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A m m o n i u m  oxalate monohydra te ,  (NH4)~C~O 4. He0 ,  be- 
longs to the space group P212~2 wi th  two molecules in 
the un i t  cell. A pro ton  magnet ic  resonance s tudy  of the  
hydrogen  bonds from the water  molecules in the s t ruc ture  
of this crystal  has been carr ied out  using a slightly 
modif ied P o u n d - K n i g h t  type  of NMR spect rometer  a t  
14.85 m.c./s. Resonance  signals were recorded for a 
single crystal  for 13 angular  or ientat ions of the  magnet ic  
field H 0 in the a-b plane a t  intervals  of about  15 °. 

For  all the  orientat ions,  an intense central  peak  is 
obta ined  due to the reorient ing a m m o n i u m  ions, as found 
in all a m m o n i u m  salts wi thou t  except ion at  room tem- 
pera ture .  I n  addit ion,  there  are two pairs of double t  
lines due to the two non-paral lel  p - p  (inter-proton) 
vectors of wa te r  molecules.  These doublet  lines are 
resolved from the centra l  a m m o n i u m  peak for some of 
the  or ientat ions and  the  double t  separat ion /1H could 
be measured  for these. The values of AH thus obta ined 
were f i t ted into the  Pake  equat ion (Pake, 1948) by  the 
me thod  of least squares to de te rmine  the P-l~ separat ion 
and  the or ientat ions of the  two wa te r  molecules. The 
p - p  separat ion is 1.60_+0.015 A. The two non-parallel  
p - p  vectors lie in the (001) plane (as is to be expected 
from space-group considerations) and are or iented at  
-+ ( 14 ° 40' + 1 °) to the a-axis. 

As suggested by  Jeff rey  & P a r r y  (1952, 1954) on the 
basis of their  X- ray  s t ruc ture  analysis, the  wa te r  mole- 
cules are seen to l ink the  oxalate  ions by  means  of 
O - H - . - O  hydrogen  bonds into l inear chains parallel  
to the a-axis. F r o m  the  a tomic parameters  de te rmined  
by  these authors,  the  w a t e r - o x y g e n  to ca rboxy l -oxygen  
(Ow" • • O) dis tance is 2.78 A, the  angle O • • • Ow • • • O 
is 126 °, and  the  incl inat ion of the  O • • • O vectors to the 
a-axis is _+ 13.5 °. If  we assume an O - H  dis tance of 1 /~ 
(generally found for O - H . . .  O bonds of this length), 
the  H - O w - H  angle is 106.5 ° for a p - p  distance of 1.60 A. 
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Thus the H - O w - H  angle is close to the  value of 104.5 ° 
found in the w a t e r - v a p o u r  molecule. The angle between 
the p - p  vector  and the  O . . .  O vector  is only 1 ° ; hence the 
a toms in the  hydrogen-bond  system, O ' " H - O w - H ' " O ,  
lie in a plane wi th in  the  limits of exper imenta l  error. 
Bu t  in this plane, the  O - H . . .  O bonds are ben t  with 
an angle of 10 ° be tween the  Ow-H and  O w ' ' "  0 direc- 
tions. I t  has been shown elsewhere (Chidambaram,  in 
press) that ,  in all the  h y d r a t e d  crystals so far invest igated 
by neu t ron  diffraction and  proton  magnet ic  resonance,  
when  the angle at  the donor  wa te r  oxygen subtended  by 
the accepter  oxygens deviates  from the vapour  H - O w - H  
angle value of 104.5 °, ben t  hydrogen  bonds are formed 
in preference to dis tor t ion of the :H-Ow-H angle. 

I t  m a y  be added  tha t  there  is no direct  evidence 
from this invest igat ion regarding the  non-p lanar i ty  of the 
oxalate ion in this s t ruc ture  discovered by Hendr icks  & 
Jefferson (1936). 
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Dur ing  the  course of o ther  studies crystals of 2 .2 '  
d in i t robiphenyl  (C12HsN204) were examined.  A chloro- 
form solution of the  mater ia l  yields pale yellow acicular  
crystals,  m.p.  126 °C., which show oblique ext inct ion,  
the  needle axis being c. Weissenberg photographs  using 
Cu K a  radia t ion  show the un i t  cell to be monoclinic,  

a - -  12.71 +0.05, b--8.23_+0-02, c - - 1 4 . 5 5 + 0 - 0 7 / ~ ,  

fl = 134.8 + 0.04 °, U = 1079/~3. 

The cell contains four molecules (Din = 1"48 by flotation, 
D c = I ' 5 0  g.cm.-3). The observed sys temat ic  absences 
correspond to the  space group Cc (C~), or C2/c (C~h). 

These results are in fair agreement  wi th  the  mor- 
phological da t a  of Groth quoted  in the  Barker  Index  
(1956). There  the  axial ratios are 1-293:1:0.909 with  
an angle of 121.6 ° . Wi th  a '= [101] ,  b'=b, c'=c/2, the  
present  ratios are 1.288: 1:0.884, fl' being 121.8 °. 

No fur ther  work on this compound  is contempla ted .  
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