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IN HONOR OF PROFESSOR PAUL HAGENMULLER ON THE OCCASION OF HIS 80TH BIRTHDAY

M"M"™Fs (M"=Ni, Pd, Cu; M"YV =Pd, Pt) and PdSnF,
complex fluorides have been synthesized via different preparative
methods using either BrF; as oxidizer and solvent, or solid state
reactions. For M = Ni, Pd, the phases crystallize in the rhom-
bohedral space group R3 (LiSbF, type). Cationic ordering has
been studied by X-ray diffraction and ''*Sn Mossbauer resonance
for PdSnF;. A lowering of symmetry has been observed when the
involved divalent cation presents a Jahn—Teller configuration
(Cu™). Except for PdSnF,, which is paramagnetic down to 4K,
all compounds are Pd,F4-type ferromagnets at low temperature.
This behavior has been related to the ordering between half-filled
e, orbitals of the divalent cation and empty e, orbitals of the
tetravalent cation. A drastic increase in conductivity has been
observed under high pressures. In particular the insulator—
semiconductor transition induced under pressure (up to 80 kbar)
in Pd,F4 corresponds to a decrease of the electrical resistivity by
six orders of magnitude. The assumption of an electronic
transition induced under pressure from mixed oxidation states
(M"™+ M) to an unique trivalent M ™ oxidation state has been
proposed.

Key Words: M"M™F; transition element fluorides; BrF;
medium; solid state reaction; ferromagnetism; pressure-induced
electronic transition; piezosensors.
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INTRODUCTION

In recent years, investigations have been carried out on
M"M"™Fs compounds (M" and/or M"Y are transition ele-
ments), the networks of which generally derive from that of
ReOj;. The arrangement corresponds to a NaCl-type pack-
ing of (M"F,) and (M"Fy,,) octahedra. Several structural
types have been proposed, depending on the presence (or
not) of a cationic ordering (see, for instance, (1, 2)).
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The rhombohedral LiSbFe-type (space group R3),
with an ordering of the metal ions, is most commonly found
at room temperature. In many of these M"M'"VF; com-
pounds a structural phase transition to a high-temperature
form of the NaSbFg type, which exhibits cubic symmetry
(space group Fm3m), occurs. For a random cationic dis-
tribution, the rhombohedral VF; type (space group R3c), in
which the fluorine-ligand stacking is intermediate between
fcc packing with vacancies and hc packing, is found. With
respect to the ReO; prototype, (MFs,,) octahedra in the
VF; type are slightly rotated around their threefold axis
and F ligands are therefore shifted from the edges of the
pseudo-cell.

When the M sites are occupied by the same metal the
choice between the space groups R3 (LiSbF type, with two
different ordered oxidation states) and R3c (VF; type with
two different disordered oxidation states or two M™) is not
readily predictable, and the unit cells are nearly the same.
An instance of the difficulty was the clarification by Bartlett
and Rao (3) that the fluoride longly described as “palladium
trifluoride” was the mixed oxidation state compound
Pd"Pd"VF,. This resolved the conflict between an essentially
octahedral fluorine-ligand environment of palladium atoms
as described by Jack and co-workers (4) and the value of the
magnetic moment, interpreted by Nyholm and Sharpe (5) as
indicative of a low-spin d’ configuration for the supposed
Pd™. When there is an unequal occupancy of the antibond-
ing e, orbitals of the M transition element, a lowering
in symmetry due to the Jahn-Teller effect is expected to
occur, although metastable rhombohedral materials (e.g.,
Ag"Pd"VF,, Ag"Pt'"VF,) may be preparable by low-temper-
ature methods (6).

This work deals with the preparative methods and the
structural, magnetic, and pressure-induced features of some
M"M"™F; complex fluorides with M™ = Ni, Pd, Cu and
M"Y = Pd, Pt, Sn.
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EXPERIMENTAL
Preparative Methods

The preparative methods used in this study have been
described previously for both the bromine trifluoride oxi-
dizer and solvent (7), and for the solid state approach (8).
The description of the metal fluoride handling and disposal
lines can also be found in previous articles (9). Since the final
compounds are sensitive to moisture, their preparation and
their handling requires strict exclusion of moisture.

Materials

PdBr,. This compound was prepared by dissolution of
spectroscopically certified high-purity palladium sponge
(Johnson, Matthey, and Mallory, Ltd, Toronto, Canada) in
AR grade 48% hydrobromic acid to which freshly distilled
bromine was added as oxidant. Following evaporation to
dryness, the dark brown residue was dried at 70°C in a dy-
namic vacuum. (Found = Pd 39.5, PdBr, required 39.9%.)
Bromine trifluoride from the Matheson Co., East Ruthe-
rford, NJ, was subjected to trap distillation, the more vol-
atile fractions were discarded, and only clear yellow liquid
was employed in the synthetic work. Platinum tetrabromide
was prepared by Halberstadt’s modification of the method
of Meyer and Zublin (Found: Pt, 38.3; PtBr, requires: Pt,
37.9%).

Pd"Pd"F, This compound was prepared in two ways.
Interaction of PdBr, with BrFj; yielded the bromine trifluor-
ide adduct PdF; - BrF; (10), from which Pd,Fs was obtained
as described by Sharpe (11) by decomposing at 220°C in
a quartz container, under vacuum. The black solid (Found:
F, 34.2; Pd, 65.1; Calc. for Pd,Fs: F, 34.8; Pd, 65.2%), was
characterized by X-ray powder diffraction, all lines being
characteristic of the pattern described by Jack and co-
workers (4). Other samples of Pd,F¢ were prepared by direct
fluorination of palladium sponge (12). Several 8-h fluorina-
tions (pressure 1atm.) at 500°C were necessary to obtain
Pd,Fs free of PdF, (by X-ray diffraction). Between the
fluorination cycles, the material was ground in a glove box
containing less than 2 ppm H,O and O,.

Pd"Pt""F,. This compound was also prepared both
from BrF; solution and solid state reaction. Dissolution of
equimolar quantities of PdBr, and PtBr, in BrF; yielded
a red-brown solution. Removal of volatiles in a dynamic
vacuum left a brown solid that became light brown when
heated in vacuo to 180°C. This product was rendered more
crystalline by heating it in fluorine (1atm.) to 200°C in
a monel vessel. Analysis was by pyrohydrolysis. The total
palladium and platinum content was obtained by reduction
in hydrogen to 400°C, and the palladium was separately
determined as the dimethyl glyoxime complex (Found: F,
27.0; Pd, 25.1; Pd + Pt, 72.9; PdPtF, requires: F, 27.4; Pd,
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25.6 Pd + Pt, 72.6%). X-ray powder data were indexed on
the basis of a primitive rhombohedral unit cell
a=5551)A, «=54002)°, V =103.843, Z=1. Solid
state synthesis from stoichiometric mixtures of PdF, and
PtF, were carried out in sealed platinum tubes at 500°C.
PdF, was prepared after the method of Miiller and Hoppe
(13), and PtF, was obtained according to the reaction
4PtFs + Pt —» PtF, in sealed platinum tubes at 400°C under
N,. This method yielded PdPtFy crystallographically iden-
tical to that obtained from BrF; solution (3, 14).

Pd"Sn'"F,. The interaction of BrF; with equimolar mix-
tures of PdBr, and either Snl, (very vigorous!) or SnBr,
yielded a red-brown solution. Volatiles were removed in a
dynamic vacuum and the resulting brown solid was heated
in vacuo to 180°C. Analysis was by pyrohydrolysis at 300°C.
Tin was determined as the oxide. (Found: F, 32.6; Sn, 35.5;
Pd, 31.9. PdSnFy requires: F, 33.6; Sn, 35.0; Pd, 31.4%.)
A solid state synthesis from PdF, and SnF, carried out as
described for PdPtF4 yielded material crystallographically
indistinguishable from that obtained from BrF; solution.
X-ray powder data were indexed on the basis of a primitive
rhombohedral unit cell (space group R3) with a = 5.70(2) A;
o =153.13(5° V = 110.0 A3, Z = 1 (14).

MIPAVF, and M"Pt"F, with M"=Ni and Cu. These
compounds were synthesized in sealed platinum tubes by
solid state reaction between NiF, or CuF, and PdF, or
PtF,. The reactions were carried out in the temperature
range 400-600°C, depending on the compound to be
prepared. The final materials were characterized by X-ray
diffraction.

Characterizations

X-ray diffraction. The symmetry and unit-cell constants
of the different M"M'Fg compounds were determined us-
ing X-ray diffractometry. Because of their high reactivity,
the samples were studied using either the Debye-Scherrer
method with sealed quartz capillaries or alternatively the
Bragg-Brentano method using an air-tight cell with Teflon
O-rings and a Mylar window, both containers being filled in
a dry box.

Magnetism. The magnetic properties have been deter-
mined on powdered samples from 4.2 to 300 K. A vibrating
sample magnetometer, Faraday microbalance, and SQUID
device have been used. To obtain precise values of the
ordering temperatures and saturation magnetizations of the
ferromagnetic materials, measurements were also made at
Service National des Champs Intenses (CNRS-Grenoble,
France). An extraction method was used down to 1.6 K
under applied magnetic fields up to 15T.

Electrical conductivity. For conductivity measurements
at ambient pressure, the compound was compressed to
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a cylindrical pellet. Two Cu electrodes with welded electrical
wires were set on both sides. This pellet was placed in
a Teflon matrix and covered with powdered Teflon (15). The
arrangement was pressed up to 500 bar and sintered in
order to ensure a waterproof cell. With such an encap-
sulated sample, electrical measurements were satisfactorily
performed up to 550 K.

Piezoresistive properties of M"M™F, compounds were
studied using a belt-type unit, able to reach 90kbar. The
pressure dependence of the resistivity was followed in situ
using a cell specially designed for the purpose (16). The cell
was composed of a cylindrical pyrophyllite body with two
Teflon O-rings. The sample was compressed in a dry box to
form a pellet of 2.5mm diameter. In order to prevent hy-
drolysis, it was coated with AlF;. This unit was inserted in
a Pt microfurnace. Between the furnace and the pyrophyllite
body was set an additional protective layer of La,O;
(16, 17).

°Sn Mossbauer  spectroscopy. The source was
Ca'¥SnO; of 5mCi activity at room temperature. The
speed scale was calibrated using the value 2.57 mm-s ! for
the BaSnO;-f Sn separation (18-20). The superficial weight
of the PdSnFs sample was 7 mg-cm ™ 2. This value corre-
sponded to a full-width at half-maximum (FWHM) of less
than 0.90mm-s~ ! for the resonance line of BaSnO;.

STRUCTURAL FEATURES OF M"M"“F, COMPOUNDS

Most of the transition element trifluorides crystallize in
the rhombohedral space group R3¢ (VF; type). The F-ligand
arrangement can be described as a compact stacking per-
pendicular to the [111] direction of the rhombohedron.
Depending on the size of the transition element, this stack-
ing varies from a fcc packing with one absent F-ligand over
four layers to an hc packing. RhF;, IrF;, and the so-called
“PdF;” correspond to the hc limit (F, position:
x = — 0.083). The PdF; type has been considered since the
classification made by Jack (4) as one of the main structural
types of the transition metal trifluorides. The compound
was first prepared by Sharpe in 1950 (11). In 1964, Bartlett
and Rao suggested that PdF; was in fact Pd"Pd"VFg, due to
the absence of a Jahn-Teller distortion that is generally
associated with d’ cations in a low-spin state that tend to
octahedral coordination (3). Early X-ray and neutron dif-
fraction studies did not detect two different crystallographic
environments for Pd" and Pd" respectively (4, 21). A neu-
tron diffraction study on powdered Pd,F4 (12) confirmed
that the compound was of the LiSbFg type (space group R3),
with an ordering between Pd" and Pd"¥ species. The fluorine
atom positions (6f sites) are x = —0.109, y = 0.569,
z = 0.273. The corresponding distances are Pd"-F = 2.17 A
and Pd"V-F = 1.90 A, proving the existence of two different
types of (PdFg,,) octahedra.
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TABLE 1
Unit-Cell Constants and Symmetry of M "M"F, Compounds

M[]
MIV Ni" PdII Cul]
Pd"V  Rhombohedral R3 Rhombohedral R3  Triclinic P1
a=5311)A a=552(1)A a=4971(1)A
o = 54.652)° o« = 53.90(2)° b =5015(1) A
Z=1 Z=1 c=9523(3)A
o = 89.73(1)°
B = 104.16(1)°
y = 121.49(1)°
Z=2
(23) 3,12) (24)
Pt"Y  Rhombohedral R3 Rhombohedral R3  Triclinic PT
a=538(1)A a=5551)A a=4952(1)A
o = 54.61(2)° o = 54.00(2)° b =4.985(1) A
Z=1 Z=1 c=9.624(3) A
o = 89.98(2)°
B =104.23(2°
y = 120.35(2)°
Z=2
(25) 3, 14) (22)

X-ray powder data have shown NiPdFs, NiPtFg,
PdPtF,;, and PdSnF,; to be isostructural with Pd,Fj.
A lowering of the symmetry down to the P1 triclinic space
group is observed in the case of Jahn-Teller divalent cations
such as Cu" and Ag", at least when the compounds are
obtained via solid state reactions. The structure type is that
of CuPtF,, and the unit-cell constants are derived from the
hexagonal-cell alternative for the rhombohedral cell (22).
Crystallographic data of M"Pd"VFs and M"Pt"'Fs com-
pounds with M™ = Ni, Pd, Cu are collected in Table 1. It
can be added that, when they are prepared at the higher
temperatures used for the preparation of CuPtF,. AgPdF;
and AgPtF, also crystallize in the triclinic space group P1,
and appear to be isostructural with the Cu™ compound.?

MOSSBAUER RESONANCE STUDY OF PdSnF,

Mossbauer spectra at 4.2 and 78 K of PdSnFy prepared
by solid state synthesis are shown in Fig. 1. At room temper-
ature, no resonance can be observed, even after counting
times longer than 24 h. This phenomenon is certainly due to
the important dependence of the recoilless absorption factor
of 11°Sn in PdSnFy. Mdssbauer data have been fitted using
a least-squares program (26) (Table 2). The negative value

2Private communication from B. G. Miiller, Justus-Liebig-Universitit,
Giessen, Germany, 1998. Two important articles appeared recently on the
crystal chemistry and potential superconductivity in Ag" flourides: R.
Fischer and B. G. Miiller, Z. Anorg. Allg. Chem. 627, 445 (2001) and W.
Grochala and R. Hoffman, Angew. Chem. Int. Ed. 40, 2742 (2001).



336

78 K
0
10
& 204
2
8 42K
2 0]
< 1
104
20
T T T T T T T T
-3 -2 -1 0 1 2 3 4
Speed (mm.s’1)
FIG. 1. Maossbauer spectra of PdSnFy at 78 and 4.2K.

(6 = —0.28 mm-s~ 1) of the isomer shift of PdSnFj relative
to BaSnO; characterizes tetravalent tin in a fluoride ion
environment (18, 19). The presence of Sn>* species, whose
isomer shift would be about +3.2mm-s~! (19), was not
detected. These results unequivocally confirm the formula
Pd"Sn"VF,.

Although no quadrupole splitting clearly appears in
Fig. 1, the fitting of the spectra on the basis of one Loren-
tzian peak leads to important FWHM. These values, and
also the statistical error, can be notably reduced, if the
calculations are carried out on the basis of a Lorentzian
doublet instead of a singlet. The values of the quadrupole
splitting obtained from this second hypothesis are also given
in Table 2. This splitting would arise from the presence of
the cationic ordering. The absence of hyperfine magnetic
interactions down to 4.2 K has been confirmed by the mag-
netic results.

MAGNETIC PROPERTIES OF M"M"™F, COMPOUNDS
Ferromagnetism in Pd,Fg and Related Compounds

The temperature dependence of the magnetization and
the reciprocal susceptibility of Pd,Fs and PdPtFg are shown

TABLE 2
Mossbauer Data of PdSnF;

T(K) 6 (mm-s™') A(mm-s~') T (mm-s 1)

Lorentzian
singlet 78 —0.28 +£0.01 — 1.20 +0.02
42 —0.28 +0.01 — 1.28 +0.02

Lorentzian
doublet (with 78 —0.28+0.01 042+0.01 0.98+0.02

quadrupole
splitting) 42 —028+0.01 045+0.01 1.05+0.02

Note. ¢ =isomer shift relative to BaSnO; at room temperature.
A = quadrupole splitting. ' = FWHM.
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FIG. 2. Temperature dependence of the magnetization and reciprocal
susceptibility of Pd,Fj.

in Fig. 2 and Fig. 3. These variations fully characterize a
ferromagnetic behavior. The values of the saturation mag-
netization and of the Curie temperatures are obtained using
the method of Belov-Gozyaga (27) and Kouvel (28) from
M = f(1/H) and M? = f(H/M) curve.

In Table 3 are summarized the magnetic data of Pd,Fg-
type ferromagnets. In the paramagnetic state the effective
moment is due to the contribution of the M cations alone,
since the M"Y elements are diamagnetic. All these ferromag-
netic materials are characterized by a three-dimensional
ordering between tetravalent cations with empty e, orbitals
(Pd"™ and Pt" in the low-spin ¢, configuration) and
divalent cations with high-spin S, configuration.
Superexchange couplings involving e, electrons of the

250 1 .
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FIG. 3. Temperature dependence of the magnetization and reciprocal
susceptibility of PdPtFy.
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TABLE 3
Magnetic Data of Pd,F,-Type Ferromagnets
Compound Tc (K) Mg (BM)at42K O, (K) Cror
NiPdF, 6.0(0.5) 1.42 (0.05) 4 1.32
NiPtF, 8.0(0.5) 1.10 (0.10) 4 1.31
Pd,F, 10.0(0.5) 1.80 (0.10) 8 1.33
PdPtF,[14]  25.0(0.5) 1.70 (0.10) 6 1.26
Pt,F,[29] 16.0(0.5) 1.60 (0.10) 18 1.20

divalent cations are responsible for the ferromagnetic
behavior. One electron from a half-occupied e, level of M™"
is transferred without spin changing on an empty e, level of
Pd" and Pt'Y via p anionic orbitals. Both delocalization
and correlation mechanisms are ferromagnetic.

Below the Curie temperature, the magnetic contribution
to the neutron diffraction spectrum of Pd,Fg does not bring
any new diffraction line but only an increase in some inten-
sities: both nuclear and magnetic cells are identical (12). Due
to a magnetic contribution to the [111] line, Pd" moments
cannot be parallel to the threefold symmetry axis. The best
agreement between observed and calculated intensities is
obtained when the direction of these moments is set per-
pendicular to this axis. A similar orientation has been
previously observed for antiferromagnetic FeF; (30). The
moment of divalent palladium, calculated using the form
factor of Pd?* free ion (31), is 1.75 BM. This in good
agreement with the value found from the magnetic results.

When the involved divalent cation is Cu", the magnetic
couplings are much lowered, because of the presence of an
unique electron on the e, orbitals and also of the resulting
distortion of the octahedra. The field dependence of the
magnetization at low temperatures (below 30 K) is shown in
Fig. 4 for CuPdF4 and CuPtFg. It appears that a saturation

T T T T T T T
1.04 1.7K ./.#';.:':':I;l:l;—s._
././l L ] /A/A 4
0.8 ~ o At
e o 42K P 7
J / ® A
| | ./ /A
064 o 10K A Y A
% / A/A v
~ 1 [ v Py
= A/ /V/ *
0.4 v/v ‘/‘ -
s 20K v~ =
- / v — 1
02m A v/ /‘/’/ 4
2 4
] /,C‘/30 K
P2 —
0.0 T T T T T T T T T T
0 2 4 6 8 10 12 14
(a) H (T)
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phenomenon does not occur above 10K, even under very
high applied magnetic fields. It can be noted that similar
behavior has been observed for AgPdFy and AgPtF,. For
CuPdF, the magnetization at 1.7 K under 15T reaches the
expected value (M, = 1 BM) for a 3d° electronic configura-
tion. On the other hand a much lower value, ie.,
M, ~ 0.40BM, is observed for CuPtFy under the same
conditions.

The temperature dependences of the reciprocal suscep-
tibilities of CuPdFs and CuPtFg are grouped in Fig. 5 and
illustrate the absence of three-dimensional interactions
down to 10K. The T values have been estimated from
M? = f(H/M) curves, but a determination of the magnetic
structure by neutron diffraction is required to get precisely
the ordering temperatures.

PdSnF;

Concerning PdSnFg, since no d orbital is near the fron-
tier-orbital levels in Sn'Y, the magnetic couplings between
the paramagnetic elements are extremely weak. Paramag-
netic behavior is therefore observed for PdSnFg down to
42K (rm' (300K)=240.5emu; M. =333 us; O, =
—34K; Cpo = 1.39). The absence of three-dimensional
couplings furthermore confirms the results by Mossbauer
spectroscopy. This behavior is like that of PdGeF (32).

ELECTRONIC TRANSITIONS INDUCED
UNDER PRESSURE

At ambient pressure, the insulating properties of
M"M"™Fs compounds have been confirmed by electrical
measurements. Resistivity and activation energies are about
10'° Q-cm and 1.5 eV respectively.

T T T T T T T
0.4 H #.’d'/.’_._‘._./. .
18K o 39
e _a—]
os - A
.3 / /A -
//- 42K A
. /I ° /A/A
% | ./ /A v/v
= 0.2 A v g
= A v/v
¥ 10K, v
1 v
v
A v
0.1+ -
A/ v v
. A/v/v/
7 20K
0.0 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14
(b) H(T)

FIG. 4. Magnetic field dependence of the magnetization of (a) CuPdFg and (b) CuPtFs.
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FIG. 5. Temperature dependence of the reciprocal susceptibility of (a) CuPdF4 and (b) CuPtFg.

The pressure dependence of the resistivity (p) of Pd,Fg at
25°C is represented in Fig. 6. Resistivity values decrease by
six orders of magnitude up to 80kbar. A linear dependence
of logp with P is observed below 25 kbar: dlogp/dP =
— 0.18 kbar ~!; from 50 to 85 kbar the slope is dlog p/dP =
— 0.015kbar " !. The material could be proposed as a pres-
sure sensor because of its linear response of resistivity vari-
ation in large pressure ranges. When pressure is unloaded,
the initial resistivity is recovered after a hysteresis process.
The evolution of the activation energy with pressure has
been measured by heating and cooling cycles under a given
pressure at various temperatures from room temperature to
about 250°C. A hysteresis phenomenon is observed between
p values measured during the heating cycle and those mea-
sured during the successive cooling cycle. This effect de-
creases with increasing pressure. The activation energy
determined from the slope of the cooling cycle drastically
diminishes with applied pressure: for P = 20 kbar, AE is
equal to 0.24eV and for P = 60 kbar, AE is as low as
0.07eV (16). For both types of measurements, i.e.,
dlogp =f(P) at T constant and dlogp =f(T) at P con-

stant, the materials have been surveyed by X-ray diffraction
after every quenching cycle.

The drastic decrease in resistivity of Pd,F, can be at-
tributed to a movement of the fluoride ions toward the
center of the Pd"-Pd" bonds. Every palladium atom would
tend to have identical environment with a lowering of the
Franck-Condon barrier to intervalence electron transfer.
This would correspond to the reaction Pd" + Pd'V < 2Pd,
Similar hypotheses have been proposed to account for the
important piezosensitive properties of CsAuCls, which is
a Au'+ Au™ compound under ambient conditions (33).
Concerning the pressure dependence of the energy diagram,
in addition to a decrease of the gap between Pd" and Pd" e,
levels, new ey Pd™ levels would appear. A hopping mecha-
nism would arise between Pd" and Pd™ species and also
between Pd™ and Pd". The values of the activation energies
observed at high pressures are similar to those of semicon-
ductor oxides showing hopping properties. However, the
still important value of the resistivity (10* Q-cm) could be
explained by a lower mobility of the localized electrons. It
has proved to be impossible to obtain genuine Pd™F; at
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FIG. 6. Pressure dependence of the resistivity of Pd,Fg at 25°C.

ambient pressure, even for quenched samples. However the
hypothesis of the formation of Pd™ species under high
pressures is supported by the existence of genuine Pd™
fluorocompounds with ordered perovskite (elpasolite) struc-
ture (34).

A drastic increase in conduction is observed when other
M"M"™Fs compounds are submitted to high pressure as
shown in Fig. 7. The importance of the transition gap seems
to be correlated to the extension of the participating metal
orbitals. The difference between the resistivity under room
pressure and that under 80 kbar is of five to six orders of
magnitude when 4d-4d orbitals (Pd,Fy), or 3d-5d orbitals
(NiPtFs, CuPtFg) are involved, whereas a difference of
about two orders of magnitude is observed in the 3d-4d case
(NiPdF,, CuPdFy). Since all these phases contain M ele-
ments with half-filled e, orbitals and M" elements with
empty e, orbitals, an electronic transition similar to that
occurring in Pd,F¢ can be assumed. It should be noted that
the lowest activation energy is found when the same element
is present in two oxidation states. At 70 kbar, AE is lower
than 0.07 eV for Pd,F, whereas it is about 0.18 ¢V for
NiPtF4 and CuPtF,, and about 0.45eV for NiPdF,. Evi-
dently the postulated orbital overlap is best when the d or-
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FIG. 7. Pressure dependence of resistivity for some M"M"F, com-
pounds at 25°C.

bitals are of the same principal quantum number, poorer for
3d-4d, and poorest for 3d-5d.
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