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Abstract
The antiferromagnet Ce8Pd24Ga with TN = 3.1 K has been investigated using
neutron diffraction, inelastic neutron scattering, electrical resistivity, magneto-
resistance and magnetic susceptibility measurements. Rietveld analysis of
neutron diffraction data reveals that Ce8Pd24Ga crystallizes in the cubic
structure with space group Pm3̄m. Inelastic neutron scattering (INS) studies
show two well-defined crystal-field excitations at 3.2 meV and 12.8 meV.
The crystal-field parameters have been estimated from the analysis of INS
data. The heat capacity calculated from the crystal-field level scheme shows
a Schottky peak at 15 K which agrees well with the reported experimental
results. The resistivity exhibits − ln T behaviour at high temperature followed
by a peak at 8 K and eventually drops at TN . The peak in the resistivity
at 8 K arises due to the combined effect of crystalline electric fields and
Kondo interactions. The analysis of the resistivity data in the magnetically
ordered state reveals a gap of 16.1 K in the spin-wave spectrum. At 1.8 K the
magnetoresistance is positive and it changes to negative at 3 K. The positive
magnetoresistance at 1.8 K is consistent with the antiferromagnetic ground
state. The negative magnetoresistance shows a scaling behaviour that yields
a low-temperature Kondo temperature of 5.8 K. The magnetic susceptibility
exhibits Curie–Weiss behaviour between 20 K and 300 K with an effective
paramagnetic moment µeff = 2.33 µB and paramagnetic Curie temperature
θp = −18.8 K. The present studies reveal that the physical properties of
Ce8Pd24Ga are governed by the Kondo, crystal-field and Ruderman–Kittel–
Kasuya–Yosida (RKKY) interactions.

1. Introduction

Magnetic and transport studies of Ce-based intermetallics are of fundamental importance for
the understanding of their unusual physical properties observed at low temperatures. The
compounds of general formula CeX3 (X = transition metal and metalloid atoms) occur in
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several different structures, but those with X = In, Pd and Sn form in the cubic Cu3Au-
type structure [1–4]. Among these compounds, CePd3 is a canonical intermediate-valence
compound which has been extensively investigated using many experimental techniques [5–7].
The low-temperature properties of CePd3 are consistent with a simple Fermi-liquid ground
state, even though the carrier density is less than 0.3 electron per formula unit [8]. The
transport properties reveal the onset of a coherent Kondo lattice ground state below 150 K [5].

In Kondo lattice compounds the existence of a magnetically ordered ground state
depends on a balance between the indirect RKKY exchange interactions and on-site Kondo
hybridization between the 4f electrons and the conduction electrons [9]. In the strong-
hybridization limit, the so-called intermediate-valence state as found in CePd3 and CeSn3,
the ground state is non-magnetic. For the limit of medium to weak hybridization, known as
the heavy-fermion regime, there can be a variety of unusual ground states, including reduced-
moment modulated antiferromagnetism, strange types of superconductivity and the Kondo
insulating ground state. The hybridization strength is generally related to the number of holes
in the s–p or d-like outer shells of a given ligand and to its distance from the Ce ions [10]. By
decreasing the number of these holes we may dehybridize the 4f states, leading to a dramatic
change in the magnetic and transport properties of the material. Such a dehybridization effect
in CePd3 has been observed when the compound is alloyed with an appropriate ligand or
by introducing small atoms such as B, Si or Ge at the interstitial site in the Cu3Au unit cell
[11–14]. The interstitial impurities cause a dramatic crossover from archetypal intermediate-
valence behaviour in CePd3 to local moment character as seen through magnetic susceptibility
and inelastic neutron scattering studies [11–14].

Recently, the crystal structure and magnetic properties of some of the Ce8Pd24X (with
X = Ga, In, Sn, Sb, Pb and Bi) compounds have been reported by Gordon et al and Cho
et al [15–17]. These compounds are closely related to CePd3 as Ce8Pd24X may also be
written as CePd3X0.125. A study of a Ce8Pd24Sb single crystal using an x-ray four-circle
diffractometer revealed that the crystal structure is composed of distorted perovskite and Cu3Au
subcells arranged with the perovskite-like units centred on the corners of the cube [15]. In the
present work we have studied Ce8Pd24Ga using neutron powder diffraction, inelastic neutron
scattering, electrical resistivity, magnetoresistance and magnetic susceptibility measurements
and the results of these studies are presented in this paper.

2. Experimental details

Polycrystalline samples of Ce8Pd24Ga and La8Pd24Ga were prepared by arc melting the sto-
ichiometric amounts of the constituent elements with purity 99.9% on a water-cooled copper
hearth under a high-purity argon atmosphere. The ingots were turned over and remelted sev-
eral times to ensure homogeneity. X-ray powder diffraction studies with Cu Kα radiation
were carried out to check the phase purity. Neutron powder diffraction measurements at room
temperature were carried out using the HRPD diffractometer at the pulsed neutron source, ISIS
Facility, Rutherford Appleton Laboratory, UK. Inelastic neutron scattering measurements were
carried out using the time-of-flight spectrometer HET at ISIS with an incident neutron energy
(Ei) of 40 meV. The energy resolution at zero energy transfer of the HET spectrometer is about
1.1 meV (FWHM) for Ei = 40 meV. The Ce8Pd24Ga sample was cooled down to the lowest
possible temperature of about 17 K in a closed-cycle refrigerator. Resistivity measurements
were carried out using a standard four-probe dc technique between 1.3 K and 300 K. Magne-
toresistance measurements were carried out using the standard four-probe dc technique and
dc magnetic fields up to 12 T between 1.7 K and 30 K. Magnetic susceptibility measurements
were carried out using a vibrating-sample magnetometer (VSM) between 3 K and 300 K.
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3. Results and discussion

3.1. X-ray and neutron diffraction

X-ray powder diffraction studies reveal that the Ce8Pd24Ga and La8Pd24Ga samples were
single-phase materials and crystallized in the cubic structure with lattice parameters a =
8.3917(4) Å for Ce8Pd24Ga and 8.4383(5) Å for La8Pd24Ga. The cubic lattice parameters of
Ce8Pd24Ga and La8Pd24Ga are nearly double the lattice parameter, a = 4.136 Å, of CePd3.
This indicates the existence of a cubic supercell in Ce8Pd24Ga and La8Pd24Ga. In order to
further confirm the presence of the superlattice, we have carried out neutron powder diffraction
measurements on Ce8Pd24Ga at room temperature. A typical neutron diffraction pattern from
the 168.3◦ bank of the HRPD diffractometer is shown in figure 1. The diffraction pattern shows
that the sample is largely single phase but contains a small impurity phase. The impurity peaks
(marked with crosses in figure 1) have intensities less than 0.5% of that of the main peak. The
diffraction pattern of Ce8Pd24Ga was refined using the TF12LS program available at ISIS and
the same structural model, with space group Pm3̄m (No 221), as was proposed for Ce8Pd24Sb
[15]. In this space group, Ce atoms occupy the crystallographic 8g sites, Pd atoms occupy
three different types of site, Pd1 at the 6f sites, Pd2 at the 6e sites and Pd3 at the 12h sites, and
Sb atoms occupy the 1a sites.

Figure 1. A typical room temperature neutron diffraction pattern of Ce8Pd24Ga measured on the
HRPD diffractometer at the ISIS facility. The experimental data are shown by the symbols, while
the line through the data represents the results of the Rietveld refinement. The lower curve is the
difference curve for the experimental data and the calculated curve. The inset shows the diffraction
pattern for a limited d-range with an expanded y-axis. A plus symbol shows an impurity phase.
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The refinement was carried out in four stages. In the first stage the background, lattice
parameters and peak-shape parameters were varied, while in the second stage the atomic
position parameters and isotropic temperature factors were refined. The site occupancies were
varied in the third stage and all parameters were allowed to vary in the final stage. The
parameters obtained from the last cycle of the refinement are given in table 1 and the results
of the refinement are shown by solid lines in figure 1. The reduced χ2 and the residuals, the
profile R-factor (Rp), weighted profile R-factor (Rwp), expected R-factor (RE) and intensity
(or Bragg) R-factor (RI ), are also given in the same table and they are defined as in [18]:

χ2 = M/(Nobs −Nvar + C) (1)

Rp =
∑

|Yobs − Ycalc|
/ ∑

Yobs (2)

Rwp =
(
M

/ ∑
wY 2

obs

)1/2

(3)

RE =
[
(Nobs −Nvar + C)

/ ∑
wY 2

obs)

]1/2

(4)

RI =
∑

|Iobs − Icalc/C|
/ ∑

Iobs (5)

where

M =
∑

w(Yobs − Ycalc)
2. (6)

HereYobs (Iobs) andYcalc (Icalc) are the measured and calculated profile (intensity), respectively,
w is a weighting factor, Nobs and Nvar are the number of data points and fitting parameters,
respectively, and C is the number of constraints. The occupancy fractions show that the Ce
and Pd sites are fully occupied, while the Ga site is 78% occupied. The crystal structure of
Ce8Pd24Ga is composed of distorted perovskite and Cu3Au subcells as shown in figure 2. The
large atomic size of the Ga atom pushes the Pd atoms out of the phases of the cubic cell and
produces a distortion in the Cu3Au cell. On the other hand a small atom like B occupies
the body-centre interstitial site in CePd3 without any distortion of the Cu3Au unit cell. The
interatomic distances calculated from the above parameters are given in table 2. The shortest
bond distance is 2.453 Å for Ga and Pd2 compared to the sum of their covalent radii (2.54 Å).
Such a small distance between these atoms indicates a strong overlap between p electrons of
Ga and d electrons of Pd, which is responsible for the Ce 4f–Pd 4d dehybridization and hence
the dramatic change in the magnetic and transport properties of Ce8Pd24Ga compared to those
of CePd3.

Table 1. Atomic coordinates, site occupancies (S.O.) and isotropic displacement parameters Ueq

(in pm2) for Ce8Pd24Ga obtained from the full-structure Rietveld refinement using the Pm3̄m
space group. The S.O. of Ce1 was kept fixed.

Atom Wyckoff site x y z S.O. Ueq

Ce1 8g 0.2509(2) 0.2509(2) 0.2509(2) 1.00 22(9)
Pd1 6f 0.2544(3) 0.500 0.500 1.04(2) 64(8)
Pd2 6e 0.2923(3) 0.000 0.000 1.01(2) 96(11)
Pd3 12h 0.2599(2) 0.500 0.000 1.06(2) 84(7)
Ga1 1a 0.000 0.000 0.000 0.78(4) 58(29)

Rietvelda χ2 = 6.71 Rp = 9.62% Rwp = 12.32% RE = 4.76% RI = 3.88%
CAILSb χ2 = 6.27 Rp = 8.96% Rwp = 11.80% RE = 4.71%

a Full-structure Rietveld refinement.
b CAILS refinement, for comparison only.
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Figure 2. The crystal structure of Ce8Pd24Ga. The small-size circles represent Ga atoms, medium-
size circles represent Pd (grey = Pd1, black = Pd2 and white = Pd3) atoms and large-size circles
represent Ce atoms.

Table 2. Interatomic distances of Ce8Pd24Ga. All distances less than 4.5 Å are shown. The
standard deviations are typically 0.001 Å or less.

Ce1: 3Pd1 2.957 Pd1: 4Pd1 2.915 Pd2: 1Ga1 2.453 Pd3: 2Pd2 2.792
6Pd3 2.968 4Pd3 2.936 4Pd3 2.792 2Pd3 2.849
3Pd2 2.999 4Ce1 2.957 4Ce1 2.999 2Pd1 2.936
1Ga1 3.646 1Pd1 4.122 1Pd2 3.486 4Ce1 2.968
3Ce1 4.181 4Pd3 4.196 4Pd2 3.469 2Pd3 3.085
3Ce1 4.211 1Pd1 4.270 4Pd3 4.205 1Pd3 4.029

2Pd1 4.196
1Pd3 4.362

Ga1: 6Pd2 2.453
8Ce1 3.646

It is to be noted that even though the quality of the fit is reasonably good (see figure 1), the
observed values of the reducedχ2 and residualsRp andRwp as well asRE are high (see table 1).
On the other hand, the value of RI = 3.88% indicates that the structural model is correct. It is
to be noted thatRI determines the quality of the structural fit since it is related to peak area and
not peak shape. To discover the origin of the high values of χ2, Rp, Rwp and RE , we have also
refined our neutron diffraction data on the basis of the CAILS–Pawley (cell and intensity least-
squares) refinement method using the Pm3̄m space group. The CAILS refinement method
is different from the traditional Rietveld refinement technique (used above) in that only cell
parameters, peak-width parameters and integrated intensities are refined. CAILS refinement
is independent of the atomic position parameters (or structural model) and only depends on
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the space group symmetry. In this method the intensities of all peaks vary independently. The
values of χ2 and the R-factors obtained from the CAILS refinement are given in table 1. The
values of χ2, Rp, Rwp and RE obtained from the CAILS refinement are also high and nearly
the same as those obtained from the full-structure Rietveld refinement discussed above. This
reveals that the high values of χ2 and theR-factors are not due to an incorrect structural model.
Further, detailed examination of the refined profile in both methods reveals that the observed
peak shape is different from the peak shape calculated using the Voigt function convolved with
a double-exponential decay and switch function (see the inset of figure 1 and the difference
curve in figure 1). This explains the high values of χ2,Rp,Rwp andRE found by both methods.
At present we do not understand why the observed peak shape is different from the calculated
one. We also refined our data on the basis of rhombohedral symmetry, space group R3̄m
(No 166), and the Rietveld refinement method. However, the values of the R-factors obtained
using the R3̄m space group were higher than those obtained using the Pm3̄m space group;
hence we discard the possibility of the R3̄m space group being correct.

3.2. Inelastic neutron scattering

Figure 3(a) shows inelastic neutron scattering spectra of Ce8Pd24Ga at 17 K measured on
the HET spectrometer with incident neutron energy Ei = 40 meV: the symbols rerepresent
the total response (magnetic plus phonon) averaged over a low-Q region (0.7–2.2 Å−1) and
the histogram is an estimate of the phonon response extrapolated from the high-Q region
(7.8–8.2 Å−1). The magnetic scattering is intense at low Q-values and negligible at high Q-
values because of the magnetic form factor (F(Q)), while the phonon scattering is dominant
at high Q-values and suppressed at the low Q-values: the magnetic scattering ∝ F(Q)2 which
decreases with Q, while the phonon scattering ∝ Q2, which increases with Q. We have used
the standard scaling method to subtract the phonon response from the measured total response
at low Q, by using the measured phonon response at high Q. By subtracting the estimated
phonon response from the total measured response at the low Q, we deduced the magnetic
scattering in the low-Q spectrum, which is shown in figure 3(b). The magnetic response
shows two well-defined crystal-field (CF) excitations at energies of 3.2 meV and 12.8 meV,
corresponding to transitions from the ground-state doublet to the two excited CF doublets. It
is noteworthy that the inelastic response of CePd3 does not show any sign of CF excitations;
instead it exhibits a broad peak centred at 65 meV with a linewidth of 68 meV [19, 20]. The
point symmetry of the Ce ions in Ce8Pd24Ga is 3m, which is lower than cubic. This gives two
additional terms in the cubic CF Hamiltonian of the Ce3+ ion with J = 5/2. We have verified
this by direct calculation with the superposition-model approach [21], using a suitable choice
of quantization axes. This showed the presence of one rank-2 and two rank-4 terms in the CF
Hamiltonian:

HCF = B0
2O

0
2 + B0

4O
0
4 + B3

4O
3
4 (7)

where the Bm
n are the crystal-field parameters and the Om

n are the Stevens operator equivalents
[22]. HCF has only three independent CF parameters; thus the positions and relative intensities
of the two CF excitations are sufficient for estimating a unique set of CF parameters. The
values of the CF parameters obtained from the least-squares fit to the INS data are (in meV)
B0

2 = 0.551(5),B0
4 = 0.024(2) andB3

4 = 0.208(4). The solid line in figure 3(b) represents the
fitted response, with this set of CF parameters, which agrees well with the observed magnetic
response. The linewidth of the first excitation is 2.06(5) meV, while that of the second excitation
is 1.63(4) meV. We would like to mention here that the quasielastic magnetic scattering around
zero energy transfer in Ce8Pd24Ga could not be determined due to the presence of strong elastic
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Figure 3. (a) The inelastic neutron scattering response from Ce8Pd24Ga at 17 K measured on the
HET spectrometer. The symbols show the experimental data summed over the scattering angles
between 8◦ and 30◦, while the histogram is an estimate of the phonon scattering extrapolated
from the high-angle (132◦) detector bank. (b) The magnetic response from Ce8Pd24Ga at 17 K
(symbols). The solid line represents the fit based on the crystal-field model (see the text).

scattering at highQ-values, which gave a negative contribution to the magnetic response around
zero energy transfer.

Having obtained information about the crystal-field energy-level scheme of Ce8Pd24Ga,
it would be interesting to calculate the heat capacity to help with understanding the reported
high value of the electronic specific heat divided by the temperature (Cel/T ; see figure 4(a)
in reference [17]) between TN and 16 K. Here we give a brief discussion of the heat capacity
data from reference [17]. The value of the specific heat coefficient, γp, estimated at T → 0
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Figure 4. Heat capacity versus temperature for Ce8Pd24Ga; data from reference [17]. The solid
line shows the heat capacity calculated on the basis of the crystal-field level scheme (see the text).

from extrapolating the linear behaviour of the Cel/T versus T 2 curve between 7 K and 16 K
is 3.3 J mol−1 K−2 [17]. This value of γp is very high compared with the values of γp
for Ce8Pd24T (T = In, Sb, Bi, Sn, Pb) [17] and other Ce-based heavy-fermion systems.
As reported in reference [17], the entropy change (.S) associated with the magnetic phase
transition is 16.4 J mol−1 K−1, which is smaller than 8R ln(2) = 46.1 J mol−1 K−1 (where
R is the gas constant) expected from a doublet CF ground state. The small value of the
estimated entropy was attributed to either itinerant electrons with heavy effective mass being
partly involved in the phase transition or magnetic ordering of induced moment type. The
calculated heat capacity results along with experimental data from reference [17] are shown in
figure 4. The calculated heat capacity exhibits a Schottky peak at 15 K, in agreement with the
experimental results. The reported high value of Cel/T in the paramagnetic state (i.e. between
TN and 16 K) therefore arises from the Schottky contribution to the heat capacity. This would
also partly explain the high value of γp estimated from the linear behaviour of the heat capacity
between 7 and 16 K.

3.3. Resistivity

Figure 5(a) shows the resistivity ρ versus temperature for Ce8Pd24Ga and La8Pd24Ga com-
pounds. ρ(T ) for La8Pd24Ga decreases almost linearly with decreasing temperature down to
1.3 K, indicating metallic behaviour. On the other hand, ρ(T ) for Ce8Pd24Ga increases with
decreasing temperature from 300 K, exhibits a broad maximum at 8 K and eventually drops
below 3.3 K due to antiferromagnetic ordering of the Ce moments. In figure 5(b) we have
plotted the temperature derivative of the resistivity, dρ/dT , versus T (secondary y-axis). It is
interesting to note that on reaching TN , the divergence in dρ/dT is similar to that observed
in the heat capacity (see figure 4). This type of similarity in the critical divergence between
dρ/dT and the heat capacity has been shown theoretically for antiferromagnetic ordering by
Kasuya and Kondo [23].
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Figure 5. (a) Resistivity ρ versus temperature for Ce8Pd24Ga and La8Pd24Ga and (b) ρ versus T
and the temperature dependence of dρ/dT for Ce8Pd24Ga at low temperatures.

The magnetic contribution to the resistivity, ρm, of Ce8Pd24Ga was estimated by sub-
tracting the resistivity of La8Pd24Ga, which is plotted as ρm versus ln T in figure 6. In the
high-temperature regime, ρm exhibits − ln T behaviour, followed by a maximum at 8 K. The
− ln T behaviour is due to incoherent Kondo scattering of conduction electrons by the localized
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Figure 6. The magnetic part of the resistivity ρm versus ln T for Ce8Pd24Ga.

4f moments, while the maximum arises from the combined presence of Kondo and crystalline-
electric-field effects. This type of resistivity behaviour has been explained theoretically by
Cornut and Coqblin [24] and very recently by Fischer [25]. Below TN , ρm(T ) behaviour is
influenced by the presence of spin waves and can be described by

ρm(T ) = ρ0 + AT 2 + C(T/.)(1 + 2T /.) exp(−./T ) (8)

where ρ0 is the residual resistivity, AT 2 the normal Fermi-liquid contribution and . the gap
in the spin-wave spectrum [26]. The values of the parameters obtained from the least-squares
fit to the ρm(T ) data below TN are: ρ0 = 77.6(±0.1) µ2 cm, A = 3.45(±0.02) µ2 cm K−2,
C = 5510(±150) µ2 cm and . = 16.1(±0.1) K. The fit to the resistivity data is shown by
the solid line in figure 6. The value of A is higher than the value 0.072 µ2 cm K−2 observed
for CePd3 [27]. The high value of A for Ce8Pd24Ga is consistent with the observed high value
of γ , as γ ∝ A1/2.

3.4. Magnetoresistance

Figure 7 shows the magnetoresistance, (ρ(B) − ρ(0))/ρ(0), as a function of field at various
temperatures for Ce8Pd24Ga. At 1.8 K the magnetoresistance is positive and exhibits B2-
dependence up to a field of 12 T. At 12 T, .ρ/ρ reaches a value of 6%. It is generally
observed that .ρ/ρ exhibits a positive sign for antiferromagnetic compounds if no superzone
gap formation takes place at TN [28]. For Ce8Pd24Ga the resistivity does not show any sign
of superzone gap formation; hence the observed positive sign of the magnetoresistance is
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Figure 7. Magnetoresistance, .ρ/ρ, as a function of magnetic field at various temperatures for
Ce8Pd24Ga.

consistent with the antiferromagnetic ground state. At 3 K the magnetoresistance changes
sign from positive to negative and exhibits a linear behaviour with field and eventually reaches
a value of −12% at 12 T. Above 3 K the magnitude of the negative magnetoresistance decreases
with increasing temperature and becomes almost negligible at 30 K. This type of behaviour
of the magnetoresistance is expected for incoherent Kondo scattering of conduction electrons
with 4f moments as theoretically proposed by Schlottmann [29]. Schlottmann has calculated
the magnetoresistance in the Coqblin–Schrieffer model using the Bethe-ansatz technique for
various values of the total angular momentum (J ) of the Kondo impurity between 1/2 and
5/2. The calculations show a universal behaviour of the magnetoresistance as a function of
field and temperature for a given value of J . This indicates that the physics of a single-ion
Kondo impurity is governed by a single characteristic energy B∗ which is related to the Kondo
temperature TK = B∗(0)(gµ/k), where the symbols have their usual meaning. Further, it has
been observed that B∗(T ) varies linearly with temperature, i.e. B∗(T ) = B∗(0) + (k/gµ)T

[30]. This shows that TK can be estimated from the intercept and slope of a B∗ versus T plot.
Our inelastic neutron scattering studies revealed that the CF ground state of Ce8Pd24Ga

is a doublet and that the first excited state lies at 3.2 meV, so at low temperatures we can
treat each Ce3+ ion as an effective J = 1/2 spin impurity. Hence we can use Schlottmann’s
model for J = 1/2 to analyse our magnetoresistance at low temperatures. The solid line in
figure 8 shows the universal curve of Schlottmann’s model for J = 1/2. The experimental
magnetoresistance data at various temperatures have been scaled to the theoretical curve by
adjusting the temperature dependence of B∗(T ) at each temperature. The scaling behaviour
of the magnetoresistance is apparent from figure 8 between 5 and 30 K. The values of B∗(T )
obtained from the analysis are plotted as a function of temperature in the inset of figure 8. The
B∗(T ) versus T plot exhibits linear behaviour up to 15 K and deviates from linearity above
15 K. This deviation is due to the increase of the population of the first excited crystal-field level
with increasing temperature. We have used the low-temperature (T � 15 K) linear behaviour
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Figure 8. Normalized magnetoresistance, ρ(B)/ρ(0), as a function of B/B∗ for Ce8Pd24Ga at
various temperatures. The scaling field B∗ has been adjusted at each temperature to minimize
the deviation between data points and Schlottmann’s theoretical magnetoresistance curve for a
J = 1/2 Kondo impurity (solid line). The inset shows B∗ versus temperature.

of the B∗(T ) versus T plot to estimate the value of TK = 5.8(±0.3) K for Ce8Pd24Ga. This
value of TK = 5.8 K is higher than the value 1.6 K estimated from the heat capacity. We have
used the extrapolated value of γp(T → 0) = 3.3 J mol−1 K−2 from reference [17] to estimate
TK by using the expression TK = (N − 1)πR/6γp, where N is the degeneracy of the ground
state and R is the gas constant. The low value of TK estimated from the heat capacity suggests
that the calculated value of γp may be too high. As mentioned earlier, an artificially high value
of γp could arise because it has been estimated from measurements in the temperature range
between 7 and 16 K where the heat capacity exhibits a Schottky anomaly.

3.5. Magnetic susceptibility

The magnetic susceptibility exhibits Curie–Weiss (CW) behaviour between 20 K and 300 K
(figure 9) with an effective paramagnetic moment µeff = 2.33(±0.03) µB and paramagnetic
Curie temperature θp = −18.8(±0.4) K. A small deviation from CW behaviour has been
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Figure 9. Inverse magnetic susceptibility versus temperature for Ce8Pd24Ga. The inset shows the
magnetization isotherm at 3 K for Ce8Pd24Ga.

observed below 20 K, which we attribute to the crystalline-electric-field effect on the J = 5/2
multiplet of the Ce3+ ion. The observed value of µeff is slightly smaller than the value
2.54 µB of the free Ce3+ ion (J = 5/2). At present the origin of this is not clear, but it may be
attributable to the 22% vacancy on the Ga site. Thus the Ce ions close to this vacant site may
have mixed-valence nature as in CePd3. The observed negative sign of θp is in agreement with
the antiferromagnetic ground state. The magnetization isotherm at 3 K exhibits almost linear
behaviour with field up to 12 T with the value of the magnetic moment 0.55 µB /Ce atom at
12 T (see the inset of figure 9).

4. Conclusions

The compound Ce8Pd24Ga, which is closely related to the mixed-valence material CePd3, has
been investigated using various experimental techniques. Neutron powder diffraction studies
show that the compound crystallizes in a new cubic structure with space groupPm3̄m. This new
cubic structure is composed of distorted perovskite and subcells of Cu3Au structure arranged
with the perovskite-like units centred on the corners of the cube. Inelastic neutron scattering
studies show two well defined crystal-field excitations centred at 3.2 meV and 12.8 meV.
The analysis of the inelastic neutron scattering data has been performed on the basis of the
crystal-field model. The heat capacity calculated using the crystal-field level scheme shows
good agreement with the experimental results, and partly explains the reported high value of
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the electronic coefficient, γp. The resistivity shows the presence of Kondo and crystal-field
effects. The low-temperature resistivity (below TN ) reveals the presence of a gap of 16.1 K in
the spin-wave spectrum. The critical divergence, near TN , in dρ/dT is similar to that observed
in the heat capacity, which is in agreement with the theory [23]. The magnetoresistance exhibits
scaling behaviour in the paramagnetic regime, leading to a Kondo temperature of 5.8 K for
Ce8Pd24Ga. The magnetic susceptibility exhibits Curie–Weiss behaviour between 20 K and
300 K with an effective paramagnetic moment µeff = 2.33 µB .

The chemical formula of the compound Ce8Pd24Ga can also be written as CePd3Ga0.125

in order to make direct comparison with CePd3. This reveals that the transport and magnetic
properties of CePd3 change strongly with incorporation of the Ga atom in the cubic cell. These
changes in the properties could be attributed to the dehybridization of Ce 4f and Pd 4d electrons
as a result of the shorter bond length between Pd2 and Ga atoms in Ce8Pd24Ga. The shorter
Pd2–Ga bond length could produce a strong overlap between the p electrons of the Ga and d
electrons of the Pd and hence dehybridization between Ce 4f and Pd 4d electrons.
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