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Using the various full-potential linear augmented plane wave(LAPW) methods we have studied the band
structure of CePdSb and Ce1−xLaxPdSb series of compounds. In the band calculations, CePdSb is half-metallic,
i.e., metallic for majority spin while semiconducting for minority spin bands. The spin-polarized linearized
muffin-tin orbital method also shows a half-metallic behavior of the Ce1−xLaxPdSb compounds. The magnetic
investigations and the electrical resistivity data indicate the existence of a ferromagnetic state in Ce1−xLaxPdSb
for xø0.7. The sample Ce0.1La0.9PdSb is nonmagnetic and shows the power-law exponents in its susceptibility
Dx, resistivityDr, and specific heatDC/T temperature dependences indicative of the non-Fermi liquid behav-
ior. The 3d x-ray photoemission spectroscopy(XPS) spectra indicate the occupation number of thef-shell,
nf =1, in CePdSb and Ce1−xLaxPdSb compounds. Analysis of the 3d9f2 weight in the 3d XPS spectra using
Gunnarsson–Schönhammer theory suggests thef-states and conduction electron-states hybridization interac-
tion D of about 80 meV for different configurationsx of the system. We interpret the XPS data in terms of the
band-structure calculations.
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I. INTRODUCTION

Band structure calculations carried out from first prin-
ciples have led to the discovery of a class of itinerant mag-
netic intermetallic compounds, having an energy gap for the
partial density of states(DOS) for one of the spin
projections.1 As a consequence there is complete spin polar-
ization of the conduction electrons at the Fermi level. These
compounds are metallic, e.g., for majority, but semiconduct-
ing for minority spin electrons. They have therefore been
called half-metallic ferromagnets(HMFs). Standard ex-
amples of HMFs are the semi-Heusler alloys NiMnSb and
PtMnSb.1 The complete spin polarization of the charge car-
riers at low temperatures have important consequences for
magnetic and electric transport properties:

(i) HMF easily achieves the maximum saturation magne-
tization because a further increase in the spin splitting in this
state does not increase the magnetic moment.

(ii ) The temperature dependence of the resistivity in the
rangeT,TC is dominated by a two-magnon process which
gives rise to different power exponents2 in rsTd than a one-
magnon scattering process(spin-flip scattering) expected for
conventional metallic ferromagnets, for whichr
~ I2N↑seFdN↓seFdsT/TCd,2 whereI is thed-s exchange param-
eter andNsseFd is the spin polarized DOS at the Fermi level.3

Our band structure calculations show that a state very
close to a HMF with near zero-densityN↓seFd also appears in
CePdSb. CePdSb has been known as a ferromagnet with a

Kondo-lattice behavior.4 An idea to put CePdSb into a group
of half-metallic ferromagnets is new.

On the base of HMF ground state properties of CePdSb
we discuss its magnetic properties and electrical resistivity
rsTd data. We also investigate the solid solutions
Ce1−xLaxPdSb to determine the influence of alloying on the
nature of the ground state across the series, when trivalent
magnetic Ce in CePdSb is replaced by nonmagnetic La.

We have performed spin-polarized LMTO band structure
calculations on the Ce1−xLaxPdSb series, which show also a
half-metallic band, i.e., an energy gap at«F inside the spin
subbandsN↓sEd for the componentsxù0.1. Therefore, the
temperature dependences ofr and x obtained for the
Ce1−xLaxPdSb series are also discussed in terms of the half-
metallic ground state properties.

The first part of the paper contains a discussion of the
system Ce1−xLaxPdSb by high-energy probe and is followed
by its characterization in terms of an overall single-particle
electronic structure. We compare the valence band(VB) XPS
spectra with the electronic-structure calculations for the va-
lence bands. In the second part we present new experimental
data on resistivity and susceptibility of Ce1−xLaxPdSb series.
We discuss the temperature dependence of the resistivity and
the susceptibility which could result from the half-metallic
properties. We also report an unusual temperature depen-
dence ofxsTd, rsTd and specific heatCsTd divided by T,
CsTd /T, for a Ce0.1La0.9PdSb sample.
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II. EXPERIMENTAL DETAILS

Polycrystalline samples of Ce1−xLaxPdSb have been pre-
pared by arc melting the constituent elements(Ce 99.99%,
La 99.9%, Pd 99.999%, Sb 99.99% in purity) on a water
cooled copper hearth in a high purity argon atmosphere with
a Zr getter. Each sample was remelted several times to pro-
mote homogeneity and annealed at 800 °C for 2 weeks, and
then quenched in water. The samples were carefully exam-
ined by x-ray diffraction analysis(Siemens D-5000 diffrac-
tometer) and found to consist of a single-phase. Analysis of
the x-ray diffraction patterns with the Powder-Cell program
revealed that the samples are hexagonal(space group
P63mc). Shown in Fig. 1 is a comparison of the reduced
lattice parametersasTd /as300 Kd and csTd /cs300 Kd deter-
mined from x-ray-diffraction measurements at various tem-
peraturesT for the Ce1−xLaxPdSb series. The lattice thermal
expansion obtained respectively in thea andc directions is
almost the same for the different compounds of the
Ce1−xLaxPdSb series, indicative of the comparable phonon
contribution to the electrical resistivity of the investigated
compounds.

The electrical resistivity was measured with the four-point
method in the temperature region 4.2–300 K.

The dc magnetization was measured using a commercial
SQUID magnetometer from 1.8 K to 400 K in magnetic
fields up to of 5 T.

The XPS spectra were obtained with monochromatized
Al Ka radiation at room temperature using a PHI 5700
ESCA spectrometer. The spectra were measured immediately
after cleaving the sample in a vacuum of 10−10 Torr. A very
small amount of oxygen could barely be detected in the noise
of the XPS spectra. Calibration of the spectra was performed
according to Ref. 5. Binding energies were referenced to the
Fermi levelseF=0d.

The electronic structure of Ce1−xLaxPdSb was studied by
the self-consistent tight binding linearized muffin-tin orbital
(LMTO) method6 within the atomic sphere approximation

(ASA) and the local spin density approximation(LSDA).
The exchange correlation(XC) potential was assumed in the
form proposed by von Barth–Hedin7 and Langreth–Mehl–Hu
(LMH ) corrections were included.8 The electronic structure
was computed for the experimental lattice parameters for the
supercell model. The values of the atomic Wigner–Seitz
(W-S) sphere radii were chosen in such a way that the sum of
all atomic sphere volumes was equal to the volume of the
unit cell.

To test the reliability of the approximate TB LMTO re-
sults and to investigate the effect of the Coulomb correlation
interaction within the Ce-4f band states, the electronic struc-
ture of the stoichiometric CePdSb was also studied by the
general potential(full potential) linear augmented plane
wave(FP-LAPW) method. The calculations were performed
using the the WIEN2K code.9 In the FP-LAPW approach the
crystal potential is expanded into spherical(lattice) harmon-
ics within the muffin-tin(MT) atomic spheres and into plain
waves outside MT spheres.

The FP-LAPW calculations were performed with the use
of the gradient corrected LSD XC potential in the form de-
veloped by Perdew, Burke and Ernzerhof(PBE).10 The elec-
tronic structure of CePdSb was studied by means of FP-
LAPW with the use of the PBE XC potential, corrected
according to the LSDA+U method11 to account for the Hub-
bard correlation interaction within the 4f-band states. The
LSDA+U XC potential was implemented for the 4f orbitals
of Ce atoms with the values of the Coulomb(U) and ex-
change(J) parameters equal to respectively 6.7 and 0.68 eV
(Ref. 12). The calculations have been spin-polarized and all
relativistic effects have been taken into account. The valence
electrons were calculated within the scalar relativistic ap-
proach including spin-orbit interaction, using second varia-
tional method.

III. RESULTS AND DISCUSSION

A. Electronic structure of Ce1−xLaxPdSb

X-ray photoemission spectroscopy is a powerful tech-
nique for studying the electronic properties of solids near the
Fermi level. Such studies can be used to determine the den-
sity of states of the alloy, and, more interestingly, the contri-
bution of the constituent elements to the valence bands. The
XPS valence bands of Ce1−xLaxPdSb are compared in Fig. 2.
The bands extend from Fermi energy located atE=0 to a
binding energy of,12 eV. The VB XPS spectra are charac-
terized by the major peaks located at,3.5 eV. A detailed
comparison shows that a half width of the VB XPS peak
roughly does not depend on the concentration of La(exclud-
ing a case of the Ce0.5La0.5PdSb sample), and is about 3 eV.
This suggests similar partial distributions of the Pdd states
in the bands. The VB XPS spectra of Ce1−xLaxPdSb also
show a weak hump around 10 eV binding energy that indi-
cates the Sbs valence band states. In Fig. 2, we present
numerical calculations of the electronic density of states of
Ce1−xLaxPdSb. Also shown in the figure, for comparison, are
the XPS VB spectra. The spectra were measured at room
temperature, i.e., much above the Curie temperature, there-
fore, to obtain a better agreement between the experimental

FIG. 1. The temperature dependence ofasTd /as300 Kd and
csTd /cs300 Kd ratio for Ce1−xLaxPdSb polycrystalline samples.
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and calculated bands we compare in Fig. 2 the XPS valence
band spectra with the calculated one for paramagnetic com-
pounds. The densities of states were convoluted by Lorentz-
ians with a half-width 0.4 eV to account for the instrumental
resolution. The partial densities of states were multiplied by
the corresponding cross sections.13 A background, calculated
by a Tougaard and Sigmund algorithm,14 was subtracted
from the XPS data. The experimental spectra are qualita-
tively very similar to the approximated DOS curve. We note
very good agreement of the combined plots, especially in the
low-energy region of the VB.

For the compounds of the series Ce1−xLaxPdSb the total
DOS spectra decomposes into two clearly separated parts. A
band located in the binding energy(BE) range of
,9–10.5 eV and separated by a gap of,4 eV from the
valence band originates mainly from thes states of Sb. The
part of the valence-band which extends from 5 eV toeF is
composed mainly of Pd 4d states. The Ce 4f states become
dominant of the total DOS around the Fermi level. In the
calculated densities of states we obtained the pseudogap lo-
cated in the bands near the Fermi energy, having almost 0
DOS value(Fig. 3). The substitution of Ce by La decreases
the number off electrons, in result the pseudogap continu-
ously moves towards the Fermi level(see Fig. 3). However,
a standard resolution of only 0.4 eV of the measured VB
XPS spectra makes discussion of this pseudogap enegetic
shift impossible, even though the recorded spectra are quali-
tatively similar to the approximated DOS curves.

The majority and minority[which we will refer to as up
(↑) and down(↓)] band structure resulting from various FP-
LAPW methods(LDA, LDA+SO, LDA+SO+U) are shown
in Fig. 4.

(i) The shape of the DOS generally does not depend on
the method used for the calculations, excluding the narrow

range of energies in the vicinity of the Fermi energy. CePdSb
is calculated by LAPW with the use of LDA XC potential to
be half metallic[i.e., N↑seFd=7.3 1/eVspin,N↓seFd=0], with
a magnetic moment of 1.0mB/ f.u. roughly consistent with
that, reported in Ref. 15sms=0.95mBd, and the electronic
specific-heat coefficientg of 116 mJ/mol-K2 that is larger

FIG. 2. The total DOS calculated for paramagnetic
Ce1−xLaxPdSb(thin curve) convoluted by Lorentzians of half-width
0.4 eV, taking into account proper photoelectron cross sections for
bands with differentl symmetries(dashed line), compared to the
measured XPS valence-band data corrected by background(points).

FIG. 3. The total DOS calculated from LMTO for paramagnetic
Ce1−xLaxPdSb, plotted near the Fermi level.

FIG. 4. FP-LAPW calculated total- and atom-spin projected
density of states of CePdSb, with the majority plotted upward and
minority plotted downward.
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than theg=11 mJ/mol-K2 experimentally obtained.15 The
wrong g-value obtained from this calculation eliminates this
method for obtaining the DOS of CePdSb and Ce1−xLaxPdSb
alloys. We, however, present here the results obtained for
LDA+XC potential for comparison.

(ii ) The LDA+SO method shows the almost half-metallic
ground state for CePdSb. The minority DOS obtained at the
Fermi energy in the LDA+SO approximation is about 6% of
the total DOS ateF. The calculated magnetic moment per
formula unit is 0.95mB.

(iii ) The bands obtained with the use of LDA+SO+U
correction show the gap for both the spin projections ateF.
The most important result obtained forUÞ0 is the character
of the location of the majority 4f Ce states,2.7 eV below
eF, while the minority 4f DOS is 0(see Fig. 5). The differ-
enceN↑sEd−N↓sEd for the f states can be related to ferro-
magnetism due to more localized than itinerantf states. In
this method the magnetic moment localized on the Ce atom
is 0.98mB, whereas the total magnetic moment per formula
unit (CePdSb) is 1 mB. Additionally, the strong Coulomb
correlation U separates occupied and emptyf states in
the spin polarized bands, and in effect, the calculated
g=3.4 mJ/mol-K2 is only 1

3 of that, obtained experimentally.
In case(iii ) we can interpret thef-electron states as the lo-
calized Kondo states[the hybridization between localized
f-electron and conduction states can lead to the gap forma-
tion (see Fig. 5)], while both situations(i) and(ii ) correspond
to the Anderson lattice model and the formation of narrowf
band states of widthkBTK, whereTK is a Kondo temperature.
It has been controversial whether the Ce ground state in CeP-
dSb is localized or itinerant. The gapDcoh resulting from
LDA+U method should be observed in the resistivityrsTd
data; this is, however, not the case. Experimental studies for
CePdSb4 and Ce1−xLaxPdSb compounds do not provide di-
rect evidence of the insulating or semiconducting behavior;
the resistivity rsTd is not described by an activated law

r=r0 expsDcoh/kBTd (the resistivity follows an activated be-
havior, e.g., for Ce1−xLaxRhSb on the Ce rich side16).

Another possibility to answer this question is to compare
the XPS VB spectra to the calculated one, obtained with
[case(iii )] and without[cases(i) and(ii )] correlation energy
U. We, however, did not observe significant differences be-
tween all three calculated XPS spectra, especially between 0
and 5 eV, which all are in good agreement to the experimen-
tal data. A narrowf electron peak generated byU at ,2.7 eV
in the DOS(in Fig. 5) is covered by the Pdd states which
dominate the shape of the total DOS, thus its influence on the
XPS VB intensities can be neglected. We therefore assume
the interference between the ground state calculated in the
LDA and LDA+U approximation, respectively. Themixed
ground statecould explain either the experimentalg-value,
which is larger than that obtained from LDA+U and smaller
thang calculated from LDA, or the high resistivity value. A
local environment of each Ce atom resulting from an atomic
disorder could be a reason of the more intricate electronic
structure of CePdSb and its alloys. A possible explanation is
the formation of two differentf DOSs in the electronic band;
one, predicted by LDA, and the other one, obtained from
LDA+U, which could be attributed respectively to different
Ce atoms distributed in the disordered alloy.

The assumption of themixed ground stateprovides the
following simple physical picture. It is assumed that the nar-
row f band located at,2.7 eV in the band, interacting via
hybridization with a broad Pdd states, delocalizes, which
can lead to an enhancement of the DOS at the Fermi level.
This process could have a character of fluctuation.

Figure 4 shows the splitting of,0.3 eV in the projected
DOS of the 4f states, which is not well understood. This
decomposition of spin-polarizedf bands can not be inter-
preted as the product of the crystal field effect, because the
splitting is not reflected in the paramagnetic calculations. We
attribute thisf band splitting to the Coulomb interaction in
the f bands.

The LMTO spin-polarized band calculations performed
for the Ce1−xLaxPdSb series of compounds give evidence
(Fig. 6) that the componentsxø0.9 of the series are also
half-metals.

B. Ce 3d XPS spectra

Figure 7 shows Ce 3d XPS spectra of Ce1−xLaxPdSb se-
ries, which exhibit different final states depending on the
occupation of thef shell: f1 and f2 (Refs. 17 and 18). The
component, which is a clear evidence of the mixed valence
of Ce, was not detected in Ce 3d XPS spectra of CePdSb
and its alloys, which suggests a stable configuration of the
f shell. The f2 components located at the low-binding
energy side of thef1 components are attributed within
the Gunnarsson–Schönhammer theoretical model to the
hybridization between thef states and the conduction
band. The hybridization energyD=pVfs

2 Nmax describes the
hybridization part of the Anderson impurity Hamiltonian,19

where Nmax is the maximum in the DOS andVfs is the
hybridization matrix element. Since the intensity ratio
r = Isf2d / sIsf1d+ Isf2dd has been calculated as a function ofD

FIG. 5. Atom and symmetry projected FP-LAPW DOS of
CePdSb for Ce[in (a)], Pd [in (b)] and Sb[in (c)], respectively.
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in Ref. 18, it is possible to estimate the hybridization energy
D, when the peaks of the Ce 3d XPS spectra that overlap in
Fig. 7 are separated.20 The intensity ratio gives for
Ce1−xLaxPdSb series a crude estimate of a hybridization
width ,80 meV for the componentsxø0.5, and,140 meV
for the compoundsx=0.3 and 0.1. Ther and D values ob-
tained for different compounds are tabulated in Table II.

C. Magnetic properties

Shown in Fig. 8 are magnetic susceptibilityx data plotted
asx versusT between 1.9 and 400 K for Ce1−xLaxPdSb. The
susceptibility above the Curie temperatureTC shows modi-
fied Curie–Weiss-type(CW) behavior. Least squares fits
of x to a modified CW lawxsTd=x0+C/ sT+ud, where
C=NAmef f

2 /3kB, mef f is the effective magnetic moment in
Bohr magnetonsmB, andu is the CW temperature, yieldmef f
which decreases with increasing of La concentration in
Ce1−xLaxPdSb series(these values are listed in Table I).
When theC is renormalized to the number of Ce atoms, all
samples(except CePdSb) have nearly the same value of
C>0.46 emu/mol-K, which givesmef f>1.9 mB/Ce, smaller
than that expected for the free ion Ce3+. The values of
x0 obtained from the fit to thexsTd data are smaller in
magnitude in comparison to the temperature-independent
contribution to the susceptibility in LaPdSb, which is about
2.5310−2 emu/mol (Fig. 8, Table I), suggesting the mag-
netic contribution to susceptibility of the reference com-
pound LaPdSb.

As can be seen in Fig. 9, the magnetizationM curves
measured at 1.9 K up to 5 T exhibit similar features in the
Ce1−xLaxPdSb compounds. No hysteresis was observed after
cycling betweenH= ±5 T. M achieves saturation above
H= ,3 T, providing evidence for ferromagnetism.

As shown in Fig. 10 are electrical resistivityr versusT
data for Ce1−xLaxPdSb between 4.2 K and 300 K. In order to
remove the phonon contribution fromrsTd of Ce1−xLaxPdSb,
the rsTd data of the isostructural reference compound LaP-
dSb were subtracted from thersTd data of Ce1−xLaxPdSb,
under the assumption that the phonon contributions torsTd
are similar for both compounds(see inset of Fig. 10).

The resistivity of Ce0.9La0.1PdSb, Ce0.5La0.5PdSb, and
Ce0.1La0.9PdSb is ,450, ,330, and ,300 mV cm at T
=300 K, respectively. Theser values are very high com-
pared to those observed in several Ce-based compounds
(e.g., in Ref. 21). So high resistivity was also observed for
CePdSb sample(Ref. 4), the origin of which was not under-
stood. In our view a high resistivity value like these could be

FIG. 6. The LMTO spin-polarized density of states calculated
for Ce1−xLaxPdSb series of compounds.

FIG. 7. Ce 3d XPS spectra for Ce1−xLaxPdSb.

FIG. 8. Magnetic susceptibilityx measured atH=0.5 T versus
temperatureT for various Ce1−xLaxPdSb samples. The solid line is
the Curie–Weiss fit to the data(the parameters for the best fit are
tabulated in Table I).
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characteristic of the metals with a low carrier
concentration.22

The samplesxø0.5 show the behavior characteristic of
magnetic metals. ThersTd curves exhibit a pronounced
change of slope near the magnetic ordering temperature. The
Curie temperatureTC determined as a maximum ofdr /dT
correspond closely to the values obtained from magnetic
measurements. The resistivity of ferromagnetic metals at low
temperature usually has a magnetic term proportional toT2,
ascribed to one-magnon scattering of conduction electrons
(spin-flip scattering).3 In a HMF all states at the Fermi level
are spin polarized, and spin-flip scattering is not possible.
Therefore, for a HMF one expects the deviation from aT2

term in the resistivity(Ref. 2). In our resistivity data for the
Ce1−xLaxPdSb samples there is no evidence for such aT2

contribution at T,TC. The electrical resistivity isr~Te

at T,TC, where the power exponentse>2.3 in the
Ce-rich regime, while for the Ce0.1La0.9PdSb sample
e>0.15 (Table I).

In the inset of Fig. 10 we display the Ce contribution to
the electrical resistivity, DrsTd=rsT,Ce1−xLaxPdSbd
−rsT,LaPdSbd. The Dr curve has a maximum at tempera-
ture Tmax (tabulated in Table I), which is a coherence tem-
perature characteristic of the Kondo lattice system. Theoreti-
cally, the quantum coherence(i.e., the appearance of heavy

quasiparticle states) is associated with the effective Kondo
(hybridization) temperatureTK, not with the temperature
Tmax which represents a good characteristic from the experi-
mental point of view. In reality the low-lying excitations in
the Anderson-(Kondo-) lattice state appear belowTK,Tmax
which is TK=W/2 exps−1/sJfsN0dd, where W is the band-
width with DOS(per atom per spin) at eF equal toN0, andJfs
is the Schrieffer–Wolf exchange coupling integral,23 which
depends on the location of the 4f level in the band and is
proportional touVfsu2/e4f in case ofVfs!U. The substitution
of La for Ce in Ce1−xLaxPdSb should not distinctly change
the local exchange couplingJfs, sinceJfs~ uVfsu2 and the hy-
bridization strength is almostx-independent(Table II). [In
reality, the substitution of La results in an increase in the
unit-cell volume(see Table I). This rise in unit-cell volume
leads to a reduction in the Kondo couplingJfs.] On the con-
trary, Jfs~1/e4f depends on the position of the localized 4f
level with respect to the Fermi level and the intersite Cou-
lomb repulsionU. Thus, when in LDA+SO approximation
eF→0, Jfs increases in magnitude; as result, the magnetic
ground state would be expected untilJfs becomes so large
that the Ce moment is quite quenched.24 In LDA+U approxi-
matione4f >2.7 eV, in result, the Kondo screening is not so
high, however, still possiblese4f ,Ud.

What is especially significant is that in the La-rich regime,
the electrical resistivity, magnetic susceptibility and the spe-

TABLE I. Comparison of structural properties, saturated magnetic momentms, magnetic susceptibilityx and electrical resistivityr data
for the Ce1−xLaxPdSb samples. Thems units andC are per formula unit.

x

Lattice parameters
ms at T=1.9 K

smBd
TC

(K)

x=x0+C/ sT+ud (emu/mol)
Tmax

K rsTd dependencea (Å) c (Å) x0 C u

0 7.913 4.594 0.95 17.5 1.1310−3 0.59 −11.7; forT.20 K r~T2.3; T,TC (Ref. 28)

0.1 7.910 4.595 16 215 r~T2.3; T,TC

0.3 7.984 4.596 0.74 12.2 7.3310−3 0.32 −10.7; forT.13 K

0.5 8.012 4.591 0.50 8.6 14310−3 0.23 −7.7; forT.9.5 K 150 r~T2.3; T,TC

0.7 8.078 4.608 0.32 3.8 12310−3 0.14 −4.7; forT.6 K

0.9 8.092 4.597 0.14 23310−3 0.048 −0.6 100 r~T0.15; T,20 K

1 8.131 4.606 0.04

FIG. 9. Magnetization M vs. H at T=1.9 K for
Ce1−xLaxPdSb.

FIG. 10. Electrical resistivityr vs. T of Ce1−xLaxPdSb. Inset
shows the resistivity incrementDr vs. lnT, where Dr
=rsCe1−xLaxPdSbd−rsLaPdSbd.
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cific heat exhibit power laws characteristic of non-Fermi liq-
uid (NFL) behavior. Shown in Fig. 11 areDr and DC/T
versus lnT and Dx versusT on a double logarithmic scale
for Ce0.1La0.9PdSb. The Ce contributions torsTd, xsTd, and
CsTd /T in Ce0.1La0.9PdSb have the followingT dependences:

(i) DrsTd=Drs0df1−asT/TKdeg, with e<0.15, TK=4 K,
and a=0.14. TheT dependence of the resistivity increment
DrsTd could be determined by subtracting the lattice contri-
bution of LaPdSb. Thus, to exclude the possibility that sub-
traction of the background contribution torsTd could gener-
ate the NFL exponent seen in the incremental resistivity
DrsTd we have compared the power-law exponents for the
as-measured resistivity obtained between 4.2 and 16 K. The
power-law exponente is exactly the same(Table I).

(ii ) DxsTd=csT/TKd−1.4 for T,20 K. The best fit to the

experimental data givesTK=4 K and c;xs0d=0.08. The
susceptibility exponent is close to the3

2 expected for mean-
field model of a Kondo alloy with randomly distributed mag-
netic impurities.25

(iii ) Between 2.7 and 7 K,DCsTd /T can be fitted to ei-
ther a −lnT or bsT/TKd−1.6 dependence, whereb;gs0d
=98 mJ/molK2, and TK=5 K, thus, the Kondo disorder
model is also a candidate for NFL-type behavior. It is amaz-
ing that the NFL characteristics are observed for the Ce-
diluted system, suggesting a magnetic critical point at
0.1,x,0.3 region. Experiments on a variety off-electron
systems(e.g., Y1−xUxPd3, Ref. 26) suggest, however, that the
NFL behavior can be observed in contiguity to the region in
which spin glass freezing occurs, i.e., forx=0.2. The scaling
of DrsTd, DCsTd or DxsTd with TK suggests that NFL-like
behavior is a single ion phenomenon that is associated with
the Kondo effect.

We would like to comment on a value ofTK>4 K ob-
tained for Ce0.1La0.9PdSb from various experiments, which is
much less thanTmax>100 K, at which the electrical resistiv-
ity has a broad maximum. Treating the system as a dilute
alloy, Cornut and Coqblin(Ref. 27) suggested that the broad
maximum in resistivity, such as that observed in CePdSb and
Ce1−xLaxPdSb, is associated with the combined effect of the
crystalline electric fields(CEFs) on the 4f moments and
Kondo-type interaction. This theory predicts different Kondo
temperatures corresponding to different crystal-field levels.
The experimental results in Fig. 10 support this prediction;
the firstDr, ln T dependence corresponds to the Kondo ef-
fect on the totalsJ= 5

2
d manifold, and a second one for

T!dCEF corresponds to the Kondo effect on the ground state
level(s).

D. Concluding remarks

We have shown that the numerical calculations of the
electronic density of states leads to the HMF properties of
CePdSb. An energy gap for the minority band structure was
determined by LMTO and FP-LAPW(LDA, LDA+SO)
methods, which give the magnetic moment of CePdSb very
close to the saturation magnetization obtained experimen-
tally from M versusH dependence atT=1.9 K.

It has been, however, controversial whether the ground
state of CePdSb is in the HMF or on metallic state. Electrical
resistivity of CePdSb is very large4 and rsTd~Te, where
e.2 in the temperature rangeT,TC, indicative of the HMF
state, whereas the Hall coefficientRHsTd is strongly
anisotropic28 and it shows aT-scaling forH ic, I ia, charac-
teristic of ferromagnetic metals,29 i.e., RH~aT3+bT 4 for
T,TC, and unusual low-temperature behavior forH ia, I ic
below TC. In addition, experimental data in Ref. 28 reported
the low carrier concentration of about 0.011/ f.u. for CePdSb,
expected for HMF.

We are well aware that these experimental results only
indirectly motivate the HMF properties of CePdSb and
Ce1−xLaxPdSb alloys. In other words, the HMF state in these
compounds is rather hypothetical from the experimental
point of view, whereas band structure calculations predict the

TABLE II. The intensity ratio r = Isf2d / sIsf1d+ Isf2dd obtained
for the both spin-orbit components 3d5/2 and 3d3/2 of the Ce 3d XPS
spectra, and the hybridization energyD.

Ce1−xLaxPdSb r D (in meV)

x=0 0.14 ,60

x=0.1 0.15 ,70

x=0.3 0.2 ,100

x=0.5 0.16 ,80

x=0.7 0.24 ,110

x=0.9 0.29 ,140

FIG. 11. Ce0.1La0.9PdSb:(a) 1−DrsTd /Drs0d vs. lnT; (b) Dx
vs. T in a double logarithmic scale, whereDx=xsCe0.1La0.9PdSbd
−xsLaPdSbd; and (c) specific heatDC/T vs. lnT, where DC
=CsCe0.1La0.9PbSbd−CsLaPdSbd.
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HMF properties explicitly. Specifically, spin polarized pho-
toemission studies are necessary.

We have shown that the LDA and LDA+SO approxima-
tions predict the HMF character of the CePdSb, while the
LDA+U potential predicts much more localizedf-electron
states which are located in the majority band,2.7 eV below
eF, and the gap ateF for both spin directions. This result is,
however, in contradiction to the resistivityrsTd experimental
observation, which has not shown an activated behavior.

The half-metallic ground state was also calculated for the
Ce1−xLaxPdSb compounds, which are forxø0.7 ferromag-
netic. The ferromagnetic Kondo-lattice state transforms

gradually into the NFL state in the regimex.0.7. The
sample withx=0.9 shows a non-Fermi liquid behavior, and
the power-law exponents ofDx, Dr, andDC/T are expected
by the Kondo-disorder model. Ce0.1La0.9PdSb is a rare ex-
ample of the Ce-diluted alloy which exhibits a NFL-like be-
havior attributed to the one(majority) spin projection.
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