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Zachariasen's structure is confirmed from single-crystal data. 

Zachariasen (1948a, b) determined the crystal structure of 
fll-K2UF6 from powder data. He described ,fll-K2ThF6, 
P~-KLaF4 and P~-KCeF4 as having this new type of struc- 
ture. Sears (1967) has since shown that the structure of 
fll-KLaF4 is different from that of flI-K2UF6. The con- 
tinuing interest in complex fluorides related to molten salt 
breeder reactors prompted the redetermination of the 
PI-K2UF6 structure and refinement of the lattice and atomic 
parameters. 

Zachariasen (1948a, b) gave the lattice parameters of 
fll-K2UF6 as a0 = 6.53 + 0-01, co = 3"77 + 0.01 /~, Z =  1 and 
space group P~2m. The refined parameters are a0 = 6.5528 
+ (0.0002) and co= 3.749 + (0.0001)/~ (Cu K~I = 1.5405 A,, 
Cu K~2 = 1.54434/~), the calculated density is 5-1235 g.cm-3, 
23 °C. The flI-KzUF6 structure is found to be essentially as 
described by Zachariasen. While there are differences in the 
old and new interatomic distances, those distances reported 
by Zachariasen are within 3o of those reported in Table 2. 

Experimental 

Single crystals of fll-K2UF6 were selected from an ingot of 
the composition 75.0 mole % KF and 25 mole % UF4.  
Some of the single crystals were ground in an air race, and 
an ellipsoid with diameters 108 by 90 by 126 microns was 
selected for diffraction. The diffraction intensities were 
measured with a computer operated Picker four-circle 
goniostat and a scintillation-counter detector using un- 
filtered Cu K~ radiation. Sixty-eight independent reflec- 
tions out to 20= 145 ° were measured by the 20 scan tech- 
nique. The linear absorption for Cu Kg radiation in 
fl~-K2UF6 is 1317.6 cm -1 and an absorption correction 
was calculated for each reflection. 

Refinement and results 

The structure of fll-K2UF6 was refined by iterative least- 
squares using a modification of the Busing, Martin & Levy 
(1962) computer program. Starting values for the atomic 
parameters were those given by Zachariasen (1948b) and 
the final refined parameters are given in Table 1. Scattering 
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factors for K +, U4+ and F -  were taken from Cromer & 
Waber (1965) and the values of A f ' = - 5  and A f " = 1 5  
electrons were used for the anomalous dispersion of Cu K~. 
radiation by uranium (Dauben & Templeton, 1955). Trial 
structural models were also run with Af"=  --15 electrons 
but the R value from the model with As""= 15 electrons is 
significantly the better of the two. The quantity minimized 
was ZwlslF2ol - IF~I[ 2 with weights, w, equal to the recip- 
rocals of the variances which were estimated from the 
empirical equation: a2(Fo 2) = s[T+ B + 0.01 ( T -  B)2J/A(Lp)Z, 
in which s =  scale factor, T=  total, B =  background counts, 
A = t h e  absorption correction, and L p =  Lorentz-polariza- 
tion correction (Busing & Levy, 1957). Anisotropic tem- 
perature factors were calculated for K + and U 4+. The in- 
teratomic distances are listed in Table 2 and the observed 
and calculated structures factors in Table 3. The discrep- 
ancy indices are RI - X IIFo2[-IFc21l/z lEo21 =0.1320, R2-- 
L" [IFol- IFcl[/~r IFol = 0-0605 for all reflections and the stan- 
dard deviation of an observation of unit weight, [Z" w(Fo- 
Fc)2/(no-n~)]I/2 is 1.653 where no is the number of reflections 
and nv the number of variables. 

Table 2. Interatomic distances for ,81-K2UF6 

3[U-F(2)] 2.22 (6) A, 3[K-F(1)] 2.62 (5) A, 
6[U-F(1)] 2.38 (4) 6[K-F(2)] 2.87 (3) 
2[F(1)-F(2)] 2.70 (4) 2[F(1)-F(1)] 2.53 (11) 

Fig. 1 is a stereoscopic pair of drawings showing one 
asymmetric unit of K2UF6. The structure consists of chains 
of 9F-  coordinated U4+ polyhedra parallel to co. The poly- 
hedra are trigonal prisms with a pyramid on each of the 
prism faces. In flI-KzUF6 the basal faces of the trigonal 
prisms are shared by the polyhedra along the chains. The 
U 4÷ chains are crosslinked by the K+-F  - bonding where 
each K ÷ is at the center of 9F-  and the K+F - polyhedra 
share edges with the U4+-F-  polyhedra. 

Zachariasen (1948b) reports that all 9F-  around each of 
the K + and U 4+ ions are equidistant; U-9F,  2.36/~ and 
K-9F,  2.73 A,. The interatomic distances listed in Table 2 
show that the K + ion is coordinated by 6F-  at 2.87(3) and 
3F-  at 2.62(5) A,. The U 4+ ion is coordinated by 6F-  at 
2.38(4) and 3F-  at 2.22(6)/~. However, all of Zachariasen's 
distances are within 3a of those listed in Table 2. 

Table 1. A tomic and thermal parameters for/~a-K2UF6 

Standard errors in parentheses, corresponding to last significant digit, are as given by the variance-covariance matrix. 

x y Z fill × 103* ]~22 /~33 × 103 ]~12 fl]3 /~23 
U 0 0 0 4 (1) 1" 15 (3) t 0 0 
K ½ ~ -~- 6 (3) 1" 33 (9) I 0 0 
F(1) 0"223 (9) 0 Jz- 16 (3) ~: 
F(2) 0"662 (9) 0 0 15 (3) :~ 

* Coefficients in the temperature factor: exp [ -  (ill lh2 + f122k2 + fl33l 2 -t- 2fllzhk + 2fll 3hl+ 2f123kl)]. 
t 2/~12=P22=P11. 
:[: Temperature factors for F(1) and F(2) were constrained to be isotropic. 
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Fig. 1. One asymmetrical unit of fll-K2UF6. One-fourth unit cell is outlined. 

Table 3. Observed and calculated structure f actors for flI-KzUF6, Fo, Fc and ~x x 10 

1 q ~  t~3 95 ~ 2q6 L~ll 159 3 1 ~  162 39 1 q k q 
1 2q7 ~ 1  179 2 e )s  a ~  169 3 ets ;~t3 t6v ~ 2av I ~ o  L l ~  o 3ee ~3  47 
a ~69 seo 70 3 29s : : ~  s3, o S L  s ~  l ~  S ~  0 2S~ ~ 3  l ~  

t ~  tsa l ~  4 S a % 1 ~ L ~ 3  o ass ~ 9  isv 2 ~  s~ ~s~ Is1 o 2~o .2~ ~ 2 ~ ~ 7a r ~  iv3 ~s ,  439 q06 I I ~ 318 151 

369 l l O 0 1 0 6 2  ql~ qO0 ? ~ ~ I~3 ¼1691~1" ~'57 2 ? 27S ~'/~ 16B16820 1621"/~$ 1621901"1S 

.?.71 21q '?'10 163 0 15q 3 .?.18 

L ? 142 ~93 201 186 2L:N ;'c~9 1 1~ '  169 L>61 ~ '?'L:~'9 '?'10 0 107 
I"1 313 .?.77 155 281 .?.76 145 ~'.?. 3~3 3q9 00 3 2qO 256 133 
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The crystal structure of y-Na2ZrF6 is a new structure type with space group P21/c. The Zr ions are coordinated 
by 7F- ions at distances of 2.012 to 2.167 A. The structure is metastable below 460°C. 

The complex fluoride Na2ZrF6 has four polymorphs (Bar- 
ton, Grimes, Insley, Moore & Thoma, 1958) which can be 
distinguished from one another by their optical and X-ray 
properties, y-Na2ZrF6 is biaxial positive; 2V=75 °, Nx= 
1.408 and N,= 1.412. The equilibrium/~-~, transition is at 
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505C and the ~-~ transition is at 460C. The crystal structure 
of ~,-NazZrF6 is a new structure type. 

Experimental 

Single crystals of y-NazZrF6 were obtained from a rapidly 
cooled ingot of the composition NaF-ZrFa-UF4 (55-40-5 
mole%). The crystals were ground in a small air race, and 


