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Metamagnetic Transition of RSb, at High Pressure
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The field dependences of the electrical resistance are reported for RSba (R=La, Ce, Pr, Nd and
Sm) single crystals. Three of them (R=Ce, Pr and Nd) shows some metamagnetic transitions,
which are briefly compared with the magnetization reported previously. Pressure effects up to

2 GPa are also shown for R=La, Ce, Pr.
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Introduction

§1.

The light rare-earth diantimonides RSby (R = La-Nd,
Sm) crystallize in the orthorhombic SmSby structure.?)
This structure is highly anisotropic, having two unique
Sb sites and one unique R site. The magnetic and trans-
port properties of these compounds have not been well
known for several decades. Only a little was known as
follows: LaSb, is a superconductor of To~0.4 K,® CeSby
is a ferromagnet having Tc=15 K% and PrSb, is a an-
tiferromagnet of Th=5.1 K. Successful growth of high
quality single crystals of these compounds allows us to
proceed in detailed investigations and make clear that
these have a lot of interesting electronic and magnetic
propeities such as magnetic order or metamagnetism at
low temperature.

These properties are highly anisotropic reflecting the
two dimensional orthorhombic crystal structure. The
magnetism in RSby compounds depends strongly on the
R-R distance. These facts imply that the electronic
structure of RSby is affected largely by an application
of pressure. Recently we have reported the results of the
electrical resistance measurement at various pressures
and magnetic fields for PrSbs.57) Main results are that
(1) some metamagnetic transitions are found and tend
to be smeared out at high pressure above 2 GPa like an
antiferromagnetic transition, (2) hump-like anomaly in
R(T) curve at T*~100 K, possibly originating from the
charge-density wave, and its large pressure dependence
are observed.

Here we report the recent results of zero-pressure mag-
netoresistance up to 15 T and its pressure effect up to
5 T for some RSbs compounds.

§2.

Single crystals of RSby were grown out of antimony
flux.% %) Typical sample size for measurement was a rect-
angle of 2 x 1 x 0.3 mm?®, which was cut from the plate
which grows perpendicular to the c-axis. The long side
of the rectangle was one of a- and b-axis, though it was
impossible to detect exact crystal axis because of diffi-
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culty of Laue diffraction. The electrical resistance was
measured by a standard dc four probe method down to
0.5 K at ambient pressure and down to 2 K at pressures.
The magnetic field was applied in perpendicular to both
of plane-axis (c-axis) and current-axis (a- or b-axis) up to
15 T at ambient pressure and to 5 T at high pressures.
Hydrostatic pressure up to 21 kbar was generated by
means of Cu-Be cylinder and WC piston. The detail of
the high pressure apparatus was described previously.s)

§3.

Figure 1 shows p(H) curves at various temperatures
at ambient pressure for RSby (R=Ce, Pr, Nd, Sm). It
is clear seen that sharp changes in resistance occur at
certain magnetic fields for R=Ce, Pr, Nd. These seem
to almost correspond to the step like changes in magne-
tization reported by Bud’ko et al. for one direction of
the magnetic field in the ab-plane except for the value
of magnetic field at which metamagnetic transition oc-
curs.?) The difference is considered to be due to the dif-
ference of the direction of magnetic field in ab-plane.

CeSby is not a simple ferromagnet but is one having
complex spin structures clearly observed as anomalies
in the temperature derivative of the resistivity dp/dT
and the magnetization d(MT)/HdT at 15.5, 11.7 and
9.3 K.9 It shows some metamagnetic transitions reflect-
ing such complexity in magnetic ordering. The field de-
pendence of the resistance for CeSby is interpreted as
follows; the sharp increase at lowest field and the drop or
the kink at about 1 T are possibly associated with some
kind of spin-flip ordering processes to 0.2 and 0.4 ug/Ce,
respectively. The next change until R drops at about
3 T may be due to the spin rotation where magnetiza-
tion gradually increases. The ordered state above 3 T is
expected to have some fun-type structure having the net
magnetization of 1.1 ug/Ce.

PrSb, orders antiferromagnetically at 5.1 K showing
a resistance drop accompanied by a slight upturn which
may due to a gap formation at the Fermi level. The
R(H) curve of PrSby at 1.5 K shows two clear discontin-
uous changes at about 0.5 T and 1.5 T. These metam-
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Fig. 1. Magnetoresistance at ambient pressure for (a) CeSba, (b) PrSbz, (¢} NdSby and (d) SmSbz.

agnetic transitions becomes less clear at higher temper-
ature 4.2 K but the R(H) curve above 5 T is almost the
same for different temperatures. Other interesting fea-
ture occurs at 0.5 K (not shown here): the R(H) curve
shows hysteresis at a range below the magnetic field of
large drop at 1.5 T.

Most exotic variation of the magnetoresistance is seen
for NdSbs, however, it is difficult to make clear the cor-
respondence to the metamagnetic transition observed in
the magnetization.

There is no metamagnetic transition in the field range
of H <15 T for SmSb,. The magnetoresistance of SmSb,
becomes as large as over 15 times that at zero field, re-
flecting the high purity of the sample. In addition to
this, the Shubnikov-de Haas oscillation is observed above
10 T.

Figure 2 shows the electrical resistance of LaSby at
4.2 K as a function of the magnetic field at various pres-
sures. At ambient pressure (P=0 kbar), R increases al-
most linearly with the field up to 5 T becoming larger
than double that at zero-field. With increasing pressure
R decreases and the change in R by magnetic field AR
also becomes small.

Effect of pressure on the field dependences of the electri-
cal resistance of CeSby at 4.2 K is illustrated in Fig. 3.
R shows a sharp increase below 0.5 T and drops at 1
and 3 T corresponding to the metamagnetic transitions
as mentioned above. The drops in R(H) curve are sifted
to higher field and disappeared above 12 kbar (the data
at pressures below 12 kbar are not shown here). The
first metamagnetic transition also shifts to high H of
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Fig. 2. Field dependent electrical resistance R(H) at 4.2 K for
LaSby at various pressure. The data above 13 kbar (not shown
here) are little different from that at 9 kbar.

1 T and is smeared at 2.1 kbar. These are considered
to have close relation with the pressure dependence of
the temperatures at which the R(T) curve has anoma-
lies. The anomaly at 15.5 K shifts to higher temperature
and that at 17.7 K opposingly goes down with increas-
ing pressure. Both of these anomalies in R(T) become
less clear at 21 kbar. The whole dependence against the
magnetic field tends to be strong at high pressures: R
at 2.1 kbar decreases initially showing quadratic behav-
ior and becomes almost a half of that at zero-field. The
striking enhancement of the value of R at low tempera-
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Nd and Sm) and their pressure dependences. It is ob-
vious that the magnetic structures of these compounds
are very complex. The study of the magnetization at
Cesz ] high pressure is highly desired to make the anomalous
magnetoresistance clear.

On the other hand, it becomes obvious from recent
| experiments that there are pressure-induced large hys-
21 kbar teresis behaviors in the R(7T') curved for R=La, Ce and
- ' Pr. The high pressure X-ray diffraction study is now on
G F - progress to clarify the origin of such anomalies.
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ture by pressure is unique properties in RSby (B=Ce),
which may be associated with the Kondo effect. Similar
change of R(T") at low temperature induced by pressure
is reported in monoantimonide CeSh.

Figure 4 shows the R(H) of PrSby at 4.2 K for various
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Fig. 4. The magnetoresistance of PrSby at 4.2 K for various pres-
sures.

pressures. The discontinuous changes observed at 2 K
are less clear at 4.2 K but these are seen as a small hump
and a sharp peak, respectively. The higher transition
field seems to increase with pressure up to 10 kbar and
to decrease with further pressurising. The peak becomes
smeared at high pressures.

84, Conclusion

We report in this paper the data of magnetoresistance
of high quality single crystals of RSb, (R=La, Ce, Pr,
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