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(Received 24 October 1968). 

The crystal structure of fl-KCeF4 has been determined by X-ray diffraction. The space group is Pnma, 
a0 = 6"2895 + 0"0003, b0 = 3"8040 + 0-0003, co = 15"596 + 0"002 A,. The structure consists of a three-dimensional 
framework of 9-coordinated Ce-F and K-F  polyhedra. 

Alkali metal complexes with the rare earth fluorides are 
being studied because of their relationship to the corres- 
ponding actinide elements which are of interest to molten 
salt breeder reactor technology. Cerium is analogous in 
its properties to plutonium and a preliminary study of the 

* Research sponsored by the U.S. Atomic Energy Commis- 
sion under contract with the Union Carbide Corporation. 

phase relationships in the system KF-CeF3 (Barton, 
Brunton, Hsu & Insley, 1967) showed that  there are two 
stable phases of KCeF4: ~-KCeF4, fluorite-cubic and 
fl-KCeF4, orthorhombic. 

fl-KCeF4 is the first polymorph of orthorhombic symme- 
try which has been described. Zachariasen (1948a, b) 
described compounds Pl-KLaF4 and fll-KCeF4 and reported 
them to be isostructural with Pl-K2UF6 which has P-62m 
symmetry. Sears (1967) has determined the crystal structure 

x y 
Ce 0.25105 (0-4) 0.25 
K 0.2766 (3) 0"75 
F(1) 0-1376 (6) 0.25 
F(2) -0-0053 (6) 0.75 
F(3) 0-3970 (7) 0-75 
F(4) 0.0849 (7) 0.25 

Table 1. Atomic parameters for fl-KCeF4 

Z fil l  fl22 fl33 ill2 ill3 fl23 
0"43765 (0"2) 0"00338 (0-8) 0"0077 (2) 0"00072 (0"1) 0"0 -0"00002 (0-1) 0"0 
0"20178 (0"9) 0"0046 (2) 0"0250 (8) 0"00104 (0"4) 0"0 0"00008 (0-7) 0"0 
0"0364 (3) 0"0060 (7) 0"020 (30) 0"0015 (2) 0"0 0"0004 (3) 0-0 
0"4406 (2) 0"0062 (8) 0"018 (30) 0"0009 (2) 0"0 0"0002 (2) 0"0 
0"3638 (3) 0"0095 (8) 0"010 (20) 0"0013 (2) 0"0 0"0008 (3) 0"0 
0"3044 (3) 0-0131 (9) 0"015 (20) 0"0012 (2) 0"0 -0-0003 (3) 0"0 

* Coefficients in the temperature factor; exp [ -  ( i l l lh 2 + fl22 k2 + fl3312 + 2fll2hk + 2fl13hl+ 2f123kl)].The number in parentheses 
is a x 10 4. 

[l b• ~ b 
Fig. 1. The contents of one unit cell (outlined) of fl-KCeF4 tilted 45 ° around a0. 
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o f / ~ I - K L a F 4  a n d  has  s h o w n  t h a t  it is n o t  i s o s t r u c t u r a l  
w i t h  f l t -K2UF6  as h a d  been  p r o p o s e d .  Sears  s h o w s  t h a t  t he  
space  g r o u p  fo r  f l l - K L a F 4  is PO,  t h a t  o n e  o f  the  c a t i o n  
p o s i t i o n s  is s ta t i s t ica l ly  o c c u p i e d  by 0 . 5 K  + a n d  0 .5La  3÷, 
a n d  t h a t  t he re  is s ta t is t ica l  o c c u p a t i o n  o f  t w o  o f  the  F -  
pos i t i ons .  

Z a c h a r i a s e n ' s  f l l - K C e F 4  does  n o t  o c c u r  as an  e q u i l i b r i u m  
c o m p o u n d  a n d  has  n o t  been  r e - e x a m i n e d .  

E x p e r i m e n t a l  

Single  c rys ta ls  o f  /~-KCeF4 were  g r o w n  as the  p r i m a r y  
p h a s e  f r o m  a m e l t  h a v i n g  the  c o m p o s i t i o n  35 m o l e  % K F ,  
65 m o l e  % CeF3.  A t  the  s t o i c h i o m e t r i c  c o m p o s i t i o n ,  
f l -KCeF4  b e c o m e s  f luo r i t e - cub ic  ~t-KCeF4 a b o v e  755°C .  
F r a g m e n t s  o f  t he  c rys ta ls  were  g r o u n d  to  a p p r o x i m a t e l y  
sphe r i ca l  s h a p e  in a n  a i r -d r iven  r ace  a n d  an  e l l ip so id  o f  
d i m e n s i o n s  0-182 by  0.252 by 0 .234 m m  was  se lec ted  fo r  
s ing le -c rys ta l  d i f f rac t ion .  T h e  in tens i t ies  o f  the  re f lec t ions  
were  m e a s u r e d  w i t h  a c o m p u t e r - o p e r a t e d  P i cke r  f ou r -  
circle  g o n i o s t a t  a n d  a s c i n t i l l a t i o n - c o u n t e r  d e t e c t o r  u s ing  
un f i l t e r ed  M o  K~ r a d i a t i o n  ( K ~ ] = 0 . 7 0 9 2 6  a n d  K~2=  
0 .713543 /~) .  T w e l v e  h u n d r e d  a n d  seven ty  n ine  i n d e p e n d e n t  
re f lec t ions  o u t  to  80 ° 20 were  m e a s u r e d  by the  20 scan  
t e c h n i q u e .  T h e  l inear  a b s o r p t i o n  fo r  M o  Kct r a d i a t i o n  by 
,&KCeF4  is 13.396 m m - ~  a n d  an  a b s o r p t i o n  c o r r e c t i o n  was  
c a l c u l a t e d  fo r  e a c h  ref lec t ion .  

R e f i n e m e n t  a n d  resul ts  

T h e  o b s e r v e d  c o n d i t i o n s  fo r  d i f f r ac t ion ,  hkl: n o  c o n d i t i o n s ,  
Okl: k+l=2n, a n d  hkO: h=2n, are  c o n s i s t e n t  w i t h  the  
space  g r o u p  Pnma. T h e  la t t ice  p a r a m e t e r s  were  re f ined  as 
p a r t  o f  the  set  u p  p r o c e d u r e  o n  the  X - r a y  d i f f r a c t o m e t e r  
(Bus ing ,  El l i son ,  Levy ,  K i n g  & R o s e b e r r y ,  1968). T w e n t y  
n i n e  a d d i t i o n a l  h igh  ang le  re f lec t ions  were  m e a s u r e d  at  
p lus  a n d  m i n u s  20 a n d  the  final l eas t - squa res  resul t s  fo r  
the  la t t ice  p a r a m e t e r s  a re :  a0 = 6.2895 + 0.0003,  b0 = 3-8040 
+ 0.0003 a n d  co = 15.596 + 0.002.3,.. T h e  c a l c u l a t e d  dens i t y  
is 4 .5424 g . c m - 3  a n d  Z =  4. T h e  re f lec t ions  were  c o r r e c t e d  
fo r  L o r e n t z - p o l a r i z a t i o n  f ac to r s  a n d  fo r  a b s o r p t i o n  a n d  a 
t h r e e - d i m e n s i o n a l  P a t t e r s o n  was  c a l c u l a t e d  f r o m  these  d a t a  
Al l  o f  the  a t o m s  in the  a s y m m e t r i c  u n i t  a re  a t  specia l  pos i -  
t i o n  4(c) w i t h  y = 0.25. T h e  x a n d  z p o s i t i o n a l  p a r a m e t e r s  
a n d  the  a n i s o t r o p i c  t e m p e r a t u r e  f ac to r s  we re  re f ined  u s i n g  
a m o d i f i c a t i o n  o f  the  Bus ing ,  M a r t i n  & Levy  (1962) least-  
s q u a r e s  c o m p u t e r  p r o g r a m .  T h e  q u a n t i t y  -rw(Fo-Fc) 2 was  
m i n i m i z e d  w i t h  we igh t s ,  w, equa l  to  t he  r ec ip roca l s  o f  the  
va r i ance s  w h i c h  were  e s t i m a t e d  f r o m  the  emp i r i c a l  equa -  
t i on :  a 2 ( F 2 ) = s ( T +  B+O.OO36(T- B)2] / (Lp)  2, w h e r e  s =  
scale  f ac to r ,  T = t o t a l ,  B =  b a c k g r o u n d  c o u n t ,  a n d  L p =  

L o r e n t z - p o l a r i z a t i o n  co r r ec t i on .  S c a t t e r i n g  f ac to r s  fo r  K +, 
Ce  33 a n d  F -  we re  t a k e n  f r o m  C r o m e r  & W a b e r  (1965) 
a n d  the  va lues  o f  Af'= -0.3 a n d  df"= 3.0 e l ec t rons  were  
t a k e n  fo r  the  a n o m a l o u s  d i spe r s ion  o f  M o  K~ r a d i a t i o n  by 

T a b l e  3. Observed and calculated structure 
factors for ,&KCeF4  
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T a b l e  2. Interatomic distances for f l -KCeF4  

Ce-F(4)  2.326 (4) ~ K-F(3)  
2[Ce-F(3)] 2-406 (3) K-F(2 )  
Ce-F(2)  2.448 (4) K-F(3 )  
Ce-F(1)  2.465 (4) 2[K-F(4)]  
2[Ce-F(2)] 2.494 (3) 2[K-F(4)]  
2[Ce-F(1)]  2.546 (4) 2[K-F(1)]  

F(1)-F(3)  2.701 (6) F(1)-F(2)  
2[F(1)-F(1)] 2.812 (6) 2[F(1)-F(3)] 
2[F(1)-F(2)] 2.965 (5) 2[F(2)-F(2)] 
F(2)-F(3)  2.800 (6) 2[F(2)-F(4)] 
2[F(3)-F(4)] 2-887 (5) 

2.587 (5) .~, 
2.611 (4) 
2-639 (5) 
2.717 (3) 
2.763 (4) 
3.321 (4) 

2.753 (6) 
2.885 (5) 
2"655 (5) 
2"907 (4) 
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Table 3 (cont.) 
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cerium [Dauben & Templeton (1955)]. The positional 
parameters and anisotropic temperature factors are listed 
in Table 1. The discrepancy index R=2~[ IFol- IFol ]/,Y, IFol = 
0.0433. The standard deviation of an observation of unit 
weight = [27w(Fo, Fc)2/(no - nv)] 1/2 = 1 "5688 where no is the 
number of reflections and n~ the number of variables. 

Table 2 contains a list of the interatomic distances and 
Table 3 contains the observed and calculated structure 
factors. Fig. 1 is a stereoscopic pair of drawings showing 

the contents of approximately one unit cell of B-KCeF4 
tilted 45 ° about a0. The structure consists of a three- 
dimensional framework of 9-coordinated Ce-F and K - F  
polyhedra. One of these polyhedra can be described as 
having 6F- ions at the comers of a trigonal prism and 3F- 
each at the apex of a pyramid on each of the prism faces. 
The basal triangular faces of the K + polyhedra are shared 
with other K ÷ polyhedra. The edges of the other faces of 
the K + polyhedra are shared with edges of Ce 3+ polyhedra 
which also share edges with each other to form a simple 
framework structure. 

R e f e r e n c e s  

BusiNG, W. R., ELLISON, R. D., LEvY, H. A., KING, S. P. 
& ROSEBERR~', R. T. (1968). USAEC Report ORNL-4143, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

BUSING, W. R., MARTIN, K. O. & LEvY, H. A. (1962). 
USAEC Report ORNL-TM-305, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

CROMER, D. T. & WABER, J. T. (1965). Acta Cryst. 18, 104. 
DAtmEN, C. H. & TEMVLETON, D. H. (1955). Acta Cryst. 8, 

841. 
BARTON, C. J., BRUNTON, G. D., HSU, D. & INSLEY, H. 

(1967). USAEC Report ORNL-4076, Oak Ridge Natio- 
nal Laboratory, Oak Ridge, Tennessee. 

SEARS, D. R. (1967). USAEC Report ORNL-4076, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 

ZACHARIASEN, W. H. (1948a). J. Amer. Chem. Soc. 70, 2147. 
ZACHARIASEN, W. H. (1948b). Acta Cryst. 1, 265. 

Acta Cryst. (1969). B 25, 602 

The crystal and molecular strueture of strontium tartrate trihydrate. A eorreetion. By G. K. AMaADY, Centre of 
Advanced Study in Biophysics and Crystallography, University of Madras, Madras 25, lndia 

(Received 4 November 1968) 

A corrected value for one atomic coordinate is given. 

In Table 3 of a recent article (Ambady, 1968) the incorrect R e f e r e n c e  
value 0"6787 is given for the y coordinate of atom C(3). The 
correct value is 0.6687. AMBADY, G. K. (1968). Acta Cryst. B24, 1548. 


