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Magnetic and transport properties of the antiferromagnetic Kondo-lattice compound CeNiB}
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We report results of studies on the magnetic and transport properties of GeNifs#@ magnetic suscepti-
bility exhibits a sharp peak afy=6 K, indicating an antiferromagnetic phase transition. This antiferromag-
netic order belowl is confirmed by magnetization measurement, which displays a metamagneticlike transi-
tion atH,,=5 T. Both low-temperature susceptibility and high-field magnetization are suggestive of strong
crystalline-electric-field effect in CeNiBi The electrical resistivity shows the presence of Kondo and crystal-
field effects with a sharp drop beloVy due to the antiferromagnetic ordering. This sharp drop bélgun the
electrical resistivity is suppressed slightly to higher temperatures by an applied magnetic field to 18 T. With
increasing magnetic field, the slope of magnetoresistance changes from positive to negative, being indicative of
the transition to a field-induced ferromagnetic state.

DOI: 10.1103/PhysRevB.65.132405 PACS nunider75.20.Hr, 75.30.Mb, 71.20.Eh, 72.15.Qm

Ternary intermetallic compounds containing rare-earthg,= —27.7 K. The high value of, might be due to a Ni-
metal, transition metal, and nonmetallic or semimetallic eleimpurity (<1%) effect. The observed value @f. is much
ments are the subject of continuous interest because théyigher than that one would expect for a free3€Ceion
show a wide variety of exotic physical properties: Kondo (2.54ug/Ce). This might indicate that the magnetic mo-
effect, intermediate valence, and coexistence of heavyments of Ce ions are well localized in the compound. The
fermion behavior with various magnetic orderingee Ref. negative sign ofp is suggestive of a tendency toward anti-

1 for a review. Searching in the ternary systems of Ce-Ni- ferromagnetic correlation between the Ce moments at high
Bi, a phase of CeNiBihas recently been found and studied temperatures. The deviation from the modified Curie-Weiss
carefully. X-ray powder diffraction patterns indicated thatbehavior below 50 K could be attributed to the crystalline-
CeNiBi, crystallizes in the tetragonal ZrCySiype structure ~ electric-field(CEF) effect on the ground state. _
(space groupP4/nmm) with the lattice parameters od ~ The isothermal magnetizatidvi (H) at 1.5 K is shown in
—4.54(2) A andc=9.63(8) A, in good agreement with _F|g. 2. _Ne|ther hysteres_|s nor remanence was observed on
that reported previousR/The present paper reports results of Ncréasing and decreasing applied magnetic field. The mag-
magnetic susceptibility, magnetization, electrical resistivity,netIzatlon increases rapidly at low fields to 0.5 T, increases

and magnetoresistance measurements. It was found th%lf)w'y to Z.T’ exhibits a maximum |n_the derlva_\tlve of f[he
s . . . L magnetization at 5 T, and shows partial saturation at higher
CeNiBi, is an antiferromagnetic material with a &letem-

¢ T —6K and sh th f Kond dfields. No complete saturation was observed up to 15 T. The
peraiure offy= and shows the presence of Kondo and, a,e of the magnetic moment at 15 T reaches a value of
crystal-field effects.

The temperature dependence of magnetic susceptibility ~ 0.08 - ' - 100
x(T) and its inversey ! measured in a field of 0.1 T is . CeNiBi
shown in Fig. 1 with the inset clarifying the low-temperature f 2
behavior. A peak at 6 K in the susceptibility indicates an 006 7%
antiferromagnetic ordering of the Ce moments. The high- _
temperature susceptibility does not obey the simple Curie-g
Weiss lawy = N,uiffIBKB(T— 0p), but it could be fittedtoa 3
modified Curie-Weiss law which is suitable for materials §
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having a large temperature-independent susceptibilty:
=NuZ/3ks(T—0p)+x0, Where xo represents the 0.02
temperature-independent part of the magnetic susceptibility 3
including the core-electron diamagnetism, the Pauli para-
magnetism, and Van Vleck terms. This approach works well  0.00 . ' 0
for materials like Kondo or valence fluctuating systems, such 0 100 200 800
as CeNi,Cd? CelrGe? CeRuGg,® and CeCoSn.° The T{K)

data are very well fitted from 300 K down to 50 K in  FiG. 1. Temperature dependence of magnetic susceptibility
CeNiBi, (solid line in Fig. 3. We obtain a constant value of ,(T) measured in a field of 0.1 T for CeNigi The solid line
Xo=0.00791 emu/mol, an effective magnetic moment ofrepresents the best fit of the modified Curie-Weiss (age text
rei=2.83ug/Ce, and a paramagnetic Curie temperature offhe inset shows the low-temperature behavior.
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0163-1829/2002/64.3)/132405%3)/$20.00 65 132405-1 ©2002 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW B 65 132405

08} -
CeNiBi,
06} - |
- T=15K
3
o
T 04} Q J
= T ~
= 7 )
02t © .
v
0.0 : T
0 4

FIG. 2. MagnetizationM(H) measured atT=1.5K for 20
CeNiBi,. The inset shows the differential magnetizatibv/dH as H(T)

a function of applied magnetic field. . .
FIG. 4. Normalized magnetoresistance\p/py=[p(H)

o —p(0)]/p(0) measured at various temperatures 5, 10, and 30 K for
about 0.8 /Ce, which is much less than the value expectedcenigi, in the transverse configuratiomi( ).

for the magnetic susceptibility of CeNiRi Both the smaller

value of the saturation magnetization and the oW~y 4natic susceptibility. With increasing magnetic field, how-

temperature susceptibility behavior could be indicative ofy,ar the peak aTy is weakened and shifts to lower tem-

important CEF effects in this compound. Inelastic neutronperature. then a small kink appears in fiels=10 T. For
scattering studies are further required in order to understand _ 1 g T’ the anomaly was observed at 4.5(tke inéet of
the magnetization in the presence of CEF states. The plot ig. 3 ’ '

the derivative of the magnetizatiaiM/dH exhibits a broad

) : . - The normalized transverse magnetoresistante/pg
frZi‘;;‘ég Tp'r‘gg‘:b*;y”g32ttgeaa§gigf‘ftlfpdttyop: metamagneticlike_ | 1y — ,(0)1/,(0), isplotted as a function of the applied

; ; ._magnetic field at different temperatures in Fig. 4. At 5 K
Figure 3 displays the temperature dependence of electrical 9 b 9

L2 X ) MCHalow Ty, the magnetoresistance is initially positive and
resistivity p(T) measured in a transverse configuration

. L - 'then turns negative at higher fields, making a maximum at
(HL1) at various magnetic fields to 18 T. The zero-field d g g

oo H,=4.2T. This maximum moves to higher fields as the
resistivity shows a broad shoulder at 100 K and a sharp peatlénr;”nperature is increased fB=10 K wh(gre it is atH
) m

at Ty=6 K. The former is likely to be associated with the _ e ; .
interplay between Kondo and CEF effects as found for othe[mﬁd;'sl,r:)% pb?/SI»Eg/ﬁnrgafclegggfsé?tiﬂcznahtalr?(\:,\érfr:zlgts ci‘agp?r?-
Ce-based Compound§ such 3839 OéiV(X=SI_,Ge,$n)(Ref. disorder scattering as the antiferromagnetic state is changed
7) and ;:é’Gez (T:N"Rh'"?- ~ The latter is attnbgted 0 into a field-induced ferromagnetic state. The change of the
the antiferromagnetic ordering observedTgt=6 K in the slope of Ap/p, can be interpreted in light of the spin-
polarized effect. Since the magnetic scattering in a ferromag-
netic ground state is much weaker than that in an antiferro-
magnetic ground state, the high-field limit of the normalized
magnetoresistance should be negative. In other words, the
negative magnetoresistance at high magnetic fields is a result
of the strong reduction of scattering by the ferromagnetic
alignment of Ce magnetic moments. This result is similar to
that observed in CeCoGg® but it is different from that
found for CeRhGe,, where the field oH , shifts to lower
fields as the temperature is increaskd@he magnetoresis-
tance at 30 K is positive over all the magnetic fields.
m 55 Among the rare-earth ternary intermetallic compounds,
T(K) T CeNiBi, is an antiferromagnetically ordered Kondo-like

p(pQem)

0: 50 00 150 200 250 compound with a Nel temperature offy=6 K. The mag-

netic susceptibility does not obey the simple Curie-Weiss law
but obeys a modified Curie-Weiss law. Both low-temperature
FIG. 3. Temperature dependence of electrical resistipity) susceptibility and high-field magnetization are reflective of
for CeNiBi, in 0 and 18 T applied field in the transverse configu- important CEF effects. The presence of a broad shoulder at
ration (HL1). The inset shows the low-temperature data at variousl00 K in the electrical resistivity is an indication of the in-
magnetic fields of 0, 5, 10, and 18 T. terplay between Kondo and CEF effects. These features are

T(K)
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similar to other intermetallics Ce)jp,” in which CeNiS},  supported by the observation of the maximum at 5 T in the
undergoes valence fluctuation at high temperatures and spilerivative of the magnetization and the change of the slope
fluctuation at low temperatures, and both CeNiGand of the magnetoresistance at temperatures b&lgwIn addi-
CeNiSn exhibit antiferromagnetic phase transitions accom-tion, we conclude that the magnetotransport of CeNiRi-
panied by a transition to a field-induced ferromagnetic statepends strongly on an applied magnetic field, i.e., magnetic
The metamagneticlike transition from the antiferromagneticalignment of Ce moments and/or magnetic scattering mecha-
state to a field-induced ferromagnetic state in CeNiBi  nism.
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