72 81.69 82.67 85.67 84.67 

. I 0  76.77 77.57 78 .45  79 .55  80 .26  81 .21  

.15 75 .02  75 .68  74.59 75 .14  75 .94  76.77 

.20 69.02 69.65 70.27 70.91 71.57 72.26 

.25 65.05 65.69 66.51 66.90 67.49 68.08 

.50 61.16 61.87 62.55 65.15 65.75 64.29 

.55 57.50 58.25 58.96 59.62 60.24 60.82 

.40 54.10 54.85 55.59 56.28 56.95 57.57 

.45 50.99 51.72 52.44 55.16 55.85 54.51 

.50 48.16 48..85 49.55 50.25 50.94 51.62 
• 55 45.60 46.24 46.90 47.56 48.24 48.91 
.60 45.27 45.87 44.48 45.11 45.75 46.40 
.65 41.14 41.70 42.27 42.86 45.46 44.08 
.70 59.16 59.71 40.25 40.81 41.57 41.95 
.75 57.52 57.85 58.58 58.91 59.45 59.99 
.80 55.59 56.12 56.64 57.i5 57.66 58.18 
.85 55.95 54.48 55.00 55.50 56.00 56.50 
.90 52.58 52.92" 55 .44  55.95 54.44 34.95 
.95 50.88 51.45 51.95 52.47 52.96 55.45 

1.00 29.46 30.00 50.54 51.05 51.55 52.04 
1.05 28.10 28.64 29.18 29.70 58.20 50.69 
i.i0 26.80 27.55 27.88 28.40 28.91 29.41 
1.15 25.58 26.12 26.65 27.17 27.68 28.17 
1.20 24.44 24.96 25.47 25.99 26.50 26.99 
1.25 25.58 25.86 24.57 24.87 25.57 25.86 
1.50 22.58 22.84 25.52 25.81 24.50 24.79 
1.55 21.45 21.89 22.55 22.82 25.29 25.77 
1.40 20.58 21.00 21.44 21.89 22.54 22.80 
1.50 19.07 19.44 19.82 20.21 20.62 21.04 
1:60 17.81 18.12 18.44 18.79 19.14 19.51 
1.70 18.76 17.02 17.29 17.58 17.88 18.20 
1.80 15.88 16.10 16.55 16.57 16.82 17.09 
1.90 15.15 15.52 15.51 15.71 15.95 16.16 
2.00 14.48 14.64 14.81 14.99 15.17 15.56 
2.20 15.56 15.50 15.65 15.79 15.94 14.09 
2.40 12.55 12.50 12.65 12.79 12.95 15.07 
2.60 11.58 11.55 11.71 11.87 12.01 12.16 
2.80 10.44 10.62 10.80 10.97 1/.15 11.29 
5.00 9.55 9.75 9 .91  i0.I0 10.27 10.44 
5.20 8.69 8.88 9.07 9.26 9.44 9.62 
5.40 7.92 8.10 8.29 8.47 8.65 8.84 
5.60 7 .24  7 .41  7 .SR 7 .76  7 . 9 5  8 .11  
5.80 6 .65  6.81 .6.96 7 .12  7 .28  7.45 
4.00 6.16 6.29 6 .45  6.57 6.72 6.86 
4.20 5.74 5.85 5.97 6.10 6.25 6.56 
4.40 5.59 5.49 5.59 5.70 5.81 5.92 
4.60 5.09 5.18 5.27 5.-36 5.46 5.56 
4.80 4.85 4.92 5.00 5.08 5.16 5.25 
5.00 4 .65  4.70 4.77 4.85 4.91 .4.98 
5.20 4.44 4.50 4.56 4.65 4.69 4.76 
5 .40  4 .28  4 . 5 5  4 .59  4 . 4 4  4 .50  4.56 
5.60 4.12 4.17 4.22 4.28 4.55 4.59 
5.80 5.97 4.02 4.07 4.15 4.18 4.25 
6.00 5 .85  5.88 5 .95  5.98 4 .05  4 .08  

Table 1 (cont.) 

Fr Ra Ae Th 

87 O0 88.00 89.00 90•00 
85.27 86.08 87.08 88.10 
61.69 82.19 85.04 85.94 
77.46 77.99 78.64 79.56 
75.02 75.68 74.27 74.88 
68.78 69.4.9 70.07 70 .64  
64 .91  65.59 66.16 66.72 
61.40 62.01 62.60 65.16 
58.16 5a.75 69.54 59.91 
55.12 55.71 56.52 56.91 
52.26 52.87 55.49 54.09 
49 .56  50 .18  50 .81  51 .45  
47 .04  47.67 46.29 48 .91  
44.70 45.51 45.92 46.54 
42 54 45.15 45.72 44.51 
40.54 41 ii 41.67 42.24 
58.71 59.24 59.78 40.52 
57.01 57.52 58 02 '58.54 
55.42  55.91 56.40 56.29 
55.95 54.40 54.9.8 55.55 
52.52 52.99 55.45 55.91 
51.17 51.64 52.10 52.56 
29.89 50.56 50.82 51.27 
26.66 29.15 29.59 50.05 
27.49 27.95 28.42 28.97 
26.55 ?6.82 27.29 27.75 
?,5.27 25.74 26.21 26.66 
24.24 24.70 25.17 25.62 
25.26 25.72 24.]8 24.A5 
21.47 21,90 22.55 22.77 
19.90 20.29 20.69 21.09 
18.54 18.88 19.24 19.61 
17.58 17.68 i" 99 19.52 
16.40 16.R5 16.92 17.20 
=5.57 15.7~. 16.01 IR.25 
14.24 14.40 14.57 14.75 
15.20 15.54 15.47 15.61 
12.50 12.45 12.56 12.69 
11.44 11.59 I-1.75 11.86 
10.61 10.77 10.92 11.07 
9.80 9.97 10.]5 10.29 
9 .01  9 .19  9 .56  9 .55  
8.28 8.45 8.65 8.50 
7.61 7.78 7.94 8 .ii 
7 .02  7.17 7.55 7.4~. 
6.49 6.65 R.78 6.92 
6.04 6.17 6.50 6.45 
5.66 5.77 5.88 6.00 
5 .54  5 .45  5 .55  5 .65  
5.06 5.14 5.25 5.51 
4.85 4 .90  4.97 5.05 
4.62 4.68 4.75 4.82 
4.44 4.50 4.56 4.62 
4 .28  4 . 5 5  4 .59  4 .44  
4.15 4.18 4 . 2 5  4.28 

Pa U Np Pu Am Cm Bk Cf E 

.00 9 1 . 0 0 .  92 .00  95 .00  94 .00  95.00 96 .00  97 .00  98 ,00  99 .00  100 .00  
• 05 89.15 90.16 91.18 92.22 95.24= 94.25 95,27 96.29 97.51 .98.55 
.10 85.12 86.17 87.21 88.41 89.46 90.56 91.41 92.46 95.50 94.55 
.15 80.66 81.69 82.75 84.07 85.12 85.88 86•94 88.00 69•05 90•12 
.20 76.16 77.14 78•15 79.48 80.51 81.22 82.26 85.51 84.56 85.42 
.25 71.79 72.70 75.65 74.85 75.85 76.55 77.55 78.56 79.59 80,62 
.50 67.71 68.55 69.58 70.44 71.55 72.08 75.01 75.97 74.94 75.92 
.55 65.98 64.71 55.48 66.58 67.20 67.95 68.79 69.67 70.57 71.49 
.40 60.59 61.25 61.94 62.70 65.45 64.15 64,95 65.75 66.5~ 67.40 
• 45 57.48 58.09 58.71 59.57 60•04 60.71 61.42 62.15 62.90 65.67 
.50 54.60 55.17 55.75 56,52 56.95 57.58 58.22 58.88 59.57 60.27 
.55 51.90 52.45 53.00 55.51 54.08 54.70 55°29 55.90 56.52 57.16 
.60 49.57 49.90 50.45 50.90 51.44 52.05 52.58 55.15 55.72 54.50 
.65 46.99 47.51 4-9.05 48.48 48.99 49.56 50.08 50.60 51.14 51.68 
.70 44 .78  45.29 4 5 . 7 9  46 .25  46 .72  47.27 47 .76  4~.,26 4,8.76 49 .26  
.75 42.71 45.21 .45.70 44.14 44.62 45.14 45.61 46.08 46.56 47.05 
.80 40.80 41.29 "41.77 42 .21  42.67 45.17 45 .65  44•08 44 .55  44 .98  
.85 59.02 59.51 59.98 40 .42  40 .88  41 .55  41.79 42 .25  42 .66  45 .10  
.90 57.58 57.86 58.52 58.77 59.21 59.67 40.10 40.52 40.94 41.56 
.95 55.85 56 .52  56.76 57 .25  57.67 58.10 58 .55  58.94 59.55 59.76 

1.00 54.43. 54.87 55.55 55.79 56.22 56.65 57.07 57.48 57.88 58.28 
1 .05  55.05 55 .52  55.97 54 .45  54.87 55.28 55.70 56.11 56 .51  56.90 
i.i0 51.77 52.25 59.69 55.15 55.59 54.00 54.41 ,54.82 55.22 35.61 
1.15 58.54 51.00 51.46 31.95 52.57 52.77 55.19 55.60 54.00 54.59 
1.20 29.57 29.85 58.29 50.76 51.20 51.61 52.05 52.44 52.84 55.25 
1.25 28.25 28.70 29.16 29.65 50.07 50.49 50.91 51.55 51.75 52.15 
1.50 27.15 27.61 28.07 28.54 28.99 29.41 29.84 50.26 50.67 51.07 
1.55 26.10 26.56 27.02 27.46 27.94 28.56 28.79 29.22 29.65 50.04 
1.40 25.09 25.55 28.01 .26.47 26.92 27.55 27.78 28.21 28.65 29.04 
1.50 25.21 25.65 24.09 24.54 24.99 25.42 25.85 2g.29 26.71 27.15 
1.60 21.50 21.92 22.54 22.77 25.19 25.62 24.05 24.47 24.90 25.22 
1.70 19.98 20.56 ~0.75 21.15 21.55 21.96 22.,~7 22.78 25.20 25.~i 
1.80 18.65 18.99 19.54 19.70 20.07 20.45 20.R4 21.25 21.62 22.02 
1.90 17.49 17.79 18.10 18.45 18.76 19.11 19 4g 19.82 20.19 I 20.56 
2.00 16.50 16.76 17.05 17.51 17,61 17.92 18.24 18.56 18.90 19~4 
2.20 14.95 15.17- 15.52 15.55 15.75 15.99 18.25 16.49 16.75 17.05 
2.40 15.75 15.90 14.05 14.21 14.58 14.55 14.75 14.92 15.15 15.54 
2.60 12.81 12.94 15.06 15.19 15.52 15.46 15.60 15.75 15.90 14.06 
2.80 1/.98 12.1/ 12,25 12.55 12.46 12.58 12.70 12.82 12.95 15.07 
5.00 1/.20 1/.55 11.46 11.58 1/.70 11.82 11.95 i2.04 12.15 12.27 
5.20 10.44 10.58 10.72 10.85 10.97 11.10 11.22 11.55 11.44 11.55 
5.40 9.68 9.84 9.99 i0.12 10.26 10.40 10•55 10.65 10.77 10.88 
5.60 8.96 9•12 9.27 9.42 9.56 9.71 9 . 8 8  9.98 i 0 . 1 1  20.25 
5.80 8.27 8.45 8.58 8.75 8.89 9.04 9.18 9.52 9.48 9.59 
4.00 7.65 7.79 7.94 8.09 8.24 8.59 8.54 8.68 8.82 8.96 
.4.20 7.08 7.21 .7.55 7.49 7.64 7.79 7.95 8.08 8.22 8.56 
4.40 6.56 8.69 6.82 6.96" 7.09 7.25 7.57 7.51 7.65 7.78 
4.60 6.11 6.25 6.56 6.48 6.60 6.75 6.~6 6.99 7.12 7.26 
4.80 5.75 5.84 5.95 6.06 6.17 6.29 6.41 6.55 6.65 6.77 
5.00 5.40 5.50 5.60 5.69 5.80 5.90 6.01 6.12 6,25 6.54 
5,20 5.15 5.21 .5,29 5.58 8.47 5.56 5.66 5.76 5.86 5.96 
5.40 4.89 4.96 .5.05 5.11 5.19 5.27 5 .56  5.4,5 5.54 5,~65 
5.60 4.68 4:74 4.81 4.88 4.95 5.02 5.10 5.17 5•25 5.54 
5.80 4•50 4.55 4•61 .4.68 4.74= 4.80 4.87 4•94 5.01 5.08 
6.00 4.54 A.59 4.44 4.50 4•55 4.61 .4.67 4.75 A.8.0 4.86 

functions and the integration technique, the normaliza- 
tion integral, 

I = o~P2(r) d r ,  
0 " 

was evaluated, again using a standard notation. The 
values obtained at the extremes of the data were 
I2=2.0000004 and Ilo3=103"00002• Thus this aspect 
of the calculation is numerically accurate to seven 
significant figures. However, one can see that for very 
large values of s the mesh at large x is too coarse to 
take into account the rapid undulations of the sin sr 
term of equation 2. However, at the x values where 
this effect may be felt, the value of the electronic 
density is so small as to make this effect negligible. 
This was shown in two ways: (1) The coarseness of the 
integration mesh was doubled for a range of elements. 
Differences were observed only in the fourth decimal 
place. (Only two decimal places for Z >  10 are pre- 
sented here.) (2) The more accurate integration method 
due to Luke (1954) was used for several elements again 
with only small differences appearing in the fourth 
decimal place. The numerical accuracy is then at least 
one order of magnitude better than the data presented 
here, but, of course, the physical accuracy does not 
warrant retention of more digits. 

Table 1 presents atomic scattering factors for ele- 

ments Z = I  to Z = 1 0 0  to two decimal places and 
covers a range of sin 0//l up to 6"0. These are selected 
from a set of original data in which f values for Z = 1 
to Z = 103 are given to six significant figures (4 decimal 
places) for every 0.5 unit of (4g/;t) sin 0 up to 6"0 and 
for every 0-05 unit of sin 0/2. up to 6.0. This large 
range is given because these f values are useful in 
computing electron scattering amplitudes for electron 
diffraction. The values for hydrogen, obtained from 
the exact wave function, are included for completeness. 

A detailed comparison of these results with f values 
obtained by other investigators using various other 
techniques will appear elsewhere. It may be pointed 
out, however, that in general the results are close to 
those obtained from the HF wave functions that are 
available and they merge with them for large s values. 
As one might anticipate, these results most nearly 
duplicate those obtained by Freeman & Wood (1959) 
who used wave functions obtained by slightly more 
flexible HFS calculations which permitted different 
potentials to electrons of different spin. 

Of fundamental importance, of course, is the ques- 
tion of physical accuracy. The HFS technique yields 
wave functions, and hencef  values, which approximate 
quite closely those obtained by HF for isolated atoms. 
The assumption of free electron exchange made by 
Slater is a better one for condensed matter than for 
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isolated atoms. Thus empirically the I-IFS f values 
may be at least as good as the I-IF in the majori ty of 
the experimentally important  cases. There are other 
inherent limitations and defects in these calculations. 
For example: (1) they do not make allowances for 
the dispersion effects which occur when ). is in the 
vicinity of an X-ray absorption edge, (2) they assume 
spherical symmetry,  (3) the wave functions from which 
the f values are computed are not corrected for spin- 
orbit effects, and (4) the wave functions are not cor- 
rected for relativistic effects. 

C o n c l u s i o n s  and c o m m e n t s  

Despite the intrinsic approximations in these calcula- 
tions, it is felt that  the scattering factors presented 
here represent a substantial  improvement over most 
values available. They possess the inherent advan- 
tages of being relatively complete and of having been 
obtained in a coherent fashion, the same type of ap- 
proximation being involved in the calculations for 
each of the atoms. There are numerous obvious ex- 

tensions of these calculations. In  preparation at present 
are the following: (1) the scattering amplitudes for 
electron scattering both within the first Born approxi- 
mation and in the case where consideration is taken 
of the phase change, (2) the inelastic scattering fac- 
tors, (3) X-ray and electron scattering factors for ions, 
and (4) analytic approximations to the X-ray and 
electron scattering factors. 

We are indebted to Mr Loyd Dreher and to Mr 
Robert Pohler, whose assistance has made these com- 
putations possible. The computations were carried out 
on The Universi ty of Texas CDC 1604 computer. 
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Hartree scattering factors are given for atoms of atomic number 37 through 98 and for severM of 
their ions. The values are listed in tabular form and as analytic functions. Values are also given for 
two low-lying excited states of cerium. Differences between the Hartree and Thomas-Fermi-Dirae 
scattering factors are discussed. 

Introduct ion  

Atomic scattering factors obtained from Hartree 
self-consistent-field (SCF) calculations have been 
available in the past for only a very few atoms and 
ions above atomic number 36. Boyd, Larson & Waber 

(1963) have recently completed Hartree SCF calcula- 
tions for all atoms of the periodic table, many ions, 
and many excited states. I~l this paper we present 
scattering factors for the ground states of elements 
of atomic number 37 and higher, for several of their 
ions, and for two excited states of cerium. (For 
elements of lower atomic number, scattering factors 
which have been obtained from more accurate wave 
functions are already available in standard references.) 

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

We have published in a Los Alamos Scientific 
Laboratory report (Cromer, Larson & Waber, 1963) 
a set of Hartree SCF scattering factors for all atoms 
in the periodic table, in a more detailed form than  
in the present paper. Although this publication 
duplicates light element work by 0thers, it h~ the 
advantage of presenting in a single unit  complete 
information on Hartree SCF scattering factors. 

Calcu la t ions  

Details of the Hartree SCF calculations will be given 
elsewhere by Boyd, Larson & Waber (1964). The 
scattering factors were computed from the total 
radial density functions by straightforward means 
(James, 1948). Calculations were performed for the 
most part  with an IBM 7090 computer and, in the 


