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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 
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polarizat ion factors (Waser, 1951), bu t  no t  corrected for 
absorption,  and a least-squares ref inement  was computed  
on Maniac II .  The scale factor, two isotropic t empera tu re  
factors and  the two y paramete rs  were s imul taneously  
refined. All terms of the  normal  equat ions were used. 
The T h o m a s - F e r m i  form-factor  was used for Pu  and the 
form-factor  computed  by  Viervoll & Ogrim (1949) was 
used for Ni. Ten electrons were subt rac ted  from the Pu  
form factor as an approximate  correction for anomalous  
dispersion. The results of the ref inement  are 

ypu ---- 0"1421 -+0"0009, yni=0.4221 +0.0034, 

Bpu = 1"38 -+ 0-21, BNi = 2"43 _+ 0"81 . 

The calculated and  observed 0/cl s t ruc ture  factors, for 
which R = 10.9%, are given in Table 1. 

Each  a tom has seven neighbors of the opposite kind, 
four at  2.85, two at  2.88 and one at  2.86 .~. In  addit ion,  
the Ni a tom has two Ni neighbors at  2.64 /~ and the 

P u  has eight Pu  neighbors,  two at  3.54 and six at  3.59 A. 
The es t imated s tandard  deviat ions are 0"02/~ for P u - P u ,  
0.04 A for P u - N i  and  0.05 A for Ni -Ni  distances. 

We are indebted to V. O. Struebing and E. M. Cramer, 
of this Laboratory, for preparing and heat treating the 
alloy. 
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I n  a recent  paper  Kar le  & H a u p t m a n  (1959) comment ,  
in a lengthy  footnote,  on a paper  of mine  (Klug, 1958) 
on the  phase problem. They  s ta te  tha t  in a previous paper  
of theirs (Karle & H a u p t m a n ,  1956) they  had  a l ready 
der ived 'measures of statist ical  significance based on the 
appropr ia te  variances '  of individual  terms in phase- 
de te rmining  formulae.  I did not  refer to this paper  earlier 
since the  re levant  discussion in it on variances is con- 
cerned wi th  two points, both  of which had  a l ready been 
adequa te ly  deal t  wi th  in earlier papers by other  workers, 
which I did cite. The first point,  on the degree of val idi ty  
of a formula according as the a toms in the cell are equal 
or not ,  has been discussed by Cochran (1954) and Cochran 
& Woolfson (1955), while the second, on the weighting 
of the terms in a formula by their  variances,  had  first 
been discussed by  Bullough & Cruickshank (1955). In  any  
case it is misleading to claim tha t  the discussion in Kar le  
& H a u p t m a n ' s  (1956) paper  yields 'measures of statist ical  
significance' t ha t  th row any  critical l ight on the whole 
problem. No explicit  ment ion  is made  there of the de- 
pendence  of the variances and hence of the reliabili ty of 
the  formulae on the n u m b e r  of a toms in the  uni t  cell, 
which,  together  wi th  the finite a m o u n t  of data ,  sets the  
principal  l imita t ion to the  use of stat ist ical  or algebraic 
methods .  Nor  were the calculations made  to a high enough 
order  of accuracy  to show how the variance of the es t imate  
of the  sign of a s t ruc ture  factor depends on the magni-  
tudes of the E 's  involved in the sign relat ion being s tudied 
(cf. expressions [3.20], [3.30], and [3"35] of m y  paper,  and 
par t icular ly  [5.14] and the discussion following it). I t  is 
therefore no t  at  all possible to s tudy  from Kar le  & Haup t -  
man ' s  calculations the effect of unusual ly  large E values, 
on which the  success of the formulae is expected to rest. 
Their  newest  approach (1959) suffers from the same 
defects so t ha t  it is not  at  all clear from it under  wha t  
condit ions the formulae given would be valid in practice.  

These points,  and others,  were considered in m y  paper,  
in which measures  of significance were given to phase- 
de te rmining  relations by  in t roducing the concept  of the 
order of a relation. My conclusion t ha t  only relations of 
the lowest order could be expected to be generally useful 
has been recent ly  confirmed by Cochran (1958). 

However, as Karle & Hauptman state, the most con- 
vincing test of any phase-determining theory is in its 
practical application to the solution of crystal structures. 
In view of the criticisms that have been made of their 
claim to have  devised a routine procedure  for solving the  
phase problem, valid wha teve r  the n u m b e r  of a toms in 
the uni t  cell, it is to be hoped tha t  failures, as well as 
successes, of the me thod  will be recorded.  Fu r the rmore  it 
would be general ly very helpful to cont inue  to assess 
(cf. Kar le  et al., 1957), in the case of a successful applica- 
t ion of the me thod  to a s t ruc ture  of some complexi ty ,  
which of the formulae p layed a key role in the solution, 
and  also, if possible, to discuss the relation of these to 
other  methods  for solving crystal  s t ructures  (cf. Wr igh t  
(1958)). 
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