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CuZrF, and CrZrF, undergo phase transitions between 100 and 450K, which are induced by crystal 
packing effects and changes from dynamical to static Jahn-Teller distortions of the Cu(Cr)F, octahe- 
dra. We analyzed in particular the transitions of the Jahn-Teller type using 57Fe2+, doped into the 
Cu*+(Cr*+) sites, as a Mossbauer probe. The quadrupole splitting is large in the region of static 
distortions and essentially reflects the distortion symmetry of the host Cu(Cr)F, polyhedra, while it 
vanishes in the case of a dynamical Jahn-Teller effect. Ligand field, EPR, and magnetic data are given 
in addition and are discussed with respect to the structures of the host compounds and the cooperative 
Jahn-Teller order of the tetragonally elongated Cu(Cr)F, polyhedra in the low-temperature phases. 

1. Introduction 
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Transition metal compounds TnMiVFe 
frequently undergo phase transitions be- 
tween the ordered cubic ReO,(I) and the 
hexagonal LiSbF, structure(II) in depen- 
dence on temperature (I). Structural single- 
crystal investigations were performed, for 
example, with FeZrFa, which crystallizes 
with the space groups Fm3 m above and Rj 
below the transition temperature at 210K 
(2, 3), respectively. The phase transition 
was also studied by Miissbauer spectros- 
copy (4). The octahedrally coordinated 7’” 
and Mrv ions are interconnected by com- 
mon comers in both lattices. While the 
Tn-F-M’” bonds are linear in the cubic 
structure (compare below, however), they 
are bent in the trigonal lattice. The bond 
angle critically depends on the size and 
electronic con@uration of the MI” ion in 
particular (I). 

If 7’” possesses an electronic Eg ground 
state, which is strongly a-antibonding in an 
octahedral environment, as in the case of 
Cu2+ (d9) and Cr2+ (d4), strong local and 
cooperative Jahn-Teller distortions occur 
and give rise to the existence of two addi- 
tional Jahn-Teller modified types of struc- 
ture, which are pseudotetragonal (I’) and 
monoclinic (II’). The following phase tran- 
sitions were found by X-ray high- and low- 
temperature Guinier techniques (I) and by 
neutron diffraction (3)-above and below 
the arrows, respectively-for 

CuZrF6: II’ s II 3831(_ I, ,., 
393K CrZrF6: II’ s I’ 41~~ I, 

(1) 

-1ZOK 

and similarly for the corresponding Hf com- 
pounds (I). 

The purpose of this study is to character- 
ize the observed structures and to analyze 
the transitions between them with respect 
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to the local and cooperative Jahn-Teller 
distortions in the dynamic and static region. 

2. Experimental 

The compounds CuMrVF6 (Mu’ = Hf, Zr, 
Ti, Sn) were obtained by the dehydration of 
the corresponding tetrahydrates in a fluo- 
rine stream at 300-350°C for 6 hr and-in 
the case of Zr, Hf-the subsequent heating 
in sealed platinum tubes during 1 day at 
800°C. The preparation of the compounds 
CuMrvF6 * 4H20 was performed according 
to the method of Marignac (5). CuPbF6 was 
available by heating an intimate mixture of 
CUFZ and PbF2 in F2 at 400°C for 6 hr. The 
white products are extremely sensitive to 
moisture, yielding immediately the tetrahy- 
drates. Only CuPbFs directly undergoes hy- 
drolysis, yielding yellow and later brown 
products containing PbOz. The anhydrous 
fluorides with @’ = Ti, Zr, I-If crystallize 
in the Jahn-Teller modified LiSbF, struc- 
ture type II’ at 298K (5). CuPbF, and 
CuSnFa, which could not be obtained in a 
crystalline form, seem to possess the unde- 
formed structure II, though the CuF6 poly- 
hedra are statically distorted (see below). 
The hydrates have a monoclinic structure, 
which consists of bent strings of alternating 
MF6 and Cu(OH&F2 polyhedra comer con- 
nected with each other via axial F- ligands 
(6). The ligand field and EPR spectra (Figs. 
1 and 2) are signiIicantly different from 
those of the anhydrous compounds and will 
be discussed below. 

A carefully dried mixture of CrF2 and 
ZrF4 (24 hr at 200°C in a stream of argon) 
was pressed into a tablet and heated for 50 
hr at 830°C in a sealed platinum tube. The 
resulting product CrZrFe is greenish grey 
due to the presence of a small percentage of 
Cr3+ (compared below), which we could not 
avoid in the chosen preparation method. 
CrFz could be prepared by reacting Cr 
metal powder, which was cleaned with Hz 
at 900°C before, with SnF2 under argon in a 

closed graphite crucible according to Cr + 
SnFz = CrFz + Sn. The temperature was 
increased from 200 to 1050°C during 2 hr 
and the molten mixture was cooled after an 
additional heating period of 3 hr. The ob- 
tained greyish CrF2 was practically free of 
Cr3+ and could be separated from Sn me- 
chanically. 

57Fe2+-doped CrZrF6 was synthesized 
analogously to CrZrF, under addition of 
about 1 mole% 57FeZrFh to the mixture of 
CrFr and ZrF4. The iron compound was 
prepared by dissolving s7Fe and ZrF4 in 
concentrated fluoridic acid (method of 
Marignac). Evaporation to dryness yielded 
57FeZrF6 * 6H2O, which was dehydrated in a 
stream of HF at 350°C. Similarly, 57Fe2+- 
doped CuZrF6 was obtained by the treat- 
ment of the hydrated mixed crystal-pre- 
pared according to Marignac-in a stream 
of dry HF. Subsequently the resulting prod- 
uct was heated in a sealed platinum tube for 
50 hr at 800°C. 

The ligand field remission spectra were 
recorded by a Zeiss PMQ II spectropho- 
tometer (Infrasil) with a low-temperature 
attachment. We used SrzZnTeOe (4,000- 
12,000 cm-‘) and freshly sintered MgO 
(S,OOO-30,000 cm-i) as standards. 

The EPR spectra were taken with a Q- 
band El5 Varian spectrometer with DPPH 
as internal standard (g = 2.0037). A vari- 
able-temperature accessory (150-450 K) 
and low-temperature equipment (4.2K) 
were available. 

The Mossbauer spectra were obtained 
with a spectrometer of the constant-accel- 
eration type, in conjunction with a multi- 
channel analyzer in the multiscalar mode. 
The room-temperature source consisted of 
about 20 mCi 57Co diffused into metallic 
Rh. In the low-temperature region a vari- 
able-temperature cryostat with a Au-Fe 
thermocouple was used. The temperature 
could be kept constant within +0.5K. The 
high-temperature spectra were recorded in 
a vacuum furnace. The temperature was 
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measured and controlled with an accuracy 
of + IK with a chromel-alumel thermocou- 
ple. The velocity transducer was calibrated 
referring to the Mdssbauer spectra of me- 
tallic iron. The velocity range (?7 mm. 
set-l) was linear within 0.3%. 

In order to determine the sign of the 
quadrupole splitting the Mossbauer spectra 
of 57Fe2+-doped CrZrFh were recorded in an 
externally applied magnetic field up to 50 
kG and parallel to the y-ray beam. The 
shapes of the spectra were approximately 
calculated by the summation over a large 
number of orientations of electric field gra- 
dient tensors. 

3. Results and Discussion 

a. Ligand Field, EPR, and Magnetic Data 

The ligand field spectra (77K) of com- 
pounds CuwvF6 (Mn’ = Ti, Sn, Pb, Zr, 
I-If) are indicative of tetragonally distorted 
octahedra with an 2ER ground state splitting 

of 5850 f 150 cm-l (Fig. 1). The positions 
of the split states 2B2g and 2Eg of the excited 
octahedral 2T2s parent level are 7800 + 200 
and 9600 + 200 cm-l, respectively, yielding 
an octahedral ligand field parameter A0 = 
6100 + 100 cm-‘, fairly low compared to 
other copper(IIkfluoride compounds ( 7). 
Applying the Angular Overlap Model (8) 
the ground-state splitting 4 EJT can be writ- 
ten as the difference of two energy parame- 
ters, describing the o-antibonding effects in 
the directions of the short (et) and the long 
Cu-F bond lengths (et,) in D4,, symmetry: 

4 EJT = 2( ei - e:) = 2 &( St - St). (2) 

With tabulated overlap integrals (9) and a 
& energy parameter 0.82 . lo6 cm-l, found 
for Cu-F bonds (ZO), long and short bond 
lengths of 215 and 191 pm can be estimated 
from Eq. (2) if the average Cu-F distance is 
199 pm (I, II). 

The powder EPR spectrum of CUPb& is 
the one expected for tetragonally elongated 
CuF6 octahedra [gl > g, > go (Fig. 2)], 

gll = go + gull I wu 
kiLlho 

= Z’ with X0 = 830 cm-‘, 
(3) 

g1 = go + 2Ul 41~1 = E(2B2,) [E(2E,j1 - E(‘B,J) 9 

with a nearly isotropic covalency parame- 
ter k = 0.84, which is typical for Ct.&F 
bonds (7). The g tensor of the Ti, Zr, and 
Hf compounds is completely different, 
however, with g, > gI > go and a g, param- 
eter, which is distinctly split by an o-rhom- 
bic symmetry component (Table I). The g 
parameters are exchange narrowed (Fig. 2) 
and are indicative for a somewhat disturbed 
antiferrodistortive order of elongated octa- 
hedra (7), similar to the one in Fig. 3. The 
long Cu-F bond lengths of neighboring 
CuF6 polyhedra are misaligned by y = 90” 

in the (001) plane, while only short Cu-F 
bond distances would occur parallel to the 
[OOl] direction. For this kind of cooperative 
order the following coupled g tensor is ex- 
pected (7): 

s”l” = 4(t?ll + gd = go + 4Ull + Ul. (4) 

With the experimental values ut = 0.075 and 
uI = 0.06 one obtains gp = 2.12, g”: = 2.36 
from Eq. (4)-near the observed g-parame- 
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FIG. 1. Ligand field spectra of CoiWvF6 (iW = Sn, Pb), CuTiF,. 4H20, and CrZrF6 (assignments 
according to Dh symmetry). The spectrum of CrZrF5.900,1 containing partly Cr3+ (assignment accord- 
ing to Oh symmetry) is shown in addition. 

ters (Table I). In the modification II’, which 
is the low-temperature phase of 
Cu(Cr)ZrFs, the bridging F- ligands are 
more displaced from the tetragonal axes 
(nonlinear Cu(Cr)-F-Zr bonds). The devia- 
tion of the experimental g values of CuZrFs 
from those calculated above for an antifer- 
rodistortive order is due to a misalignment 
of the g tensor with respect to the pattern in 

Fig. 3 toward the threefold axis of the 
LiSbF&ype structure. This misalignment 
involves in particular gr and the gy”” com- 
ponent of g”:. It is also interesting to note 
that the increase of g$ and the slight de- 
crease of g? which is observed above 50K 
indicates a further movement of the g ten- 
sor toward the threefold axis. 

The EPR spectrum of CuSnFh is a super- 
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FIG. 2. EPR powder spectra (35 GHz) of compounds CuiWVF6 (M’” = Pb, Sn, Zr) and CuSnF6 . 
4H20. For further details compare text. 

position of both types of spectra (with and 
without exchange coupling), with the un- 
coupled spectrum possessing about the 
same g values as CuPbF6. A more quantita- 
tive analysis of the exchange effect and its 
origin will be given elsewhere (12). 

We carefully studied the temperature de- 
pendence of the CuZrFs powder EPR spec- 
tra, in particular in the region of the phase 
transitions. While a resolution into aniso- 

tropic components was not possible any- 
more above 330K, the signal remained 
asymmetric until 340-345K. More detailed 
information is given in Fig. 4, where the 
variation of the linewidth (peak-to-peak dis- 
tance in the anisotropic region) with tem- 
perature is shown. The lowest AI&, value 
is expected, where the signal becomes iso- 
tropic. The corresponding temperature of 
342 + SK hence describes the phase transi- 
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TABLE I 

EPR POWDER DATA OF COWOUNDS CuMeIVF6 (g 11, 
g, L~IZAL AND gr, g’: EXCHANGE NARROWED, 

COOPERATIVE g PARAMETERS) 

MelV (& 

Pb 298 

gll g1 gave 

2.605 2.117 2.280 

g:"<g3g: 6 

SIP 130 -2.13 
very broad sig- 

298 nal -2.15 a2.29 

Ti 130 2.353 2.314 2.145 2.27, 
298 2.335 2.17 2.28 

zr 550 2.370 2.32, 2.134 2.277 
130 2.370 2.322 2.14, 2.2% 
260 2.36, 2.31s 2.17~ 2.283 
298 2.336 2.178 2.28, 

a Superimposed by a spectrum of CuPbF, type. 

tion II’ c) II, in reasonable agreement with 
the X-ray value T’,‘) = 353 f SK (I). NO 
further linewidth effect as an indication for 
the second phase transition II ++ I, which is 
outside of the error limit, is found in the 
powder EPR spectra, however, 

Magnetic susceptibility measurements of 
CuZrF6 between 400 and 4K exhibit a linear 
x-i versus T dependence with a vanishing 8 
value. This result confirms that the ex- 
change coupling between the CuFs octahe- 
dra, which is evident in the EPR spectra 
of, for example, CuZrFh, but not of 
CuPbF6, must be very small (12). The mag- 
netic moment lo is 2.05(5)pa, which com- 
pares rather well with the average g value 
obtained from the EPR spectra. 

The hydrates CuMiVF6 +4&O, men- 
tioned in the experimental section, have li- 
gand field spectra with a considerably larger 
ground-state splitting (4 EJT = 9200 cm-l) 
and ligand field parameter (A0 = 7400 cm-‘) 

FIG. 
sketch. 

3. The Jahn-Teller modified ordered ReQ-type structure I’ (CrZrF6 at 298K)-qualitative 
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FIG. 4. Temperature dependence of the EPR linewidth for CuZrF, in the region of the II - II’ phase 
transition (see text for details). 

than the anhydrous compounds (Fig. 1). 
These findings agree with the very pro- 
nounced axial elongation of the CuOdF2 oc- 
tahedra (1.96 + 1 A (4 x 0), 2.31 A (2 x F)) 
(6) and the presence of four stronger equa- 
torial OHz ligands instead of F-. The split 
states of the octahedral *Tzg level are ob- 
served at 12,700 and 10,700 cm-i (shoul- 
der). The calculation of the Cu-0 and 
Cu-F bond lengths from the ground-state 
splitting is again possible, utilizing the An- 
gular Overlap Model and Eq. (2). In agree- 
ment with experimental findings (7, 23) an 
average Cu-0 bond length of 2.12 A and 
the same K, parameter of 0.82 + lo6 cm-i for 
the Cu-0 as for the Cu-F bonds is chosen. 
Applying the center of gravity rule-bond 
length reduction in the equatorial plane of 
the tetragonally elongated octahedron half 
as large as the extension in the axial direc- 
tions-and using published overlap integrals 
(9) the experimental Cu-F and Cu-0 dis- 
tances could be exactly reproduced. The 
EPR spectra are also in accord with the 
structural result of axially elongated octa- 
hedra in ferrodistortive order (Fig. 2). The 
smaller g values gll = 2.44, g, = 2.O9o indi- 
cate reduced orbital contributions in com- 
parison to the anhydrous compounds, 

caused by the blue shift of the ligand field 
bands and a smaller covalency parameter k 
= 0.81. k was calculated from Eq. (3); the 
smaller value reflects the substitution of 
four F- ligands by the more covalent Hz0 
molecules. 

The ligand field spectra of CrZrF6 and 
CrHfF6 exhibit the same features as ob- 
served for the Cu*+ compounds of this type 
(Fig. 1). The ground-state splitting is 7000 
cm-l, and the split-levels of the excited Tzg 
state are observed at 10,000 (shoulder) and 
11,700 cm-i. From these energies an octa- 
hedral A parameter of 7600 cm-l is calcu- 
lated, which is again low compared to other 
chromium(II)-fluoride compounds (7). One 
may suggest from the ligand field data that 
the CrF6 octahedra exhibit a similar extent 
of distortion to the CuF6 polyhedra. Under 
the assumption of an ideal antiferrodistor- 
tive order of elongated CrF6 octahedra a 
distortion of about the same magnitude as 
in CuZrF6 can also be estimated from the 
unit cell parameters (I). The Cr(I1) com- 
pounds have greenish-grey colors due to 
the presence of a small percentage of Cr3+, 
whose two characteristic transitions (4A2, 
+4T2g, a ~g 4T at 16,800 and 22,000 cm-‘) can 
still be detected in the spectrum. The com- 
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parison with the mixed crystal CrZrFs.gO,-,.r 
shows, however, that the Cr3+ impurity is 
not larger than l-2% (Fig. 1). 

The magnetic investigation yields a x-r 
versus T dependence with a small deviation 
from linearity, which indicates weak coop- 
erative magnetic interactions at low tem- 
peratures. The magnetic moments are 
4.9~~ above 2OOK, very near to the spin- 
only value for a high-spin d4 configura- 

tion-as expected in a strongly tetragonal 
ligand field. 

b. Miissbauer Spectroscopy 

The isomeric shift of CuZrF6 and CrZrF6, 
doped by about 1 mole% s7Fe2+ in the tran- 
sition metal position, relative to metallic 
iron (298K) was 6 = 1.462(8) and 1.463(8) 
mm set-r, respectively. The corresponding 
shift for FeZrFh is 1.427(8) mm set-l(4); all 

1.8 

#aa x ,r 
100 200 300 LOb 500 K 

I 
100 200 

,_I_ 
300 LOO 500 600 K 

FIG. 5. Temperature dependence of the quadrupole splitting A&Q for j7Fe2+-doped CrZrF6 (above) 
and CuZrF, (below). 
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these values are indicative for high-spin 
Fe2+ ions in ionic bonding. 

Applying a magnetic field of H = 50 kG 
parallel to the y-ray beam the two-line zero- 
field spectrum of 57Fe2+-doped CrZrF6 at T 
= 4.2K splits into a doublet and a triplet, 
where the doublet is due to the (+tl*(+QI 
transitions. Because the triplet appears at a 
higher velocity than the doublet, the sign of 
the quadrupole splitting and hence the field 
gradient q is negative. 

The large quadrupole splitting AEQ in de- 
pendence on temperature (Fig. 5) is taken 
as evidence that the Fe2+ ions reflect the 
considerable local distortions of the CuF6 
and CrFs polyhedra in the different phases 
(14). The curves below 400 (CrZrFs) and 
330K (CuZrFs) can be reproduced on the 
basis of splitting parameters A, and A2, 
which are defined in Fig. 6 as due to a tetrag- 
onal distortion, either with Dd,, symmetry 
(A,; A1 = 0) or with an additional o-rhombic 
(A,, A,) component. Explicitly, the proce- 
dure of Ingalls (15) is used: 

AEQ( T) = Se2Q( 1 - Z?o)rz 

2 F(Ai, (r2X, 7). (5) 

Equation (5) accounts for partial covalent 
bonding by the reduction factor CY. The pa- 

rameter F is a function of the thermal occu- 
pation of the split levels, which originate 
from the 5T2g ground state by spin-orbit 
coupling (a2X; ho = 103 cm-‘) and the ligand 
field influence (A,, A2). This model was also 
applied to FeZrF6 and is explained in more 
detail elsewhere (4). 

The phase transition II’ c, I’ for CrZrF6 
is not seen by Miissbauer spectroscopy. 
This is in accord with the structural and 
ligand field spectroscopic evidence that 
statically distorted CrF6 polyhedra are 
present in both phases, which are only dis- 
tinguished by different Cr-F-Zr bridging 
angles. On the other hand, the transition 
from a static to a dynamic local Jahn-Teller 
distortion (I w I’) is clearly visible, with a 
vanishing quadrupole splitting in the cubic 
phase. Obviously the reorientation time TR, 
which is connected with the dynamic 
change of the tetragonal axis between the 
three fourfold axes of the FeF6 octahedron 
(pseudorotation around a threefold axis), is 
small with respect to the observation time 
of the Miissbauer experiment (TR = hlAEQ 
= lo-* set). The phase transition is of first 
order. A two-phase region of A l$i’ = 6.5K 
is observed-not unexpected in a powder 
experiment with a rather large particle size 
distribution (Figs. 5 and 7). The transition 
temperature 7$:) = 400 f 5K is slightly 

/- L A 2 

-;. 

T2g 

’ 24Iz 
t ‘\ ’ ‘\ \ \ \ \ \ A \ 1 

E 
9 

Oh D2h 

FIG. 6. Splitting of the octahedral JZ’2g ground state for Fez+ by a tetragonal distortion (axial elonga- 
tion), with an o-rhombic symmetry component superimposed (AI f 0) (without LS coupling; term 
designation in D.,,,). 
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FIG. 7. Miissbauer spectra of 57Fe2+ ions doped into 
the transition metal positions of CrZrF6 (left) and 
CuZrFB (right). 

higher than that found by X-ray and some- 
what lower than that found by neutron dif- 
fraction (Eq. (1)). Both methods are less 
sensitive than the quadrupole splitting, 
however. The sign of the field gradient q, as 
obtained from the magnetic field experi- 
ment, gives evidence for tetragonally elon- 
gated FeF6 octahedra (M), which obviously 
reflect the distortion geometry of the CrF6 
entities. From the temperature dependence 
of AEQ below 400K the following parame- 
ters are explicitly obtained: 

a2A = -65 cm-i* , A1 = 75(5) cm-l; 
A2 = 247(10) cm-‘. (6) 

The presence of an additional orthorhom- 
bit symmetry component is in agreement 
with the predictions from the Jahn-Teller 

theorem for an octahedral a configuration. 
It splits the orbital doublet (&, elongation) 
and leads to an orbitally nondegenerate 
ground state (Fig. 6). 

In the case of S7Fe2+-doped CuZrF6 a 
first-order phase transition II’ + II, which 
is connected with the change from statically 
to dynamically distorted FeFs octahedra, is 
observed at Z$i) = 330 f 5K (Fig. 5), some- 
what lower than that found for the pure 
compound CuZrFb by X-ray techniques and 
EPR spectroscopy (see above). The quad- 
rupole splitting remains finite in the LiSbFs 
lattice II, however. This finding is ex- 
pected, because the octahedra of this struc- 
ture are slightly compressed along a three- 
fold axis (Z), in agreement with the 
temperature dependence of AEQ for FeZrF6 
(4). While this symmetry argument readily 
accounts for the remaining quadrupole 
splitting between Z$) and I$?) (= 383 + 5K), 
it is somewhat surprising that AEQ is still 
nonvanishing even above fi:‘, though the 
splitting is very small (Figs. 5 and 7). The 
reason is possibly that in cubic CuZrF, with 
space group Fm3m there are statistical de- 
viations of the F- positions from the Cu-Zr 
directions of the same kind as occur in the 
LiSbF, structure with space group R? in an 
ordered manner. These deviations are ex- 
pected to impose a tiny trigonal distortion 
on the octahedra. This argument also gives 
the most obvious explanation for the anom- 
alous behavior, which the cubic unit cell 
parameter a shows in dependence on tem- 
perature above pi’ (II). While a increases 
with a gradient of 1.8 * 10V4 A/K between 
383 and 458K, the increase AalAT is only 
1.4. 10e5 %JK above 458K. In the former 
temperature interval the F- ligands seem to 
move toward positions, which imply linear 
Cu-F-Zr bonds with undistorted octahe- 
dra. The final position is reached at 458K, 
and-consistent with this model-at about 
the same temperature the quadrupole split- 
ting becomes zero. In cubic FeZrF, no 
anomalies in the a versus T dependence are 
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observed, in accord with AEQ = 0 above 
the II c) I phase transition (4). The possible 
deviations of F- from linear P-F-iW 
bonds in a cubic space group are further 
considered in a neutron diffraction study of 
compounds T**iVrVFs (3). From the temper- 
ature dependence of the quadrupole split- 
ting below Y’$$i,” = 330K ligand field parame- 
ters very similar to those of CrZrF, (57Fe2+) 
are calculated: 

a*h = -65 cm-‘* , Al = !90(5) cm-‘; 
A2 = 230(10) cm-l. (7) 

The Miissbauer linewidth for the statically 
distorted FeFs octahedra is I = 0.31 mm 
see-l, while it is slightly larger (0.35 mm 
set-*) in the dynamic region. The tempera- 
ture influence on the linewidth and 
lineshape has not been considered yet. 

Figure 8 shows a 5K Mossbauer spec- 
trum of CuZrFe, which was briefly exposed 
to air and hence partly transformed to the 
tetrahydrate. It is immediately obvious by 
comparison with the other spectra that the 
doublet component with the larger quadru- 
pole splitting is due to CuZrF, .4H@--con- 
sistent with the ligand field and EPR data 
discussed before. 

It seems worthwhile to translate the split- 
ting parameters A2 (and Al), which were de- 
duced from the experiment for the FeF6 
polyhedra in Cr(Cu)ZrFh (Eqs. (6) and (7)), 
into Fe-F bond lengths, utilizing suitable 
theoretical models. We have already suc- 
cessfully done this for trigonal distortions 
of the FeF6 octahedra in FeZrF6 (4). In the 
crystal field model the splitting of the 5T2g 
ground state by a tetragonal component 

0 0 
l-4 l-4 I :. I :. . 20 . 
20 

1 i. 

Ej d‘ 1 1 

EG EG 
24 24 
i? i? 
2 R:. 2 R:. . . 

0 0 I, I, 

2 2 . . 
0 0 i i 
;I 
;I - - 
d d CuZrP6- 4R20 CuZrP6- &I20 

6. 6. 
d 
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FIG. 8. Miissbauer spectrum (1OK) of CuZrF, (57FeZ+) (AhQ = 2.00 mm set-I), partly transformed 
into CuZrF, * 4Hz0 (57Fe2+) (AEP = 3.90 mm set-I). 
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(elongation) (24) is Ai = 3 DS - 5 Dt (Fig. local distortions of the static and dynamic 
6), where type. 

References 
2f?*- 1 

Ds= - m” I (1 + 2V)3 

1 - 
(1 - 8’)3 I 

+2& (6) 
0 

2e*: 1 
Dr=-zw 1 (1 + 2675 

1 
- (1 - 8’)s I 

z !$! 6’ $7, 
0 

& + 26 (2x) and R. - 6 (4~) are the bond 
lengths in a tetragonally elongated FeF6 
polyhedron (6’ = 6/Ro). Though the octahe- 
dral ionic radii of Cu*+ (0.73 A) and Cr*+ 
(0.82 A) deviate somewhat from that of 
Fe*+ (0.77 A), we choose as Fe-F bond dis- 
tance R. that in FeZrF6 (2.05 A (2)). The 
calculated radial integrals for the free Fe2+ 
ion are 7 = 0.3901, 7 = 0.3525 %i (16, 4). 
With these numbers and Ai energies of 285 
(CrZrFs) and 275 cm-’ (CuZrF6) (neglecting 
the o-rhombic symmetry component; Eqs. 
(5) and (6) and Fig. 6) a 6 value of 0.017 A is 
calculated. Even if one considers the rather 
crude model, the static distortion of the 
FeF6 octahedron (a(Fe-F) = 2.085 A (2x); 
2.03~ 8, (4x)) is certainly smaller than that 
of the Cu*+ or Cr*+ host sites. 

After all Mossbauer spectroscopy turns 
out to be a sensitive tool for analyzing 
structural phase transitions of the Jahn- 
Teller type-in particular with respect to 
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