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Magnetic properties of polycrystalline samples of Li,TbF, were studied in high continuous magnetic
fields up to 20 Teslas between 1.4 and 300 K. In this new structural type, all the resuits agree with the
calculated Tb** free ion values (4S5, ground state multiplet), and the 4 + oxidation state of the terbium
ion was unambiguously inferred. The particular crystal chemical behavior of the Tb** ion is discussed
using the phase relationship within the series of Li,M'VF; compounds. © 1992 Academic Press, Inc.

Introduction

In the course of study of the MF-M'F,
systems (M = alkaline metal, M' = rare-
earth element in the tetravalent oxidation
state, e.g., Ce, Pr, Tb) a compound corre-
sponding to the molecular ratio LiF/TbF,
equal to 2, namely Li,TbF, has been char-
acterized (I) and focused on our attention
because of its crystal chemical characteris-
tics. The particular interest of this com-
pound lies in the fact that it constitutes the
only representative obtained under ambient
pressure of a structure type, namely a-
Li,ZrF,, known until now only through the
high pressure form of Li,ZrF, (2). A coordi-
nation number greater than six for the Tb**
ion expected from the structural relation-
ship carried out by Demazeau et al. (2)
within the Li,MF, compounds has been con-
firmed by the crystal structure determina-
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tion recently performed from X-ray and neu-
tron powder diffraction (3), showing this
coordination number equal to 8 (Fig. 1). So
this result perfectly corroborates the general
rule in accordance with which the coordina-
tion increases with the ionic radius of the
element. More surprising is the fact that the
Li,PrF, compound characterized by K.
Feldner and R. Hoppe (4) is of the 8-Li,ZrF,
low pressure form, since the ionic radius of
Pr** is greater than that of Tb** for a given
coordination number and consequently an
eight coordination number for Pr** could
have been expected together with a struc-
ture of the a-Li,ZrF, high pressure type.
In order to gain a better understanding this
particular behavior of the Tb** ion, we use
magnetic and optical measurements to con-
firm the oxidation state of this element, and
then we suggest a possible explanation on
the basis of the electronic configuration of
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F1G. 1. The 8-coordination polyhedron of the Tb*~
ion in Li,TbF, which may be described as related to a
bicapped trigonal prism. Numbers in brackets corre-
spond to the independent fluorine atoms in the asym-
metrical unit as defined in Ref. (3).

the tetravalent cation and the size effect on
the phases’ stability.

Experimental

Polycrystalline samples were prepared by
reacting stoichiometric quantities of lithium
chloride (Merck selectipur) and terbium ox-
ide (Tb,O, Rhoéne Poulenc 99.9%) under
pure fluorine gas flow. Samples were first
heated at 500°C overnight, then allowed to
cool to room temperature under fluorine at-
mosphere, ground, and annealed at 550°C
for 12 h in a pure fluorine stream. Comple-
tion of reaction was checked by X-ray pow-
der diffraction with a Siemens D500 diffrac-
tometer using a graphite monochromated
CuKa radiation.

Magnetic measurements over the temper-
ature range 1.4-300 K were carried out us-
ing an automatic device provided with a
cryostat associated to a calorimeter and de-
scribed in detail elsewhere (5). The extrac-
tion technique was used to measure the mag-
netic moment in dc magnetic fields up to 20T
produced by a Bitter magnet.

Results and Discussion

Typical magnetization isotherm curves
M(H) are reported in Fig. 2(a) for the stud-
ied polycrystalline Li,TbF, sample. At low
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temperature and in magnetic fields higher
than 15 Teslas, the magnetization was found
to become field independent: the saturation
magnetization equal to 6.9 = 0.1 Bohr mag-
neton per formula unit is very close to the
calculated Tb** free ion value, i.e., 7 up. It
is worthwhile noting that the observed value
is quite different from that (9 wB) associated
to the ground state multiplet ’F of the triva-
lent terbium ion. Using the experimental M
data, an unique dependence of M/M, was
brought to light (Fig. 2(b)); the results do
not present any departure from the classical
Brillouin function of the pure 85, state of
the tetravalent terbium ion.

Above 100 K, M was found linear versus
the applied magnetic field and the magnetic
susceptibility was immediately deduced us-
ing a least-square refinement technique. Be-
low 100 K, only the linear part of the M(H)
curves was used. The reciprocal magnetic
susceptibility, x ! = f(T), follows a Curie
law (Fig. 3); the Curie constant is equal to
7.72 e.m.u.; this data corresponds to an ef-
fective moment of 7.86 = 0.08 wp per ion,
which is in excellent agreement with the 7.94
theoretical value of the %S,, multiplet. It is
noticeable that no paramagnetic Curie tem-
perature was observed: from this absence
it is deduced that no exchange interactions
between rare-earth ions are present and that
no crystal field effects exist; this last point
confirms the pure § state of the rare-earth.

The lack of any substantial traces of Tb**
ions in our sample has also been checked
and confirmed using selective excitations in
both °D; and °D, levels of this ion. Indeed
the emission spectrum of both *°D; —’F; and
Dy — 'F, fluorescence recorded over the
380-630 nm wavelengths range exhibits no
characteristic line of such emission transi-
tions.

Figure 4 displays the particular role
played by the Tb** ion among the large vari-
ety of Li,MF, compounds (M = tetravalent
cation).

It is well known that some compounds
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F16. 2. (a) Magnetization versus external field at different temperatures. (b) Reduced magnetization
M/M, vs H/T, showing the excellent agreement with the Brillouin function associated to J = 7/2, g =

2, and 41 electronic configuration.

can undergo a polymorphic transformation
under the pressure effect. This may occur
in two ways.

In the first one, this can take place without
change in the coordination number of the
tetravalent cation and corresponds to a ver-
tical transition labeled (I) in the diagram of

Fig. 4 and is exemplified by Li,GeF, and
Li,SnFj. In this case the limit of the stability
range of the different phases at ambient
pressure and under high pressure can be
correlated with the ionic radius of the in-
volved tetravalent cation.

The other alternative in describing the ef-
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F1G. 3. Temperature dependence of the reciprocal magnetic susceptibility of Li,TbF;.
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FIG. 4. Relationship between the molecular volume of Li,MF,and the cube of M** ionic radius showing
the pressure-induced polymorphism and the stability domain of different structure within the Li,MF,
compounds.
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fect of the pressure on solid is the so-called
“‘pressure coordination rule’’ (6), according
to which the coordination number increases
with pressure. This rule is illustrated by
Li,ZrF, and corresponds to a lateral transi-
tion labelled (II) in Fig. 4. Thus, under a 70
kbar pressure, Li,ZrF, undergoes a poly-
morphic transformation which involves an
increase of the coordination number of the
Zr** ion from 6 to 8 leading to a crystal
structure of the Li,TbF¢-type (3).

In both (I) and (1) transition types the
molecular volume of Li,MF, decreases un-
der the pressure effect, even if the coordina-
tion number of the tetravalent cation is in-
creased in the transition of the (II) type.

From this remark the non-existence of the
Li,TbF, structure type isotypic form for the
Li,PrF, compound can be understood.
Thus, from the slope of the straight line rela-
tive to the Li,TbF, structure type and the
value of the cubic ionic radius of the Pr** ion
for an 8 coordination number, a molecular
volume of 112.9 A3 could be predicted for
Li,PrF,. Soit seems very unlikely that a side
transition from the low pressure Li,PrF; to
a hypothetical high pressure form which
corresponds to the (III) way and which in-
volves an increase of the molecular volume
could take place. It seems also very unlikely
that further increase in pressure could pro-
duce a sufficient decrease of the molecular
volume to stabilize the Li,PrF, compound
in the Li,TbF structure type form. The ob-
taining of Li,TbF,, as such, at ambient pres-
sure, can be ascribed to the particularly sta-
ble f7 configuration of the Tb** ion. Let us
mention that a similar feature is observed
within the high pressure form of LiTiMF,
(M = Mn, Fe, Co, Ni) compounds, since
the Mn representative corresponding to a
half-filled d° shell exhibits a structure unlike
the other one (7). On the contrary, the non-
existence of the B-Li,ZrF; type form of
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Li,TbF, could be explained by the impossi-
bility to induce the reverse transition to a
less compact structure under the tempera-
ture effect due to the fact that the decompo-
sition reaction TbF, — TbF; + i F, occurs
above 550°C.

Conclusion

In this work, the magnetic and crystal
chemical properties of Li,TbF, have been
studied and discussed. It should be noted
first that the quality of the material used
in our measurements was tested by X-ray
diffraction. A very unusual crystal chemical
behavior of the Tb** ion has been observed
in this fluoride, which is to the best of our
knowledge the first representative of this
crystalline form obtained at ambient pres-
sure. The so-found 4f7 electronic configura-
tion corresponds to the spherical electronic
cloud which is the most compatible with the
8 coordination of this ion. Another im-
portant result of this work is the discussion
of the relationship within the series Li,M!"
F, compounds to understand the influence
of both electronic configuration and size ef-
fects on the different crystallographic
phases.
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