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f r a g m e n t s  were isola ted,  were p repa red  b y  Dr  C . J .  
Raub .  One of t he  two c rys t a l  spheres  was g round  b y  
Miss H.  A. P le t t inge r .  The  l eas t - square  r e f i n e m e n t  was 
car r ied  out  on the  I B M  704 compu te r  of the  Argonne  
N a t i o n a l  L a b o r a t o r y .  The  work  was  in  p a r t  suppor t ed  
b y  the  A d v a n c e d  R e s e a r c h  P ro jec t s  Agency.  

The  i n v e s t i g a t i o n  r epor t ed  in th i s  pape r  was begun  
du r ing  a v is i t  to  the  U n i v e r s i t y  of Cal i fornia  a t  San  
Diego. The  wr i t e r  t h a n k s  Prof.  B. T. M a t t h i a s  a n d  

o ther  L a  Jo l l a  f r iends  for  va luab le  d iscuss ions  in  a 
hosp i t ab le  mil ieu.  
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The paper  of the above ti t le (Kruse, 1963) contains an for these unobserved values, thus  making  the da ta  table 
error in Table 4 -  Final observed and calculated structure compatible wi th  the space group, Cmcm. 
factors for K I .  Hg(CN)2. 

The Fo values for reflections 001, 003, 005, and 009 R e f e r e n c e  
should be marked  with  a minus sign denot ing 'less than '  KRUSE, F. H.  (1963). Acta Cryst. 10, 105. 
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The purpose of this note  is to reemphasize and to amplify  
the remarks made  by  Templeton (1955) concerning the 
importance of the correction of X- ray  da ta  for anomalous 
dispersion effects in the ref inement  of crystal  structures.  
We are not  concerned here with  the impor tan t  uses of 
such da ta  in the init ial  approach to the solution of the 
phase problem. 

First ,  let us assume tha t  there is only one element in 
the crystal  which shows appreciable dispersive effects. 
This element m a y  be located in one or more sets of 
general  or special positions and is assumed to have  
s t ructure  factor components  Aa=f~Ha and Ba=fcKe 
where fe is the non-dispersive par t  of the scat ter ing 
factor for the dispersive a tom at  rest  and the geometrical 
components  Ha and Ka are assumed to contain isotropic 
or anisotropic tempera ture  factors appropriate  for the 
thermal  mot ion of the atoms of the dispersive element 
in the crystal.  The s t ructure  factor components  for the 
non-dispersive par t  of the crystal  are t aken  as A~ and Bn. 
We define F+ as the s t ructure  factor for the plane hkl 
for which An, Bn, Aa, Ba are calculated. Then  F _  is 

_ _ _  

t h a t  for the plane hkl the inverse of the first. The struc- 
ture factors for these two planes m a y  then  be wri t ten  
in the well known form (cf. James,  1948) 

F± =An +iaBn+ (Ha +iaKa)(fa +Af~ +iAf~'), (1) 

in which ~ = + 1 corresponds to F+, ~ = - 1  corresponds 
to F_,  and Af~ and Aft' are the real and imaginary  
components  of the dispersive effect for the given atom. 
The result  (1) m a y  then  be rewri t ten in the forms 

F+ =An +iaBn + (An +iaBa) (1 +51 +i~s) 
= (A + dlAa - a52Ba) + ia(B + ~iBa + a52Aa), (2) 

where A and B are the non-dispersive s t ructure  factor  
components  for the whole structure,  and  

dl =~f'd/fa; (2a) 

~ =Af~'/fa. (2b) 
We now calculate 

IF+ 12 = A  s + B  s + (d~ + ~)(A2a +B~) + 2~I(AAa +BBa) 

-2(~&(ABa-BAa) (3) 

and define the quant i t ies  S and D as 

S =½{]F+} 2 + IF-I 2} =A ~ + 9  s + 261(AAa + BBa) 

+(~  +d~)(A2d+B~) (4a) 
and 

D =½{IF+l s - IF_l  s} = - 252(ABa - B A n ) .  (4b) 

One could of course make  use of formula (3) to calculate 
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the structure factors for [F+] and ]F_] separately bu t  
i t  seems simpler to use (4a) to obtain an 'experimental '  
value of IFI0 ~ by applying a correction for the dispersion 
of the  observed values of S, i.e. to S0=½{[F+102 + [F_[02}. 
I n  making  this correction we use the calculated factors 
at  the given stage of the refinement,  and we have 

[Fie ~ = S  O - 2~(AAa  +BBa) - (d~. + d~)(A~ +B~) .  (5) 

Thus it is nei ther  [F+lo nor [P-J0 nor S0½ but  the  
quantity IFlo defined by (5) which must  be alloted a 
phase by  an ordinary structure factor calculation and 
used as a coefficient in Fourier  series calculation of the 
t rue electron densi ty in the crystal. 

If  this same value IF[0 is used in constructing the 
difference vector  ir~ least-squares analysis, the  normal  
equat ion mat r ix  will be in exactly the same form as for 
a non-dispersive crystal. In  the earlier stages of the 
ref inement  it is probable tha t  So½ will be an adequate  
approximat ion to IF[0 but  in the later stages when the 
essential features of the structure are precisely defined 
it will be necessary to calculate a new set of values [F[0 
between each stage of ref inement  of the positional, 
thermal,  and scale parameters.  

In  making  the correction (5) the tabula ted values 
(Dauben & Templeton,  1955; Templeton,  1962) of 
Af~ and Aft' can be used. I t  is suggested however  tha t  
parameters  corresponding to dl and ~2 may  be introduced 
into the least-squares t r ea tmen t  of structures for which 
accurate intensi ty  measurements  have been made,  as 
for instance in a full matr ix  correlating dl and d~ wi th  
the  scale factor and an overall t empera ture  factor. 
I n  this way, exper imental  values for the dispersion 
constants may  be obtained (cf. Parthasarathy,  1962). 
Fur ther  details of such procedures mus t  await  exper- 
imental  test. 

I n  the case of a centrosymmetr ic  crystal (5) reduces to 

]F[~ = S  o - 2d~AAg - (d~ + d~)A~ . (6) 

For  rock salt wi th  Cu Kc~ radiat ion the correction in 
(6) reaches 18% for the  plane (311) for the  'all odd'  
reflections and 10% (640) for the 'all even'  reflections; 
with  Me K a  the  corresponding figures are 7% (331) and  

4% (880) respectively. The larger par t  of these corrections 
comes from A f" but  the  correction due to A f "  is no t  
negligible. 

In  the case of several dispersive atoms the above 
argument  is readily generalized (Bijvoet,  1962). If  
At, Br, dlr, d2r are the  structure factor components  and 
dispersion constants of the r th  dispersive element,  and 
other nota t ion  is unchanged,  the expression (3) becomes 

1F+] ~ = A ~ + B ~ + 2 ,~, dlr(AA r + BBr) - 2a ~Y ~r(ABr - BAr) 
r T 

+ .~  .~  (dlrdls + d2r~2s)(ArAs + BrBs) 

- -  O ' ~  ~ ((~1rd28 - -  (~lS(~2r) (ArBs -AsBr) • (7 )  
T~ 8 

From this result, expressions for S, D, and the correction 
for S O can easily be wri t ten down. 

While we wish to emphasize strongly the importance 
of the corrections for dispersive effects in both Fourier  
and least-squares analyses we hold no particular brief 
for the methods  which we have suggested for carrying 
out these corrections, since there are m a n y  other ways 
of doing this. 

Thanks are due to eighteen colleagues, who were good 
enough to comment  on a first draft  of this note,  for the 
clarifications which they  suggested; but  particularly I 
wish to thank  Drs J e n n y  P. Glusker, Dick van der He lm 
and Carroll K. Johnson  for assistance in calculations and 
for discussions which helped in the original formulation. 
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I t  is well known tha t  extmp01ution for non.cubic cell 
dimensions inherent ly  requires tha t  weight  be allocated 
to individual  hkl reflexions in accordance with the par- 
ticular parameter  being determined.  Thi~ is usually 
practised to some extent  in graphical extrapolat ion but  
not  in the more sophisticated 'least-squares' techniques 
developed by Cohen (1935), Hess (1951) and others. 
Hess has made  provision in the 'least-squares normal  
equations '  to include a weighting term W, which is the 
product  of two factors, W(O) and W(s). These respec- 
t ively take into account the influence of Bragg angle 0 

and the  accuracy of the  linear film distances s upon the  
ul t imate  precision of cell dimensions. 

Wi th  the  advent  of high-speed computers the  objection 
to lengthy computat ions associated witch the analytical 
procedures no longer arises. I t  is therefore little ex t ra  
trouble to incorporate a third weight  factor W(hkl) 
into W, which facilitates h, k, 1 weighting. In  establishing 
such a factor it is desirable tha t  certain boundary  
conditions be satisfied. For  instance, consider the follow- 
ing expression for hexagonal  cells, the terms retaining 
their  conventional  meaning:  


