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o b t a i n e d  b y  t h e  d r y  m e t h o d  m a y  b3 w r i t t e n  BaPulVO3.  
T h e  o ther ,  o b t a i n e d  b y  p r e c i p i t a t i o n ,  cou ld  be  i n t e r p r e t e d  
as e i t he r  (i) a PuOz c o m p o u n d  w i t h  b a r i u m  in a s e m i m e t a l -  
lic b o n d i n g  s t a t e  o c c u p y i n g  t h e  i n t e r s t i t i a l  pos i t i on  or  (ii) 
a c o m p o u n d  of t h e  t y p e  B a x P u O  3 (wi th  x v e r y  smal l )  
a n a l o g o u s  to  s o d i u m  a n d  p o t a s s i u m  t u n g s t a t e s  (Hagg ,  
1935; Magn@li & :Nilson, 1950). B o t h  cubic  c o m p o u n d s  
h a v e  space  g r o u p  P m 3 m  (0~) w i t h  one  m o l e c u l e  pe r  u n i t  
cell. I n  BaPuIVOs  t h e  c a l c u l a t e d  a n d  o b s e r v e d  p l u t o n i u m  
o x y g e n  d i s t ance s  were  2.25 A a n d  2-18 /~ r e s p e c t i v e l y  
a n d  c o m p a r e d  f a v o u r a b l y  w i t h  c a l c u l a t e d  a n d  o b s e r v e d  
va lues  of 2.28 J~ a n d  2.20 A based  on  t h e  d a t a  for  
BaUIVOa r e p o r t e d  b y  lZussel ( oxygen  ionic  rad i i  t a k e n  
h e r e  as 1.35 /~ (Lipson,  1953) a n d  a c t i n i d e  radi i  t a k e n  
f r o m  Zacha r i a sen ,  1954). S imi la r ly  in t h e  p e r o v s k i t e  of 
p l u t o n i u m ( V I ) ,  t h e  o b s e r v e d  d i s t a n c e  P u - O  was  2.16 /~, 
w h i c h  is i den t i ca l  w i t h  t h e  c a l c u l a t e d  va lue .  

T h e  X - r a y  d a t a  of t h e  o r t h o r h o m b i c  p h a s e  o b t a i n e d  

Tab l e  1. X-ray data on B a P u O  a (orthorhombic form) 
obtained at 1600 °C 

The da ta  are indexed with 
a = 5.795, b = 5.861, c = 5.983 A 

d (A) q2o (10 -4) q2c (10-4) hkl Io 
3.392 517 516 111 vw 
2.991 664 664 002 s 
2.918 698 698 020 m 
2.899 707 708 200 m 
2.423 1012 1014 112 vw 
2.085 1367 1371 202 w 

1359 022 
1.958 1550 1545 212 w 
1.855 1726 1728 031 w 
1.751 1938 1932 311 w 
1.695 2068 2066 222 w 
1.461 2786 2776 040 vw 
1.448 2832 2833 104 vw 

2832 400 
1.307 3479 3489 240 w 
1.178 4285 4270 043 w 

For  unreacted BaO and PuO 2 weak lines were also noticed 
in the pat tern ,  bu t  are not  recorded here. 

a t  1600 °C are  g iven  in T a b l e  1. T h e  p h a s e  c h a n g e  f r o m  
cubic  to  o r t h o r h o m b i c  f o r m  cou ld  be  fo l lowed  f r o m  R o t h ' s  
d i a g r a m  s h o w i n g  h o w  t h e  f o r m a t i o n  of p e r o v s k i t e s  
d e p e n d s  on  t h e  ionic  rad i i  of A a n d  B e l e m e n t s  (Ro th ,  
1957). Cons ide r ing  t h e  ionic  rad i i  of b a r i u m  a n d  p l u t o -  
n i u m ,  t h e  p o i n t  for  B a P u l v O 3  in t h e  d i a g r a m  was  f o u n d  
to  be in t h e  cubic  reg ion ,  b u t  v e r y  n e a r  t h e  bo rde r l i ne ,  
i n d i c a t i n g  t h e  poss ib i l i ty  of b o t h  cub ic  a n d  p s e u d o c u b i c  
s y s t e m s .  T h e  h e a t i n g  of t h e  s y s t e m  p r o b a b l y  c a u s e d  
su f f i c i en t  c h a n g e  to  i n d u c e  a r e d u c t i o n  in t h c  coord ina -  
t i on  n u m b e r  of b a r i u m  l ead ing  to  t h e  f o r m a t i o n  of a 
p s e u d o - c u b i c  cell, t h e  t r u e  cell be ing  o r t h o r h o m b i c .  

T h e  a u t h o r s  express  s incere  g r a t i t u d e  to  D r  A . S .  
G h o s h  M a z u m d a r  for  i n i t i a t i n g  t h e  p r o b l e m  a n d  for  
v a l u a b l e  d i scuss ions  a n d  sugges t i ons  d u r i n g  t h e  p rog res s  
of t h e  work ,  a n d  to  Dr  H .  D. S h a r m a  for  his  k e e n  i n t e r e s t  
in t h e  work .  
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T h e  e f fec t ive  s c a t t e r i n g  f a c t o r  fe of a h y d r o g e n  a t o m  
in  a h y d r o g e n  m o l e c u l e  was  c a l c u l a t e d  b y  M c W e e n y  
(1952) w i t h  a cha rge  d e n s i t y  f u n c t i o n  b a s e d  on  a H e i t l e r -  
L o n d o n  w a v e  f u n c t i o n  

=(1/V(2(1+s~8)) {~A(1)~B(2) +~A(2)~.(1)) 

* Contr ibut ion number  1143 from the  Chemical Labora- 
tories of Ind iana  Universi ty.  

f The authors  wish to t hank  the  Uni ted  States Air Force 
Office of Scientific Research and the  Uni ted  States Atomic 
Energy  Commission for their  financial support .  

whe re  
9A(1) =q)ls(rlA) = Nls exp  (--t~rlA) , 
~B(2) ---- ~Ols(r2B) = Nls  exp  ( --/~r~s) 

a n d  SAB is t h e  ove r l ap  in tegra l .  
T h e  p a r a m e t e r  # was  c h o s e n  to  be  1 a .u .  in M c W e e n y ' s  

ca lcu la t ion ,  a n d  t h e  m a g n i t u d e  of t h e  e f fec t ive  f a c t o r  
was  f o u n d  to  be gene ra l l y  less t h a n  t h a t  for  an  i so la t ed  
h y d r o g e n  a t o m .  Th i s  f ac t  was  i n t e r p r e t e d  as d u e  to  
m i g r a t i o n  of e l ec t rons  a w a y  f r o m  t h e  n u c l e u s  in to  t h e  
b o n d .  

T h e  a u t h o r s  h a v e  e v a l u a t e d  t h e  s c a t t e r i n g  f ac to r  fe 
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Fig. 1. Magnitude and phase of fe for H in H e by the Wein- 
baum function. The curves labeled 1, 2, 3 refer to fe with 
orientation angles between the bond and the scattering 
normal, 0, ~/4, ~r/2, respectively. Curve 4 refers to f, the 
scattering factor for the isolated H atom. (The results for 
the Wang function have been left out because they are 
very close t o  the curves for the Weinbaurn function pre- 
sented here.) 

using McWeeny 's  definit ion wi th  bo th  the Wang  (1928) 
and W e i n b a u m  (1933) wave functions, which are ob- 
ta ined by var ia t ion of # and, in the case of the We inbaum 
function, also of a mixing pa ramete r  for ionic structures.  
These functions are regarded as giving fairly good 
descriptions of the charge dis tr ibut ion in a hydrogen  
molecule. 

Resul ts  shown in Fig. 1 reveal t ha t  the magn i tude  
o f f  e is not  necessarily less t han  tha t  for an isolated atom, 
and  in fact  it  is more in most  cases. This increase of 
fe is a t t r ibu ted  to the value of/~, which is larger than  1 
for both  the Wang  and Weinbaum functions. Calcula- 
t ions  for the case where ~ = 1  showed tha t  our work 
was in agreement  wi th  tha t  repor ted by McWeeny.  

Our more exact  calculat ion indicates tha t  the correc- 

tions to fe due to a change in ~u are about  twice the size 
of, and in the opposite direction to, those computed  
by  McWeeny.  This suggests t ha t  in the analysis of 
X- ray  scat ter ing data,  in the absence of the  molecular  
wave functions needed to calculate fe correctly, it would 
be be t te r  to use X- ray  scat ter ing factors for spherical 
a toms ra ther  t han  X- ray  scat ter ing factors calcula ted 
according to the me thod  of McWeeny.  I t  should be 
pointed out  t ha t  the calculations here are identical  wi th  
those of McWeeny,  except  for the  use of effective/~ values 
characterist ic  of the molecule ra ther  t han  the  a tom,  
so tha t  the general  u t i l i ty  of McWeeny 's  approach is 
affected only by the avai labi l i ty  of suitable molecular  
wave functions. 

The fact t ha t  the major  source of correction to fe 
comes from the var ia t ion of ~ shows the  danger  in 
using an atoms-in-molecule approach to the discussion 
of the  effects of electron and X- ray  scat ter ing f rom 
molecules containing light atoms. I t  is also clear t h a t  
the X-rays  and electrons in the wave length region 
usual ly used in s t ructural  analysis work  are main ly  
sensitive to the contract ion of the  overall  size of the  
electron cloud of the hydrogen  a toms in molecular  
hydrogen  as compared wi th  their  size in the  free state.  
This can be demons t ra ted  (Bonham & I i j ima,  1963) 
by the fact t ha t  the  to ta l  cross section for the  elastic 
scat ter ing of electrons from a hydrogen  molecule is 
decreased to less than  tha t  for two non- in te rac t ing  
hydrogen  a toms at  the  same internuclear  separat ion.  
This can also be seen by compar ing the electron densi ty  
for two hydrogen  atoms separated by a distance of 1.4 a.u. 
wi th  the electron densi ty  given by the  first order densi ty  
mat r ix  for the hydrogen  molecule, using ei ther  the  W a n g  
or the We inbaum wave function.  I t  is clear from such 
comparisons tha t  the enhancement  of the electron densi ty  
in the neighborhood of the bond or the nucleus is ac- 
complished by a decrease of densi ty  on the side of the  
nucleus away from the bond, and tha t  the la t ter  effect 
is the most  significant one in the calculat ion of the  
corrections to the X- ray  scat ter ing factor  for a tomic  
hydrogen  in molecular  hydrogen.  Ruedenberg  (1962) has  
also made  comments  on the impor tance  of size changes  
accompanying  chemical  bond formation.  

The authors  wish to t h a n k  Prof. L. S. Bartel l  and  
Prof. Harr ison Shull for helpful comments .  Thanks  are  
also due the Ind i ana  Univers i ty  Research Comput ing  
Center for the  use of their  facilities and Mrs Connie 
Will iams for her  help in the prepara t ion  of the manu-  
script. 
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