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Fig. 3. Uranium atoms in the UC 2 tetragonal cell. 
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Fig. 4. Transformation to body centred cubic 
by homogeneous shear. 

of neighbouring u ran ium atoms, a feature which is 
normal ly  regarded as a characterist ic of martensiti(: 
t ransforlnations.  I t  may  be noted  tha t  a l though this 
change, of s t ructure  bears a close resemblance to the well 
known kinds of martensi t ie  t ransformations (see, for 
example,  Bilby & Christian, 1956), a b.c.t, to b.e.c. 
t ransformat ion is ra ther  uncommon  in this field. I t  
would be interesting to see if habi t -plane relationships 
can be found exper imental ly  for the UC.~/U2C3 trans- 
formation,  a l though it is one which proceeds by nuclea- 
tion and growth of the new phase, and goes to completion 
isothermally;  the m o v e m e n t  of carbon atoms by inter- 
stitial diffusion m a y  alone be responsible for this. Another  
feature which this t ransformat ion has in common with 
martensi t ie  ones is tha t  some cold working as well as 
heat  t r ea tmen t  appears to be desirable to form U2C 3. 

The UC structure,  which is cubic, can also be related 
to the UC 2 te t ragonal  s t ructure  by a rota t ion of 45 ~ 
and an extension of some 20% in the [100] direetion, 
carbon atoms moving into the spaces associated with the 
extension. 

Thus all the u ran ium-ca rbon  compounds  can bc 
regarded as structm'es containing carbon atoms arranged 
in the interstices of approximate ly  similar networks of 
u ran ium atoms. The possibility tha t  a whole range of 
non-stoichiometric  compounds occurs should not  be 
overlooked. 

This investigation formed par t  of a contract  for 
The Uni ted  Kingdom Atomic Energy  Author i ty  Research 
Group, Harwell ,  and the au thor  wishes to thank  the 
Director  for permission to publish the results. 

In  Fig. 3 the thick lines denote  a body-cent red  tetrag- 
onal UC2 cell with the u ran ium atoms shown in their  
positions on the lattice. By a suitable homogeneous  
shear (001) [100], the te t ragonal  prism shown by 
th inner  lines can be t ransformed to another  prism of 
dimensions 4-04 x 5 . 7 5 x 5 . 9 7  A. This is equivalent  to 
changing the square small face of the UCe cell into a 
rhomb of angle 70 °. The construct ion in Fig. 4 shows 
t ha t  by a rota t ion of two axes by 45 °, the s t ruc ture  
becomes body-cent red  cubic with a cell edge of 4.04 A, 
following a slight contract ion of the long axis. 

This has not  quite reached the UeC a s t ructure  (Fig. 2) 
however,  but the U2C a straacture could be conver ted into 
the b.c.e, s t ructure  by giving it a pa rame te r  x=0-25  
instead of x=0-20 .  This is equivalent  to moving each 
uran ium a tom by 0"05 x V3 x 8.09 = 0.7 /~. 

This t ransformat ion could thus be regarded as one 
in which there is little or no interchange in the positions 
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Recent  studies (Tauber, Savage, Gambino & ~,Vhinfrey, 
1962) at  this Labora tory  have concerned the growth of 
large crystals of hexagonal  ferrites for microwave ap- 
plications. The work has involved synthesis of such phases 

as Ba2Zn2Fea20,,,,, BaZn,~Fel~()2~ (known as ZnY all(] 
ZnW, respectively;  Braun,  1957), etc., by slow-cooling 
melts  containing fluxes of Na,~FeO 4 and Bi2() 3. While 
using the la t ter  flux in the growth of ZnY,  minute  
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den(:h'itic c rys ta l s  of a b ronze -co lo red  phase  were  o b t a i n e d  
in severa l  e x p e r i m e n t s  as a m i n o r  r eac t i on  produc. t .  
Th i s  p r o v e d  to  be a Ba,  Bi, F e  oxide ,  h a v i n g  an  X - r a y  
t )owder  d i f f r ac t ion  p a t t e r n  a l m o s t  iden t i ca l  w i t h  t h a t  of 
cubic  B a F e ( )  3. 

P( ) lycrys ta l l ine  B~Fc( )  a has  p r e v i o u s l y  been  p r e p a r e d  
as cubic ,  t e t r a g o n a l ,  and  h e x a g o n a l  phase s  (E rchak ,  
F a n k u c h e n  & W a r d ,  1946; Scholder ,  1952; K e d e s d y  & 
Mal inofsky ,  1954; ScholdeI ' ,  K i n d e r v a t e r  & Zeiss, 1956; 
F e s e n k o  & 1)rokopalo,  1956; P r o k o p a l o  & F e s e n k o ,  
1958). ]~iFcO 3, r e c e n t l y  p rcpare ( t  in p o l y c r y s t a l l i n c  f o r m  
by V c n e v t s e v  et al. (1960), is a r h o m b o h c d r a l l y - d i s t o r t e d  
l )e rovsk i te  phase .  B a s e d  on  X - r a y  d i f f r ac t i on  d a t a ,  
t h e  m a t e r i a l  de sc r ibed  in t he  p r e s e n t  s t u d y  was  in i t ia l ly  
t h o u g h t  to  r e p r e s e n t  t he  f i rs t  s y n t h e s i s  of cubic  BaFe( )  3 
in s ing le -c rys ta l  fo rm.  S u b s e q u e n t  p r e p a r a t i o n  of ad-  
d i t i ona l  c rys ta l s ,  h o w e v e r ,  p e r m i t t e d  s p e c t r o c h e m i c a l  
ana lys i s ,  w h i c h  s h o w e d  s u b s t a n t i a l  b i s m u t h  a n d  d e m o n -  
s t r a t e d  t h a t  t h e  m a t e r i a l  was  a c t u a l l y  a cubic  p h a s e  in 
t h e  B a F e O a - B i F e O  3 series.  S ince  t h e r e  a p p e a r e d  to  be  
no  ear l ier  s t ud i e s  in th is  series,  i t  was  cons ide red  of 
i n t e r e s t  to  f u r t h e r  cha rac t e r i ze  t he  d e n d r i t i c  s ingle  crys-  
tals .  

F r o m  a t y p i c a l  Z n Y  syn the s i s  cons i s t ing  of an  80 g. 
b a t c h  (30 m o l . %  Bi.,O 3 f lux) in a p l a t i n u m  crucible ,  
100 rag.  of t h e  d e n d r i t i c  phase  were  r ecove red  by  l each ing  
wi th  d i lu t e  n i t r i c  acid.  T h e  c rys ta l s  o c c u r r e d  p r i n c i p a l l y  
a t  t he  in t e r f ace  b e t w e e n  a solid Bi.,() 3 cake  a t  t h e  b o t t o m  
of t he  c ruc ib le  a n d  t h e  o v e r l y i n g  m a s s  of h e x a g o n a l  
fer r i te  c rys ta l s ,  f lux,  etc .  D e n d r i t i c  c lus te r s  were  cx- 
t r c m e l y  fragi le  a n d  m e a s u r e d  t y p i c a l l y  0-5 m m .  by  
0-05 ram.  T h e y  were  r ed  in t r a n s m i t t e d  l igh t  a n d  n o t  
a t t r a c t e d  to  a m a g n e t  a t  r o o m  t e m p e r a t u r e .  Micro- 
(:heroical ana lyses*  of a 50 mg .  s a m p l e  a v e r a g e d  15.1% 
Ba,  47 .9% Bi, ant i  18.4% F e  by we igh t ,  w h i c h  g ives  a 
B a  :Bi  : Fe  a t o m i c  ra t io  of close to  1 : 2 : 3. R e d u c e d  to  an  
A B O  s s t o i c h i o m e t r y ,  w i t h  no  o x y g e n  def ic iency ,  th is  

• " F I I I  ~ iv c o r r e s p o n d s  to  (Ba0.aaBl0.6v)( e0.67I~ e0.:~a)O 3. Crys ta l  ehem-  
ieal r e a son ing  p r e c l u d e s  an  a l t e r n a t i v e  ca t ion ic  d i s t r ibu-  
t ion .  C o m p o s i t i o n a l  s i n g u l a r i t y  is i n d i c a t e d  by t h e  
s h a r p n e s s  of t h c  r e so lved  a ~ 2  d o u b l e t s  in t h e  X - r a y  
p o w d e r  p a t t e r n  back - r e f l ec t i on  region.  T h e  p re sence  
of t r i v a l e n t  F e  is s u p p o r t e d  by  t h e  color  of t h e  ma t e r i a l .  
T h e r e  exis ts  t h e  poss ib i l i ty  t h a t  t h e  p h a s e  is s o m e w h a t  
o x y g e n - d e f i e i e n t ,  w h i c h  w o u l d  d i m i n i s h  t h e  r equ i s i t e  
a m o u n t  of t e t r a v a l e n t  i ron.  Th i s  s i t u a t i o n  is cons ide red  
un l ike ly ,  h o w e v e r ,  s ince it  has  been  ou r  expe r i ence  t h a t  
b i s m u t h  t r i ox ide  in t h e  p r e s e n t  s t ud i e s  causes  an  ox id iz ing  
e n v i r o n m e n t .  

R o t a t i o n  a n d  W e i s s e n b e r g  s ing le -c rys ta l  X - r a y  pa t -  
t e rn s  of m i n u t e  c rys ta l l i t e s  s h o w e d  t h e  space  g r o u p  
Prelim, or  a s u b - g r o u p ,  a n d  d e m o n s t r a t e d  t h a t  t h e  p h a s e  
has  a cubic  p e r o v s k i t e - t y p e  s t r u c t u r e .  Close e x a m i n a t i o n  
of t he  f i lms s h o w e d  no  d e p a r t u r e  f rom cubic  s y m m e t r y .  
T h e  d e n d r i t i c  g r o w t h  d i r ec t ions  were  f o u n d  to be octa-  
hedra l .  A n  X - r a y  i )owdcr  d i f f r ac t ion  p a t t e r n  of se lec ted  
c rys ta l s  gave  a cell d i m e n s i o n  of 3.999 _+ 0"002 A. T h e  
r h o m b o h e d r a l  cell d i m e n s i o n s  of t )seu(tocubic B iFeO a are  

= 8 9  ° 24', a 0 = 3 . 9 6 3  A. B a F e O  a l i t e r a tu re  va lues  are  
4.007 A w i t h  a f i r ing t e m p e r a t u r e  of 950 °C. and  4.010 .~ 
w i t h  1150 °C. (Fescnko  & Prokoi)ah) ,  1956) a n d  4-013 .£~, 

* Schwarzkot)f Microanalytieal Laboratory,  ~Voodside 77, 
New York. 

a v e r a g e d  f r o m  d a t a  of De rbysh i r e ,  F r a k e r  & S t a d e l m a i e r  
(1961).* N e g l e c t i n g  t he  s l igh t ly  n o n - c u b i c  n a t u r e  of 
B iFeO 3 a n d  a s s u m i n g  a l inear  c o m p o s i t i o n  ve r sus  cell 
d i m e n s i o n  r e l a t i onsh ip  in B a F e O a - B i F e O  3, t h e  cell edge  
o b s e r v e d  in t h e  d e n d r i t i c  c rys ta l s  w o u l d  ind ica t e  a com-  
pos i t i on  close to  t h e  B a F e O  3 end .  Th i s  w o u l d  a p p e a r  
to  be s u p p o r t e d  by  t hc  fac t  t h a t  no  d e p a r t u r e  f r o m  cubic  
s y m m e t r y  is e v i d e n t .  I t  a p p e a r s  s ign i f icant ,  t hen ,  t h a t  
a l t h o u g h  t he  phase  is c o m p o s i t i o n a l l y  c loser  to  B iFeO 3. 
i ts s t r u c t u r e  is t h a t  of B a F c O  a a n d  its cell edge  ap-  
p r o a c h e s  t h a t  of t he  Ba  c o m p o u n d .  I n  o t h e r  words ,  
cubic  B a F c ( )  3 can  t o l e r a t e  a large a m o u n t  of b i s m u t h  
w i th  essen t ia l ly  n o  d i m e n s i o n a l  change .  

A logical  q u e s t i o n  conce rns  t h e  s t o i c h i o m e t r y :  "What 
is t he  s igni f icance  of t h e  1 :2  B a : B i  ra t io  in v iew of t he  
fac t  t h a t  t he  d e n d r i t i c  phase  a p p a r e n t l y  f o r m e d  ill t he  
p re sence  of a vast• excess  of Bi203 ? O c c u p a n c y  of t h e  A 
si tes is s t a t i s t i ca l  because  p o w d e r  X - r a y  d i f f r ac t ion  f i lms 
s h o w e d  no  ev idence  for o rde r ing .  I n  an  ideal ly  cubic  
p e r o v s k i t e - t y p e  s t r u c t u r e ,  t he  A si tes h a v e  twe lve  n e a r e s t  
n e i g h b o r  oxygens .  T h e  d e n d r i t i c  phase ,  w i t h  2/3 of t h e  
A si tes o c c u p i e d  by  Bi, shows  no  d i s to r t i on ,  whi le  end-  
m e m b e r  B iFeO 3 has  a r h o m b o h e d r a l  d i s to r t i on .  Some-  
w h e r e  b e t w e e n  t he  two  c o m p o s i t i o n s ,  t h e n ,  t he  d e v i a t i o n  
f r o m  cubic  s y m m e t r y  m u s t  h a v e  its onse t .  Since t he  
p h a s c  o b s e r v e d  a d m i t t e d  no  m o r e  t h a n  2/3 Bi in to  t hc  A 
sites,  it  s eems  l ikely t h a t  l m d e r  t he  e x p e r i m e n t a l  con- 
d i t ions  u sed  t he  s t a t i s t i ca l  r e p l a c e m c n t  of 2/3 of t h e  
B a - O  b o n d s  by  B i - O  r e p r e s e n t s  a s a t u r a t i o n  beyon( l  
wh ich  t h e  s t r u c t u r e  d i s to r t s .  F u r t h e r  s tud ies ,  ou t s i de  t h e  
scope  of t he  p r e s e n t  no te ,  arc  n c c d c d  to c o n f i r m  th is  
p o i n t .  

T h e  a u t h o r s  are  g r a t e fu l  to  J .  V(. M e l l i c h a m p  a n d  R.  K.  
Bu t l e r  for t he  s p e c t r o c h e m i c a l  ana lys i s .  
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* These authors  were apparent ly  unaware of the Russian 
syntheses of cubic BaFeO 3 having a perovski te- type s t ructure  
(Fesenko & Prokopalo,  1!)56; Prokot)alo & Fesenko, 1958). 
Furthermore,  the failure of ])erbyshire, Fraker  & Stadehnaier  
to prepare such a ( 'ompound by rea(;ting oxides and carbonates 
of Ba and Fe is not  suppor ted  by Fesenko & Prokopalo,  who 
synthesized the phase from BaC()a and Fe20:3. 


