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Magnetic properties of a mixed-valence  (III/IV) terbium fluoride KTb 3F;5

M. Guillot?
High Magnetic Field Laboratory, MPI/CNRS, 38042 Grenoble, France

M. El-Ghozzi and D. Avignant
Laboratoire des Matéaux Inorganiques, UMR 6002 CNRS, Universikise Pascal,
63177 Aubies, France

G. Andre, F. Bouree, and A. Cousson
Laboratoire Len Brillouin, CEA-CNRS, CEA/Saclay, 91191 Gif sur Yvette, France

The mixed-valence terbiuill/IV) fluoride KTh;F;, crystallizes with the tetragonal symmetry,
space group4/m. Below Ty=3.6:0.1K this compound exhibits an antiferromagnetic collinear
structure withk=0 characterized by ferromagnetic chains of edge-sharifg Polyhedra and an
antiferromagnetic order between the nearest chains. The magnetic moments of*théoii®
deduced from neutron diffraction are equal to 695 at 1.4 K and aligned along theaxis. The
Th®" ions lie in a special position with zero magnetic moments due to a symmetry cancellation
effect of the internal molecular field. In other words, 3Tbhions present a zero time-averaged
magnetic moments in the ordered state, whefgasorresponds to the long-range antiferromagnetic
ordering of the moments of the Th ions. From the thermal variation of the reciprocal magnetic
susceptibility a molar Curie constant of 27(87 emu Kmol'! has been obtained, in good
agreement with the theoretical value of 27.64 expected for twid Emd one TB" free ions. The
Th** contribution to the magnetization is approximated by the Langevin function and thenthe Tb
contribution is obtained by subtracting the calculated Tbontribution to the total magnetization.
© 2002 American Institute of Physic§DOI: 10.1063/1.1450828

I. INTRODUCTION sary to prepare the whole sample used in neutron diffraction
experiments. Therefore, an annealing of the whole sample
has been carried out in the same conditions, i.e., at 650 °C,
vernight, under a pure fluorine gas flow, in order to obtain a
omogeneous powder.

Magnetic measurements over the temperature range
.6—-300 K were carried out at the High Magnetic Field
aboratory in Grenoble, on polycrystalline samples, using an
automatic devicé. The extraction technique was used to
measure the magnetic moment in continuous magnetic fields
up to 200-230 kO&.

Neutron diffraction patterns were recorded at the Orphee

Recently, a mixed-valence IIl/IV terbium fluoride
KThsF;5 resulting from the partial thermal decomposition
of the terbium tetrafluoride at high temperature that yields}?I
trivalent terbium fluoride, even under fluorine atmosphere,
has been evidenced. The crystal structure of this com-
pound considered as the archetype of a large family o
related KLA'M, "“F;, compounds (LW=Ce—Lu;M"V
=Tb,Zr,Hf) has been determined from single-crystal x-ray
and powder neutron diffraction studiyt is characterized by
the presence of chains of edge-sharing (JJBF dodecahe-

dra further linked by isolated Pb ions alternating with K reactor(Saclay, Frandeon the 3T2 high resolution powder

ones along thec direction. This polyhedral string was i _ o
priori, favorable to the apparition of superexchange magglffractometer £=1.2259 A) for the determination of the

netic interactions at low temperature.

This work deals with the study of the magnetic proper- — —
ties of this compound between 1.6 and 300 K under high
continuous magnetic field up to 200 kOe and its magnetic : '
structure determined from neutron powder diffraction below
3.6 K showing an unexpected “idle spin” behavior of the
Tb*" ions below this temperature and down to 1.4 K.
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Il. EXPERIMENT

Polycrystalline samples of KEBF,, were obtained by
heating overnight, at 650 °C, stoichiometric mixtures of de-
hydrated KCI and Tbhfin a nickel boat under pure fluorine
atmosphere. To obtain a pure sample, the sample weight 00

(S

Magnetization { Ub / Mole )
o

20 40 60 80 10C
must not exceed about 1.2 g so several batches were neces- Magnetic Field (kiloOersted)
FIG. 1. Applied magnetic field dependence of the magnetization for
3E|ectronic mail: mguillot@labs.polycnrs-gre.fr KTbsF;, at low temperature.
0021-8979/2002/91(10)/8519/3/$19.00 8519 © 2002 American Institute of Physics
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FIG. 2. Temperature dependence of the reciprocal susceptibility of

KTb3Fy,. The inset shows the details of the 1.6—-7 K low temperature range|. 4. Observed, calculated and difference neutron diffraction powder pat-
data. terns of KThF,, in the magnetically ordered state at 1.4 K.

nuclear structure in the 5-300 K temperature range and then _
between 1.4 and 4.2 K on the two-axis diffractometer G4.1 - ~oF progran (Reragg=0.049) showed that the true

(\=2.426 A) for the determination of the magnetic symmetry isl4/m rather thanl4/mmmand that the crystal
structure The data were analyzed with thEULLPROF studied by x-ray diffraction was twinned.
program® A. Magnetic properties

The magnetizatioM exhibits a linear applied field de-
IIl. RESULTS AND DISCUSSION pendence above 40 KFig. 1). When the temperature de-
The crystal structure of KTfF;, has been determined by creases from 40 to 1.6 K, thé(H) curves present a more
single-crystal x-ray diffraction but the true space groupa@nd more pronounced curvature. Isothermal zero-field and
(14/m, No. 87) was chosehin the light of the already avail- maximum-field cooling curves were found rigorously identi-
able neutron diffraction results presented here. Indeed theal and no hysteresis phenomena were observed.
Rietveld refinement of the structure from the neutron diffrac- ~ The initial magnetic susceptibility was deduced from

tion powder pattern recorded at room temperature using thée fit of the initial part of theM (H) curve corresponding to
the linearH variation(i.e., 0—6 kOe below 10 K The tem-

perature dependence of the reciprocal magnetic susceptibility

between 1.6 and 300 K is reported in Fig. 2. Above 12 K the
20 thermal variation of the susceptibility obeys a Curie—\Weiss-
2 type lawy 1=(T- 0p)/C. The paramagnetic temperature is
§15 very close to zero since found equal te@.75+0.10) K.
3
510
® &
B : ~
8 G g e . _‘.4—.4179’.9.7‘.'.‘..‘,‘;‘..—.‘.{.-. 3l .\'Tb“*
g ‘ Sq/
E __./
20
o
[
3
~15
Q |
= u-m-n-n-wE
~ -8 ¥ 3
810 -
3 Sy
g:, 5 d <
g7 T
[fot S,)
0 1 ks ] 1 1 < 7
0 20 40 60 80 100
Magnetic Field ( kiloOrested ) v

FIG. 3. Evaluation of the applied field dependencies of the magnetization oFIG. 5. Arrangement of the T magnetic moments aligned along the
both TB* and TH* ions at 1.6 and 7 K, respectively. axis of the KTRFy, structure.
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TABLE |. Coordinates of magnetic cations b(site 4d) and TB™ (site 2b) in the space groupt/m (No. 87
and refined magnetic componerits ug) at 1.4 K for KThyF,.

Atoms and spins Atomic coordinates Magnetic components
X y z My My M,
T (S)) 1/2 0 1/4 0 0 6.98%)
Th**(S,) 0 1/2 1/4 0 0 —6.954)
Th*(S,) 0 1/2 —1/4 0 0 —6.954)
T (Sy) 1/2 0 —1/4 0 0 6.9%4)
Th**(S,) 1/2 1/2 0 6] 0 0?

@Undetermined value due to the “idle spin” behavior.

The Curie constan€=27.97+0.01 emuKmol!isin good the T ions within the chains of edge-sharing (EHf
agreement with the value calculated for two*Ttand one dodecahedra and an antiferromagnetic arrangement between
Th®* free ions. the nearest chains in a tetragonal packing. Theempera-

At very low temperaturgsee inset in Fig. 2a weak ture corresponds in this case to the long-range ordering of
maximum ofy "1 is observed at 3.650.1 K. This behavior the TH" magnetic moments. Whatever the sign of the
was unambiguously confirmed for the different studiedTb*"—F—TB" superexchange interaction, the®Thion lies
samples. Neutron diffraction experimentsee Sec. IlIB  in a special position that does not exhibit ordered magnetic
confirm that this temperature should be considered aseh Nemoments due to the exact compensation between the eight
point. It should be noted that beloWy,, there is no sponta- interactions acting on the #b ion (Fig. 5. Under zero ap-
neous magnetization and that all ti(H) curves, below plied magnetic field which is the experimental condition for
3.65 K, exhibit the same trend as that abdye Comparison neutron diffraction pattern recording, the time average of the
of the 1.6 and 4.2 K curves reveals that the magnetization ahagnetic moments is observed to be equal to Zeite spin
1.6 K is only slightly higher than that at 4.2 K. behavioy. In other words, the TH™ magnetic moments re-

WhenH is higher than about 20 kOe, the contribution of main in the paramagnetic state, whereas th& Téublattice
the TH* sublattice originates from the applied field-inducedis magnetically ordered.
orientation of the ferromagnetic independent grains whose
magnetization is 145 (Tb*": 4f7 electronic configuration, 1V. CONCLUSION

°Sy2 ground state yaIL)eit s giyen, in gfirst approxir.nati.on, Below 3.61) K, the mixed-valence terbiunlll/IV )

33/ tfjrel;ﬁorrezlptzpdlng I‘tﬁnge(\j”rl funptlog.fThe (t:f? ntg'tf)hfunon Ofquoride KThsF,, exhibits a collinear antiferromagnetic struc-
e sublatlice 1S then determined from the +' erenceiure resulting from antiferromagnetic couplings between fer-

between the experimenti (H) variation and the Th" con- romagnetic nearest chains via Bnd TE* ions involved in

f[ribu_tion calculated_ usi_ng the Langevin functi(_)n. AS Shownsuperexchange. The magnetic moment modulus of té Tb

n ig 3, t_he_ contribution to th_e total maghetlzatlon of theion determined experimentally, at 1.4 K, from neutron pow-

Tb™ ions IS Important except in very low field. To SUPPOIt 4o gifraction analysis, has been found to be very close to

the gboye interpretation, it should pe noted tha_t the S|mpl<§he ideal Value fie,=6.95(4)ug, u=7up). High mag-

appllc.anon of the Nel theory of antlferromagneusm to the netic field magnetization measurements confirm this value as

expenme;n_tal values d and@, leads to a molecular field on well as the coexistence of both Ill and IV oxidation states in

each TH" ion equal to about 9 kOe. KTbsF;,. Surprisingly, the TB" magnetic moments remain

in the paramagnetic state due to the symmetry-induced total

compensation of the molecular field of the “Tbhsublattice
From the examination of the neutron diffraction powderacting on the TB" site and therefore exhibits an idle spin

patterns recorded at various temperatures it has been obehavior. More details concerning this study will be pub-

served that pure magnetic peaks appear below 3Bigk 4.  lished in a forthcoming article.

From the thermal variation of the integrated intensity of the

(1 0 0 more intense magnetic peak theelleemperature has *E. Largeau, M. EI-Ghozzi, and D. Avignant, J. Solid State Chi38, 248

been found to be equal to about 3.65 K. All the magnetic2319C93F;icoche M. Guillot, and A. Marchand. Physica/Bnsterdam 155

peaks could have been indexed with the nuclear cell but the ;; '(1989. T ' ' » P

possible reflections show the magnetic cell to be primitive 3p. Rub and W. Joss, IEEE Trans. Mag, 2570(1996.

instead of body centered. The magnetic structure, determinedT. Roisnel, J. Rodriguez-Carvajal, M. Pinot, G. Andre, and F. Bouree,

using Bertaut's methofimay be described in the magnetic  Mater. Sci. Forung4s 166 (1994.
9 y 9 5J. Rodriguez-Carvajal and T. Roisnel, IUCr Commission on Powder Dif-

’ + ; ;
ng_JUp |,p4 /m and the T8 '0n$ lie on the prlmed fOl_'”fOId fraction of the XV Congress of the IUCr, Toulouse, France 1991, p. 127.
axis 4,, so that the magnetic moment of the 3Thions SE. F. Bertaut Acta Crystallogr., Sect. A: Cryst. Phys., Diffr., Theor. Gen.
should be equal to zerd The refined values of the magnetic _Crystallogr.24, 217 (1968.

: : "W. Opechowski and R. Guccione, itagnetismedited by G. T. Rado and
moments components of the “bions are gathered in Table H. Suhl (Academic, New York, 1966 Vol. lIA, p. 105.

l. The C(?llinear antiferromagnetic structure Ob_serVEd belows\y, prandi,The Determination of Magnetic StructuriesTopics in Current
3.6 K (Fig. 5 results from ferromagnetic coupling between Physics, Neutron Diffractiaredited by H. Dach¢Springer, Berlin, 1978

B. Magnetic structure at 1.4 K
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