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Abstand Kohlenstoff-Schwefcl 4,1 A. Bei dieser Berech- 
n u n g  w u r d e  die yon  H e r t e l  (1931) vorgesch lagene  Atom-  
a n o r d n u n g  u n d  (tie yon  W e s t  (1937) f/ir wahrsche in l i ch  
geha l t ene  R a u m g r u p p e  C~v-R3m z u g r u n d e  gelegt .  De r  
W e r t  weis t  auf  eine s t a rke  Ann~iherung des S8-Ringes 
an  das  J o d a t o m  hin,  w e n n  vo rausgese t z t  wird ,  dass in 
d ieser  A d d i t i o n s v e r b i n d u n g  die Abst~tnde im J o d o f o r m -  
moelk61 selbst  n i c h t  wesen t l i ch  v e r ~ n d e r t  we rden .  
Diese Ann~therung liisst auf  s ta rko  B i n d u n g s k r ~ f t e  
zwischen  d e m  J o d a t o m  u n d  d e m  g e s a m t e n  Sa-Ring 
schliessen.  

A u f g r u n d  unse re r  I n t e n s i t ~ t s m e s s u n g e n  sind (tie er- 

forderlichen Berechnungen zur genauen Festlegung der 
A t o m l a g e n  im Gange.  
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Geomet r i ca l  re la t ionships  be tween  the  s t ruc tu re s  of the  
pha~ues invo lved  in mar t ens i t i c  t r ans fo rma t ions  h a v e  led 
to the  phenomeno log i ca l  theor ies  of ~Vechsler, Lieber-  
m a n  & R e a d  (1953), Bowles  & Mackenz ie  (1954) a n d  
Bi lby  & F r a n k  (1960). These  theor ies  m a k e  use of a 
h o m o g e n e o u s  shear  on one p lane  to der ive  the  la t t ice  
of the  t r a n s f o r m e d  phase  f rom the  p a r e n t  phase,  b u t  
such a shear  does n o t  ca r ry  the  a t o m s  to the i r  final 
posi t ions in the  mar t ens i t i c  s t ruc tu re ,  a n d  a f u r t h e r  
he t e rogeneous  s t ra in  is inc luded  to m a k e  the  fit. Chang  
(1961) has  d iscussed the  diffusionlcss t r a n s f o r m a t i o n  
f rom UC2 (cubic) to UC2 ( te t ragonal )  in t e rms  of these  
theories ,  a n d  the  bear ing  t h a t  this  has  on the  t ) roblem 
of the  misc ib i l i ty  of UC and  UC 2. 

i i / i t .  

k--- 3.516A ---~ I 

O " u 

Q : c  

Fig. 1. UC 2 body  (,entred tetragonal. 

In  ce r t a in  c i r cums tances  i t  m a y  be permiss ib le  to view 
d i f fus ion-cont ro l led  t r ans fo rma t ions  in an ana logous  way,  
as Bowles  & B a r r e t t  (1952) h a v e  sugges ted .  The  f rame-  
work  of h e a v y  a t o m s  undergoes  a d e f o r m a t i o n  c o m p a r a b l e  
to t h a t  in diffusionless t r ans fo rmat ions ,  a n d  the  l ight  
a t o m s  diffuse to new posi t ions re la t ive  to  it. 

The  u r a n i u m - c a r b o n  sys t em prov ides  an example  of 
such  a t r an s fo rma t ion .  Consider  t he  re la t ionsh ip  be tween  
t e t r agona l  UC,2 (b.c.t .)  and  U2C a (b.c.c.). Te t r agona l  UC 2 
(Fig. 1) has  two u r a n i u m  a t o m s  and  four  of ca rbon  in a 
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Fig. 2. Uranium atoms in the U2C 3 cubic cell. Numbers refer 
to the Z axis coordinates, perpendicular to plane of paper, 
in fractions of %. 

un i t  cell (Litz, Ga r r e t t  & Croxton ,  1948); Wilson (1960) 
gives a = 3 . 5 1 6  A, c = 5 . 9 7 2  /~ a t  room t e m p e r a t u r c .  
The  UeC 3 phase  has  a m u c h  larger  un i t  cell (Fig. 2) 
con ta in ing  s ix teen u r a n i u m  a t o m s  a n d  t w e n t y - f o u r  of 
ca rbon  (Mallett ,  Gerds & V a u g h a n ,  1951), wi th  a = 8.09 
(Wilson, 1960), and  it seems to  be qu i te  complex  a n d  
d is t inc t  f rom the  UC2 phase.  Never the le s s  this  s t r uc tu r e  
can be r e l a t ed  to the  s impler  t e t r agona l  one if the  l a t t e r  
is g iven  a h o m o g e n e o u s  shear  and  a sl ight  a d j u s t m e n t  of 
the  u r a n i u m  a toms  in which  each moves  by  the  same  
a m o u n t ,  n a m e l y  a b o u t  0-7 A. I n  the  descr ip t ion  wh ich  
follows, only  the  posi t ions of the  u r a n i u m  a t o m s  are  
cons idered .  These  are  the  a toms  w h i c h  d e t e r m i n e  the  
f r a m e w o r k  of t he  two s t ruc tu res ,  the  ca rbon  a t o m s  
diffusing du r ing  the  t r a n s f o r m a t i o n  to new posi t ions a n d  
fo rming  the  s to ich iomet r ic  re la t ionship .  
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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  


