
LAWRENCE F.  D A H L  AND DALE L. W A M P L E R  911 

each niobium a tom (DaM & Wampler ,  1959). M.0 .  
s y m m e t r y  a rguments  based on a model of idealized 
D~h s y m m e t r y  for the  localized s t ruc tura l  unit ,  
(NbIa)2, (not given here to conserve space) are con- 
s is tent  with our proposal  of weak  me ta l -me ta l  inter- 
act ion involving the  direct overlap of pairs of dxu 
niobium orbitals. 
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(a-D-Glucose (l~-D-glucopyranose) is easily crystallized 
~s a monohydrate. The needle crystals are monoclinic 
and the cell dimensions obtained from Weissenberg 
Tphotographs are 

a=Sr84+O.03,  b=5.10+0.02 ,  c=9.69+0-03 A; 
fl ---- 98.25 _+ 0.25 °. 

The  density ~s 1.512+0.005 g.cm. -S, indicating tha t  

A C ~.5 --59 

there are two molecules per unit  cell. The only systematic 
absences observed were 0/c0 for /C odd, and the space 
group is thus P21. 

Equi-inclination Weissenberg photographs were taken 
with Cu radiation, a multi-film technique being used, 
and the intensities were estimated visually for some 
thousand reflections. Several small crystal specimens 
were employed and no absorption corrections have been 
applied. 
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Since the  u n i q u e  axis is c o m p a r a t i v e l y  shor t ,  good  
reso lu t ion  of t h e  a t o m s  in t he  (010) p ro j ec t ion  was  
e x p e c t e d  a n d  a mod i f i ca t ion  of t he  m e t h o d  of K a r l e  & 
H a u p t m a n  (1953) to  t a k e  a c c o u n t  of t h e  effect  on t he  
i n v a r i a n t  a n d  s emi - i nva r i an t  phases  of possible a sym-  
m e t r i c  u n i t  s y m m e t r y  was  used  to  d e t e r m i n e  the  phases  
of t h e  s t r u c t u r e  fac tors  in this  c e n t r o s y m m e t r i c  pro jec-  
t ion.  Severa l  s tages  of successive F o u r i e r  r e f i n e m e n t  
were  app l ied  to  give an  e v e n t u a l  l¢(hOl) of 19%. On t h e  
basis of s t e reochemica l  cons idera t ions  r easonab le  va lues  
for  t he  y coord ina te s  of t he  a t o m s  were  chosen  a n d  a 
t h r e e - d i m e n s i o n a l  leas t - squares  r e f i nemen t ,  f irst  w i th  an  
overa l l  i so t ropic  t e m p e r a t u r e  fac to r  a n d  t h e n  w i t h  in- 
d iv idua l  i so t ropic  t e m p e r a t u r e  factors ,  r e su l t ed  in an  
R(hlcl) of 17%, t h e  con t r i bu t i ons  of t h e  h y d r o g e n  a t o m s  
h a v i n g  been  neg lec t ed  a t  th is  s tage.  The  coord ina te s  and  
t e m p e r a t u r e  fac tors  are  l is ted in Tab le  1, a n d  conf i rm 
t h a t  t h e  g lucose  molecu le  is a S a c h s e - M o h r  'chair-  
shaped '  p y r a n o s e  r ing.  

Tab le  1. Atomic coordinates and isotropic 
temperature factors 

x/a y/b z/c B (A 9) 
C 1 0.190 0-138 0.070 4.7 
C a 0.107 -- 0.001 0.180 1.9 
C a O- 193 0-032 0.324 2.0 
C a 0-363 -- 0.046 0.325 2.2 
C s 0-429 0-103 0.215 2.2 
C s 0.598 0"029 0.200 3.0 
01 0.179 0"406 0.085 3.5 
O~ --0.047 0.085 0.168 2.8 
O a 0.124 --0.158 0.412 3.5 
O 4 0.446 0.012 0.458 2.8 
O 5 0.345 0.066 0.081 2.1 
O 6 0.613 --0-254 0-188 3.0 
O~ --0"119 --0.470 0"322 2.7 

I n  this  c rys ta l  on ly  14 of t he  28 h y d r o g e n  a t o m s  in 
t he  u n i t  cell a re  b o n d e d  to  t he  ca rbon  a t o m s  a n d  h e n c e  
occur  in p r e d i c t a b l e  posi t ions.  I t  has  been  r e p o r t e d  b y  
M a n n  & M a r r i n a n  (1958) t h a t  t h e  resul ts  of in f ra - red  
analys is  show t h a t  t he  s t r u c t u r e  is ful ly h y d r o g e n -  
b o n d e d ;  f rom the  coord ina tes  of Tab le  1 t he re  a re  seven  
in t e r -molecu la r  d i s tances  b e t w e e n  oxygen  a t o m s  less t h a n  
2.85 A. Fig .  1 is a p l an  of t he  s t r u c t u r e  p r o j e c t e d  d o w n  
the  b axis  w i t h  t he  h y d r o g e n  bonds  shown  b y  b r o k e n  
lines. Some ev idence  for  t he  posi t ions  of t he  h y d r o g e n  
a t o m s  was  o b t a i n e d  f rom this  h y d r o g e n - b o n d i n g  scheme,  
a n d  those  h y d r o g e n s  wh ich  can  be  p laced  w i t h  c e r t a i n t y  
are  m a r k e d  as r igh t  crosses on Fig.  1. T h e  r e m a i n i n g  
h y d r o g e n  bonds  fo rm two  sepa ra t e  inf ini te  chains  a b o u t  
two  of t he  screw axes.  D u e  to  h igh  an i so t ropy  of t he  
oxygen  a t o m s  it  is n o t  y e t  possible to  fix t he  h y d r o g e n  
positions in these chains. Indeed it is not impossible 
t h a t  t h e y  exis t  as a s ta t i s t ica l  d i s t r ibu t ion  t h r o u g h o u t  
t he  crys ta l .  

One shor t  i n t e r -molecu la r  d i s tance  (Cs-O~") exists  
(2.61 /~). All  o the r  i n t e r -molecu la r  a n d  i n t r a -mo lecu l a r  
d is tances  are  n o r m a l  a n d  the  bond  lengths  a n d  bond  
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Fig. 1. Plan of the structure projected down the b axis. The 
hydrogen bonds are shown by broken lines, and the bonding 
hydrogen atoms that  can be placed with certainty are shown 
as right crosses. The c-axis is parallel to the bot tom edge 
of the diagram. 

angles  are  s imilar  to  those  found  in a-D-glycose (McDona ld  
& Beevers ,  1952) w i t h  t he  excep t ions  t h a t  t he re  seems 
to  be  no  u n d u e  sho r t en ing  in t h e  C1-O 1 b o n d  (1-38 /~) 
or  t he  C6-O 6 b o n d  (1.46 /~). 

I t  is i n t e n d e d  to  c a r r y  ou t  a full t h r ee -d imens iona l  
r e f i n e m e n t  w i t h  an iso t ropic  t e m p e r a t u r e  fac tors  and  full 
deta i ls  of t he  ana lyses  will  be pub l i shed  w h e n  the  work  
is comple t ed .  

The  au tho r s  are  i n d e b t e d  to  t he  Br i t i sh  R a y o n  R e s e a r c h  
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t iona l  w o r k  p e r f o r m e d  on the  U n i v e r s i t y  of Glasgow 
D . E . U . C . E . ,  to  J .  S. Ro l l e t t  for  the  use of his l eas t - squares  
p rog ram,  a n d  to  S t a n d a r d  Te l ephone  and  Cables L td .  
for t he  use of a Zeb ra  Compu te r ,  p r e sen t l y  ins ta l led  a t  
Queen ' s  College, D u n d e e ,  for  t he  final c o m p u t a t i o n s  
us ing  J .  C. Schoone ' s  leas t - squares  p rog ram.  
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