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crystal is supported on a fibre moun ted  in a keyed nib 
(Fig. 2). The key of the nib fits into a recess in the 
Eulerian-cradle orienter secured by a set screw so tha t  
the  a t t i tude  of the fibre supported crystal with respect 
to the Eulerian cradle is always preserved. Thus, by 
recording the  Eulerian angles (to for angular displace- 
m e n t  along the arc, and ~0 for angular displacement 
about  the turntable)  when the crystal is in a given 
a l ignment  the nib can be removed and reinserted as often 
as desired wi thout  serious loss of al ignment.  A similar 
recess is easily adapted  to a conventional  two-circle 
goniometer  head as shown in Fig. 2. Designating angular 
displacement along the larger arc of the two-circle gonio- 
meter  head as A1, and angular displacement along the 
smaller arc A2, the orientat ion of the recess in the two- 
circle goniometer  head when A~ =A 2 =0  is constrained 
to be parallel to the recess in the Eulerian cradle when 
tha t  is set to ~ =~0 =0.  

If  a crystal is oriented so tha t  a given axis is collinear 
with the axis of rotat ion of the Eulerian cradle at the 
set t ing (to, W) and is then transferred to the goniometer  
head, the  crystal will have the  same orientat ion of the 
given axis with respect to the spindle axis of the two- 
circle goniometer  head if the arcs of the two-circle gonio- 
mete r  head are set at  

A 1 = t a n  -1 {tan to cos ~} 

A2 = - s i n - l { t a n  to sin ~0} . (1) 

Conversely, transferring from the two-circle goniometer  

head to the  Eulerian cradle is accomplished by sett ing 
the Eulerian cradle such tha t  

- ~ - - t a n - l { t a n  A2 csc At} 

to =cos  -1 { cos A1 cos A2} • (2) 

The sense of these angular displacements is as follows. 
With  reference to the goniometer  head shown (in projec- 
tion) in Fig. 2, a positive displacement A 1 is effected by 
rotat ing the A 1 screw clockwise. Similarly a positive 
displacement A 2 is effeeted by moving the A., screw 
clockwise. 

The precision to which the a l ignment  of the crystal is 
preserved depends of course upon the tolerances main- 
tained in the orientat ion of the recesses and fi t t ing of 
the nib for both  the Eulerian cradle and goniometer  
head. In  practice, the transfer of an aligned cradle from 
the Eulerian cradle to a 'Supper'  goniometer  head 
mortared on a precession camera preserves the aligzm~ent 
to within one quarter  degree for recesses made  to accom- 
modate  a 'slide fit'. 
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Some work on ba r ium-p lu ton ium-oxygen  systems, par- 
ticularly on their  preparation, has been reported by 
Moore & Y~aus (1949), Cunningham (1954) and Russel, 
Harrison & Bre t t  (1960). In this communicat ion further 
work is presented in light of the crystallographic studies 
obtained wi th  a I9 cm powder camera and C u K a  
radiation. 

Following the me thod  suggested by Moore & Kraus 
and by Cunningham, bar ium plutonate(VI)  was precip- 
i ta ted from an acid solution of plutonium(VI)  and barium 
ions with ammonium hydroxide or sodium hydroxide 
solution. These preparations seemed to have an in- 
definite composition, the ratio of the Pu  atoms to Ba 
atoms in our experiments  being found to change from 
0.6 to 6.7, X-ray examinat ion revealed mainly  amor- 
phous pat terns  in all samples and barium carbonate as 
impurity,  possibly as a result of absorption of carbon 
dioxide during or after precipitation. In  these prepara- 
tions some polymeric types of compound were probably 
being formed, as suggested by Gevantman  & Kraus 
(1949). 

These samples were hea ted  to 900 °C to observe any 
phase change tha t  might  take place. On heating, the 
precipitates obtained in presence of ammonium hydroxide 
developed PuO~ lines, whereas those obtained in presence 
of sodium hydroxide  revealed a cubic AB08 perovskite 

structure with cell dimensions a=4-322+0-003  _~. The 
p lu tonium in the ABO 3 compound was found by spectro- 
pho tomet ry  and ti tration, to be present  mainly  as 
plutonium(VI).  

For  further work, freshly prepared pure bar ium oxide 
mixed with p lu tonium dioxide in approximately  1:1 
ratio was hea ted  in an argon atmosphere in a t an ta lum 
crucible inside a resistance vacuum furnace similar to 
tha t  described by Drummond,  MacDonald, Ockenden & 
Welch (1957). The preparations obtained at 1100 °C gave 
along with PuO2 a cubic perovskite structure with bigger 
cell dimensions a = 4 . 3 7 3 + 0 . 0 0 3  A, somewhat  sin~ilar 
to the value obtained recently by Russel (1960). At  
1600 °C ~he cubic perovskite m~derwent a pha~e change 
to an orthorhombic form with 

a = 5-795 __ 0.004, b = 5-861 +_ 0.004, 

c=5.983_+0.004 A; Z = 2 .  

The valency of p lu tonium in both  orthorhombic and 
cubic forms was found from chemical evidence to be IV. 

From the above it appears tha t  cubic perovskite forma- 
tions could exist with both plutonium(IV) and plu tonium 
(VI). The diffraction data  for both  are very similar. Since 
in perovskites of ABOs type the sum of the charges on A 
and B ions should be six (Wells, 1950), the cubic compound 
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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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