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Tab l e  2. Observed and calculated interplanar spacings and 
intensities for Cu2La - Cr K~ radiation 

hIc.l do'~ dc lo* Ic 
00.1 n.o 3-807 - -  0-5 
10-0 3.742 3.764 vw 1-93 
10-1 2.670 2.677 vs 30.73 
11.0 2.169 2-173 s 15.15 
00.2 1.905 1.904 w-m 3.28 
11-1 n.o 1-887 - -  0.75 
20.0 n.o 1-882 - -  0.20 
10-2 n.o 1.699 - -  0.29 
20-1 1.6863 1.6871 m 7.06 
11-2 1.4339 1.4319 S 10.72 
21.0 n.o 1.4226 - -  0-20 
20.2 n.o 1-3384 --- 0.20 
00.3 n.o 1.2691 - -  0-06 
21-1 1.3326 1.3326 s 11.36 
30-0 1.2546 1-2546 m 6.75 
10-3:~ 1.2044 1.2026 ms 8.99 
30-1 n.o 1.1916 - -  0-58 

* s = s t r o n g  r e = m e d i u m  w = w e a k  v----very. 
t n.o----not observed. 
$ d values for a 1 and a~ averaged. 

p l a n a r  spac ings  are  s h o w n  in Tab l e  2. I n  t h e  ca l cu l a t ions  
of in tens i t i e s ,  t h e  T h o m a s  a n d  U m e d a  (1957) a t o m i c  
s c a t t e r i n g  f ac to r s  co r r ec t ed  for d i spe r s ion  ( D a u b e n  & 
T e m p l e t o n ,  1955) were  used .  Cor rec t ions  for  a b s o r p t i o n  
were  n o t  m a d e .  T h e  g o o d  a g r r e m e n t  b e t w e e n  o b s e r v e d  
a n d  c a l c u l a t e d  i n t e r p l a n a r  spac ings  a n d  in tens i t i e s  sup-  
p o r t s  t h e  co r rec tness  of t h e  p r o p o s e d  s t r u c t u r e .  

L a r s o n  a n d  C r o m e r  h a v e  d i scussed  t h e  close r e l a t i o n s h i p  

b e t w e e n  t h e  AIBo t y p e  a n d  o r t h o r h o m b i c  s t r u c t u r e  of 
CeCu2. T h e  fact. t h a t  LaCu~ has  t h e  A1B~ s t rue t .ure  
c o r r o b o r a t e s  th i s  close r e l a t i onsh ip .  A t t e m p t s  were  m a d e  
to  c o n v e r t  LaCu2 to  t h e  o r t h o r h o m b i c  f o r m  a n d  c o n v e r t  
YCu2 to  t he  h e x a g o n a l  A1B., s t r u c t u r e  even  t h o u g h  t h e  
ava i l ab le  p h a s e  d i a g r a m  i n f o r m a t i o n  i n d i c a t e d  no  p h a s e  
changes .  LaCu.,  was  q u e n c h e d  in ice w a t e r  f r o m  740 °C 
(me l t i ng  point.  834 °C) w h i c h  Y C u  2 was  a n n e a l e d  a t  
400 °C for  70 hour s .  These  c o m p o u n d s  d id  n o t  c h a n g e  
s t r u c t u r e  a f t e r  t he se  t r e a t m e n t s .  H o w e v e r ,  we  do  n o t  
be l ieve  t he se  e x p e r i m e n t s  n e g a t e  t h e  poss ib i l i ty  of t h e  
ex i s t ence  of phase s  w i t h  t h e  A1B~ s t r u c t u r e  t y p e  in t h e  
X C u  2 c o m p o u n d s .  

T h e  a u t h o r s  wish  to  express  t he i r  a p p r e c i a t i o n  to J .  H .  
W e r n i c k  for  he lp fu l  d iscuss ions ,  D. Dors i  for  p r e p a r a t i o n  
of t h e  c o m p o u n d s  a n d  to  Mrs V. B.  C o m p t o n  for  ca l l ing  
the i r  a t t e n t i o n  to  t h e  w o r k  of L a r s o n  a n d  C r o m e r  a n d  for  
he lp  w i t h  t he  I B M  i n t e n s i t y  p r o g r a m .  
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In the course of a survey of organic hydrate structures 
(Clark, 1963), the crystal structure for (+)-demethanol- Atomst 
a c o n i n o n e  h y d r o i o d i d e ,  C19H17N. C2H~(OH)4. O. (OCH3) 3. X Y 
H I .  3H20 ,  de sc r ibed  b y  P r z y b y l s k a  (1961), was  e x a m i n e d  09  I "  
w i t h  r e s p e c t  t o  t h e  w a t e r  mo lecu l e s .  T h e  t h r e e  w a t e r  O10 I "  
m o lecu l e s  (09 ,  O 1 0 a n d  O l l )  a n d  t h e  iod ine  a t o m  (I")  I 05 '  
f o r m  a s u b - s t r u c t u r e  (Fig.  1) t h a t  is d i scussed  br ief ly  in I 06 '  
t h e  p r e s e n t  n o t e .  I O7 

T h e  s u b - s t r u c t u r e  v i e w e d  a long  t h e  a d i r e c t i o n  has  a 09  08 '  
t r a p e z o i d a l  shape .  T r a p e z o i d s  r e l a t e d  b y  t h e  21 axis  O10 06  
para l le l  to  c a re  l i n k e d  to  one  a n o t h e r  b y  a s h o r t  h y d r o g e n  O 10 O 11 

O l l  09  
b o n d  (2.50 A) b e t w e e n  two  w a t e r  mo lecu l e s  to  f o r m  a 011 09 '  
z igzag cha in  a long  t h e  c d i r ec t ion .  T h e  cha in  is he ld  a m o n g  
n e i g h b o r i n g  a lka lo id  mo lecu l e s  by  four  h y d r o g e n  bonds ,  
one  i n v o l v i n g  h y d r o x y l  (08)  to  w a t e r  (09) ,  a n d  t h r e e  
i n v o l v i n g  h y d r o x y l s  to  t h e  iod ine  a t o m  (Tables  1, 2). 

A s s i g n m e n t  of w a t e r - m o l e c u l e  p r o t o n s  a m o n g  t h e  
h y d r o g e n  b o n d s  is c o m p l i c a t e d  by  t h e  close c o n t a c t s  
(3.5 to  3.6 A) to  one  iod ine  b y  f ive o x y g e n  a t o m s ,  i.e. 
two  w a t e r  a n d  t h r e e  h y d r o x y l  oxygens ,  all n o t e d  by  
P r z y b y l s k a  (1961). T h e  fo l lowing c o m m e n t  has  been  m a d e  

* Pe rmanen t  address: U.S. Geological Survey, Washington,  
25, D.C., U.S.A. 

January 1963) 

Tab l e  1. Hydrogen bond distances 

Distances 
Locat ion of Y X- -  Y 

1/2+x,  l[2--y, 1--z 3"58 A 
1/2+x, 1 / 2 - y ,  1--z 3.53 
1 / 2 - x ,  l - y ,  z -  1/2 3.52 
1/2-x,  l - y ,  z-- 1/2 3-52 
l - x ,  y--l]2, 1/2-z  3-62 
3 / 2 - x ,  l - y ,  z+l/2 2.84 

l - x ,  y -  1/2, 1 / 2 - z  2-83 
x, y, z 2.81 
x, y, z-t- 1 2.81 

3 / 2 - x ,  l - y ,  z -  1/2 2-50 

t Atoms X are located at  x, y, z (Table 1, Przybylska,  
1961) except  09  which is at  x , y , z + l .  05,  06,  07 ,08  are 
hydroxyl  oxygens; 09,  O10, O l l  are water  molecules. 

~: All da ta  taken from Przybylska (1961) for calculations of 
bond distances using SILL1AC program V-21 by Dr F. M. 
Lovell, Universi ty of Sydney.  Errors es t imated by present  
author:  O-1±0 .05  /~; O - O ± 0 . 1 0  A. The crystals have space 
group P21212 I, a = 14-69 ± 0.03, b = 22.08 ± 0-03, c = 8-33 ± 0.02 A. 

by  P r z y b y l s k a  (wr i t t en  c o m m u n i c a t i o n ,  1963) a b o u t  t h e  
a s s i g n m e n t  of t h e  h y d r o i o d i d e  p r o t o n  : Considering the very 
low ionic character of H I  and the fact that the iodine atom is 
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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  


