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HIGH PRESSURE SYNTHESIS OF THE MIXED VALENT AND NONSUPERCONDUCTING
TERNARY YbRh,Sn, COMPOUND

A. Jayaraman, J. P. Remeika, G. P. Espinosa, A. S. Cooper,
H. Barz, R. G. Maines

Bell Laboratories, Murray Hill, NJ 07574

Department of Physics, University of California, San Diego
La Jolla, CA 92093

Received 28 May 1981 by A. G. Chynoweth

The ternary compound YbRh, Sny¢ with the phase | structure (simple cubic) when subjected
to a pressure of 40 kbar at 800°C is found to transform to phase 1l structure (f.c.c.) with the
composition YbRh; ,Sn;. The latter compound has a lattice parameter of a = 13.735 A which
suggests that the Yb is in an intermediate valence state. The temperature dependence of mag-
netic susceptibility suggests that the Yb is in a homogeneously mixed valence state in the pres-
sure synthesized product. In the phase [ structure YbRh, Sn,, is superconducting at 8.6°K,
but in the phase III structure the compound YbRh, Sn; is not superconducting down to 0.9°K.
1t is suggested that superconductivity and mixed valence are incompatible.

AMONG THE NEWLY DISCOVERED ternary metal-
lic superconducting and/or magnetically ordering compounds'
in the (RE)-Rh-Sn system, the intermetallic compound
YbRh, (Sny¢ exhibits the highest superconducting T, of 8.6°K.
The Yb is in the divalent state in the compound and hence any
magnetic ordering is ruled out. The compound has the struc-
ture designated as phase I, which has been described in terms
of a simple cubic lattice.2™* By application of high pressure and
temperature we have been able to change the valence state of
Yb towards higher valence. The valence change shifts the com-
position and causes a structure change to the phase which has
been labeled phase III (the trivalent heavy rare earth stannides
crystallize in the phase III structure). The new phase obtained
by quenching to ambient pressure exhibits neither superconduc-
tivity nor magnetic ordering down to 0.9°K. The lattice param-
eter and magnetic susceptibility data suggest a homogeneously
mixed valence state for Yb. The experiments and results will
be discussed in this paper.

The method of preparation'5 of the rare earth ternary
intermetallic compounds as well as their crystallography,?™*’
magnetic ordering and superconducting transition tempera-
tures®™!' have appeared in several publications. For the
present study single crystals of YbRh, Snsq were powdered,
packed into a Ta container and subjected to 40 kbar and 800°C
for 2 hours in a piston-cylinder apparatus. After this treatment
temperature was brought to ambient and pressure released.
Debye-ScherrerX-ray patterns of the treated sample were taken
to determine the structural change and lattice parameter. Tests
for superconductivity were performed by a.c. inductance meas-
urements. Magnetic susceptibility measurements down to 1°K
were also made to determine the magnetic behavior of the sam-
ple.

Figure 1 shows a plot of the lattice parameters across
the rare earth series for the primitive cubic phase I, while the
inset shows the lattice parameters for the face centered cubic
phase III. It is to be noted that the lattice parameters of the Eu
and Yb compounds are anomalously large, reflecting the di-
valency of the rare earth in these two compounds. The stability
regime of phase [ extends from La to Gd; apparently only large
ions have the phase I structure. Heavier rare earths starting
from Tb crystallize in either the tetragonal phase II or the f.c.c.

phase 111 structure.-7 Also to be noted is the fact that phase I
and phase Il compounds have a different composition from
that of phase ' Lattice parameters for the phase III structure
compounds are shown in the inset to Fig. 1. The Yb com-
pound has the phase [ structure because of the larger size of
the divalent Yb.

It has been demonstrated in several systems involving
Sm and Yb compounds that high pressure favors the higher
valence state.'? Hence the Yb in YbRh,Sn, may be expected to
transform towards the trivalent state under pressure. Further, a
change towards the higher valence state would cause the size of
the Yb to become smaller and this would favor phase IIL
Therefore a valence change may be expected to result in a
structure change to phase III. At the same time a shift in the
composition may also be expected. These expectations have
been fulfilled in our experiments. X-ray studies and chemical
analysis reveal that the pressure-temperature treated phase [
YbRh, (Sny¢ is converted to that of phase III with the composi-
tion YbRh; Sn;, (a composition close to phase Il compounds
of heavy rare earths) as a consequence of the valence change of
Yb. Further, we find that the Yb in phase I is not fully in the
trivalent state. The lattice parameter of the pressure quenched
YbRh, Snjq has the value of a2 = 13.735 A, which is substan-
tially larger than the value of 13.68 A predicted by the trivalent
fine drawn through the data points in the inset to Fig. 1. From
this we believe that the Yb is in an intermediate valence state
in the compound.

The magnetic susceptibility measurements are shown in
Fig. 2. If there had been only trivalent Yb, a Curie-Weiss
dependence of the susceptibility and strong divergence at low
temperatures are to be anticipated. This is not the case. On
the other hand the temperature dependence of susceptibility is
similar to that of typical mixed valent systems such as SmS or
a-Ce,'*™* and the magnetism is quenched in the pressure treat-
ed sample (phase [II) because of valence fluctuation. The con-
clusion from this is that the Yb in the pressure quenched pro-
duct YbRh; Sn;q is in a homogeneously mixed valence state.
Then the interesting question arises as to what happens to su-
perconductivity; whether superconductivity can coexist with
mixed valence. Our measurements down to 1'K do not show
any evidence for superconductivity in the pressure quenched
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Fig. 1 Lattice parameters for the (RE)Rh,Sn, system. Eu and Yb compounds have
anomalously large values reflecting their divalent nature. Phase I (simple cubic)
does not exist for trivalent rare earths heavier than Gd. I[nset shows the lattice
parameters of phase [l (f.c.c.) for the heavier rare earths. The lattice parameter
value (open circle) is for the pressure-temperature quenched YbRh| Sn;,.
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Fig. 2 Temperature dependence of the magnetic susceptibility of pressure quenched

phase III structured YbRh, Sn; The susceptibility behavior is similar to that of

a mixed valent system.

phase [Il. The pressure treated material showed traces of su-
perconductivity near 3.7°K, which was identified with the pres-
ence of free tin arising from the compositional change of phase
[ to phase 1II. When the free tin was eliminated by acid treat-
ment of the sample there was no superconductivity down to
0.9°K, our lower limit. From this it could be stated that possi-
bly mixed valence and superconductivity would not coexist.
However it can be argued that the structure change to phase [II
may have eliminated superconductivity. While this could be
true, we believe that the system with a T. as high as 8.6°K in
phase I should exhibit superconductivity within the range 8-1°'K

in phase III, if superconductivity and mixed valence can coex-
ist. In fact the Er compound with phase III structure exhibits
both superconductivity and magnetic ordering.?™!! Also, the
trivalent nearest neighbors of Yb, namely Tm and Lu rhodium
stannides of nearly the same composition, exhibit superconduc-
tivity at 2.3 and 4.0°K respectively.! Therefore neither the
phase III structure nor the composition is unfavorable for su-
perconductivity. Hence we would argue that it is the mixed
valence of Yb that kills superconductivity in phase III. Perhaps
superconductivity and mixed valence cannot coexist.

10



Vol.

(o)
i

39, No. 10 TERNARY ¥bRA Sno, COMPOUND i
References

J. P. Remeika, G. P. Espinosa. A. S. Cooper, H. Barz, 9. S. E. Lambert. Z. Fisk. H. C. Hamaker, M. B. Maple,
J. M. Rowell, D. B. McWhan, J. M. Vandenberg, D. E. L. D. Woolf, J. P. Remeika, and G. P. Espinosa, Proc.
Moncton, Z. Fisk, L. D. Woolf, H. C. Hamaker, M. B. Intl. Conf. on Ternary Superconductors, Lake Geneva,
Maple, G. Shirane, and W. Tomlinson, Solid State Wisc. (1980).

Commun. 34, 923-926 (1980). 10. H. R. Ou, W. Odoni, Z. Fisk, and J. P. Remeika, Proc.
A. S. Cooper, Mat. Res. Bull. 15, 799-805 (1980). [ntl. Conf. on Ternary Superconductors, Lake Geneva,
J. M. Vandenberg, Mat. Res. Bull. 15, 835-847 (1980). Wisc. (1980).

J. L. Hodeau, J. Chenavas, M. Marezio, and J. P. 1. K. Andres, J. P. Remeika. G. P. Espinosa, and A. S.
Remeika, Solid State Commun. 36, 839-845 (1980). Cooper, Phys. Rev. B 23, 1179-1184 (1981).

G. P. Espinosa, Mat. Res. Bull. 15, 791-798 (1980). 12 A. Jayaraman, P. D. Dernier, and L. Longinotti. High
G. P. Espinosa, A. S. Cooper, H. Barz, and J. P. Remei- Temp. High Press. 7, 1 (1975).

ka, Mat. Res. Bull. 15, 1635-1641 (1980). 13. M. B. Maple and D. K. Wohlleben, Phys. Rev. Lett.
J. Chenavas, J. L. Hodeau, A. Coilomb, M. Marezio. J. 27, 511 (1971).

P. Remeika, and J. M. Vandenberg, Proc. Intl. Conf. on 14. B. C. Sales and D. K. Wohlleben, Phys. Rev. Lett. 35,

Ternary Superconductors, Lake Geneva, Wisc. (1980).
G. K. Shenoy, F. Probst, J. D. Cashion, P. J. Viccaro,
D. Niarchos, B. D. Dunlap, and J. P. Remeika, Solid
State Commun. 37, 53-55 (1980).

1240 (1975).





