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molecular orbitals, these are believed to be less effec- 
tive in establishing a magnetic exchange interaction. 

The intramolecular bond lengths and angles cor- 
respond well with the results of previous structural 
studies of compounds containing the TTF + (Kisten- 
macher, Phillips & Cowan, 1974) and MS4C4(CF3)~ - 
units (Schmitt, Wing & Maki, 1969) and are generally 
consistent with the conclusion that complete one-elec- 
tron charge transfer has occurred in this compound. 

This work has been supported in part by a grant 
from the U.S. Air Force Office of Scientific Research 
under contract No. F-44620-76-C-0006. 
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Abstract. KSbF6 (I), tetragonal, P~2m, a=5 .16  (1), 
c=  10.07 (2) A, V= 267.86 A 3, Z = 2 ,  Dc = 3.407 g cm -3. 
In KSbF6 (I), which is stable above ~ 16°C, the Sb 
is surrounded by six F atoms in a slightly distorted 
octahedral configuration. The average Sb-F distance 
is 1.844 A and the mean deviation of the F - S b - F  bond 
angles from the ideal octahedral values is 3.3 °. The 
F - F  distances in the coordination octahedra vary be- 
tween 2.544 and 2.736 A, with a mean of 2.605 A. 
The K atoms are surrounded by eight F atoms, form- 
ing a slightly distorted dodecahedron, at distances be- 
tween 2-618 and 3.204 A. The coordination octahedra 
and dodecahedra are connected by sharing of corners. 

Introduction. KNbF6 and KTaF6 have been reported 
to be cubic, space group Ia3 (Cox, 1956) or tetrag- 
onal, space group P'4c2 ( Z =  2) (Bode & von D6hren, 
1958). KSbF6 has been reported to possess the same 
structure as cubic KNbF6 and KTaF6 (Bode & Voss, 
1951). The structures and space groups of these com- 
pounds have not been established unambiguously 
since the reported structures are based primarily on 
the positions of the heavy atoms. It was also shown 
that the powder pattern of KSbF6 (I), which is stable 
above ~ 16°C, can be fully indexed on the basis of a 
tetragonal unit cell, but the correct space group could 
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not be convincingly established (Heyns & Pistorius, 
1976). In the same study, low-temperature KSbF6 (II) 
was reported to be cubic. 

Crystals of KSbF6 (I) were obtained by recrystalliza- 
tion of a commercial sample of KSbF6 from a methanol 
solution at 30°C. A multi-faceted, roughly spherical 
crystal with a diameter of 0.28 mm was used. Accurate 
cell parameters were determined and intensities col- 
lected on a Philips PW 1100 four-circle diffractometer 
with graphite-monochromated Mo Ks radiation. The 
intensities were collected in the 09-20 scan mode over 
a scan width of 1.5 ° in 0 and at a scan rate of 0.05 ° s -1. 
A unique set of 282 reflexions with a maximum sin 0/2 
of 0.7 was measured of which 53 were considered to 
be unobserved with I <  1.650o'(1). The background was 
counted for half the total scanning time on each side 
of a reflexion. Lorentz-polarization and absorption 
corrections for a spherical crystal were applied. 

The apparent systematic absences: Okl for l=  2n + 1 
m 

indicated space groups P4c2, P4cm and P42/mcm. 
Closer inspection of the Okl reflexions revealed, how- 
ever, that they are definitely not systematically absent 
when l is odd. Several Okl and 00l reflexions, although 
very weak, were clearly discernible above background, 
especially when the scans were traced on a recorder. 
The possible space groups with Laue symmetry 4/mmm 
and no systematic absences are" P4/mmm, P422, 
P 4mm, P-4m2 and P-42m. 

Crystal-packing considerations were used to deter- 
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mine the correct space group. The six F atoms in the 
[SbF6]- ion are expected to be situated at the vertices 
of an octahedron at a distance of about 1.9 /k. The 
hkl reflexions with l # 2 n +  1 are systematically weak 
and the fact that Z = 2  requires that the K and Sb 
atoms lie on the fourfold a~es. In the first three space 
groups above, the presence of the fourfold rotation 
axes forces the octahedron to be placed with four cor- 
ners in a plane perpendicular to (001). This would 
result in an impossibly short F . - - F  distance of about 
1-3 A. and so these space groups can be ruled out. The 
inversion tetrad in P-4m2 and P'42m allows the octa- 
hedron to be tilted so that only two corners are re- 
quired to be in the same plane, perpendicular to (001), 
as the Sb. The mirror planes in P4m2, however, force 
these two F atoms into the same short contact of  
about  1.3 A. P42m satisfies all the packing require- 
ments and is thus indicated as correct. 

The fact that the Okl reflexions with l odd are ex- 
tremely weak indicates that the structure of KSbF6 is 
very close to that of KNbF6 and KTaF6 and therefore 
the trial structure chosen is as follows: 1K: (b) ± ± 1. 2 ~ 2 , 2 ,  

1K" (d) 2_2, ±2, 0", 2Sb" (g) 0,0,z; 3 x 4 F :  (n) x,x ,z .  

U -----° 1/I 

o Sb C) 
F o 

Fig. 1. Perspective view of the unit cell and contents of KSbF6 
showing the dodecahedral configuration of the F atoms 
surrounding the K atoms. 

The structure was refined by full-matrix least squares 
with the X-RAY system (1972). In the final stages of 
refinement the thermal parameters of all the atoms 
were allowed to vary anisotropically and a variable 
isotropic extinction correction (Larson, 1967) was in- 
troduced. R=~AF/~,Fo and Rw=[~w(dF)2/~,wFZo] 1/2 
converged to 0.035 and 0.043 respectively. The func- 
tion minimized was ~,w(dF) 2 with 1/tr 2 weights. 

The scattering factors for Sb 5+, K + and F -  were 
generated from the analytical expressions of Cromer 
& Mann (1968) and the corrections applied for anom- 
alous dispersion were taken from Cromer & Liberman 
(1970). The final values of the atomic parameters are 
given in Table 1.~ Interatomic distances and angles 
are listed in Table 2. 

Table 2. lnteratomic distances (A) and angles (o) 
with e.s.d." s 

Sb--F(1) 1.841 (8) F(2)-F(2)* 2-545 (7) 
Sb--F(2) 1.841 (6) F(2)-F(3)* 2.544 (11) 
Sb--F(3) 1.849 (5) 
K(1)-F(1) 2.618 (7) F(I)-Sb-F(2) 88-3 (3) 
K(I)-F(3) 3.204 (7) F(1)-Sb-F(3) 92.6 (4) 
K(2)-F(2) 2.653 (6) F(1)-Sb-F(1)* 96-0 (4) 
K(2)-F(3) 2.991 ( 1 3 )  F(1)-Sb-F(2)* 175.7 (3) 
F(1)-F(2) 2.565 ( 1 3 )  F(1)-Sb-F(3)* 92.6 (4) 
F(1)-F(3) 2.669 (I0) F(2)-Sb-F(3) 87.2 (4) 
F(1)-F(I)* 2.736 (7) F(2)-Sb-F(2)* 87.4 (3) 
F(1)-F(3)* 2.669 ( 1 2 )  F(2)-Sb-F(3)* 87.2 (4) 
F(2)-F(3) 2.544 (9) F(3)-Sb-F(3)* 172.2 (6) 

* Related by twofold rotation axis (symmetry code: 
- -  X 9 - -  X~ Z ) .  

Discussion. The structure of KSbF6 is illustrated by 
the perspective drawings of the unit cell and contents 
in Figs. 1 and 2 (Johnson, 1971). The Sb is surrounded 
by six F ions in a slightly distorted octahedral con- 
figuration. The average Sb-F  distance is 1.844/k and 
the mean deviation of the F - S b - F  bond angles from 
the ideal octahedral values is 3-3 °. The F - F  distances 

5; A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31859 (3 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CH1 1NZ, England. 

K(I) 
K(2) 
Sb 
Z(1) 
F(2) 
F(3) 

Table 1. Final atomic parameters ( x  104) for KSbF6 

Thermal parameters are of the form T=exp [-2zr2(a*2h2U11 + ...  + 2b*c*klU23)]. 
Refinement was based on extinction parameter g= 5.3 x 10 -a. Estimated standard deviations are in parentheses. 

x y z U11 U22 U33 U12 U13 
5000 5000 0 646 (28) 646t 542 (40) 0 0 
5000 5000 5000 231 (12) 231"t" 417 (25) 0 0 

0 0 2504 (1) 350 (4) 350t 387 (5) -75 (4) 0 
1876 (12) 1876t 1280 (10) 941 (50) 941t 746 (55) -556 (76) 115 (34) 
1745 (12) 1745"I" 3825 (7) 1128 (53) 1128t 399 (39) -670 (73) -109 (32) 
2529 (11) -2529"t" 2630 (15) 608 (29) 608t 2202 (128) 128 (34) -312 (67) 

t Parameters related by symmetry. 

U 2 3  

0 
0 
0 

115t 
- 109t 

312"t" 
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in the coordination octahedron vary between 2.544 
and 2.736 A with a mean of 2.605 A. 

Eight F atoms, forming a slightly distorted dodeca- 
hedron, surround the K atoms at distances between 
2.618 and 3.204 A. The F atoms lying at z ~ ~  and ~a 
are closer to K than those lying at z~¼. 

The coordination octahedra and dodecahedra are 
connected by sharing of corners. The dodecahedra lie 
in channels at ~2,r± 12, z~j and are connected by the sharing 
of one edge at z,-~ ¼. 

References 

]]ODE, H. & YON DOHREN, H. (1958). Acta Cryst. 11, 
80-82. 

BODE, H. & Voss, E. (1951). Z. anorg, allgem. Chem. 264, 
144-150. 

Cox, J. (1956). J. Chem. Soc. pp. 876-878. 
CROMER, D. T. t~ LIBERMAN, D. (1970). J. Chem. Phys. 

53, 1891-1898. 
CROMER, D. T. & MANN, J. B. (1968). Acta Cryst. A24, 

321-324. 
HEYNS, A. M. & PISTORIUS, C. W. F. T. (1976). Spec- 

trochim. Acta, 32A, 535-545. 
JOHNSON, C. K. (1971). ORTEP-II. Oak Ridge National 

Laboratory Report ORNL-3794. 

---(3 

(3 

K© 
Sb 0 
F o 
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