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Is  has  been  p roposed  b y  B h u i y a  & S t an l ey  (1964) t h a t  I f  we  p u t  
t h e  pos i t ion  of a molecu le  whose  o r i e n t a t i o n  is k n o w n  
can  be d e t e r m i n e d  b y  ca lcu la t ing  t h e  va lue  of t h e  r e s idua l  
as t h e  molecu le  is m o v e d  s y s t e m a t i c a l l y  over  t h e  u n i t  
cell. I n  us ing  th is  m e t h o d  it  has  been  obse rved  t h a t  t h e  
m i n i m u m  va lue  of t h e  res idua l ,  w h i c h  shou ld  ind ica t e  
t h e  cor rec t  pos i t ion  of t h e  molecu le ,  is v e r y  sha rp  indeed ,  
espec ia l ly  if t h e  m o d e l  is n e a r l y  correc t .  I t  is t h u s  neces-  
s a ry  to  p e r f o r m  t h e  ca l cu la t ion  a t  in t e rva l s  f ine e n o u g h  
to  m a k e  sure t h a t  t h e  m i n i m u m  is n o t  over looked .  A t  t h e  
s ame  t i m e  t h e  ca l cu la t ion  shou ld  be  k e p t  as shor t  as  
possible.  

Suppose  t h e  m o d e l  is cor rec t .  T h e n  w h e n  t h e  molecu le  
is co r rec t ly  loca ted  t h e  s t r u c t u r e  fac tors  wil l  be  g iven  b y  

F = Z f J  cos 2~r j .  s 

for a c e n t r o s y m m e t r i c  s t r uc tu r e .  W h e n  t h e  molecu le  is 
m o v e d ,  as a whole  in, say,  t h e  x d i rec t ion  b y  a smal l  
d i s t ance  Arx t h e  s t r u c t u r e  fac tors  wil l  be g iven  b y  

F '  = fl_,'fj cos 2~(r~ + A r x ) . s  
i 

a n d  t h e  d i f ference  b e t w e e n  t h e  co r r e spond ing  s t r u c t u r e  
f ac to r  va lues  wil l  be  

Arx\ ~ F = ~ - F  =22"fj  sin 2~ r~ + - V ) . s  sin =Arx.S. 
? 

A s s u m i n g  t h a t  t h e  n u m b e r  of F va lues  w h i c h  change  sign 
as a resu l t  of t he  m o v e m e n t  is smal l  t h e n  

IFI -IF'I ~ lAX[ ~-- 2 . f j  sin 2zl r I +--~--).  s s in :tArx. s 

a n d  t h e  res idua l  (R), 

IFI I . S f j  cos 2zr¢.  sl 
J 

T h e  first  t e r m  in t h e  n u m e r a t o r  a n d  t h e  d e n o m i n a t o r  has  
t h e  same  m e a n  va lue  ]/(2X/z) w h e r e  .2~ = ~ f ~  (Wilson,  
1949). J 

.'. R = 2  sin n A r x . S .  

T h e  va lue  of R wil l  d e p e n d  on w h e t h e r  one-,  two- ,  or t h ree -  
d i m e n s i o n a l  d a t a  a re  be ing  cons idered .  

(a) One dimension. The  ave rage  v a l u e  of 2 s i n z A r z . S  
is r e q u i r e d  a long  a line in rec ip roca l  space of l e n g t h  Smax 
para l le l  to  t h e  d i s p l a c e m e n t  in rea l  space.  

2 I srnax 
.'. R~ = - -  sin ~ A r x . s . d s  

8max ~0 
2 

- (1 - cos r~Arx. Smx) 
xcArzsmax 

then 
~ArxSmax = z 

R1 = _ 2 (1 - -cos z) 
z 

(b) Two dimensions. T h e  ave rage  va lue  of 2 s i n n A r x . s  
is r e q u i r e d  over  t h e  a rea  of a circle of r ad ius  8max. 

2 
~/2 48~ax Sin (~ArxSmax cos 0) Sill 20dO . 

R 2 -  gS~max ~0 

This  in t eg ra l  can  be  w r i t t e n  in t e r m s  of t h e  S t r u v e  
func t ions  Hi(z) (Watson ,  1922): 

R2 = 8 V(:t)F(1-5) HI(zAr  x 8max) ---- 4 H i ( z ) .  
~'l :rgArx8max 

(c) Three dimensions. T h e  a v e r a g e  va lue  of 2 sin uArx. s 
is r e q u i r e d  over  t h e  v o l u m e  of a sphere  of r ad ius  8max. 

2 
la/22:ff~8$max Sin ( g A r x S m a x  COS 0) sin 30dO.  R3 = ,~sL~-----: *0 

This  in t eg ra l  can  also be  expressed  in t e r m s  of t h e  S t r u v e  
f u n c t i o n  Ha/2(z). 

= 3V(g)F(2)3/2 H a / 2 ( ~ A r x S m a x )  3[ / (2z)  
. ' ,A~ 3 CTgA r2Sma X ) =~H./9(z) 

T h e  numer ica l  values of  R 

One dimension: 
2 

R1 = z(1 -eosz) . 

P r o v i d e d  Z is smal l ,  

) -- "t- . . . . .  = Z  Z 

Two dimensions: 

R 2 = 4 H I ( z )  

'~" - - -  - t-  . . . . .  
z:n~ 

8 

= 0.85 z 

Three dimensions: S t r u v e  func t ions  of odd  ha l f  i n t eg ra l  
o rder  can  be w r i t t e n  in  t e r m s  of m o r e  c o m m o n  func t ions  

A C 17 - -  40 
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H3/~ - \-~ / 

• " = ~ l ~ ]  l ~ ~:~/ sin~+ 

These values are so nearly the  same tha t  it is reasonable to 
say 

R ~ z = ~ZJrxSmax • 

Since only low order reflexions would normal ly  be used 
a value of 8maf~0"5 would be reasonable;  and  since, in a 
cent rosymmetr ic  structure the  value of R for a randomly  
wrong structure is 0.828 (Wilson, 1949) it would be 
reasonable to take  ~ of this value as the  m a x i m u m  
change to the  to lera ted within the  interval  of calculation. 

i.e. R = 0•20 = ~Arxsmax 
0"2 

A r x -  
7~8max 

__~ 0"07/Sma~ 

If 8max is t aken  as 0.5 then  Arx~0-13/~ .  

This means  tha t  an 8 i cell edge should bedivided into 
60ths which is a much  finer interval  t han  migh t  a t  first be 
expected at  this stage of the  crystal s t ructure  determia-  
tion. 
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(Received 11 October 1963) 

Naphtho[b]cyclobutene: (I) (Cava & Shirley, 1960) 

Colourles~ plates wi th  (100) developed;  twinning on 
(100) is common. 

AS- 
I 

Cx~Hxo; M = 1 5 4 . 2 ;  m.p.  84.5-86 °C. Monoclinic, 

a = 18.04 _ 0.02, b = 5-91 + 0.01, 
c=8 -13+0 .01  l ;  fl=92 °0'_+6'. 

U =866-3 l a. Dm=l'19,  Z = 4 ,  Dx = 1"18 g.cm -a. 

F(000) = 328. Absent  spectra:  hid when h +/c is odd, hOl 
when l is odd. Space group Cc (C2/c being excluded since 
it requires the  twofold symmet ry  axis of the  molecule 
(of length ~ 6 l )  to be parallel to b). 

Benzocyclobutadienoquinone: (II) (Cava & Napier, 1957) 

Yellow prisms bounded  by {100), wi th  {110} also 
developed. 

I I  

CeH4(C0)~; M = 1 3 2 . 1 ;  m.p. 132.5 °C. Orthorhombic, 

a -- 10.72 -+ 0.01, b =7-94 _ 0.01, 
c=7.15-+0.01 /~. U=608 .6  13. 

Dm= 1"45, Z = 4, Dx = 1"44 g.cm -3. F (000)=  272. 

Absent  spectra:  hO1 when  h is odd, 0kl when l is odd. 
Space group is Pca2 x or Pcam. 

cis-l,2.Benzocyclobutenediol dinitrate: (III) (Cava & Na- 
pier, 1957) 

Colourless prisms elongated along a, with  (010) and 
(001) developed. 

0:02 

I I I  

C6H4 (CHONO 2) 2; M = 226.1 ; m.p. I 10 °C. Monoclinic, 

a=7 .41  + 0.01, b =15-71 +0.02, 
c=8-14_+0.01 A; f l=98  02 '+5 ' .  

U = 938.3 A a. Dm= 1"57, Z = 4, Dx = 1"60 g.cm -3. 

F(000) =464. Absent  spectra:  hO1 when h + l  is odd, 0/c0 
when k is odd. Space group is P2x/n. 

No further work on these compounds is planned. The 
authors  are indebted  to Dr M. P. Cava for the  crystaI 
samples, and  to the  Nat ional  Research Council of Canada 
for financial support  and  for the  award of a s tudentsh ip  
(to T.C.W.M.). 
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