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T h e  trait-cell  d imens ions  of a c rys ta l  are  usua l ly  de te r -  
m i n e d  f rom Wei s senbe rg  pho tog raphs .  F o r  ob t a in ing  
a c c u r a t e  values ,  i t  is essent ia l  to  cor rec t  the  va lues  of 
B r a g g  angles  of d i f fe ren t  ref lexions for t he  errors  ar is ing 
due  to  ' f i lm sh r inkage '  a n d  u n c e r t a i n t y  in t he  rad ius  of 
t h e  f i lm due  to  its f ini te  th ickness .  

These  er rors  can  be e l i m i n a t e d  b y  the  m e t h o d  of Brad-  
ley  & J a y  (1932), by  cas t ing  on the  f i lm shadows  of two  
-knife edges a t  k n o w n  angu l a r  separa t ion .  The  second 
m e t h o d ,  m o s t  c o m m o n l y  e m p l o y e d  in this  l a b o r a t o r y  is 
to  spr inkle  pu re  a l u m i n i u m  dus t  on t he  c rys ta l ,  so t h a t  
p o w d e r  p h o t o g r a p h  of a l u m i n u m  is supe r imposed  on the  
Weis senberg  p h o t o g r a p h  of t he  crys ta l .  Since t he  angles  
for t he  p o w d e r  lines of a l u m i n u m  are  lmown,  the  fi lm 
m a y  be c o m p l e t e l y  ca l ib ra ted .  

A m e t h o d  g iven  in th is  no te  requi res  ne i t he r  t he  
sharp  edges nor  t he  s t a n d a r d  subs t ance  for cor rec t ing  the  
f i lm of zero- layer  Weis senberg  pho tog raphs .  

Consider  the  zero- layer  Weis senberg  p h o t o g r a p h s  w i th  
- - 

b as t he  r o t a t i o n  axis.  Le t  hO1 a n d  hO1 ref lec t ions  be 
s e p a r a t e d  by  a d i s tance  p a long the  t r ans l a t i on  of t he  
fi lm. Le t  us t ake  the  d i rec t ion  of m o t i o n  of t he  f i lm as t he  
X axis a n d  p e r p e n d i c u l a r  to t h a t  as Y axis.  I t  is easy  to 
see t h a t  t he  d i s tance  p a long the  X axis cor responds  to 
t he  d i s t ance  of t r ans l a t i on  of t he  fi lm, du r ing  wh ich  the  
c rys ta l  has  r o t a t e d  by  180 ° , s ince the  two ref lect ions  are  

due  to t he  hOl a n d  hO1 planes.  I n  zero- layer  pho tog raphs ,  
Bragg  p lanes  are  paral le l  to  the  ro t a t i on  axis,  wh ich  
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the re fore  wil l  give s t r a igh t  s t reaks  of w h i t e  r a d i a t i o n  in 
Weis senberg  pho tog raphs .  T a k i n g  t h e  angle  of incl ina-  
t ion  of these  s t reaks  to  t h e  X axis  as ~, we can  eas i ly  
see t h a t  p t a n  ~ in Y-d i rec t ion  will also co r r e spond  to  
180 ° of r o t a t i on  of the  crys ta l .  Thus  a k n o w l e d g e  of t he  
Y coord ina tes  on ly  of t he  ref lec t ions  will  y ie ld  t he  B r a g g  
angles  0 in degrees  of ref lec t ions  b y  the  fo l lowing re l a t ion  

0 = 180Y/(p  t a n  ~v) 

t a n  ~, m a y  be d e t e r m i n e d  f rom the  coord ina te s  of a n y  
two  poin ts  on a v e r y  p r o m i n e n t  w h i t e - r a d i a t i o n  s t r eak .  
S u b s t i t u t i n g  this  va lue  of t a n  y, to  t he  above  re la t ion ,  
all t he  quan t i t i e s  are  k n o w n  abso lu te ly ,  a n d  hence  t h e  
fi lm shr inkage  er rors  are  e l im ina t ed  a u t o m a t i c a l l y  wi th -  
ou t  a n y  e x t r a  s t a n d a r d  line. 

The  Bragg  angles  wh ich  differed b y  even  more  t h a n  
3 ° on d i f fe rent  f i lms for A n t h r o n e  crys ta l ,  before  th i s  
cor rec t ion  is appl ied ,  were  found  to  agree  w i t h i n  0-5 ° 
(which cor responds  to  0.5 ram.  for t he  c a m e r a  used b y  us). 

The  a u t h o r  is g ra te fu l  to Prof .  K .  Bane r j ee  for  his  
ve ry  va luab le  suggest ions  a n d  k ind  e n c o u r a g e m e n t .  
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In  a r ecen t  pape r  b y  Vand ,  E i l a n d  & P e p i n s k y  (1957) 
it was  shown t h a t  t he  a tomic  sca t t e r ing  factor ,  f ,  can  
be a p p r o x i m a t e d  as a func t ion  of sin 0 = x, as far as 
0 ----- 90 ° for Cu K a  by  an  express ion  of t he  fo rm 

f (x )  = A exp ( - -ax~)+B exp (--bx 2) 

a n d  it  was  sugges ted  t h a t  a b e t t e r  fit  as far  as 0 ---- 90 ° 
for Mo K a  could  be o b t a i n e d  b y  an  express ion  

f (x )  = A exp ( - -ax2)+B exp (--bx2)+C . 

W e  have  ca l cu la t ed  va lues  of t he  p a r a m e t e r s  A , a , B , b  
a n d  C us ing  the  fol lowing modi f i ca t ions  to  the  m e t h o d  
of Vand ,  E i l a n d  & P e p i n s k y  (1957): 

(1) W e  have  chosen as our  rec iprocal -space  va r iab le  
s ---- sin 0/A r a t h e r  t h a n  x = sin 0; t he  va lues  of a a n d  b 
a re  t h e n  i n d e p e n d e n t  of t he  va lue  of ;t. 

(2) W e  have  re laxed  the  cond i t ion  t h a t  

A + B + C  = N 

w h e r e  N is t he  n u m b e r  Of e lec t rons  in t he  a t o m  or ion;  
t he  e n f o r c e m e n t  of th is  cond i t ion  is e q u i v a l e n t  to  g iv ing  
the  po in t  for s -- 0 a we igh t  equal  to  t he  s u m  of t h e  
we igh t s  of all the  o the r  po in ts  f i t ted ,  a n d  we feel t h a t  i ts  
r e l axa t ion  al lows an  i m p r o v e d  fit  over  t he  more  useful  
r ange  of s values .  

(3) Since mos t  of the  d a t a  used  in c rys t a l log raph ic  

w o r k  occur  a r o u n d  s -- 0.5, we have  appl ied  a w e i g h t i n g  
fac tor  of t he  fo rm exp ( - - ( s - -0 .5 )  2} to  the  leas t - squares  
f i t t ing  p rocedure  so t h a t  t he  ' m i d d l e '  of t he  curve  has  
t he  best  a g r e e m e n t  wi th  the  t a b u l a t e d  da ta .  

The  leas t - squares  f i t t ing  was  o e r f o r m e d  on E D S A C  I I  
us ing as an  ini t ial  a p p r o x i m a t i o n  the  va lues  g iven  b y  
Vand ,  E i l a n d  & P e p i n s k y  (1957) a f te r  su i table  conver -  
sion of t he  va lues  of a a n d  b; t he  resul ts  o b t a i n e d  are  
g iven  in Table  1 t o g e t h e r  w i th  the  va lue  of 
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T a b l e  1. Analytic constants for some previously published scattering factors 
A a B b C 

H McW 0.3882 7.151 0.6011 30.18 0.0076 0-3465 
H e  McW 0.9144 3.078 1.045 11-51 0.0370 0.1597 
Li  McW 1-731 2.652 1.072 110.3 0.1767 0.5553 
Be B 1.621 1.531 2-096 53-27 0.2631 0.2926 
B VO 1.574 1.210 2.936 54.04 0-4026 0.9660 
C B 1.455 1-462 3.775 22.49 0.7241 0.5178 
N B 1.459 2.001 4.471 17.02 1.023 0.4807 
O B 2.113 2.867 4.637 14.75 1.211 0.4048 
F B 3.258 3.484 4-360 15.44 1.344 0.3758 
F -  B 4.408 4.565 4.101 24.91 1.406 0.6035 
Ne B 4-032 3.189 4.538 12-52 1.397 0.2658 
N a  B 7-525 4.016 1.755 52.84 1.616 0.7921 
Mg VO 7.507 3.354 2.781 60.34 1.661 0.7257 
Mg 2+ B 4.497 2.022 4.093 6-126 1.402 0-0657 
A1 VO 7.675 2.834 3-411 67-03 1.772 0.8457 
Si VO 7.741 2.395 4.275 69.49 1.862 0.6517 
Si4+ B 5-138 1.459 3.442 3.982 1.420 0.0193 
P VO 7.680 1.946 5.334 50.51 1.874 0.4182 
S VO 7.603 1.637 6-354 39.98 1.924 0.3877 
C1 VO 7.511 1.328 7.487 31.76 1.881 0.3743 
C1- B 7.579 1.328 8.336 27.01 1.955 0.4024 
A B 7-430 1.087 8-616 19.31 1.884 0.2460 
K + B 7.330 0.8785 8.860 14.48 1.759 0.1779 
Ca B 7.325 1.807 8.301 19.59 3.787 1.318 
Cr VO 8-442 2.052 10.17 20.21 4.648 1.322 
Cr ~+ B 6.839 1.575 10-44 10.77 4.581 0-4178 
Fe  VO I 1.04 2.788 8.630 24.38 5.441 1.413 
Co VO 12.13 2- 890 8.308 23.44 5.671 1.341 
Ni VO ] 2.76 2.637 8.638 19.88 5.650 1.263 
Cu VO 12.87 2.288 9.932 13.92 5.583 0-7682 
Cu + B 12.85 2.401 9.215 10.13 5.853 0.2435 
Zn B 17.07 3.091 6.338 25.40 6.372 0.5615 
Ga B 18.27 3-031 5.919 31.45 6.533 0.5983 
Ge B 19.11 2.887 5.968 38.88 6.637 0.5903 
As B 19.31 2.616 6.864 35.61 6-642 0-4421 
R b  + B 19.51 1.759 9.886 21.53 6.527 0.1642 
Se J B  15.36 1.980 11.44 21.84 6.804 0.5638 
Br  J B  15.73 1.950 11-81 21.41 7.082 0-5660 
K r  J B  16.18 1.933 12.09 21.43 7.336 0-5741 
Sr J B  17.18 1.906 12.60 21.38 7.814 0.5688 
Y J B  17-63 1.878 12.89 20.92 8"066 0.5550 
Zr J B  18-18 1.861 13" 13 20-85 8.270 0.5356 
Nb  J B  18.52 1.879 13.39 20.38 8.676 0.5234 
Mo J B  18-97 1.854 13.65 19.89 8-903 0.5558 
Ma J B  19.33 1.842 14.00 19-72 9.172 0-5681 
R u  J B  19.66 1.797 14.43 19.00 9.359 0.6067 
R h  J B  20.15 1.824 14.54 19.24 9.771 0.5883 
P d  J B  20-72 1.818 14.66 19.11 10.05 0.6150 
Ag J B  21.23 1.857 14.67 19.20 10.50 0.6206 
Cd J B  21.67 1.793 15.13 19-01 10.57 0.6220 
In  J B  22.03 1.750 15.59 18.46 10.75 0-6094 
Sn J B  22.32 1.722 16.06 17.93 10" 98 0" 6011 
Sb J B  23.00 1.745 16.04 18.16 11.34 0.5715 
Te J B  23.38 1.710 16.43 17.69 11.56 0.5747 
I J B  23.98 1.699 16.61 17.93 I 1.77 0.5745 
Xe  J B  24.27 1.647 17.22 17.44 11.87 0-5353 
Cs J B  24.98 1.786 16.74 18.56 12.76 0.4619 
Ba  J B  25.47 1.742 17-15 18.16 12.86 0-4589 
La  J B  25.58 1.649 17.91 16.98 12.87 0.5372 
Ce J B  25.97 1.585 18.52 16.38 12-86 0.5462 
P r  J B  26.46 1.610 18.53 16-53 13.33 0.5387 
N d  J B  26.97 1.625 18.62 16.73 13.74 0.5173 
I1 J B  27.50 1.625 18-82 16.80 14.02 0.5170 
Sm J B  27.74 1.601 19.26 16-36 14.28 0.5413 
E u  J B  28.30 1.587 19.50 16.25 14-49 0.5385 
Gd J B  28.74 1.577 19.77 16.27 14.78 0.5400 
T b  J B  29.16 1.589 19.88 16-04 15-19 0.5814 
D y  J B  29.71 1.610 19.87 16.02 15.62 0.5725 
H o  J B  30.21 1.612 20.09 15.95 15.92 0.5535 
E r  J B  30-66 1.597 20-39 15.90 16.13 0.5679 
Tu  J B  31.13 1.555 20.83 15.70 16.23 0.5478 



414 S H O R T  C O M M U N I C A T I O N S  

T a b l e  1 (cont.) 

A a B b 
Yb J B  31.55 1.581 20.86 15.76 
L u  J B  32-12 1-582 21.01 16.03 
Hf  J B  32-44 1.604 21.15 16.12 
T J B  32.90 1.621 21-25 16.15 
W J B  33.26 1-590 21.69 15.86 
l~e J B  33-66 1.558 22.16 15.57 
Os J B  33.98 1.545 22.55 15.39 
I r  J B  34.45 1.523 22.85 15.12 
P t  J B  34.85 1-542 22.61 14.94 
Au J B  35.32 1.502 23.37 14.74 
Hg  J B  35.65 1.509 23.56 14.62 
T1 J B  36.83 2.150 19.37 18.86 
Pb J B  36.43 1.552 23.70 14.86 
Bi J B  37.03 1.538 23-91 14.72 
Po J B  37.37 1.510 24.31 14-30 
85 J B  37.56 1-498 24.76 14.]0 
E m  J B  38.25 1.487 24.88 13.90 
87 J B  38-55 1.485 25.21 13.77 
R a  J B  38.82 1.442 25-86 13.44 
Ae J B  39.36 1.426 26.14 13.24 
Th 5B 39.88 1.462 25.98 13.41 
Pa J B  40.21 1.451 26-38 13.31 
U J B  40.59 1-477 26.34 13.35 

C 
16.73 
17.04 
17.55 
18-01 
18.21 
18.33 
18.63 
18.79 
19.30 
19.35 
19-83 
24.11 
20.89 
21-07 
21.26 
21.61 
21.76 
22-11 
22-18 
22-31 
22-98 
23.27 
23.88 

Source of the atomic scat ter ing factor  used:  

B:  Berghuis et al. (1955). Mc~r:  McWeeny (1951). 
J B :  J a m e s  & Br indley  (1931). VO: Viervoll & Ogrim (1949). 

0.5866 
0-5681 
0.5792 
0-5677 
0.5756 
0.5715 
0.5625 
0.5798 
0-7066 
0.5729 
0-5817 
1.296 
0-5973 
0-6055 
0.6178 
0.6121 
0.6241 
0.6159 
0.6072 
0-6173 
0.5986 
0-5872 
0-5977 

i.e. the error as a percentage of the scattering factor at 
s=0. 

In preparing Table 1 the most recent published values 
of the atomic scattering factor have been used. Some new 
values for scattering factors are listed in Table 2, where 
the same values of sin 0/~t as those used by Berghuis et al. 

(1955) have been adopted: 

0.00, (0.05), o.4o, (0.I), 1.30A -I. 

T h e  i n t e g r a l s  
IrmaX'p2(r ) s in /~r  

- " d r  

"0 p r  

w h e r e  # r  = sin 4nry  a n d  p2 (r) is t i le  s p h e r i c a l l y  a v e r a g e d  
c h a r g e  d e n s i t y  for  each  g r o u p  of e l e c t ron  o rb i t a l s ,  
we re  c a l c u l a t e d  u s i n g  t h e  G a u s s i a n  12-poin t  f o r m u l a ,  
e a c h  i n t e r v a l  be ing  d i v i d e d  in to  a n m n b e r  of  s u b - i n t e r -  
va l s .  All  i n t e r p o l a t i o n s  were  ca r r i ed  ou t  b y  t h e  L a g r a n g i a n  

Ca2+ 

sin 0/]~ N S X  (1) 

0.00 18.00 
0.05 17-72 
0.10 16.93 
0.15 15.77 
0.20 14.41 
0.25 13.01 
0.30 11.71 
0-35 10.57 
0.40 9.62 
0.50 8-26 
0.60 7.39 
0.70 6.75 
0.80 6.22 
0.90 5.70 
1.00 5.10 
1.10 4.68 
1.20 4.18 
1.30 3.77 

T a b l e  2. A t o m i c  scat ter ing .factors 

N S :  Electron densities calculated for the normal  s ta te  
VS:  Elec t ron  densities calculated for the  valence s ta te  

X :  The electron dis t r ibut ion has been calculated with exchange 

Ala+ A10 Ti + Mn2+ Mn 0 

N S X  (2) N S X  (2) V S X  (3), (4) V S X  (3), (5) N S X  (5) 

10.00 13.00 21-00 23.00 25.00 
9.93 12-58 20.60 22.72 24.25 
9.74 11.54 19-52 21.91 22.57 
9.42 10.35 18.04 20.68 20.75 
9.01 9.32 16.39 19-19 19.01 
8.52 8.52 14-77 17-58 17.39 
7.97 7.87 13.27 15.97 15.80 
7.40 7-30 11-94 14.45 14.32 
6.81 6.76 10.80 13.07 1~.99 
5.68 5.71 9.08 10-81 10.79 
4.68 4-73 7.95 9-20 9-20 
3.85 3.90 7.21 8.10 8.09 
3.19 3.23 6.65 7.33 7-34 
2.69 2.72 6.16 6.77 6.77 
2.31 2.33 5.76 6.33 6.33 
2.04 2.04 5.28 5.92 5.93 
1.83 1.83 4.78 5.47 5-48 
1-68 1.68 4.38 5.13 5-13 

(1) Har t ree  & Har t r ee  (1938). 
(2) Froese (1957). 
(3) Har t ree  (1956). 
(4) Har t ree ,  pr iva te  communica t ion .  

(5) Har t ree  (1954). 
(6) Wood & P r a t t  (1957). 
(7) Rid ley  (1955). 

Fe o 

N S X  (6) 

26.00 
25.41 
23.95 
22.15 
20.36 
18.65 
17-05 
15-54 
14.15 
11-76 
9.95 
8-64 
7"72 
7.07 
6.57 
6"19 
5"77 
5-40 

Mo + 

VS (7) 

41.0 
40-1 
38-0 
35-2 
32.5 
30-0 
27-8 
25-9 
.04.2 
21.5 
19.3 
17-4 
15-7 
14.0 
12.6 
11-2 
10.1 

9.1 
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4-point  m e t h o d ,  wh ich  p roduces  a cubic  f i t t ing  cu rve  
(Har t r ee ,  1952). 

The  s ca t t e r i ng  fac to r s  for A13+, Ca 2+, Mn 2+ a n d  Mn ° 
agree  w i t h  those  g iven  by  F r e e m a n  (1958) to  w i th in  a 
few un i t s  in t he  last  f igure quo ted .  F r e e m a n ' s  d a t a  are  
given at intervals 

0-00, (0.1), 1"1 • - 1 .  

The  sca t t e r ing  fac to r  cu rve  for Ti + does no t  agree  so well,  
a n d  it is possible t h a t  F r e e m a n  (1958) has  used  the  (3d) 3 
w a v e  func t ions  for Ti + (Har t r ee ,  1956) w i t h  the  argon-  
core sca t t e r ing  f ac to r  for Mn;  we have  used  the  va lues  
for t he  Ti 2+ core to c o m p u t e  our  curves .  Our  ca lcu la t ions  
have  been  c h e c k e d  wi th  those  of Berghu i s  et al. (1955) 
for Na, Cu +, Rb + and Ca ° and the agreement is again 
good. 

As wave functions with exchange are now available 
for Ti +, Mn 2+ and Cu +, interpolations have been made to 
find the scattering factors for V ~+, Cr 2+, Co e+ and Ni ~-+. 
These results are listed in Table 3. The f-values for Fe ° 

Table  3. Interpolated atomic scattering .factors with 
allowance for  exchange 

sin 0/~t V 2+ Cr 2+ Co 2+ Ni 2+ 

0.00 21.00 22.00 25.00 26.00 
0.05 20.70 21-71 24.70 25.69 
0.10 19-85 20.86 23.84 24.82 
0-15 18.60 19.60 22.46 23-50 
0.20 17.10 18.10 21.00 21-92 
0.25 15.54 16.51 19.30 20.21 
0-30 14.03 14.95 17.60 18.49 
0.35 12.66 13.48 16.00 16-85 
0.40 11.46 12.21 14.52 15.32 
0.50 9-59 10.16 12.04 12.72 
0.60 8.33 8.74 10.19 10.74 
0-70 7.48 7.77 8.86 9.29 
0.80 6.87 7.10 7-92 8.25 
0.90 6.38 6.57 7.24 7.49 
1.00 5.95 6.17 6.74 6.92 
1.10 5-49 5.70 6.27 6-50 
1.20 5-05 5.26 5.86 6.05 
1.30 4.67 4.92 5-48 5.63 

g iven  in Table  2 were  no t  used  in t he  i n t e rpo la t ion  as 
t he  (3d) w a v e  func t ions  v a r y  cons ide rab ly  wi th  a change  
in t h e  s t a t e  of ionizat ion.  The  w a v e  func t ions  for i ron 
(Wood & P r a t t ,  1957) were  ca l cu la t ed  us ing  the  un-  
r e s t r i c t ed  H a r t r e e - F o c k  m e t h o d ,  a n d  inc lude  the  e f fec t  
of e x c h a n g e  po la r i za t ion  ar is ing f rom the  ne t  spin of the  
atom. This produces a more compact atom and the 

f - c u r v e  is d i sp laced  f r o m  its i n t e r p o l a t e d  va lue  t o w a r d s  
t he  curve  for cobal t .  I t  seems p robab le  t h a t  t he  in ter-  
po la t ed  va lues  for Co 2+ a n d  Ni 2+ m a y  be a l i t t le  low for  
the  same  reason,  t h o u g h  t h e  e x c h a n g e  po la r iza t ion  e f fec t  
would  be smal ler  t h a n  for iron. The  i n t e r p o l a t e d  va lues  
for V '+ do no t  agree  well wi th  those  of F r e e m a n  (1958), 
a n d  it is t h o u g h t  t h a t  th is  m a y  be for t he  same  reason  
as in t he  case of Ti +. 

The  c o n s t a n t s  of t he  a n a l y t i c  express ion  for these  new 
sca t t e r i ng  fac to rs  are  g iven  in Tab le  4. 
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Table  4. Analytic constants for the new scattering factors proposed in this paper 

A a B b C 
Ca 2+ 7.062 0.8174 8.893 11.63 2.017 0.1318 
A13+ 5.151 1.806 3.402 5.078 1.442 0.0402 
A1 ° 7.622 2.492 3.697 39.84 1.655 0.2445 
Ti+ 6.523 1.288 10.50 11.88 3.808 0.4898 
Mn 2+ 6.742 1.447 11.53 8.418 4.659 0.2397 
Mn 0 12-40 3.343 6.625 24.07 5.653 0.9000 
Fe ° 13.68 3.227 6.297 22.52 5.829 0.6564 
Mo + 19.93 1.442 13.09 18-78 7.668 0.4600 
V 2+ 6-335 1-166 10-71 9.761 3.885 0.2649 
Cr 2+ 6.502 1-331 11.08 9-203 4.340 0-2679 
Co 2+ 8.822 2.077 10.56 9.206 5.565 1.555 
Ni ~+ 10.35 2.173 9.919 9.328 5.679 0.8194 


