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The l ighter carbon and  oxygen a toms have  a very  small 
cont r ibu t ion  to the  higher-order  reflections, and  the 
Four ier  synthesis  does no t  give accura te  coordinates for 
these atoms. :Further three-dimensional  work  is there- 
fore planned.  The other  two project ions are badly  resolved 
and  are no t  suitable for fur ther  s t ruc ture  analysis. 

The authors  wish to t h a n k  Mr D. M. Chackrabur t ty  
and  Mr K.  S. V i shwana than  for their  help in tak ing  the 

photographs  and  performing some of the  calculations. 
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Wi th  a view to obtaining detai led informat ion about  the 
effect on the molecular  geomet ry  of the close approach 
of neighbouring groups s t ruc tura l  analysis of a number  of 
subs t i tu ted  benzoic acids is a t  present  in progress. As a 
pre l iminary  to this work  lat t ice parameters  and space 
groups were de te rmined  and  are presented  in Table 1. 
I n  the  case of o-chlorobenzoic acid and o-bromobenzoic 

acid the diffraction condit ions allow the space group to be 
ei ther  Cc--C~s or C2/c-C~h. The successful ref inement  of 
the  s t ruc ture  based on the cen t rosymmetr ica l  choice 
indicates C2/c as the  t rue  space group. 

Ful l  details of the  s t ruc ture  de terminat ions  will be 
published in due course. 

Table 1. Crystallographic data for some substituted benzoic acids 

o-chlorobenzoic o-bromobenzoic 2-chloro-5-nitro- 4-chloro-3-nitro- 
acid acid benzoic acid benzoic acid 

Molecular formulae C~HsO~C1 CTHsO2Br C~H404NCI CTH404NC1 

a (/~) 14.73 -+ 0"03 14.82 + 0-04 5.86 -+ 0.02 7.41 _ 0-02 
b (/~) 3-90_+ 0.02 4.10_+ 0.02 5.13 _+ 0.02 5-70 _+ 0.02 
c (A) 25.50_+ 0.05 25.90_+ 0.05 26.65_+ 0.05 19"12 _+ 0.04 
/ff 112 ° 40" 118 ° 15" 97 ° 54' 100 ° 30' 
U (A 3) 1351 1386 794 794 
z 8 8 4 4 
Mol.wt. 156.6 201-0 201.6 201-6 
Dm (g.cm. -3) 1.544 1.929 1-678 1-687 
Dx (g.cm. -3) 1.539 1.926 1.687 1-686 
Space group C2 /c-C~h C2 /c-CS~/t P21/c-C~h P21/c-C~h 
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U n i t  cell and space group of L-prol ine  m o n o h y d r a t e .  By  V. SASISEKHARAN, Department of Physics, 
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Crystals of L-proline are highly hygroscopic.  Therefore 
there  has been considerable difficulty in growing single 
crystals suitable for X - r a y  diffraction studies. When  
grown from a sa tu ra ted  solution in a closed container,  
the crystals occur as a white  powder  or take  up a feather-  
like formation,  bu t  no large enough single crystals appear  
a t  room tempera ture .  The powder  pa t t e rn  obta ined from 
this mater ia l  was found to be very  much  different from 
tha t  of the original compound  thereby  showing tha t  the 
compound  was a h y d r a t e d  form of proline. The unit-cell  
dimensions and  space group of the original d ry  powder  
have  a l ready been repor ted  (Wright  & Cole, 1949). 
Successful single crystals of the h y d r a t e d  compound  
were grown by the au thor  from a solution of the  dry  
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mater ia l  in e thyl  alcohol by controlling the  percentage  
of alcohol and the  t empera tu re  a t  which the compound  
was crystallised. Single crystals of the m o n o h y d r a t e  were 
obta ined by  dissolving the  substance in 70?/0 e thanol  
and keeping the solution a t  a cons tant  t empera tu re  of 
45 °C. 

The crystals obtained were needle-shaped,  t ransparent ,  
birefr ingent  and  approximate ly  rec tangular  in cross 
section. The needles were elongated along [001] and  
bounded  by faces of the form {110}. As the crystals were 
unstable  when  exposed to the  atmosphere,  considerable 
care was t aken  to pro tec t  the crystals by  enclosing them 
in Lindemann-glass  tubes a t  45 °C. E v e n  then the  crystals 
were stable for only a few days. 
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Osci l la t ion,  r o t a t i o n ,  W e i s s e n b e r g  a n d  p recess ion  X - r a y  
p h o t o g r a p h s  were  t a k e n  a b o u t  t h e  need l e  axis ,  u s ing  
Cu K a  r a d i a t i o n .  T h e  u n i t  cell was  f o u n d  to  be m o n o c l i n i c  
w i t h  t h e  d i m e n s i o n s  

a = 2 0 . 7 3 + 0 . 0 4 ,  b =  6 . 3 4 + 0 . 0 1 ,  c = 5 . 2 0 + 0 . 0 1  A;  
fl = 93 ° 40'  _+ 02'. 

C o m p l e t e  e x a m i n a t i o n  of t h e  zero, f i rs t  a n d  s e c o n d  l aye r  
p h o t o g r a p h s  s h o w e d  t h e  fo l lowing  s y s t e m a t i c  absences :  

hkl re f lec t ions  - -  on ly  h + k e v e n  p r e s e n t  
hOl r e f l e c t i o n s - -  on ly  l e v e n  p r e s e n t  
0/c0 r e f l e c t i o n s -  on ly  k e v e n  p r e s e n t .  

T h e  t h r e e  m o n o c l i n i c  space  g roups ,  Cas-Cm, C'~-C2 a n d  
C~h-C2/m are  c o n s i s t e n t  w i t h  t h e  a b o v e  X - r a y  d a t a .  
On  t h e  o t h e r  h a n d ,  t h e  f i rs t  a n d  las t  poss ibi l i t ies ,  viz. ,  
Cm a n d  C2/m are  r u l ed  ou t ,  s ince t h e  c o m p o u n d  L-prol ine  
is a s y m m e t r i c .  H e n c e  t h e  space  g r o u p  is d e d u c e d  to  be 
v~-v2.  

T h e  d e n s i t y  of t h e  c o m p o u n d  was  d e t e r m i n e d  b y  t h e  
f l o t a t i o n  m e t h o d  us ing  b e n z e n e - b r o m o f o r m  m i x t u r e s .  
T h e  o b s e r v e d  d e n s i t y  was  1.324 g .cm.  -3. On  t h e  basis  

of t h e  a b o v e  u n i t  cell, w i t h  fou r  m o l e c u l e s  p e r  cell, t h e  
c a l c u l a t e d  dens i t i e s  for  t h e  free L-prol ine,  t h e  m o n o -  
h y d r a t e  a n d  t h e  d i h y d r a t e  are  1.129, 1-307 a n d  1-483 
g .cm.  -a r e spec t ive ly .  I t  will be  seen t h a t  t he  o b s e r v e d  
d e n s i t y  agrees  bes t  w i t h  t h e  c a l c u l a t e d  v a l u e  for  t h e  
m o n o h y d r a t e .  T h e  s l igh t  d i s c r e p a n c y  in t h e  t w o  v a l u e s  
is to  be a t t r i b u t e d  to t h e  h y g r o s c o p i c  n a t u r e  of  t h e  
c rys ta l ,  a n d  t h e  c o n s e q u e n t  e r ro r  in t h e  m e a s u r e m e n t .  
T h u s  t h e  c o m p o u n d  is i den t i f i ed  to  be  L-prol ine  m o n o -  
h y d r a t e .  

T h e  p o i n t  g r o u p  cou ld  n o t  be  d e t e r m i n e d  u n i q u e l y  
f r o m  m o r p h o l o g i c a l  d a t a ,  as c o m p l e t e  d a t a  cou ld  n o t  be  
o b t a i n e d .  T h e  a b o v e  space  g r o u p  a s s i g n m e n t  was  how-  
eve r  c o n f i r m e d  f r o m  t h e  [001] P a t t e r s o n  p r o j e c t i o n  w h i c h  
s h o w e d  c o n c e n t r a t i o n s  of p e a k s  ( H a r k e r  i n t e r a c t i o n s )  
a long  y - - 0  a n d  ½, as r e q u i r e d  by  t h e  space  g r o u p .  

T h e  a u t h o r  wishes  to  express  his s incere  t h a n k s  to  
Prof .  G. N.  R a m a c h a n d r a n  for  his he lp fu l  g u i d a n c e .  
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T h e  P u - N i  p h a s e  d i a g r a m  p u b l i s h e d  b y  W e n s c h  & W h y t e  
(1951) shows  t h e  ex i s t ence  of six b i n a r y  c o m p o u n d s .  T h e  
s t r u c t u r e s  of PuNic ,  PuNi~ a n d  Pu2Nil~ h a v e  b e e n  re- 
p o r t e d  b y  Cof f inbe r ry  & E l l i nge r  (1956) a n d  t he  P u N i  a 
s t r u c t u r e  ha s  been  r e p o r t e d  b y  C r o m e r  & Olsen (1959). 
T h e  s t r u c t u r e  of P u N i  is t h e  s u b j e c t  of t he  p r e s e n t  no te .  
T h e  s t r u c t u r e  of PuNi4,  t h e  r e m a i n i n g  c o m p o u n d  of t h e  
series, is c u r r e n t l y  be ing  s t u d i e d .  

A P u - N i  a l loy  c o n t a i n i n g  75 a t .  % P u  was  h e a t e d  to  
1150 °C., well  a b o v e  t h e  l iqu idus  for t h a t  c o m p o s i t i o n ,  
a n d  t h e n  t h e r m a l l y  cyc led  b e t w e e n  445 a n d  475 °C. for  
a b o u t  t h r e e  m o n t h s .  Because  P u N i  is f o r m e d  by  a 
pe r i t ec t i c  r eac t ion ,  n o n - s t o i c h i o m e t r i c  r a t ios  of P u  a n d  
Ni  were  reqt f i red  in  o rde r  to  avo id  t h e  f o r m a t i o n  of t h e  
n e x t  h i g h e r  Ni  c o n t a i n i n g  c o m p o t m d ,  P u N i  2. T h e  spec- 
i m e n  was  c r u s h e d  a n d  f r a g m e n t s  were  e x a m i n e d  w i t h  a 
p recess ion  c a m e r a .  I n  sp i te  of  t h e  p r o l o n g e d  h e a t  t r ea t -  
m e n t ,  g o o d  q u a l i t y  P u N i  s ingle  c rys ta l s  were  imposs ib l e  
to  f ind.  F ina l ly ,  h o w e v e r ,  one  c rys t a l  of u sab l e  q u a l i t y  
was found. 

T h e  c rys t a l  was  f o u n d  to  be  o r t h o r h o m b i c  w i t h  

a = 3 - 5 9 + 0 - 0 1 ,  b = 1 0 . 2 1 + 0 . 0 2 ,  c = 4 " 2 2 + 0 . 0 1  J~, 

as m e a s u r e d  f r o m  p recess ion  p h o t o g r a p h s  (Mo K a ,  A = 
0.7107 A). T h e  p h o t o g r a p h s  s h o w e d  t h e  fo l lowing  sys- 
t e m a t i c  e x t i n c t i o n s :  hkl a b s e n t  if h +  k = 2 n +  1 a n d  hOl 
a b s e n t  if l = 2 n +  1. T h e s e  e x t i n c t i o n s  are  cha rac t e r i s t i c  
of space  g r o u p s  Cmcm or Cmc21. T h e  space  g r o u p  a n d  
ax ia l  ra t ios  s u g g e s t e d  t h a t  t h e  s t r u c t u r e  was  of t h e  TI I  

* Work performed under  the  auspices of the  Atomic 
Energy  Commission. 
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t y p e  (space g r o u p  Cmcm) a n d  cu r so ry  e x a m i n a t i o n  of 
t h e  in tens i t i e s  s h o w e d  t h a t  th i s  was  i n d e e d  t h e  case.  
I n  t h e  TI I  s t r u c t u r e  t h e r e  are  f o u r  f o r m u l a  u n i t s  p e r  u n i t  
cell w i t h  t h e  la rger  a t o m  (Pu  in th i s  ease) in t h e  se t  4c, 
w i t h  y ~ 0.14, a n d  t h e  sma l l e r  a t o m  in t h e  s a m e  se t  
w i t h  y ~ 0.42. T h e  c a l c u l a t e d  d e n s i t y  of P u N i  is t h u s  
12.9 g . cm.  -3. 

I n  o rde r  to  def ine  t h e  y p a r a m e t e r s  m o r e  prec ise ly ,  
i n t ens i t i e s  of t h e  0kl zone  were  v i sua l ly  e s t i m a t e d  f r o m  
a p recess ion  p h o t o g r a p h  t a k e n  w i t h  Zr  f i l t e red  Me rad ia -  
t ion .  T h e s e  in tens i t i e s  were  c o r r e c t e d  for  t h e  L o r e n t z -  

Tab l e  1. Observed and calculated Okl structure .factors 
for P u N i  

k 1 Fo Fc k 1 Fo Fc 
0 2 287 --310 6 4 0 44 
0 4 137 163 6 5 58 66 
2 0 0 - - 1 1  8 0 91 80 
2 1 237 - 2 0 7  8 1 149 - 1 4 7  
2 2 0 13 8 2 81 - 6 9  
2 3 116 137 8 3 101 103 
2 4 0 - 1 2  8 4 40 48 
2 5 69 - 7 9  10 0 124 - 108 
4 0 277 - 2 6 9  10 1 103 - 8 4  
4 1 186 168 10 2 101 93 
4 2 203 207 10 3 83 61 
4 3 112 - 1 0 2  10 4 61 - 6 4  
4 4 93 - I 1 9  12 0 0 - 1 1  
4 5 38 51 12 1 104 84 
6 0 72 70 12 2 0 11 
6 i 162 171 12 3 74 - 6 6  
6 2 58 - 6 2  14 0 106 83 
6 3 108 - 117 


