
S H O R T  C O M M U N I C A T I O N S  703 

¼ 

O 

O ......... 

........... @ 
[:::'::::: \ \ \  7 ~ .  .... %" 

. .  \~, ......''"' 

©4 
I 

- , G :  . . . .  9' ', 9' 
\ \  r 

Z /__ \ / 

I 8' 
I 

x O "°'' .... :i ......... : O ° "  
7~ ,~ ¼ "".. ".. 

5'" 

Fig. 1. Zigzag chain of water  molecules and iodine a toms 
in (-f-)-demethanolaconinone hydroiodide t r ihydra te  (Przy- 
bylska, 1961), viewed along the a direction ( + a  into paper), 
origin of figure at  1/4b, 1/4c. Labelling of a toms as in 
Tables 1 and 2. Large circles, iodine atoms; small single 
circles, hydroxyls;  small double circles, water  molecules. 
Dashed lines show hydrogen  bonds among oxygens; do t t ed  
lines show hydrogen bonds to iodine. 

situated at a distance of 5 A f rom the nitrogen atom of the 
alkaloid, it seems unlikely that the hydrogen of H I  is attached 
to nitrogen. I t  follows that one of the oxygen atoms associated 
with iodine may be an acceptor of the hydroiodide proton. 
S i n c e / C 9 - O 6 " " O 1 0  is 112 °, it is possible that hydroxyl 
(06)  is donating a proton to 010 and accepting the proton of 
H I .  F o l l o w i n g  th i s  r eason ing ,  w a t e r  (09)  p r e s u m a b l y  
a c c e p t s  a p r o t o n  f r o m  h y d r o x y l  ( O 8 ' ) ( / C 1 2 - O 8 ' - O 9 =  
116°), a n d  d o n a t e s  one  to  t h e  iod ine .  W a t e r  (O10) 
d o n a t e s  one  p r o t o n  to  t h e  iodine .  T h e r e  r e m a i n  four  
w a t e r  p r o t o n s ,  one  on  0 9 ,  one  on  O10, a n d  t w o  on O l l ,  
to  be  a s s igned  a m o n g  t h e  r e m a i n i n g  t h r e e  h y d r o g e n  b o n d s  
a r o u n d  t h e  w a t e r  molecu les .  F u r t h e r  r e f i n e m e n t  of t h e  
s t r u c t u r e  m i g h t  c lar i fy  t h e  p r o t o n  a s s i g n m e n t  in th i s  
i n t e r e s t i n g  h y d r o g e n - b o n d  s cheme .  

S imi la r  z igzag cha ins  i n v o l v i n g  w a t e r  m o l e c u l e s  a n d  

T a b l e  2. Bond angles around water molecules 
and iodine atom 

~rater  molecules Iodine a tom 

A t o m s t  Angle+ + A t o m s t  Angle+ + 

I " - O 9 - O l l  100 ° O 5 ' " - I " - O 6 ' "  52 ° 
I " - O 9 - O  11' 141 O7 ' - I " -O9  59 
I " - O 9 - O 8 '  105 O7 ' - I " -O10  66 
I " - O  10-O6"" 100 O9- I " -O10  67 
I " - O 1 0 - O  11 101 O 9 - I " - O 6 ' "  103 
O8"-O9-O 11 101 O7 ' - I " -O6""  128 
O 8'-O 9-O 11" 87 O i 0 - I " - O 5 ' "  133 
O11-O9-O11'  114 O 7 ' - I " - O 5 ' "  140 
O11-O10-O6" '  124 O9-I" -O5""  153 
O9-O 10-O9' 134 O 10- I" -O 6"" 157 
O 9 - O l l - O 1 0  89 
O9- -Ol l -O10  134 

+ Atoms located as described in the  footnote of Table l ;  
see also Fig. 1. 

++ All da ta  taken from Przybylska  (1961) for calculations 
of bond angles using S ILLIAC program V-19 by Dr F. M. 
Lovell, Univers i ty  of Sydney.  Errors es t imated by present  
au thor  : I - O - O  +_ 6°; O-O-O ± 10 °. 

h a l o g e n  a t o m s  h a v e  been  f o u n d  in o t h e r  h a l o g e n o  a lka lo id  
h y d r a t e s ,  e.g. code ine  h y d r o b r o m i d e  d i h y d r a t e  ( L i n d s e y  
a n d  Barnes ,  1955; K a r t h a ,  A h m e d  a n d  Barnes ,  1962), a n d  
s t r y c h n i n e  h y d r o g e n  b r o m i d e  d i h y d r a t e  ( R o b e r t s o n  a n d  
Beevers ,  1951). S u c h  cha ins  m a y  p r o v e  to  be  a f r e q u e n t  
f e a t u r e  in s t r u c t u r e s  c o n t a i n i n g  large  o rgan ic  m o l e c u l e s  
a m o n g  w h i c h  h a l o g e n  a t o m s  a n d  severa l  e rys ta l lo-  
g r a p h i c a l l y  d i s t i n c t  w a t e r  m o l e c u l e s  m u s t  be  f i t t ed .  

I a m  i n d e b t e d  to  t h e  U.S .  E d u c a t i o n a l  F o u n d a t i o n  in 
A u s t r a l i a  for  a F u l b r i g h t  r e sea rch  g r a n t  d u r i n g  t h e  p e r i o d  
of th i s  s t u d y ,  to  Dr .  H .  C. F r e e m a n ,  U n i v e r s i t y  of S y d n e y ,  
for m a k i n g  ava i l ab le  t h e  fac i l i t ies  of t h e  School  of 
C h e m i s t r y ,  to  Dr .  J .  G. Sime,  U n i v e r s i t y  of S y d n e y ,  for  
d i scuss ion  of th i s  no t e ,  a n d  to  Dr .  Mar ia  P r z y b y l s k a ,  
N a t i o n a l  R e s e a r c h  Counci l ,  O t t a w a ,  C a n a d a ,  for  v a l u a b l e  
c o m m e n t s  a n d  p e r m i s s i o n  to  use  s o m e  of t h e m  in th is  
n o t e .  
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S r i n i v a s a n  (1961 )has  s h o w n  t h a t ,  in n o n - c e n t r o s y m m e t r i c  r e l a t e d  to  i t  b y  i nve r s ion  t h r o u g h  th i s  cen t re .  H e  ha s  
s t r u c t u r e s  c o n t a i n i n g  a p a r t i a l  c e n t r e  of s y m m e t r y ,  d e m o n s t r a t e d  t h a t  t h e  d i a g o n a l  a p p r o x i m a t i o n  to  t h e  
' i nve r se  ove r l ap '  can  occur  b e t w e e n  one  a t o m  a n d  a n o t h e r  l ea s t - squa re s  m a t r i x  will  n o t  be  va l i d  w h e n  inve r se  
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overlap occurs, since the terms corresponding to interac- 
t ions between the overlapping atoms are of significant 
magni tude.  

Inverse  overlap occurs much more f requent ly  than  is 
often realized. I t  exists, for example, when a molecule 
containing one heavy  a tom crystallizes in one of the 
non-centrosymmetr ic  space groups which have a centre- 
symmetr ic  projection and an a rb i t ra ry  posit ional para- 
meter  perpendicular  to this projection (e.g. P2,  P21, C2). 
Hav ing  encountered the problem in several s t ructure  
analyses (e.g. Duffield, Jefferies, Maslen & Rae, 1963), 
we have  examined various ref inement  techniques to see 
which is the most  suitable for this type  of problem. All 
have been found to be unsat isfactory.  

1. Ful l -matr ix  least.squares 

Inverse overlap is an example of the effect, discussed 
by  Geller (1961), of strong interact ion between the terms 
of the least-squares matr ix .  

The term corresponding to the interact ion between 
the x coordinates of the i th  and j t h  atoms is a~l, where 

~lFc] ~[Fcl 
a~j = ~  (1) 

hkZ ~x~ ~xj 

This can be expressed (Srinivasan 1961) in the form 

aij -- ~ -~-  h~f~fj Ices (0g - 0j) - c o s  (0i + 0j - 2 a ) ]  . (2) 
hkl 

The diagonal term, ag~, is given by  

a~ = 2" ~ h~f~[1 - cos 2(0~ - a ) ]  . (3) 
hkl 

The conditions for inverse overlap between the i th  and 
j t h  atoms are 

0~ + 0j-_~ 0, 2~_~ 0 .  (4) 

Applying these to equations (2) and (3), and assuming 
the i th  and j t h  atoms to be of the same type(f t  =fj),  then 

2~ 2 
a i j ~  - . ~ ,  - ~  h2f~(1 - c o s  20i) _~ -a i~ (5) 

hkl 

and, where the ruth is any  other atom, 

2~ 2 
a~m ~ - . ~  - - j  h2 f i f  ~[cos ( 0~ - Ore) 

hkl 
--cos(0~ + Ore)] ~-- --a~m • (6) 

Thus there is an  appro.ximate linear dependence 
between the i t h  and j t h  rows of the least-squares matr ix ,  
which is therefore ill-conditioned. The shifts calculated 
for the i t h  and j t h  atoms will be unreliable, and the 
standard deviations on these positions will be large. 
Reliable parameters  can be obtained for the atoms not  
subject  to inverse overlap, a l though i t  m a y  first be 
necessary to combine the i th  and j t h  rows of the least- 
squares matr ix .  

2. Diagonal least-squares 

If  inverse overlap is the only significant interaction,  
a ~  ~ a~_~ 0, and the full least-squares equations for the 
i t h  and j t h  shifts tend to 

at~(Axi - A x j )  =Di  (7) 
where 

~lFcl 
D~ = • ([Fo] - IFc l )  (8) 

hkl ~x t  

The apparent  shift  yielded by the diagonal least-squares 
approximat ion is Axe, where 

Ax~ = D~/ai~ . (9) 

Comparison of (7) and (9) leads immedia te ly  to the 
result  

Ax~ = Ax~ - Ax~ (10) 

Tha t  is, the shift  deduced from the diagonal approxima- 
t ion is equal to the difference between the real atomic 
shift  and the real shift  corresponding to the a tom at  the  
inverse position. The shifts calculated for the atoms not  
affected by inverse overlap will be correct, assuming t h a t  
all other interact ion terms are small.  

3. Fourier methods 

The shif t  formulae corresponding to the Fourier  and 
difference Fourier  ref inement  techniques are essentially 
the same as those given by  the least-squares method  
(Lipson and Cochran, 1953). I t  is clear, therefore, t ha t  
equat ion (10) will hold for these methods  also. The 
observed slope in the difference synthesis,  for example, 
a t  the position of an atom subject  to inverse overlap will 
be equal to the difference between the slopes correspond- 
ing to the real shift  in the a tom and the real shift  in its 
inverse. 

I t  is clear tha t ,  for s tructures affected by inverse overlap, 
accurate ref inement  of the parameters  of the overlapping 
atoms is not  possible using any  of these methods,  a l though 
reliable parameters  m a y  be obtained for those atoms 
which do not  overlap inversely. The ful l-matrix least- 
squares approach has the advantage  t ha t  the  presence 
of inverse overlap can be deduced immedia te ly  from the 
size of the s tandard  deviations, or by  examining the  
correlation mat r ix  (Geller, 1961). This may,  however, be 
outweighed, a t  least in the earlier rounds of refinement,  
by  the computat ional  difficulties involved in the full- 
mat r ix  solution, par t icular ly  as the other  methods  refine 
reliably those atomic positions not  affected by  inverse 
overlap. 

As indicated by  Srinivasan (1961), the inverse overlap 
is ma themat ica l ly  very  similar to direct overlap in 
projection analysis.  In  fact, results identical  wi th  the  
above, apar t  from some changes in sign, hold for direct  
overlap. 
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