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In  a recent publication with the above title, Dornberger- 
Schiff (1956) has made  reference to my  investigation of 
the  structure of disordered boric acid crystals by electron 
diffraction methods  (Cowley, 1953). The suggestion tha t  
the me thod  used to deduce the distr ibution-function 
projection, describing the  distr ibution of origins of in- 
dividual boric acid layers, is not  justifiable indicates 
tha t  some clarification of this point  is desirable. 

The electron diffraction pat terns  obtained from very 
small boric acid crystals, formed by evaporat ion of a 
solution of boric acid in water, had very nearly hexagonal  
symmetry ,  and intensities not  very different from those 
to be expected from a single layer of the  boric acid struc- 
ture. I t  was concluded tha t  the boric acid layer stacking 
was almost completely disordered. For purposes of struc- 
ture analysis, a distr ibution function, D(x, y, z), was in- 
t roduced such tha t  

V(x, y, z) = V°(x, y, z)*D(x, y, z) , (1) 

where V(x, y, z) represents the potent ial  distr ibution in 
the  whole crystal, V°(x, y, z) is the potential  distr ibution 
in one layer, and the symbol * denotes a convolution 
(or 'fold') operation. 

Taking the  Fourier  transform of the project ion of the  
functions in (1) gives 

Eh~o = C h k 0 . E ~ ,  (2) 

Ehlc0 are the  structure factors corre- where Ehko and 0 
spending to the  whole crystal and the  individual layers, 
respectively, and Chk0 are the coefficients representing the 
values of the  Fourier t ransform of the project ion of 
D(x, y, z) at the reciprocal-lattice points. 

As Dornberger-Schiff (1956) points out, the Chko 
(her Ghk0) are, in general, complex, and will not  neces- 
sarily be real for any choice of the origin of D(x, y, z). 
I t  is therefore not  practicable to use equat ion (2) in its 
general form in the  process of ref inement  of the  structure 
de terminat ion  of the  individual  layers. For this purpose 
we consider, instead, the  equivalent  equat ions for the  
quanti t ies  derivable from the intensi ty  data,  namely  

Ehko.E~ko---- (Chko.C~ko) (E°hko. o, . Ehko ) (3) 
and  

P(X,  Y) = Q(X, Y)*P°(X, Y ) ,  (4) 

where P(X,  Y) and P°(X, Y) are the  Pat terson projec- 
t ions for the  whole crystal and the single layer, and 
Q(X, Y) is tha t  for the  distr ibution function. Q(X, Y) 
or, more generally, Q (X, Y, Z) contains all the  informa- 
t ion which is normal ly  required about  the  stacking se- 
quence. I t  gives the  magni tude  and direction of the dis- 
p lacement  vectors between layer origin positions and the  
relative frequencies wi th  which they  occur. 

We can then  write 

Q (X, Y, Z) ~- ~.' Dn (X, Y, Z ) ,  
i r / = l  

where Dn(X, Y, Z) is the distr ibution function referred 
to the origin of the n th  layer of atoms. Hence Q(X, Y, Z) 
can be considered as the average dis t r ibut ion funct ion 
giving the average ar rangement  of origins of neighbouring 
layers referred to the  origin of any one layer. 

The quanti t ies  (Chko.C~¢o) are real and positive. The 
Fourier  coefficients, C~k0, given by 

r * 
C~k0 = IChk0[ = I(Chk0.Chk0)½1 

then  define a function D'(x, y), not  very different from 
Q(X, Y), having max ima  in the same positions but  of 
somewhat  different relative magnitudes.  The relation 
between the two functions is, in fact, similar to t ha t  of the 
modif ied Pat terson function (Cowley, 1956a) obtained 
with quanti t ies  approximat ing to Fhkz as coefficients, and 
a normal  Pat terson function. 

Since Ch~0 can be replaced by  C~,k0 in equat ion (3), 
equat ions (1) and  (2) m a y  be wri t ten  wi th  D'(x, y, z) 
and C~k0 replacing D(x, y, z) and Chko respectively. In 
the  structure analysis of disordered boric acid this is, in 
effect, wha t  was done, a l though at tha t  t ime the  author  
wrongly supposed tha t  it was necessary to assume tha t  
C~kD was always positive. The analysis therefore gave the 
true layer structure, V°(x, y), and the  modified distribu- 
tion function, D'(x, y). In  D'(x, y) the directions and 
magni tudes  of the  stacking vectors are correctly repre- 
sented, and, because in this case the  amoun t  of order 
was small, the  peak heights are a good indication of the  
relative frequency of occurrence of the stacking vectors. 
The suggestion of Dornberger-Schiff tha t  the stacking 
vectors deduced may  be in error is therefore not  justified. 

I t  was demonstra ted,  in the  course of the  structure 
analysis of basic lead carbonate (Cowley, 1956b), tha t  it 
is possible to deduce the layer structure, V°(x, y), and 
the distr ibution funct ion Pat terson,  Q(X, Y), wi thout  
reference to the  modif ied distr ibution function, D'(x, y). 
This procedure will, in general, be preferable, since 
Q.(X, Y) is more readily in terpreted than  D'(x, y). The 
use of D'(x, y) may  be convenient ,  however,  where the 
layer structure is well known except for minor details, 
as was the  case wi th  boric acid. 

In  the  above, the two-dimensional  projected functions 
have been used for the  sake of clarity in the  discussion 
of the  disordered boric acid structure.  The extension to 
the  more general three-dimensional  case, with  values of 
the index 1 not  necessarily integral, is obvious. For X-ray 
diffraction work, of course, V(x, y, z) and Ehkz are re- 
placed by ~ (x, y, z) and _Fhkl. 
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