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The localization of the molecules in the uni t  cell after 
their  or ientat ion has been approximately  established is 
one of the main  difficulties involved in the application 
of the Fourier- t ransform method  in the prel iminary 
stages of a structure determinat ion.  If the Fourier trans- 
form T~I(S) of each molecule at 

S = h a * + k b * + l c *  (1) 

is supposed to be known to a certain degree of accuracy, 
the  problem reduces to determine the RM vectors ap- 
pearing in the structure ampl i tude  expressed as 

/~(S) ~- ~ TM(S ) exp (2~iS .RM} , (2) 
M 

where 
TM(S) = ~ f n . e x p  {2uiS.rn} (3) 

n 

RM ---- X M a +  Y M b + Z M C  (4) 

are vectors from the origin of the unit  cell to a reference 
point  in the  M t h  molecule, and 

rn = x n a + y n b + z n C  (5) 

are vectors from the reference points in the molecule to 
the  n th  atom. 

In  the  special case when all the  molecules have the  
same orientat ion ei ther in space or in projection, (2) may  
be wr i t ten  as 

F(S)  = T ( S ) . A ( S ) ,  (6) 
where 

A(S)  = ~ exp {2~iS.Rm}.  (7) 
M 

The R M vectors may  then  be obtained (Booth, 1948) as 
those quant i t ies  which satisfy relation (6). On the basis 
of relat ion (6), Taylor (1954) has developed a me thod  for 
determining the R 's  which may  also be applied to cases 
where the  molecules have not  necessarily the same 
orientation.  However,  Taylor 's  method,  though interest- 

ing, has several l imitat ions in its practical application,  
the most  restrictive one being due to the  inaccuracy wi th  
which the  quant i t ies  A(S) may  be obtained. 

A modificat ion of the  Booth-Taylor  method ,  ap- 
plicable to centrosymmetr ic  molecules, has been suggested 
by Liquori & Ripamont i  (1956) which overcomes the  
above difficulty. However,  the solutions are not  always 
unique, especially when the number  of independen t  
molecules is larger than  two. A similar me thod  has been 
more recently proposed by Taylor (1957). 

I t  is obvious tha t  in view of the  poor accuracy of the  
A(S) values, the efficiency of a me thod  of de termining 
the RM vectors should increase wi th  increasing the  
number  of A(S)  which can be used. The automat ic  
averaging which would result should in par t  reduce both  
the number  of false solutions and the inaccuracy of the  
true solutions. The above consideration suggests t ha t  a 
suitable modif ied Pat terson function would lend itself 
to this purpose. In  fact, it  is a common observation tha t  
the  Pat terson projection of a structure containing groups 
of atoms arranged in centre-symmetr ic  regular assemblies 
in the  uni t  cell does contain max ima  corresponding to 
vectors between centers of such assemblies (Patterson, 
1949). However,  it is usually difficult to recognize these 
maxima when the uni t  cell contains a large number  of 
atoms. 

I t  may  be shown tha t  it is possible to enhance the  
max ima  corresponding to intermolecular  vectors wi th  
respect to those corresponding to interatomic vectors by  
a suitable modificat ion of the vector functions. 

An idealized structure will be considered here consisting 
of identical a toms and located at the centers of the  
molecules. If the  Fourier  t ransform of the  molecule is 
calculated tak ing  its center as origin, the electron-densi ty 
distr ibution of the idealized structure is: 

1 
@(R) = V ~  s G(S) exp {2~ iS .R} ,  (8) 

where 
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G(S) -- f .~ ,M exp  (2ziS . R ~ } .  (9) 

The vector function P (q )  for this idealized structure 

P (q )  ---- V f Q (R).q ( R + q ) d R  (10) 

becomes 

1 12 {2~iS.q} (11) p ( q )  = ~  G(S) .exp 
V s  

This modif ied Pat te rson  function will give the vector  
dis t r ibut ion corresponding to the structure which has 
been considered and, therefore, will contain J / ( M - - 1 )  
max ima  relating to the  M molecular centers. 

Since the  practical u t i l i ty  of such a modif ied Pat terson 
funct ion is l imited to projections, it is easy to see tha t  
for centrosyimnetr ic  molecules it may be applied both  
to p2 and pgg plane groups. For  plane groups p2 the 
coefficients of (11) are 

G2(h, lc) = f2(Fe(h,  lc)/Te(h, k)) , (12) 

and  for plane groups pgg: 

G~(h, It) = f~(F2(h, k,)/[2Tl(h, /c)-t-2T~(h, ]c)]2). (13) 

2Tl(h ,  lc) and 2T~(h,/c) being the Fourier  t ransform 
(sampled at reciprocal-lattice points h,/c) of the  pairs of 
molecules wi th  different orientations. 

The most  p rominent  max ima  of a Pa t te rson  project ion 
having as coefficients the  observed intensit ies normalized 
wi th  respect to the  square of the Fourier  t ransform of the  
molecules sampled at  reciprocal-lattice points should 
therefore be related to the positions of the  molecular  
centers. 

The application of the above me thod  to the  hOl projec- 
t ion of the  structure of t r iphenyl- t r iazine ,  space groups 
P21/c, Z = 4 (Giglio & Ripamont i ,  1958) is i l lustrated 
below. 

The chemical formula of this compound is 

I 
I 

The molecule consists of a toms arranged in four coplanar 
or nearly coplanar rings with approximate ly  hexagonal  
symmetry .  Taking therefore the  hexagonal  ring as a uni t ,  
the  whole structure was considered to consist of 16 a toms 
located at  the  centers of the rings. The orientat ion of the  
hexagonal  rings was easily deduced by inspection of the  
hO1 weighted reciprocal-lattice section, and the  Fourier  
t ransform of a benzene ring wi th  this or ientat ion was 
sampled at  reciprocal-lattice points (h0/); see Fig. 1. 
The observed structure ampl i tudes  were divided by 
T(hOl)'s and the  squares of these quant i t ies  were used 
as coefficients of a Fourier  series. A plot of the  funct ion 
is shown in Fig. 2, where it may  be observed tha t  the  
max ima  occur at the  expected positions wi th  a saris- 

factory accuracy. In  Fig. 3, the  Pa t te rson  funct ion cad 
culated using the  F~(hO1) as coefficients is shown for 
comparison. As expected,  the  inter-r ing peaks, which are 

C ~ 

- p  

Fig. 1. hOl weighted equatorial section with the Fourier 
transform of a benzene ring. 

o - - l h  

Fig .  2. Modified Patterson projection on 010 with inter-ring 
vectors superimposed. 

not  easily recognizable in Fig. 3, become the only peaks 
of Fig. 2. 

The satisfactory results obtained in this single case 
suggest tha t  the  use of this modif ied Pat terson funct ion 
might  be of help in the  application of the  Fourier- 
t ransform me thod  to molecules wi th  part ial ly known 
structure. For instance, let us suppose tha t  a molecule 
is known to contain a cent rosymmetr ie  group such as a 
benzene ring which contains a large fraction of the  atoms. 
I t  would then  be possible to recognize from the weighted 
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Fig. 3. Pa t t e r son  project ion on 010. 

r ec ip roca l - l a t t i ce  sec t ion  t h e  o r i e n t a t i o n  of i t s  t r a n s f o r m .  
N o r m a l i z a t i o n  of t h e  o b s e r v e d  in t ens i t i e s  w i t h  r e spec t  to  

t h e  s q u a r e  of t h e  F o u r i e r  t r a n s f o r m  of s u c h  a g r o u p  m i g h t  
a l low i t s  a p p r o x i m a t e  l o c a t i o n  in t h e  u n i t  cell b y  m e a n s  
of  t h e  m o d i f i e d  P a t t e r s o n  f u n c t i o n .  

I t  m a y  be  p o i n t e d  o u t  t h a t  i t  is a n  i m p o r t a n t  a d v a n t a g e  
of t h e  a b o v e  m e t h o d  t h a t  a k n o w l e d g e  of t h e  a b s o l u t e  
scale  is n o t  r e q u i r e d ,  a l t h o u g h ,  i n c i d e n t a l l y  t h e  p o s s i b i l i t y  
of p u t t i n g  t h e  .F(S) ' s  on  a b s o l u t e  scale  is c l ea r ly  i m p l i e d  
in  t h i s  m e t h o d .  

I t  is also poss ib le  to  use  a n  a r t i f ic ia l  t e m p e r a t u r e  f a c t o r  
w h i c h  wil l  r e d u c e  b o t h  t h e  ef fec ts  of series t e r m i n a t i o n  
a n d  of e r ro rs  in  t h e  coef f ic ien ts  w i t h o u t  a n  a p p r e c i a b l e  
loss of de t a i l  s ince  t h e  i n t e r m o l e c u l a r  v e c t o r s  a re  l a rge  
a n d  t h e i r  n u m b e r  is sma l l .  

W e  are  i n d e b t e d  to  P ro f .  A. L.  P a t t e r s o n  for  ca re fu l  
r e a d i n g  of t h e  m a n u s c r i p t  a n d  he lp fu l  c r i t i c i sm.  
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I n t e g r a t i o n  of t n e  s e l f cons i s t en t  w a v e  f ie ld of w o l f r a m ,  
c o m p u t e d  on  t h e  M . I . T .  a n a l o g  c o m p u t e r  in  1936 

T a b l e  1. Atomic scattering factors for wolfram 

Selfconsistent field wi thou t  exchange 
(Z ---- 74, 14 shells) 

cm. 10 -8 
sin 0/A 0.00 0.02 0.04 0.06 0.08 

0.0 74.00 73.77 73.04 71.92 70.59 
0.1 69.07 67.56 66-04 64.52 63.05 
0.2 61.58 60.14 58.72 57.33 55.95 
0.3 54-59 53.27 51.97 50.71 49.47 
0.4 48.27 47.12 45.99 44.91 43.86 
0.5 42.83 41.83 40.89 39.93 39.05 
0.6 38.12 37.28 36.43 35.62 34.83 
0.7 34.06 33.30 32-56 31.87 31.14 
0.8 30.46 29.82 29.19 28.56 27.95 
0.9 27.36 26-79 26.24 25.69 25.18 
1.0 24.68 24.20 23.73 23.32 22.87 
1.1 22.45 22.05 21.70 21.32 20.98 
1.2 20.62 20.30 20.00 19.69 19.41 
1.3 19.15 18.88 18.63 18.38 18.14 
1.4 17.91 17.70 17.49 17.28 17.09 
1.5 16-91 16.71 16.57 16.40 16.22 
1.6 16-07 15.93 15.78 15.63 15.48 
1.7 15.36 15.23 15.09 14.98 14.84 
1.8 14.73 . . . .  

July 1958) 

( M a n n i n g  & M i l l m a n ,  1936), ha s  n o w  b e e n  ca r r i ed  o u t  
b y  a gene ra l  w a v e  f ie ld  i n t e g r a t i o n  r o u t i n e  p r o g r a m m e d  
for  a fas t  n e w  fer r i t e  core  s to r age  c o m p u t e r ,  t h e  B u r r o u g h s  
t y p e  220. T h e  a l g o r i t h m s  u t i l i z ed  are  t h e  s a m e  as  se t  
o u t  in  a p r e v i o u s  p a p e r  d e s c r i b i n g  t h e  c o m p u t a t i o n  of  
a t o m i c  f o r m  f ac to r s  for  t h e  m o n o v a ] e n t  m o l y b d e n u m  
ion  on  t h e  B u r r o u g h s  t y p e  205 m a c h i n e  ( E i c h h o r n ,  1957). 
T h e  s a m e  f ine m e s h  in a = s in  0/A was  a p p l i e d .  T h e  
r e su l t s  a re  s h o w n  in Tab l e  1. 

T h e  p r e s e n t  c u r v e  (ELF_,) w a s  c o m p a r e d  to  t h e  sca t -  
t e r i n g  c u r v e  of  w o l f r a m  l i s ted  in  t h e  o r ig ina l  e d i t i o n  of 
t h e  I n t e r n a t i o n a l e  Tabe l l en ,  p a r t  I I  (TF) a n d  d e r i v e d  
f r o m  a T h o m a s - F e r m i  m o d e l .  T h e  c o m p a r i s o n  w a s  t h e n  

e x t e n d e d  to  t h e  s c a t t e r i n g  v a l u e s  o b t a i n e d  for  w o l f r a m  
b y  a p p l i c a t i o n  of t h e  s a m e  m o d e l  t a k i n g  in to  a c c o u n t  
sp in  e n e r g y  e x c h a n g e  (TFD), w h i c h  h a v e  b e e n  l i s t ed  
r e c e n t l y  ( T h o m a s  & U m e d a ,  1957). 

T h e  TF c u r v e  is lower  t h a n  t h e  ELm c u r v e  w i t h  a 
m a x i m u m  d i s c r e p a n c y  of a l m o s t  6% u p  to  a - - - -0 .85 ;  
t h e  t w o  c u r v e s  t h e n  i n t e r s e c t  a n d  t h e  T-F c u r v e  is t h e n  
a b o v e  t h e  ELm curve ,  w i t h  a m a x i m u m  d i f f e r ence  of  
a p p r o x i m a t e l y  4 %. T h a t  is to  say  t h a t  t h e  ELm c u r v e  
a p p e a r s  t o  be  a ' s h a r p e n e d '  ve r s i on  of  t h e  TF c u r v e .  
T h e  TFD c u r v e  ha s  t h e  s a m e  q u a l i t a t i v e  d e v i a t i o n s  f r o m  
t h e  n e w  s c a t t e r i n g  cu rve ,  b u t  t h e  p e r c e n t w i s e  d i sc rep-  
anc ies  a re  m u c h  less, a n d  in s o m e  p o i n t s  p r o b a b l y  n o t  


