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I t  has been pointed out  by  Booth (1947a, b) t h a t  the 
desirable features of a n y  sys temat ic  form of crystal- 
s t ructure  determinat ion are as follows: 

(a) I f  the  s t ructure  of a molecule is known, i t  should be 
possible to proceed from arb i t ra ry  co-ordinates specifying 
the position and  or ientat ion of the molecule in the uni t  
cell to co-ordinates which are correct for each atom, 
wi thin  the l imits imposed by  considering the molecule as 
a rigid un i t  of known structure.  

(b) Hav ing  done this  i t  should be possible to determine 
more accurately  individual  atomic positions. 

Booth has claimed t h a t  a solution to these problems is 
to be found in the method  of ' s teepest  descents ', which is 
in essence a method  for sys temat ica l ly  minimizing either 

RI=ZIIF°I--~k~ IFoI,,  (1) 

or R~= ~ IF 2 -F~) ~', (2) 0 , . , -  

hkl  

where Fo is an observed s t ructure  ampl i tude and  F¢ t h a t  
calculated for an  assumed structure.  Of the  two pro- 
blems, t h a t  of determining the approximate  position of 
the molecule is by  far the more difficult, so t h a t  the  dis- 
covery of a method  by  which this  could be done, using 
only X- r ay  data,  would represent  a considerable advance.  
The following simple considerations show, however, t ha t  
Booth 's  method  does not  provide a direct solution of 
problem (a). 

The Pa t te r son  funct ion (Patterson,  1935) of a s t ructure  
is given by  

Po = ~ F2o cos 2~ (hx + Icy + lz), 
hk l  

while t h a t  of a n y  postula ted s t ructure  which might  form 
a s tar t ing-point  for the ' s teepest  descents '  technique is 

Pc -- ~ F~ cos 2~(hx ÷ ky + lz). 
hk l  

Hence i t  follows t h a t  

f (F o F~) _ R~, (3) 

where f denotes an  in tegrat ion over the unit-cell volume. 
J F 

I t  follows tha t  the  'd i rect ion of steepest  descent '  is the  
direction which minimizes most  rap id ly  the integral  (3). 

Consider now a single a tom specified by  one co-ordinate,  
together  wi th  a second related to the  first th rough the 
operation of a centre of s y m m e t r y  a t  the  origin, and  assume 

t h a t  the  electron densi ty  in this  a tom falls to zero wi th in  
a distance r of its centre, which we m a y  suppose fixed 
a t  the  point  Xo. The corresponding Pa t te r son  dis t r ibut ion 
is then  centred a t  the point  2x, and  falls to zero in a 
distance 2r. I t  will be seen t h a t  if  one assumes for the 
a tom of the postula ted s t ructure  a co-ordinate outside 
the range x o _+ 2r the functions Po and Pc nowhere overlap, 
except  for the peaks a t  the  origin whose coincidence 
corresponds to the fact  t h a t  /~c(0) is correct for all 
postula ted structures.  R~ is therefore cons tant  for values 
of x outside this range and  there is thus  no possibil i ty of 
systematically finding the t rue co-ordinate, unless we 
choose to call t r ial  and error a sys temat ic  method.  Simple 
sys tems involving not  more than  three variables can be 
t rea ted  similarly,  and i t  is found t h a t  over pa r t  of the 
range there m a y  be no direction of steepest  descent, while 
s tar t ing  from other  points  one could be led to the correct 
value for one variable while t h a t  of the two others 
remained unknown,  or to the correct difference between 
two variables while all three remained indefinite, etc. In  
dealing wi th  a molecule consisting of several atoms,  each 
specified by  three co-ordinates, i t  is not  possible to 
visualize R~ as i t  is then  a function in mult idimensional  
space, bu t  by  th ink ing  in terms of the vector space of the 
Pa t te rson  function, and  remembering t h a t  steepest  de- 
scents takes one in the direction which minimizes most  

rap id ly  I" (Po-Pa) 9 dV, one can see t h a t  unless one began 

wi th  co-ordinates correct to wi th in  a distance about  equal 
to an atomic diameter  the correct result  could not  be 
obtained. I t  is interest ing to note t h a t  by  giving the 
molecule the correct or ientat ion in the uni t  cell, bu t  quite 
the wrong position, one a l ready obtains a low value of R9 
because the intramolecular ,  a l though not  the  inter- 
molecular vectors, of the true and postula ted s t ructures  
coincide. 

In  conclusion i t  m a y  be said t h a t  there is l i t t le 
difference in principle between sys temat ica l ly  minimizing 
R~ and  sys temat ica l ly  account ing for each peak of the 
Pa t te r son  function in terms of the crystal  s t ructure.  I t  
would appear  t h a t  if  the  s t ructure  is too complex for its 
Pa t te r son  diagram to be in terpreted t h e '  s teepest  descents ' 
technique cannot  be expected to yield a solution. 
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