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To m a k e  m o r e  c o n v e n i e n t  t h e  inclusion of X - r a y  dis- 
pe rs ion  ef fec ts  in i n t e n s i t y  ca lcu la t ions  we h a v e  t a b u l a t e d  
va lues  for  t h e  rea l  a n d  i m a g i n a r y  cor rec t ions  for t h e  
s c a t t e r i n g  fac to r s  for  m e d i u m  a n d  h e a v y  a t o m s  for  Cr, 
Cu a n d  Me Kc~ r a d i a t i o n .  T h e  s ca t t e r i ng  f ac to r  f is a 
c o m p l e x  n u m b e r :  

f ---- fo+,df' +iA: ' ,  

w h e r e  f0 is t h e  w e l l - k n o w n  f u n c t i o n  of sin 0/4 (Interna- 
tional Tables, 1935). T h e  cor rec t ions  ~If' a n d  ~If" are  
n e a r l y  i n d e p e n d e n t  of 0 because  t h e  t i g h t l y  b o u n d  elec- 
t rons  respons ib le  for  t h e s e  ef fec ts  are  c o n c e n t r a t e d  in a 
smal l  v o l u m e  n e a r  t h e  a t o m i c  nucleus .  

T h e  va lues  l i s ted  in  Tab le  1 were  ca l cu la t ed  b y  t h e  

Tab l e  1. Dispersion corrections 
Cr K0¢ X-rays  Cu K s  X-rays Me K s  X-rays 

Atomic . . . .  
number  ~If'" --A f; "Af'" --~If'' "A.f" --Aft" 

20 Ca 2.7 0.2 1.4 --0.2 0.2 --0.2 
21 Se 3.2 0-7 1.6 --0.2 0.3 --0.2 
22 Ti 3.8 1.7 1.9 --0.2 0.4 --0"3 
23 V 0.6 4-4* 2.3 --0.2 0.5 --0.3 
24 Cr 0.7 2.2 2.6 0.1 0.6 --0-4 
25 Mn 0.8 1.8 3.0 0.5 0.8 --0.4 
26 Fe 0.9 1-6 3-4 1.1 1.0 --0-4 
27 Co 1.0 1-4 3.9 2.2 1.1 --0-4 
28 Ni 1.2 1-2 0.6 3.1" 1.2 --0.4 
29 Cu 1.3 1.1 0.7 2.1 1.4 --0.4 
30 Zn 1-5 1-0 0-8 1-7 1-6 --0-3 
31 Ga 1.7 0-9 0.9 1.5 1.7 --0.2 
32 Ge 1-9 0-8 1.1 1.3 1.9 --0.2 
33 As 2.2 0-7 1.2 1.2 2.2 --0.1 
34 So 2.4 0-7 1.3 1.0 2.4 0-1 
35 Br 2.7 0.6 1.5 0.9 2.6 0"3 
36 Kr  3.0 0-6 1.7 0.9 2.9 0.6 
37 Rb 3.4 0-6 1.9 0.8 3-2 0.9 
38 Sr 3.8 0-6 2.1 0.7 3.6 1.4 
39 Y 4.2 0"6 2.3 0.7 3.9 2-3 
40 Zr 4.6 0.7 2.5 0.6 0.8 2-8 
41 Nb 5.1 0-8 2.8 0.6 0.9 2-1 
42 Me 5.6 0-9 3.0 0.5 0.9 1.7 
43 Tc 6-2 1-0 3.3 0.5 1.0 1.4 
44 Ru  6.7 1-2 3.6 0.5 1.1 1.2 
45 Rh  7.3 1-3 4.0 0.5 1.2 1-1 
46 Pd  7.9 1-6 4.3 0.5 1.3 1.0 
47 Ag 8.6 1.9 4.7 0.5 1.4 0.9 
48 Cd 9.2 2.2 5.0 0.6 1.6 0.8 
49 In 10 2-7 5-4 0.6 1.7 0-7 
50 Sn 11 3.2 5.8 0.7 1.9 0-6 
51 Sb 12 4-0 6.3 0.8 2.0 0.6 
52 Te 12 5-0 6.7 0"9 2.2 0.5 
53 I 14 7-2* 7.2 1.1 2.4 0.5 
54 Xe 11 t 7.8 1.4 2.5 0.4 
55 Cs 12 12" 8.3 1-7 2.7 0.4 
56 Ba 8 11" 8.9 2.1 2.9 0.4 
57 La 3 14" 9.6 2.5 3.1 0-3 
58 Co 3 10 10 3.0 3-3 0"3 
59 Pr  4 9 11 3.5 3.6 0-3 
60 Nd 4 8 12 4.3 3.8 0.3 
61 P m  4 7 12 5.2 4.0 0-3 
62 Sm 5 7 13 6.7 4.2 0.3 
63 Eu  5 6 11 t 4.5 0-3 

Tab l e  1 (cont.) 
Cr Kc~ X-rays Cu K s  X-rays Me K s  X-rays 

Atomic ^ . r ^ ^ 
number  5 f "  - - / I f '  / I f"  - - / I f "  : / if" - - / I /  

64 Gd 5 6 12 12" 4.7 0.3 
65 Tb 6 6 8 11" 5"0 0.4 
66 Dy  6 6 8 10 5.2 0.4 
67 I-Io 7 6 4 13" 5.5 0.4 
68 Er  7 5 4 9* 5-8 0.5 
69 Tm 8 5 4 8 6.2 0-5 
70 Yb 9 5 4 8 6.4 0.6 
71 Lu 8 5 5 7 6.8 0.7 
72 Hf  9 5 5 7 7.1 0-8 
73 Ta l0 5 5 6 7-4 0.9 
74 W 11 5 6 6 7-8 1.1 
75 Re 11 5 6 6 8.1 1.3 
76 Os 12 5 6 6 8.5 1.5 
77 I r  13 5 7 5 8-9 1"8 
78 P t  13 5 7 5 9"3 2.0 
79 Au 14 6 8 5 9"8 2.4 
80 Hg 15 6 8 5 10 2-8 
81 T1 16 6 8 5 11 3-4 
82 Pb 16 7 9 5 11 4.0 
83 Bi 17 7 9 5 12 4.8 
84 Pc  18 8 10 5 12 5"6 
85 At 20 9 10 5 10 t 
86 Rn  20 9 11 5 l0 8* 
87 Fr  21 10 11 5 7 8* 
88 Ra 23 11 12 5 7 7 
89 Ae 24 13 12 5 8 7 
90 Th 25 15 13 5 8 7 
91 Pa  26 17" 14 5 8 7 
92 U 19 19" 15 5 8 8* 
93 Np ~f ¢ 15 5 5 
94 Pu  ~ ~ 16 5 5 
95 Am t ¢ 17 6 5 ¢ 
96 Cm ~f ~f 18 6 5 ¢ 

* These values are especially uncertain because of proximity 
to absorption edges. 

t Not ,calculated. 

m e t h o d s  of P a r r a t t  & H e m p s t e a d  (1954) for  t h e  con t r ibu -  
t ions  of t h e  K ,  L a n d  M elec t rons .  T h e  a b s o r p t i o n  edges  
were  o b t a i n e d  f r o m  t h e  tab les  of Cauchois  & H u l u b e i  
(1947) or b y  Mose ley  i n t e rpo l a t i on  or e x t r a p o l a t i o n .  T h e  
osci l la tor  s t r e n g t h s  were  e s t i m a t e d  b y  f i t t i ng  s m o o t h  
curves  to  t h e  ava i lab le  d a t a  p l o t t e d  as a f u n c t i o n  of 
a t o m i c  n u m b e r .  W e  inc luded  in t he  p lots  all t h e  d a t a  
s u m m a r i z e d  b y  C o m p t o n  & Allison (1935) as well  as those  
of E i sen loh r  & Miiller (1954). T h e  u n c e r t a i n t y  in these  
va lues  is t he  m o s t  obvious  source  of e r ro r  in our  resul ts .  
The  e x p o n e n t s  p h a v e  been  chosen  acco rd ing  to  t h e  
e x a m p l e  g iven  for  t u n g s t e n  b y  P a r r a t t  & H e m p s t e a d  
(1954). D a m p i n g  effects  h a v e  been  neg lec ted .  

This  r e sea r ch  was  s u p p o r t e d  b y  the  U.S.  A t o m i c  
E n e r g y  Commiss ion .  
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Much at tent ion is now devoted toward obtaining more 
accurate diffraction data and more precise structures of 
crystals. I t  seems appropriate to call at tent ion to effects, 
which have frequently been neglected, caused by the 
t ight  bonding of the inner electrons in medium and 
heavy elements. 

The atomic scattering factor f is a complex function: 

f -----fo+Af'q-in/", (1) 

where f0 is a real function of sin 0/2 which has been 
tabulated for many atoms (International Tables, 1935). 
The real and imaginary dispersion corrections /if' and 
Af" are nearly independent of 0 but are functions of 2. 
Recent independent calculations by Eisenlohr & Miiller 
(1954) and Parra t t  & Hempstead (1954) have shown tha t  
for the wavelengths used in diffraction these corrections 
are not  negligible for most elements because of con- 
tributions from K, L, and in some cases, M electrons. 
The effects are not  limited to regions 'very near'  to ab- 
sorption edges, although tha t  is where they are greatest. 
A table o f / i f '  a n d / i f "  for Cr, Cu and Me Kc~ radiation 
has been prepared by  ])auben & Templeton (1955). 

For centrosymmetrie crystals the structure factor is 

F = EQ (re+A/') cos 2:~(hx+ky+lz) 
+iE, Q/if" cos 2~(hx+ky-blz) (2) 

= F,q-iF~; (3) 

Q is a temperature factor. The magnitude of E, which is 
to be compared with the experimental value, is 

IFI = V(~+F~). (4) 

When the corrections are neglected, the large structure 
factors are brought more or less into agreement with the 
observed ones by adjustment of the normalization factor 
and by use of incorrect temperature factors. Then the 
small structure factors are of two kinds. If the contribu- 
tion of each kind of atom separately is small, the agree- 
ment  is good. If the contributions of two kinds of atoms 
are large and of opposite sign, substantial errors result. 
For the real correction the errors may be positive or 
negative. For the imaginary correction the error always 
tends to make the correct amplitude larger than  the one 
in w h i c h / i f "  is omitted. The use of individual incorrect 
temperature factors can diminish the discrepancy caused 

August 1955) 

by neglect of Af', but  it cannot absorb the effect of Af". 
The observed structure factors are not  the correct 

coefficients for the electron-density function. The correct 
coefficients can be approximated, for example, by 

t t 

Fo = F~[FoL + IF~I, (5) 

where Fg is a structure factor calculated for the trial 
structure with fo in place of f. 

Fortunately, for centric crystals most of the reflections 
are not much affected by these corrections. Atomic posi- 
tions derived from all the data probably are not  in great 
error, but the electron-density function and the tempera- 
ture factors may have systematic errors. The criterion of 
large opposite contributions from two kinds of atoms is 
the signal tha t  care must be taken. 

For noncentrosymmetric crystals equation (2) has four 
_ _ _  

terms, and F(hkl) and F(hkl) have different magnitudes 
and nonconjugate phases. Some examples have been 
discussed by  Bijvoet, Peerdeman & van Bommel (1951) 
and by Bijvoet (1952). Equation (5) can be used in this 
case also, with E '  a complex number. Because of ex- 
perimental errors, the magnitudes of Fo(hkl) and Po(hkl) 
may be different, and the average value should be taken 
for each. 

I thank Prof. G. H~gg for helpful discussions. This 
research was supported by a John Simon Guggenheim 
Memorial Fellowship and by the U.S. Atomic Energy 
Commission. 
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