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Effect of pressure and substitution for Yb on the first-order valence transition in YbInCu 4
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Single-crystalline samples of YbInCu4 and its partially substituted compounds by Y and Lu were synthe-
sized by the flux method. The temperature dependence of the magnetic susceptibility from 2 to 320 K in the
magnetic field of 0.5 T and the high-field magnetization up to 41 T under various fixed pressures were
measured in order to investigate the effect of substitution, inherent chemical pressure, and external pressure on
the first-order valence transition of YbInCu4. Substitution of Yb by Y or Lu results in a small increase or
decrease of the lattice parameter, while both systems show a steep decrease of transition temperature (Tv) and
transition magnetic field (Hv) with substitution, resulting in suppression of the valence transition aroundx
50.30 for Yb12xYxInCu4 (0<x<0.3) andx50.15 for Yb12xLu xInCu4 (0<x<0.15). The effect of pres-
sure onHv of the pure and Y-substituted YbInCu4 is reported bydHv /dP'21 T/kbar, with a suppression of
the valence transition of Yb0.8Y0.2InCu4 at the pressure of 8 kbar. The effect of inherent chemical pressure is
very small compared with the intrinsic effect of substitution. The decreasing of Kondo temperatureTK

(}1/x0) belowTv resulting from the substitution for the Yb lattice is discussed as an important factor affecting
the valence transition of YbInCu4.

DOI: 10.1103/PhysRevB.66.024112 PACS number~s!: 75.30.Mb, 75.20.Hr, 71.27.1a, 71.28.1d
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I. INTRODUCTION

The large variations in physical properties have dra
much attention among the cubicC15b-type YbXCu4 com-
pounds withX5Ag, Au, Cd, Cu, In, Mg, Pd, Tl, and Zn.1

The physics in these systems are associated with val
fluctuations of Yb derived from hybridization between loca
ized 4f and ligand electrons. YbAgCu4 forms a dense Kondo
lattice with no magnetic order observed to the lowest te
peratures measured.2–4 In contrast, YbAuCu4 and YbPdCu4
order magnetically below 1 K.2,5 Among YbXCu4 com-
pounds, YbInCu4 has been rather intensively studied a
represents the most extreme limit of mixed-valence behav
a first-order isostructural valence transition in ambient pr
sure near 42 K.3,6–11 The cubic YbCu5 that was recently
synthesized under high pressure of 15 kbar is discovere
be a heavily correlated dense Kondo compound.12–14 The
YbXCu4 compounds forX5Cd, Mg, Tl, and Zn are rela-
tively less studied and each displays properties intermed
to those forX5Ag, Au, Cu, and In.1,15

YbInCu4 has a face-centered-cubicC15b-type structure
with space symmetry ofF43m.9 The magnetic susceptibility
follows the Curie-Weiss law at high temperatures with
effective magnetic moment close to the Yb31 (4 f 13, J
57/2, gJ58/7) free ion value (meff54.54mB). The magnetic
susceptibility drops suddenly at transition temperature (Tv)
of 42 K and shows nearly temperature-independent P
paramagnetic behavior at low temperatures. The Kondo t
perature estimated fromx(T) is TK

H525 K for the high-
temperature~HT! phase andTK

L 5400 K for the low-
temperature ~LT! phase,16,17 within the single-impurity
Kondo model.18 The Yb valence change is only 0.1 derive
from volume thermal-expansion measurements andL III
x-ray-absorption spectra: Yb31 in the HT phase changes t
Yb2.91 in the LT phase with a consequent increase in latt
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volume of 0.5%.7 The intermediate valence state in the L
phase is an exchange enhanced Pauli paramagnetic F
liquid state.6,8,19 Microscopic measurements such as neut
diffraction, 171Yb NMR, 115In NMR, and 63,65Cu nuclear
quadrupole resonance~NQR! also demonstrated that the L
phase belowTv is a Fermi-liquid state without magneti
ordering.20–23 The first-order valence transition can be i
duced by an applied magnetic field as well as
temperature.3,24 It was shown that the magnetic-field-induce
transition atT,Tv is a valence transition with the sam
mechanism as observed in the magnetic susceptibility a
function of temperature at low magnetic field below tran
tion magnetic field (Hv).3

The valence transition in YbInCu4 accompanied with lat-
tice volume expansion of 0.5% should be susceptible to
ambient pressure and the inherent chemical pressure by
stitution. It has been reported that applying pressure can
fect Tv by dTv /dP'22 K/kbar.25–28In this work we report
studies of the pressure effect onHv for the pure and
Y-substituted YbInCu4. Negative chemical pressure obtaine
by substituting Yb by La increases the valence transit
temperature,25 but substituting Yb by Y or Lu depresses th
valence transition temperature.26,29,30 The YInCu4 and
LuInCu4 are isostructures with YbInCu4 and are all nonmag-
netic compounds. Y31(1.015 Å) has an ionic radius large
than that of Yb31(0.98 Å), but Lu31(0.97 Å) has an ionic
radius smaller than that of Yb31;31 substituting Yb with Y or
Lu can make the lattice parameter increase or decreas
produce the negative or positive chemical pressure, but
Tv andHv are all decreased.26,29,30In this paper we investi-
gate the effect of Yb substitution with Y or Lu on the firs
order valence transition, and compareTv andHv of the two
substitution systems by measurements of magnetic susc
bility and high-field magnetization.

The magnitude and sharpness of the transition
YbInCu4 as a function of temperature is extremely sensit
©2002 The American Physical Society12-1
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to small variations in stoichiometry and site disorder.11 Thus
a YbInCu4 sample including YbIn site disorder showed
broad peak in thex(T) curve aroundT580 K.27 The com-
pound probably forms peritectically.32 The single crystals of
YbInCu4 synthesized by the InCu flux-grown method po
sess the smallest amount of site disorder.32 The properties of
YbInCu4 can be self-consistently characterized by the phy
cal measurements on these crystals and their substituted
ants. In our recent research, the single-crystalline sample
pure and Yb-site substituted YbInCu4 by Y or Lu synthe-
sized by the flux method26 were used for measurements.

II. EXPERIMENTAL DETAILS

Single crystals of pure and substituted YbInCu4 were
grown from an In-Cu flux as reported previously by Sarr
et al.16,26Polycrystal samples were first prepared by comb
ing stoichiometric ratios of the constituent elements~mini-
mum 99.9% purity for Yb, Lu, Y, and 99.99% for Cu, In! in
a 1:1 ratio with InCu2 by arc method in argon atmospher
The arc-melted mixture was crashed and placed in an
mina crucible, then sealed in an evacuated quartz tube.
sequently the samples were heated to 1000 °C and co
very slowly to 800 °C, at which point the flux was separat
from single crystals. X-ray diffraction~XRD! measuremen
was performed by the Debye-Scherrer method using CuKa
radiation for the structural investigation on the samples. L
tice parameters were determined from XRD data by mea
of the Wilson-Pike deviation function calculating method.

Magnetic susceptibility was measured by using a sup
conducting quantum interference device~SQUID! magneto-
meter ~Quantum Design Magnetic Property Measurem
System! in a magnetic field of 0.5 T in the temperature ran
from 2 to 320 K. The high-field magnetization measurem
under fixed high pressure was performed at the Institute
Solid State Physics, the University of Tokyo. High-fie
magnetization was measured using an induction metho
pulse magnetic fields up to 41 T with a pulse duration time
about 20 ms.33 High magnetic field was generated by a wi
wound pulse magnet, cooled in liquid nitrogen, with a 200
capacitor bank. The sample was set inside a small coa
type pick-up coil for measuring the magnetization. This
sembly was compressed in a Teflon capsule filled with
liquid pressure medium of Fomblin in a CuBe clamp cyli
der. The applied pressure and magnetic fields in the pres
cell were calibrated as described in Ref. 34. Magnetiza
for Yb0.8Y0.2InCu4 under pressure was measured by an
traction technique using a Ti-Cu clamp cylinder and mixtu
of two types of Fluorinert~CF70:CF7751:1! as a pressure
medium in a static magnetic field up to 9 T genetated b
superconduction magnet.35 In order to reduce eddy current i
the material of a high-pressure clamp cell, a metal-cera
hybrid clamp cylinder was used.33

III. EXPERIMENTAL RESULTS

A. Effect of Y or Lu partial substitution on Yb site

X-ray-diffraction analysis showed that the samples cr
tallize in a single phase of the cubicC15b-type structure in
02411
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good agreement with a previous report.9 The lattice param-
eters estimated from XRD data are shown in Fig. 1, wh
the value of the lattice constant of YbInCu4 is 7.155 Å. In
the case of the substituted system, the value of the lat
constant increases with the Y substitution for Yb, while th
decreases with the Lu substitution because of the diffe
ionic size of Yb, Y, and Lu.

The temperature dependence of the magnetic suscep
ity x(T) measured for pure and substituted YbInCu4 at the
magnetic field of 0.5 T are shown in Figs. 2~a! and 3~a!. The
temperature dependence of the reciprocal susceptibilityx
is also shown in Figs. 2~b! and 3~b!. Thex(T) for pure and
substituted YbInCu4 is consistent with previous
reports.3,6,7,11,26,29,30 The effect of atomic disorder in
YbInCu4 is obviously observed in the magnetic susceptib
ity. I. V. Svechkarevet al. have discussed this mechanis
quantitatively with a distribution functionW(T) for Tv

i ~just
as in the ideal crystal!.27 For perfect single-crystalline
YbInCu4 , x(T) shows the characteristic behavior as follow
with W(T) as a switching value between 0 and 1 atTv :16,27

x~T!5x01S C

T2Q
2x0DW~T!, ~1!

whereC is the Curie constant andQ the Weiss temperature
~i! At T,Tv , W(T)50, a low-temperature plateaux0

~the temperature-independent Fermi-liquid susceptibil!
can be measured. At this region, Yb ions fluctuate betw
trivalence (4f 13) and divalence (4f 14) to form intermediate-
valence state. The small upturn tails of susceptibility at
lowest temperature may arise from impurities in the samp
such as Yb2O3. According to this measurement, we foun
that x0 increases with the substitution of Y and Lu for Y
@shown in the insets of Figs. 2~b! and 3~b!#.

~ii ! At T5Tv , the first-order valence transition occur
Magnetic susceptibility is at its maximum aroundTv . Here
the sharpness of the transition depends on the sample qu
with the smallest site disorder.

FIG. 1. The lattice parameter ofa ~Å! vs x of the cubic
Yb12xYxInCu4 (0<x<0.3) and Yb12xLu xInCu4 (0<x<0.15)
with C15b (AuBe5-type! structure. The solid lines are to guide th
eye.
2-2
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EFFECT OF PRESSURE AND SUBSTITUTION FOR Yb . . . PHYSICAL REVIEW B66, 024112 ~2002!
~iii ! At T.Tv , W(T)51, the magnetic susceptibility fol
lows a Curie-Weiss law. By fitting high-temperature~above
100 K! susceptiblity to the Curie-Weiss law@as shown in
Figs. 2~b! and 3~b!#, the effective magnetic moments for a
samples are very close to 4.54mB of free Yb31 ion (J
57/2, gJ58/7) indicating that Yb exists in a stable trivale
state in the high-temperature region aboveTv .

Both the low-temperature plateau (1/x0) and the transi-
tion temperature (Tv) decrease in the Yb12xYxInCu4 (0
<x<0.3) and Yb12xLu xInCu4 (0<x<0.15) systems asx
increases. For the Y-substitution system,Tv shifts to lower
temperature with almost the same sharpness of transitio

FIG. 2. Temperature dependence of magnetic susceptibilitx
~a! and reciprocal susceptibility 1/x ~b! of Yb12xYxInCu4 (0<x
<0.3) at the field of 0.5 T. The inset of~a! is the curves ofdx/dT
vs temperature of Yb12xYxInCu4 (0<x<0.3) and the inset of~b!
is the enlarged magnetic susceptibility plotted against tempera
below Tv . The solid lines in~b! are to guide the eye.
02411
as

the pure one@see the derivative ofx(T) shown in the inset of
Fig. 2~a!#. When 30% Y is substituted we have not observ
any valence transition in Yb0.7Y0.3InCu4 down to 2 K. For
the Lu substitution, no transition has been found
Yb0.85Lu0.15InCu4 in our research. The transition becom
broader while substituting Lu for Yb@see the inset of Fig.
3~a!#. This may be attributed to more site disorder in the
substituted samples. Their paramagnetic state at high t
perature with small positive Weiss temperature obtain
from Curie-Weiss fitting implies that the ground state may
weak ferromagnetic, which has recently been observed
Yb0.8Y0.2InCu4 during magnetization measurements und
high pressures at the temperaure of 0.6 K.36

re

FIG. 3. Temperature dependence of magnetic susceptiblityx ~a!
and reciprocal susceptibility 1/x ~b! of Yb12xLu xInCu4 (0<x
<0.15) at the field of 0.5 T. The inset of~a! is the curves ofdx/dT
vs temperature of Yb12xLu xInCu4 (0<x<0.15) and inset of~b! is
the enlarged magnetic susceptibility plotted against temperature
low Tv . The solid lines in~b! are to guide the eye.
2-3
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The existence of two Yb valance states in YbInCu4 ~one
being of trivalence and the other of mixed valence! indicates
that these states are very close in energy belowTv . It is
possible to revert the valence state from the mixed valenc
trivalence by applying high enough magnetic field that c
overcome a critical field, that is transition from the nonma
netic ~large volume! state towards the magnetic~small vol-
ume! state below the transition temperature.3 This can be
considered as a magnetic-field-induced first-order vale
transition belowTv , from the Pauli paramagnetic Kondo co
herent state toward the Yb31 localized moment state (me f f
;4.0mB) at Hv with increasingH. In Fig. 4 we show plots of
magnetization as a function of magnetic field for both po
tive and negative field sweeps for the samples of pure
substituted YbInCu4 at 4.2 K under the ambient pressure.
clear metamagnetic transition was observed in the high-fi
magnetization curves of Yb12xYxInCu4 (0<x<0.3) and
Yb12xLu xInCu4 (0<x<0.15) in agreement with previou
reports.3,30 This effect is consistent with what is observed
the temperature-dependent magnetic susceptibility at 0.5
shown in Figs. 2 and 3. The transition occurs at higher fie
for increasing-field sweeps as compared to decreasing-
sweeps. The hysteresis is about 1 T for YbInCu4 and be-
comes larger for substituted YbInCu4.

FIG. 4. High-field magnetization curves of Yb12xYxInCu4 (0
<x<0.3) ~a! and Yb12xLu xInCu4 (0<x<0.15) ~b! at 4.2 K. The
insets are the curves ofdM/dH vs H for Yb12xYxInCu4 (0<x
<0.3) ~a! and Yb12xLu xInCu4 (0<x<0.15) ~b! at 4.2 K.
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Just like the temperature dependence of susceptibi
both Y and Lu substitutions make the transition magne
field (Hv) of YbInCu4 shift to lower magnetic field. TheHv
decreases in the Yb12xYxInCu4 (0<x<0.3) and
Yb12xLuxInCu4 (0<x<0.15) systems asx increases, while
the transition becomes broader especially in the L
substituted system, which may be due to more site diso
of the Yb lattice suffered from the substitution.

B. Effect of pressure onH v

The pressure dependence of the first-order pha
transition temperture (Tv) have been studied by man
groups.25–28 In this research we have studied the effect
pressure on the first-order phase-transition magnetic fi
(Hv) of pure and Y-substituted YbInCu4. The high-field
magnetization measurements of Yb12xYxInCu4 (0<x
<0.2) under various fixed pressures have been performe
4.2 K. The experimental results are shown in Fig. 5. He
the Y-substituted system is preferable to the Lu-substitu
one because it displays a sharp transition at magnetic sus
tibility and magnetization measurements. The change of
valence transition magnetic field as a function of pressur
evident.

In Fig. 6 the pressure dependence ofHv for
Yb12xYxInCu4 (0<x<0.2) is displayed. In the whole in

FIG. 5. High-field magnetization curves~a! and dM/dH vs H
curves~b! of Yb12xYxInCu4 (0<x<0.2) under various fixed pres
sures at 4.2 K.
2-4
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EFFECT OF PRESSURE AND SUBSTITUTION FOR Yb . . . PHYSICAL REVIEW B66, 024112 ~2002!
vestigated pressure range, the curves in Fig. 6 are quite
ear, with the average slope ofdHv /dP'21.0 T/kbar. The
fact thatHv decreases with pressure is consistent with fav
ing the smaller trivalent state of Yb; the rate of suppressio
almost the same (dHv /dP'21.0 T/kbar) whether or no
the sample is substituted by Y for Yb, corresponding to
rate of suppression toTv under pressure, in whichdTv /dP
522.1 K/kbar,25 or dTv /dP522.0 K/kbar.27

IV. DISCUSSION

Studies of the valence phase transition in systems wh
the Yb was substituted by other rare earths have been
ported extensively so far.7,25,26,29,30The first-order valence
phase transition is strongly volume dependent, and chan
drastically under substitution of the Yb by other elemen
The results of measurements of magnetic susceptibility
high-field magnetization in this research show thatTv and
Hv are driven to lower points by the Y or Lu substitution
the Yb site until the critical point (Hv50 andTv50). This
indicates that the local-moment state is stabilized down
lower temperatures by the substitution. The phase bounda
of the first-order valence transition are shown in Fig. 7. T
critical point is aroundxc50.3 for the Y-substituted system
and is aroundxc50.15 for the Lu-substituted system. W
have calculated the thermal energy (kBTv) and Zeeman en
ergy (mBHv) at the transition point for each sample, both
which are of the same order with each other. In particular,
equatingkBTv5amBHv as reported in Refs. 3 and 26, w
also finda51.860.1 for each of the samples in Fig. 7.

We show the concentration~x! derivatives ofTv and Hv
for Yb12xYxInCu4 (0<x<0.3) and Yb12xLu xInCu4 (0
<x<0.15) in Table I, and we can findd ln Tv /dx
5d ln Hv /dx for both the Y-substituted system and the L
substituted system. These derived numbers also can be
culated as

FIG. 6. Pressure dependence of transition magnetic field (Hv) of
Yb12xYxInCu4 (0<x<0.2) at 4.2 K.
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] ln Tv

]x
5

] ln Hv

]x
5

] ln Tv

] ln a Ux

] ln a

]x
1

] ln Tv

]x U
a

.

In the Y-substituted system Yb12xYxInCu4 for x.xc
~critical point! samples, magnetic susceptibility at ambie
pressure is the same as thex50.3 sample, the local momen
state (Yb31) is stabilized down to low temperatures~data
not shown!, and no valence transition can be observed.29,30

For x51, YInCu4 is a semimetal and the susceptibility
diamagnetic.29,37 In the Lu-substituted system
Yb12xLuxInCu4, for x.xc, magnetic susceptibility under th
ambient pressure is the same as thex50.15 sample~data not
shown!, the local moment state (Yb31) is stabilized down to
low temperatures, and no valence transition can
observed.30 For x51, LuInCu4 is normally a metallic and
nonmagnetic compound.8

We show the derived dependences of the lattice param
on concentration~x! for Yb12xYxInCu4 (0<x<0.3) and
Yb12xLu xInCu4 (0<x<0.15) in Table I which is obtained
from Fig. 1. We know that substitution by Lu has the effe
of positive chemical pressure; on the other hand, substitu

FIG. 7. Transition temperaure (Tv) at the magnetic field of 0.5 T
~above! and transition magnetic field (Hv) at 4.2 K ~below! of
Yb12xYxInCu4 (0<x<0.3) and Yb12xLu xInCu4 (0<x<0.15)
determined from the data of Figs. 2, 3, and 4, plotted vs al
concentrationx.

TABLE I. Concentration~x! derivatives of transition point (Tv
and Hv) and lattice constants~a! for Yb12xYxInCu4 (0<x<0.3)
and Yb12xLu xInCu4 (0<x<0.15).

System
dTv

dx

d ln Tv

dx

dHv

dx

d ln Hv

dx

da

dx

d ln a

dx

] ln Tv

]x
ua

Y- a 2143 23.3 2115 23.3 0.063 0.0088 24.1
Lu- b 2287 26.7 2230 26.7

20.03320.0047
26.2

aYb12xYxInCu4 (0<x<0.3).
bYb12xLu xInCu4 (0<x<0.15).
2-5
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by Y has the effect of negative chemical pressure. Howe
both the magnetic susceptibility and high-field magnetizat
measurements indicate that the transition point of YbInC4
is driven down to lower temperatures and lower magne
fields by the substitution of Y and Lu for Yb.

In order to discuss the effect of substitution by Y and L
comparison between the effect of chemical press
d ln Tv /d ln V ~variation of the lattice parameter by Y, L
substitution! and the intrinsic effect of substitutio
] lnTv /]xua ~variation ofTv andHv by the effect of substi-
tution without a change of the lattice parameter! is necessary.
An analysis ofx(T) by means of a theory for the Kond
system withJ57/2 qualifies the YbInCu4 as a heavy fer-
mion ~HF! compound.16,27,38 The Grüneisen parameter fo
the Kondo energyVK in the HF state is calculated as27

VK
HF[2

d ln TK

d ln V
5

1

TK

dQ

d ln V
.232. ~2!

From Eq.~2! we can see that the pressure can decrease
TK as d ln TK /d ln V532 or d ln TK /d ln a596. The Kondo
volume collapse model suggests that the valence transitio
g2a Ce occurs near the Kondo temperature.39 This also
appears to be true in YbInCu4 , Tv.TK ,26 which means
d ln Tv /d ln a.d ln TK /d ln a596. Then, we can get that th
value of] ln Tv /]xua for the Y-substituted system is24.1 and
for Lu-substituted system is26.2 ~shown in the last column
of Table I!.

From these values we can see that the effect of varia
of lattice parameter is very small and the effect of subst
tion of the Yb lattice is large to the first-order valence tra
sition of YbInCu4. This means that the 4f electronic state in
Yb is strongly affected by the substitution of Y and Lu a
the chemical pressure is not the dominant effect to the
lence transition of Yb in the substituted YbInCu4 systems.
The change in the electronic, magnetic, and/or thermo
namic properties of the system by substitution on the Yb
and their impact on the first-order valence transition is
main reason for this phenomenon. From the value
] lnTv /]xua we find that the Lu substitution seems to
more effective than Y substitution because of the differen
between Y and Lu, probably the Lu 5d-band electrons inter
act more strongly with Yb 5d-band electrons than th
4d-band electrons of Y. This phenomenon also can be
plained by the electronic band calculation: the electro
band structure of YbInCu4 in the HT phase is very similar to
LuInCu4,40 but the band structure of YInCu4 is different than
YbInCu4, because YInCu4 has a lattice constant larger tha
that of YbInCu4.37 The dimensions of the Fermi surface
these compounds are sensitive to the lattice constants.

Within the Bethe-ansatz solution of the Coqbli
Schrieffer impurity model38 the thermodynamical propertie
of a dense Kondo system are described by the single en
scale (T0). Thereforex0 is directly proportional to 1/T0 as

x05
NAy~y221!gJ

2mB
2

24pkBT0
, ~3!
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whereNA is the Avogadro number,y the degeneracy of the
ground state,gJ the Lande´ g factor,mB the Bohr magneton,
andkB the Boltzmann constant. Thex0 is evaluated from the
low-temperature data by subtracting the small Curie te
possibly originating from magnetic impurities.T0 that can be
calculated by the Eq.~3! is in proportion to the Kondo tem
peratureTK ,1,4,38 i.e., T05mTK (m is constant!. From Figs.
2 and 3 we have found that thex0 is increased by the sub
stitution in the Yb12xYxInCu4 (0<x<0.3) and
Yb12xLuxInCu4 (0<x<0.15) systems. That means that t
T0 will decrease with the substitution through Eq.~3!. The
decrease ofT0 with the substitution of Yb by the Y and Lu
implies that it would become unstable in the Kondo coher
state at low temperatures; meanwhile the trivalent state co
be stabilized to lower temperatures, so as to leadTv andHv
to lower points. In Fig. 8 we have plotted theTv andHv in
response to 1/x0 as well asT0 for the pure and substitute
samples. TheTv andHv decrease linearly toward the origi
with decreasing 1/x0 and T0. The decrease of Kondo tem
perature in the mixed-valence state should be the main
son for drivingTv andHv to lower points.

This phenomenon is also elucidated in the dilute syst
Yb12xYxInCu4 with 0<x<1 by nuclear quadrupole reso
nance ~NQR! measurments.29 The resonance frequenc
63nQ5e2qQ/2h, for 63Cu ~whereeq is the maximum com-
ponent of electric-field gradient at Cu sites andQ the quad-
rupole moment of63Cu) below Tv increases rapidly with
increasingx. TheDnQ5nQ ~local moment! 2nQ ~Fermi liq-
uid!, has the similar concentration dependence to that ofTv ,
suggesting that the coherent Fermi-liquid state in YbInC4

becomes unstable by the substitution of Y into the Yb sit
The valence transition also can be tuned with appl

pressure, which means an external pressure stabilizes
trivalent state with the local moment. The studies under
ternal pressure show strong changes inTv .25–28 Here we
present the magnetization measurements under pressu
to 12 kbar to investigate the pressure dependence ofHv cor-
responding to the pressure dependence ofTv . From Fig. 6
we can find that 10% Y substituted in YbInCu4 is equivalent
to a 12-kbar pressure effect on YbInCu4 (Yx50.1

;12 kbar). In this study we getdHv /dP521.1 T/kbar for
YbInCu4, in correspondence withdTv /dP522.1 K/kbar
at low pressure~up to 6 kbar! anddTv /dP521.1 K/kbar at
higher pressures for YbInCu4.25

According to the phase diagram as functions ofT andP of
YbInCu4 proposed by I. V. Svechkarevet al.,27 above 20
kbar Tv may be suppressed to zero and the appearance
ferromagnetic phase caused by the latent positive interac
QL was predicted. TheHv has not been suppressed to ze
up to the pressure of 12 kbar for pure and Yb0.9Y0.1InCu4,
while it can be annihilated for Yb0.8Y0.2InCu4 by the pres-
sure above 8 kbar in magnetization measurements at 4.
Furthermore, magnetization versus magnetic-field curves
Yb0.8Y0.2InCu4 measured at 0.6 K under 8 kbar exhibit spo
taneous magnetization and a hysteretic loop, demonstra
that the ground state is weakly ferromagnetic under h
pressure which will be reported elsewhere.36
2-6
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FIG. 8. The plots of transition temperatur
(Tv) and transition magnetic field (Hv) vs the
zero-temperature inverse magnetic susceptibi
(1/x0) and the scaling temperature (T0) of the
dense Kondo system. The solid line is to guid
the eye.
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V. CONCLUSION

The effect of substitution by Y and Lu for Yb on th
first-order valence transition of YbInCu4 has been investi
gated by studying the magnetic susceptibility and high-fi
magnetization which accompany this transition. The fi
order valence transition of YbInCu4 is strikingly affected by
the substitution of Y and Lu. Despite that the lattice para
eter of YbInCu4 is increased with Y substitution and d
creased with Lu substitution, the transition temperature (Tv)
and transition magnetic field (Hv) are all changed to lowe
temperature and lower magnetic field. Consequently, the
herent chemical pressure effect is very small on the fi
order valence transition in YbInCu4, compared with the sub
stitution effect. The Lu substitution is more effective than
substitution. The Kondo temperatureTK obtained fromx0
below Tv is decreased asx increases in both
Yb12xYxInCu4 (0<x<0.3) and Yb12xLu xInCu4 (0<x
<0.15) systems. It is suggested that the stability of
Kondo lattice belowTv in the substituted YbInCu4 systems
would be reduced by the substitution of Y or Lu for Y
which implies that the Yb31 state will be stable to lowe
temperatures and lower magnetic fields. This indicates
the Tv and Hv decrease asx increases in both
1

M
.

J

T.

02411
d
-

-

n-
t-

e

at

Yb12xYxInCu4 (0<x<0.3) and Yb12xLu xInCu4 (0<x
<0.15) systems until the critical point (Tv50, Hv50).

Furthermore, the effect of pressure on the first-order
lence transition of pure and Y-substitued YbInCu4 has been
investigated. The magnetization measurements up to 4
under various fixed pressures up to 12 kbar have shown
the valence transition is strongly affected by external p
sure. The transition magnetic field ofHv is driven towards
lower magnetic field as pressure increases at the rate o'
21 T/kbar for pure and Y-substituted YbInCu4. As expected,
the small volume state (Yb31 state! is favored by the appli-
cation of high pressure which eventually leads to suppres
of the first-order valence transition by the high external pr
sure.
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