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In the second stage, these clusters arrange them- 
selves to form the tetragonal long-range order, as seen 
in the small regions, a, b and c, in Fig. 7. The fact that 
such tetragonal regions always take trigonal orienta- 
tions supports the above conclusion that the poly- 
atomic Bi-Mn clusters in the first stage have twelvefold 
symmetry. In comparing the square unit patterns in Fig. 
4 (more clearly in Fig. 7) with the doughnut-shaped 
contrasts in Fig. 5, it seems that a little deformation will 
be necessary for the clusters to build up the tetragonal 
lattice in the second stage, in order to satisfy the 
lowering of symmetry from twelve- to fourfold, as was 
also suggested by Audier & Guyot (1988). 
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Abstract 

The KMF 3 structures with M = Mn, Fe, Co and Ni 
have been investigated in detail using data from 
previous studies. The vibration amplitudes, atomic 
charges determined by difference density partitioning 
and the heights of characteristic features of the 
difference densities change monotonically through the 
series. Trends in the difference densities are consistent 
with the expected variation of the exchange con- 
tribution (antisymmetrization of the electron wave- 
function) with the occupancy of the 3d subshell. The 
redistribution of electron density in the region of 
overlap of the atomic orbitals for the transition-metal 
and F atoms reflects mainly the effects of that 
exchange. The topography also shows the conse- 
quences of interactions between the transition-metal 
and the next-nearest-neighbour K atoms. There are 
local maxima or minima in the difference densities 
further from the nuclei. The sign of the difference 
density at these regions of low electrostatic potential 
depends on the chemical identity of the M species. 

Introduction 

Information contained in difference electron densities 
from X-ray diffraction experiments extends our under- 
standing of chemical bonding. The detailed three- 
dimensional image of the electron density from an 
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accurate diffraction experiment provides a benchmark 
against which the validity of models for chemical 
bonding can be tested. At a qualitative level the 
predictions of the model can be checked for consistency 
with the topography of the electron density. The 
ultimate objective is to predict properties as completely 
as possible from the one electron density function. 

The simplest case is that of a series of isomorphous 
compounds in which only one type of atom varies. The 
environment remains approximately constant if the 
electronic structure of just one atom changes. The Mn, 
Fe, Co and Ni members of the KMF 3 series crystallize 
in the cubic space group Pm3m and with the ideal 
perovskite structure (Wyckoff, 1964). The atoms are 
located at the special positions M(0,0,0), v r l  ~ ~ • ,~,~,~j and 
F(½,0,0) and have low temperature factors. The 
transition metal is coordinated to six F atoms in an 
ideal octahedron. The second-nearest neighbours con- 
sist of eight K atoms located in the (I I I) directions of 
that octahedron. Difference densities for these com- 
pounds have been described earlier (Kijima, Tanaka & 
Marumo, 1981, 1983; Miyata, Tanaka & Marumo, 
1983). Those studies accurately displayed the rearrange- 
ment of the transition-metal d electrons as a result 
of the crystal field and determined relative populations 
for the t2g and e s orbitals. The magnitude of the 
redistribution of electron density increases progressively 
through the series, in line with the increase in the 
polarizability expected for the transition metal. 
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46 KMF 3 WITH M = M n ,  Fe, Co AND Ni 

There is some ambiguity in terminology resulting 
from indiscriminate use of terms such as binding, 
bonding, antibonding, attractive and repulsive. Binding 
and bonding are often used interchangeably, but some 
authors carefully distinguish the subtle difference 
between them. Binding relates to the forces acting on 
the nuclei (Berlin, 1951) in molecule formation while 
bonding relates to changes in energy (Spackman & 
Maslen, 1985). In the simple case of a diatomic 
promolecule, a model consisting of spherically sym- 
metric overlapping but undeformed charge-density 
clouds, there is a deep minimum in the energy curve, 
that is to say it is bonding, but the forces repel the 
nuclei for all separations, that is, it is unbound. 
However binding can be achieved by a very small 
displacement of the nuclei relative to their atomic 
electron clouds. Chemical properties are dominated by 
the terms relating to the energy (bonding). The 
additional term with sharp energy gradients required for 
binding may be treated as small perturbations. 
Throughout this paper bonding energy is preferred to 
the more common term binding energy. Its negative 
sign is retained so that the most stable state has the 
minimum bonding energy. Bonding and antibonding 
here refer to the sign of that energy contribution, 
negative in the former case and positive in the latter. 

Refinement 

The data from the earlier studies, obtained from 
material deposited with the British Library Document 
Supply Centre as Supplementary Publications, are of 
good quality, with each reflection profile scanned up to 
ten times to reduce statistical and other errors. The data 
were corrected for absorption and type I anisotropic 
extinction. 

The original refinements were based on models 
incorportating ionic structure factors some of which 
were spherically averaged, while others were derived 
from atoms in differing spin states. 
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Fig. 1. Thermal vibration amplitudes for the KMF 3 compounds as a 
function of cell dimension. 

The structures were reanalyzed using a set of 
harmonically vibrating free atoms as the reference 
model, minimizing ~(IFr l  - k lFcl )2. The scattering 
factors were those of Cromer & Mann (1968). 
Anomalous-dispersion corrections were taken from 
Cromer & Liberman (1970). For KMnF 3 and KNiF 3, 
extinction was included in the refinement, following the 
method of Larson (1970) in which only the isotropic 
component of secondary extinction is considered. 
Structural parameters are minimally affected by the 
difference between ionic and atomic scattering factors 
(Spackman, Hill & Gibbs, 1987) and refinements with 
position and thermal parameters fixed at those values 
reported by the original authors were satisfactory. All 
calculations were carried out with the XTAL system of 
crystallographic programs (Hall & Stewart, 1988). 

The difference densities for the new refinements 
closely resembled those published originally, indicating 
that bias in the structural parameters caused by the 
choice of reference model was minimal. The close 
agreement between the structure factors of equivalent 
reflections for KMnF 3 and KNiF 3 was indicated by the 
low values of the merging Rtn t factor (0.009 and 0.008 
respectively). Confining the extinction correction to the 
isotropic model resulted in R factors and difference 
densities virtually identical to those reported by the 
original authors. Any anisotropy in the extinction must 
be small i.e. the extinction is essentially isotropic for this 
series of structure analyses. If isotropic extinction is 
also preferred to the anisotropic model for the related 
KCuF 3 member of the series, the difference densities are 
more consistent with the rest of the series (Spadaccini 
& Maslen, 1987). 

The MF 6 chromophore is an ideal octahedron with 
M - F  bond lengths ranging from 2.0058 to 2.0945 A. 
The second coordination sphere consists of eight K 
atoms in the (111) directions, pointing at the faces of 
the octahedron, at distances from 3.4741 to 3.6277 A. 
Because of the high atomic site symmetries in these 
structures, the bond and contact distances through the 
series are exact linear functions of the cell dimension. 
Other chemical or physical properties which are 
correlated to interatomic separation will thus display 
correlation with cell dimension. The M and K thermal 
parameters are isotropic, by site symmetry, with B 
values ranging from 0.388 to 0.595 A 2 and from 0.945 
to 1.570 A 2 respectively. The atomic thermal param- 
eters are plotted against cell dimension in Fig. 1. With 
the exception of the U~ term for the F atom in KMnF 3 
the variation is close to linear. The magnitudes are 
lowest for the Ni structure. The effective radius of the 
transition metal decreases from Mn to Ni owing to the 
increased effective nuclear charge which is reflected in 
the reduction in cell size. The decreasing magnitudes of 
the thermal parameters show that the reduced radius 
of the transition-metal atom from the Mn structure to 
the Ni structure, indicated in Fig. 1, results in tighter 
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Table 1. Net atomic charges (e) from the HirshfeM 
partitioning of Ap 

Formal KMnF 3 KFeFj KCoF 3 KNiF 3 
M 2 0.09 0.20 0.39 0.41 
K I 0.24 0.32 0.32 0.46 
F - I -0-11 -0-18 -0.24 -0.29 
MF 6 -4  -0.57 -0-85 - 1.03 - 1-33 

packing, restricting the freedom of movement of the 
atoms in the structure as a whole. 

Atomic charges 

The electron transfer in ionic solids is often described in 
terms of the formal values idealized as point charges at 
the nuclei. The large charge transfers associated with 
formal values in the ionic model exaggerate the real 
movement of electron density (Slater, 1965). Develop- 
ment of physically realistic models requires more 
accurate assessment of the charge on an atom in the 
solid. 

The method of partitioning of Hirshfield (1977) 
yields consistent and chemically reasonable results 
(Maslen & Spackman, 1985). The magnitudes of the 
charges determined for mononuclear ions in a large 
number of systems are much less than the formal 
values. Studies of transition-metal Tutton salts and 
sulfate pentahydrates by the Hirshfeld method give 
consistent results both for mononuclear and charged 
groups. Charges for the sulfate groups are -1 .22  e in 
the Cu Tutton salt (Maslen, Watson & Moore, 1988), 
-1 .01  efor the Zn salt (Maslen, Watson, Ridout & 
Moore, 1988), - 1 . 1 0  and -1 .08  e in the Mg and Ni 
salts (Maslen, Ridout & Watson, 1988). The sulfate 
charges for Cr and Cu sulfate pentahydrate are -0 .97  
and - 1.20 e respectively (Vaalsta & Maslen, 1987). 

The atomic charges determined for the potassium 
transition-metal trifluorides by the Hirshfeld method, 
given in Table 1, are consistent with those of other 
workers (Bats & Fuess, 1986; Maslen & Spackman, 
1985), for a wide range of compounds. 

The charges are a small fraction of their formal 
values, although the atomic species become increasingly 
ionic in progressing through the series. The variation of 
the charge with cell dimension, plotted in Fig. 2, is close 
to linear. The charges for Co and K for the Co 
structure deviate appreciably from the trend lines for 
the series as a whole. 

Difference densities 

The difference densities for these compounds should 
reflect the change in electronic configuration of the 
transition metal as one progresses along the row from 
Mn to Ni. The lattice environment is identical, except 
for the small variations in cell dimensions and contact 
distances. 

The difference densities in the plane perpendicular to 
the fourfold axis containing four M--F bonds for the 
four compounds are shown in Fig. 3. We focus initially 
on the features near the transition-metal nuclei. The 
difference density along the M--F bond shows effects 
commonly associated with overlap of the atomic 
orbitals. For Mn there is a peak, approximately 0.6 A 
from the metal nucleus, 0.5 e/~-3 in height, directed 
toward the F atom. In the Fe compound there is a 
feature with similar radial dependence, but with the 
peak replaced by a minimum o f - 0 . 3  e A -3. This trend 
continues through the series, the feature having a depth 
of - 1 . 1 2  e/~-3 for KNiF 3. This is consistent with what 
is expected for an exchange term. As the contribution 
from the antibonding orbitals increases the electrons are 
repelled more strongly from the vicinity of the M - F  
bond. The depletion increases progressively, becoming 
more strongly antibonding from Mn to Ni, as the spin 
conflict resulting from overlap of the F atom's electrons 
with the 3d subshell increases. This is consistent with 
what is expected from the exclusion principle. 

The topology of the difference density in Fig. 3 has a 
contrasting parallel in Fig. 4, which shows the dif- 
ference density along the M - K  interaction vector as 
well as the M - F  interaction vector. M - K  interactions 
are often regarded as weak, and contributing negligibly 
to the deformation density near the transition metal. 
However if we consider the atomic radii of the M and K 
atoms to be half the bond distances found for the 
elemental solids, the M - K  contact distances in these 
compounds are close to the sum of these radii. For 
neutral atoms such interactions would be significant. In 
Fig. 4(a) there is a minor build up of density (less than 
one contour) along the M n - K  direction. Whereas the 
density along the M - F  vectors becomes more negative 
this feature becomes increasingly more positive as one 
progresses through the Fe, Co and Ni analogues, for 
which it maximizes at 1.13 e/~ -3. The peaks are 
aligned with their maxima along the M - K  vectors. 

ca o 

i 

j / + 1  F 

~ + ~  
4 + ~ ÷ -  

J4.00 4~0:3 4:06 4:09 4:12 4',15 4',18 
Cell dimension (,,~) 

Fig. 2. A t o m i c  charges  (e) from the Hirshfeld pa r t i t ion ing  of  Ap as a 
function of cell dimension. 
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The build up of density along this direction could 
also be due to the overlap of the M atom with the 
diffuse orbitals of the K atom. Such a build up would be 
consistent with an exchange term which is positive i . e .  

lowers the energy. The probable significance of second- 
nearest-neighbour interactions has also been reported 
earlier for other compounds (Maslen, Spadaccini & 
Watson, 1983; Maslen, Spadaccini, Watson & White, 
1986; Maslen & Spadaccini, 1987). The difference 
densities along the M - K  vectors in Fig. 4 are 
comparable with those along cation-cation vectors in 
those structures. 

The variation of characteristics of the difference 
density with cell dimension through the series is shown 

in Fig. 5, which depicts the heights at the F atom, in the 
e~ orbital and in the t2~ orbital, projected onto the plane 
of Fig. 3. The variation is close to linear in all cases. 
This is not surprising for the densities near atomic sites, 
since the degree of overlap between the metal atom and 
the F ligand will obviously change in a regular manner 
with cell size. 

This variation in the heights of characteristic features 
in the difference density, as one progresses through the 
series strongly resembles that of the thermal parameters 
and the atomic charges shown in Figs. 1 and 2. As the 
effective size of the transition metal decreases from Mn 
to Ni, the reduced cootact distance increases the degree 
of overlap between the transition metal and the F 
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valence orbitals. This compounds the effect of increasing 
number of d electrons, with the exchange term 
becoming increasingly antibonding. The difference 
density near the transition metal is increasingly 
polarized as one progresses along the series towards Ni, 
as shown in Fig. 5. The linear variation of the difference 
densities with cell dimensions is again consistent with 
what is expected for an exchange term. The movement 
of density associated with this polarization increases the 
atomic charges. The lowering of the thermal parameters 
and the increased density polarization are clearly 
related. Both result from the compression of the contact 
distances as the overlap between valence orbitals 
increases. 

The relationship between the packing of atoms, the 
thermal motion and the polarization of density has been 

discussed by Henderson & Maslen (1987) for the alkali 
halides. The electron density is depleted along the 
cation-cation vectors which are markedly shorter than 
the corresponding distance in the pure metal, and those 
cations carry significant positive charges. 

This behaviour is also consistent with the well known 
increase in electronegativity with row number in the 
Periodic Table. The atoms are increasingly electro- 
positive on progressing down each column. Other 
things being equal the larger atoms overlap more 
strongly with their neighbours, and lose electrons as a 
result of exchange. The closer packing for the KMF 3 
series as the cell volume decreases and the atomic 
number of M increases, indicated by the thermal- 
motion data, mimics this effect and generates the 
expected increase in cation charge. 
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The effect of increasing the d-subshell population for 
the M species on the orbital overlap can be understood 
qualitatively in terms of the changes in the electrostatic 
energy (Eel). This is the classical interaction energy for 
overlapping, undeformed, spherically symmetric 
charge-density clouds. Although it is only one term in 
the expression for the total bonding energy, it can be 
considered as the first-order term in a perturbation 
expansion of that energy and is often dominant. The 
variation of Ees with distance for the diatomic inter- 
actions in these crystal structures is plotted in Fig. 6. 

The strengths of the interactions indicated by the Ees 
values are consistent with the thermal motion data in 
Fig. 1. The M atoms are involved in six strong M - F  
and eight M - K  interactions, have the lowest electro- 
static energies, and the lowest vibration amplitudes. The 
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Fig. 5. The  magn i tudes  o f  Ap at var ious  points  in the cell as a 
funct ion  o f  cell d imension.  
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Fig. 6. Elect ros ta t ic  energies (Ees) fo r  some d ia tomic  in terac t ions  at 
var ious  separat ions .  The  solid points  indicate the con tac t  
dis tances found  in the  s tructure.  

Table 2. Electrostatic energies for  some interactions in 
K M F  3 

KMnF 3 KFeF 3 KCoF 3 KNiF 3 M-M -0.163 -0.127 -0.114 -0.105 
K-K -0.392 -0.426 -0.452 -0.482 
F - F  -0.004 -0.005 -0.006 -0.008 
M-K -0.606 -0.616 -0.617 -0.625 
M-F  -1.615 -1.677 -1-710 -1.756 
K-F  -0.117 -0.127 -0.135 -0.144 

thermal parameter for the K atom, involved in eight 
M - K  interactions, is about twice as large. The motion 
of the F atom is strongly anisotropic. In the direction of 
the M - F  bond the amplitudes for the M and F 
vibrations are comparable, as expected because of the 
strength of this bond. In the direction of the K - F  
interaction the F atom is less constrained, and its 
thermal motion is larger than that of the K atom. Note 
that Ees for K - F  is nearer zero than the values for the 
M - F  and M - K  interactions. Both the electrostatic 
energies and the thermal motion indicate that crystal 
packing does not depend strongly on the K - F  
interaction. The M--K interaction is more significant. 

Ees decreases uniformly with separation but there are 
marked differences in the energy gradients, indicated by 
the slopes of the solid lines in Fig. 6. For the 
interactions involving the transition-metal atoms the 
shaded points indicate the Ees values at the contact 
distance in the structure as listed in Table 2. The 
variation of the shaded points (dotted lines) shows the 
combined effect on the electrostatic interaction energy 
of decreasing the contact distance and increasing the 
d-subshell population. Changing the d-shell population 
has two competing effects on the M - M  energy. 
Raising the number of d electrons increases the degree 
of overlap, but at a fixed separation this is outweighed 
by the contraction of the electron cloud due to the 
increased nuclear charge. The combined effect is to 
reduce the magnitude of the bonding - to raise the 
bonding energy. 

In addition to the electrostatic interaction energy, the 
total bonding energy includes contributions from the 
electron density rearrangement associated with ex- 
change and other polarization terms. The sign of this 
contribution can be inferred from the difference density 
topology in the interatomic region. 

Consider the M - M  interactions. As the contact 
distance is compressed the bonding Ees term becomes 
more negative. However, a substantial antibonding 
component arising from the increased d-subshell 
population must be included, resulting in the dotted 
curve with the negative slope in Fig. 6. It is less bonding 
for the Ni -Ni  interaction than it is for the M n - M n  
interaction. To this must be added terms associated 
with the polarization of the electron density, which can 
be qualitatively inferred in some cases from Fig. 3. This 
is complicated by the colinearity of the M - F  and 
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M - M  vectors, which makes it more difficult to 
distinguish the two interactions. As shown in Fig. 3(d) 
there is a large deficiency of electrons near the Ni atom, 
along the N i - N i  (and Ni -F )  vectors. This makes an 
antibonding contribution to the total bonding energy, 
which must be more positive than Ees. Conversely near 
the Mn atom there is electron excess along the M n - M n  
(and M n - F )  vector. In this case the contribution is 
bonding, lowering the total bonding energy below Ees. 
We conclude that the contribution of the polarization to 
the M - M  interactions is increasingly antibonding from 
KMnF 3 to KNiF 3. 

The same reasoning applies to the M - F  interaction, 
but the combined effect of cell compression and 
increased d-subshell population is electrostatically 
favourable, Ee~(Ni-F)< Ee~(Mn-F) in this case, as 
shown by the strong positive slope of the dotted M - F  
line in Fig. 6. The change in terms associated with the 
deformation of the charge-density clouds is in the 
opposite direction. 

The M - K  interactions are often neglected because of 
their supposedly small contribution to bonding. Fig. 6 
shows that these terms are about one third as strong as 
the M - F  interactions, but the combined contribution of 
cell compression and increased electron population on 
the M - K  interaction energy is slightly bonding. This is 
indicated by the weak positive slope of the dotted M - K  
line. The sign of the contribution of the exchange to the 
bonding energy is opposite to that for the M - M  and 
M--F interactions, because of the increase in density 
along the M - K  vector as M progresses towards Ni. In 
KNiF 3 there is a large excess of density directly along 
the N i - K  vector which makes a bonding contribution. 
The weak depletion of density along the M n - K  vector 
in KMnF 3 will make a slightly antibonding contribu- 
tion to that interaction energy. The total contribution of 
the M - K  interaction to the bonding energy is 
increasingly bonding from KMnF 3 to KNiF 3. 

There is a significant feature in the difference density 
midway between the K atoms in all sections of Fig. 3. 
In the Mn structure this is a peak of 0.6 e A  -3. It 
decreases progressively through the series, forming a 
hollow o f - 0 . 8  e/k -3 in the Ni structure. A similar 
result was obtained in a study of the isomorphous 
KZnF a compound (Buttner & Maslen, 1988). The 
difference density in a second study of KCoF 3 (Buttner, 
1988) using a very small extinction-free crystal has the 
same topology. Charges derived from the data were less 
accurate because of the weakness of reflections from 
the small crystal, but within the accuracy of the 
experiment agree with the values in Table 1. 

This feature is rather isolated, being approximately 
2.8/~ from the metal atoms and 2/k from the K and 
the F atoms. Although too far from the atomic centres 
to be attributed to well known chemical effects the 
variation of the difference density at this site, plotted 
against cell dimension in Fig. 5 (marked Feature), 

shows the same linear variation as those for other 
characteristic features in the difference density. 

The feature becomes more prominent and more 
localized with increasing data resolution. The rate of 
increase is slow, as expected for valence-electron terms. 
It cannot result from random error and is highly unlikely 
to arise from similar systematic errors in six different 
experiments, especially as a careful examination of the 
data showed no evidence for such error. Difference 
densities are minimally affected by series termination, 
and these for the KMF 3 do not have the characteristic 
shapes of series-termination artefacts. The conse- 
quences of ambiguity in the phases of small Fca ~ 
reflections were investigated but were not consistent 
with the results observed. 

Thus there exists a structural cavity between the F 
and K atoms which may be a local maximum or 
minimum in the difference density depending on the 
chemical species at the M site. The linear variation with 
cell dimension is similar to that for other features of 
known origin. This suggests that they arise in the same 
way. 

Enhancement of electron density at a site of low 
electrostatic potential far from the nuclei could have 
important consequences in a related series, namely the 
high T~ YBa2Cu307 superconductors. The structural 
geometry of that series is an orthorhombic distortion of 
the cubic KMF 3 perovskite structure, in which oxygen 
replaces fluorine, with yttrium and barium replacing 
potassium in the ratio 1:2. The structural distortion 
requires a tripling of the perovskite cell in one direction. 
Two of the oxygen sites in the ideal structure are 
vacant, the cell having seven O atoms instead of the 
ideal nine. One of the structural cavities in the ideal 
cubic structure extends into a channel through the 
distorted cell. Concentration of valence electron density 
in that linear region of low electrostatic potential may 
facilitate electron transport in these superconductors. 
Further investigation of the electron density in the high 
T~ superconductors is required to test this hypothesis. 

This work was supported by the Australian Research 
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Abstract 

[N(C:Hs)4][ReH8{P(C6Hs)3}], Mr=586.81 ,  ortho- 
rhombic with lattice constants at 295K of a = 
10.615 (3), b = 25.338 (7) and c =  10.134 (2)A, V=  
2725.6 (1.2)/~ 3 in space group P212121 with Z = 4; 
at 163 K, monoclinic with a = 10.497 (3), b =  
24.970 (10), c =  10.067 (4) A and t =  91.06 (3) ° , 
V =  2638.2 (1.7),& 3 in space group P21 with Z = 4 .  
F(000) = 1184. At 295 K, D m = 1.45 (8), D x = 
1.430 gcm -3, p(Mo Kct) = 0.4587 cm-~; at 163 K, 
D x = 1.477 gcm -3. Anisotropic damage is suffered by 
exposure to Mo Ks radiation both at 295 and 163 K; 
correction for this effect results in an internal agree- 
ment indicator R~n t on F m at 295 K of 0.0187 and, on 
F m at 163 K, 0.0339. The Re atom undergoes such 
severe anharmonic oscillation at 295 K that P was the 
only other atom detectable in subsequent analysis 
without adequate thermal motion modelling. Inclusion 
of all tensor coefficients to seventh order in the 
Gram-Charlier expansion for the probability density 
function led to a final structural solution. Refinement on 
Fm z measured at 295 K by least squares gave the 
indicators (on Fro): R = 0.0132, wR = 0.0119 and 
S = 0.902 for 2391 independent observations 
(averaged over the full form) with F2m ~ 3o(F~). The 
eight H atoms and one P atom form a distorted 
equatorially girdled trigonal prism about Re with the P 
atom occupying a prism corner. The average R e - H  
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distance is 1.92(11)A and R e - P  distance is 
2.419 (3) A; the systematic increase in both distances is 
a function of the Re-atom anharmonic motion. The 
cation is disordered at 295 K, with local pseudo- 
inversion through the N atom. The low-temperature 
phase contains two independent molecules in the 
asymmetric unit with coordinates related to those of the 
high-temperature phase by a simple transformation and 
displacement. The anionic displacements between the 
phases at 295 and 163 K do not exceed 0.25 ,~, but 
atoms in the cation undergo displacements over this 
temperature interval as large as 1.8 A. Refinement on 
F2mat 163 K gave R(Fm) = 0.0645, wR = 0.0638, and 
S = 2.038 for 6306 FZm_> 3o(F~). Severe anharmonic 
motion by the two independent Re atoms remains 
present at 163 K and was fitted to sixth order in the 
Gram-Charlier expansion. The lower quality data at 
163 K did not allow the H atoms to be located. The 
Re -P  distances in the two independent anions at 163 K 
are 2.397 (10) and 2.422 (11) ]k. 

Introduction 

The molecular structures of numerous transition-metal 
polyhydrides have been reported. The first deter- 
mination of an Re polyhydride was that of K2ReH 9 in 
which it was shown by neutron diffraction that the 
ReH92- anion forms a regular equatorially tricapped 
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