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Abstract
The antiferromagnetic Kondo compound CePtGa and the Ce(Pt1−x Nix)Ga
and CePt(Ga1−yAly) alloy systems have been studied by resistivity
ρ(T ), magnetoresistivity MR and susceptibility χ(T ) measurements on
polycrystalline samples to temperatures as low as 1.5 K and in magnetic fields
up to 9 T. A Doniach diagram is presented of the volume dependences of
the Néel temperature TN and Kondo temperature TK of these alloys and the
possible existence of a quantum critical point near x = 0.38 is indicated. χ(T )

measurements in different applied fields indicate a marked decrease in TN with
field for the parent CePtGa compound and extrapolation of the results suggests
that magnetic order should disappear in a field of 4.8 T. In contrast the Kondo
energy scale, identified by a maximum in ρ(T ) at low temperatures, increases
significantly with field.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

There has been considerable interest during the last decade in studying the behaviour of the
equiatomic ternary Kondo compounds because of their variety of interesting ground-state
properties, such as an insulating Kondo lattice ground state (e.g. CeNiSn [1] and CeRhSb [2]),
ferromagnetic (e.g. CePdSb [3] and YbNiSn [4]) and antiferromagnetic (e.g. CePdGa [5],
YbPtGa [6] and CePtGa [7, 8]) Kondo lattice behaviour, and heavy fermion behaviour
(e.g. YbPdSb [9] and YbPtBi [10]). The orthorhombic TiNiSi-type (space group Pnma)
structural compounds such as CePtGa [7, 8], CePdGa [5] and YbPtGa [6] show marked crystal-
field interactions associated with the Kondo effect. The crystal symmetry plays a central role in
determining the Kondo properties through the effect of the crystalline electric field (CEF) acting
on the 4f orbitals. In this paper, the competing interplay between Kondo and Ruderman–Kittel–
Kasuya–Yosida (RKKY) interactions in the CEF ground state is investigated as a function
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of chemical pressure and applied magnetic field in Ce(Pt1−x Nix)Ga (0 � x � 0.5) and
CePt(Ga1−yAly) (0 � y � 0.3) alloys by electrical resistivity, magnetoresistance and magnetic
susceptibility measurements.

The Néel temperature of the antiferromagnetic CePtGa compound has been observed as
being in the range TN ≈ 2.9–3.5 K [7, 8, 11–13]. Electrical resistivity measurements ρ(T )

on polycrystalline [11] and single crystal [12] samples show a sharp drop below the Néel
temperature. The ρ(T ) curves along the three principal axes of a single crystal sample show
similar behaviour. Upon cooling from room temperature, ρ(T ) decreases linearly with a small
gradient, and then shows a relatively sharp drop below 75 K and goes through a minimum at
23 K. Further cooling leads to a small increase in ρ(T ) before it goes through a maximum
around 3.5 K and then drops suddenly below TN [12]. The magnetic susceptibility χ(T ) along
the three principal axes also shows an anomaly at TN ≈ 3.5 K. χ(T ) follows the Curie–
Weiss law above 100 K, and the effective magnetic moments are reported to be 2.74, 2.89
and 2.70 μB/Ce ion for the a-, b- and c-axes [12]. An inelastic neutron scattering study shows
two well-defined crystal field transitions around 209 and 413 K in the CePtGa compound [8].
These results show agreement with the estimate made by considering the effect of the crystal
field on χ(T ) of a single crystal [12]. Inelastic neutron scattering measurements and the results
from magnetoresistance (MR) measurements suggest a Kondo temperature TK = 2.2 K for the
CePtGa compound [8].

ρ(T ) and MR measurements on the CePtGa compound have been reported under
hydrostatic pressure [3, 11]. It is found through ρ(T ) measurements that TN decreases with
increasing pressure and disappears above 1 GPa. A maximum in the ρ(T ) curve is reported
around 6 K at a pressure of 2 GPa, which suggests that a Kondo peak develops with increasing
pressure. MR measurements at 4.2 K under various pressures suggest an incoherent Kondo
state for lower pressures and then show a crossover at 3 GPa to the coherent state. Specific heat
measurements on single crystal CePtGa show a λ-type anomaly at TN = 3.4 K [13].

CePtAl, which has the same crystal structure as CePtGa, is reported to exhibit complex
magnetic structures with magnetic phase transitions at T1 = 5.9 K (second order), T2 = 4.3 K
(first order) and T3 = 2.2 K (first order) [14]. A pronounced magnetic anisotropy is evident
from susceptibility and magnetization measurements on CePtAl [15] and these results confirm
the existence of a ferromagnetic component along the a-axis coexisting with incommensurate
magnetic ordering in this compound [14]. An elaborate study of CeNiGa revealed intermediate
valence behaviour for this compound which was changed upon hydrogenation of the material,
giving a trivalent state for CeNiGaH1.1 [16].

It is noted that our studies involve, for both alloy series, the substitution of elements
belonging to the same column of the periodic table. Thus for Ce(Pt1−xNix)Ga the d-electron
count is invariant (Pt 5d10 replaced with Ni 3d10) and for CePt(Ga1−yAly) the p-electron count
is invariant (Ga 4p1 replaced with Al 3p1). Consequently one may expect that volume changes
induced by substitution, rather than electronic effects, will dominate the magnetic and Kondo
behaviour of these alloys. A study of antiferromagnetic and Kondo behaviour in the related
Ce(Pt1−x Pdx)Ga system has recently been reported by Cho et al [17]. A preliminary report of
our study of electrical properties of the Ce(Pt1−x Nix)Ga and CePt(Ga1−yAly) alloys has been
recently published [18]. This work is extended in the present paper by magnetization and χ(T )

studies, as well as a more detailed interpretation of the results.

2. Experimental details

Polycrystalline samples of Ce(Pt1−xNix)Ga (0 � x � 0.5) and CePt(Ga1−yAly) (0 � y � 0.5)
alloys were prepared using elements of the following purity in wt%: Ce, 99.98; Pt, 99.97; Ni,
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99.99; Al, 99.999; Ga, 99.9999. Stoichiometric quantities of the constituent elements, but
augmented by the addition of 2% of Ga to compensate for the possible loss of this low-melting
temperature element, were arc-melted on a water-cooled copper hearth in a titanium-gettered
ultra-pure argon atmosphere. The pieces of Ga were packed in the bottom and centre of the
starting elements in the furnace and surrounded by the higher-melting-temperature elements,
and arc-melting of the latter was initiated at low arc energies to allow for a slow reaction with
the Ga. Melting three times with intermittent overturning of the ingot gave successful synthesis
of alloy samples of typical mass 3 g. Weight loss ranged from 0.2–0.5 wt% of the total sample
mass. Deviation from the stoichiometry of Ga content is estimated as within ±1.5%, assuming
that all of the weight loss is due to Ga evaporation. We did not anneal our samples in view of
facilitating comparison between our results and those reported in the literature on an unannealed
arc-melted CePtGa sample [11] and on unannealed single crystals of CePtGa grown by the
Czochralski method in a tetra-arc furnace [12, 13].

Room-temperature x-ray powder diffraction measurements on the as-cast polycrystalline
samples of the Ce(Pt1−x Nix)Ga and CePt(Ga1−yAly) alloys ascertained the phase purity of
the samples and the absence of unreacted elements. The lattice parameters of the orthorhombic
TiNiSi-type (space group Pnma) compounds were calculated using standard regression analysis
of well-resolved peaks of the powder diffraction spectrum of each alloy.

ρ(T ) measurements were performed down to 1.5 K and isothermal MR measurements
were performed up to 8 T. These transport measurements were done using a standard four-probe
dc technique on bar-shaped samples (typical dimensions 6 × 1 × 1 mm3) cut by spark-erosion.
The sample temperatures were varied and controlled between 1.5 K and room temperature
using a variable-temperature insert and a temperature controller manufactured by Oxford
Instruments.

Magnetization and susceptibility measurements were effected using the vibrating sample
magnetometer option of the 9 T physical properties measurement system (PPMS) supplied by
Quantum Design. Sample temperatures were varied and controlled in the range 1.9–400 K.
Dimensions of typical samples used in these studies were 4 × 1 × 1 mm3. The magnetic field
was applied along the long axis of a bar. For a selected number of samples isofield ρ(T )

measurements were performed down to 1.9 K for a number of fields up to 9 T using the PPMS.

3. Results and discussion

3.1. X-ray diffraction analysis

The variation of the room-temperature orthorhombic lattice parameters a, b and c and unit-
cell volume V of as-cast samples of the alloy series Ce(Pt1−xNix)Ga, (0 � x � 0.5)
and CePt(Ga1−yAly) (0 � y � 0.5) are shown in figure 1. The solid and dashed lines
represent iterated least-squares fits to the data and illustrate that Vegard’s rule is followed
for these alloy systems in the investigated concentration ranges. The determined room-
temperature orthorhombic lattice parameters of CePtGa, namely a = 7.159(2) × 10−1 nm,
b = 4.491(2)×10−1 nm and c = 7.759(3)×10−1 nm, and the crystallographic unit-cell volume
V = 249.4(1) × 10−3 nm are in agreement with the literature values of a = 7.169 × 10−1 nm,
b = 4.495 × 10−1 nm and c = 7.771 × 10−1 nm−3 [12, 19]. The change in lattice parameters
with y over the range 0 � y � 0.5 extrapolates to lattice parameter values that are in agreement
with previously reported values a = 7.1980(4) × 10−1 nm, b = 4.4810(3) × 10−1 nm and
c = 7.7956(4) × 10−1 nm of a polycrystalline CePtAl sample [15]. Although an increase in
the parameter a with x is observed in the Ce(Pt1−x Nix)Ga system, the other parameters b, c
and V decrease as expected from the increasing Ni concentration x .
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Figure 1. The orthorhombic lattice parameters a, b and c and unit-cell volume V of alloy
compositions 0 � x � 0.5 of the Ce(Pt1−x Nix )Ga system and 0 � y � 0.5 of the CePt(Ga1−yAly)

system.

3.2. Zero-field resistivity measurements

Normalized resistivity data ρ(T )/ρ(280 K) for the Ce(Pt1−x Nix)Ga and CePt(Ga1−yAly)

alloys are depicted in figure 2. The inset shows the Kondo resistivity of the parent compound
ρmag(T ) = ρCePtGa(T ) − [ρLaPtGa(T ) − ρLaPtGa(0)] plotted on a logarithmic temperature
scale and of our LaPtGa sample plotted on a linear temperature scale. The observed − ln T
dependence of ρmag(T ) in two different temperature regimes is reminiscent of the behaviour of
this quantity for several Ce systems, e.g. Ce2Cu2In, Ce2Au2In and Ce2Pd2In [20], Ce2Rh3Ge5,
Ce2Ir3Ge5 [21] and Ce2Ni3Ge5 [22]. Such temperature dependence originates due to the
combined effect of Kondo and CEF interactions as treated by Cornut and Coqblin [23]. It
is noted that the quantity [ρLaPtGa(T ) − ρLaPtGa(0)] reported by the authors of [12] for their
polycrystalline sample is almost a factor of two larger than that observed in our studies. Using
their results for LaPtGa either in conjunction with our polycrystalline CePtGa data or with their
single-crystal data for CePtGa suitably averaged to simulate ρ(T ) for a polycrystalline sample,
results in negative values of ρmag at 300 K, which seems to indicate that the results for ρ(T )

in [12] for LaPtGa are an over-estimate of the electron–phonon scattering contribution.
The maxima in the ρ(T ) data occurring at low temperatures are shown in more detail in

figure 3. For CePtGa and for the x = 0.2, 0.3 and y = 0.1, 0.2 alloys these are associated
with antiferromagnetic ordering. The Néel temperatures TN are obtained through the line
constructions as indicated in figure 3. For both the Ce(Pt1−xNix)Ga and CePt(Ga1−yAly) alloy
systems, a decrease in TN is observed with increase in x or y. For higher Al concentrations the
magnetic behaviour is more complex, as is evident from the occurrence of anomalies at two
different temperatures in the y = 0.3 alloy, which may presumably be related to the complex
magnetic behaviour reported for CePtAl [14, 15]. The maximum at T ρ

max that appears in ρ(T )

for the x = 0.5 alloy is associated with its Kondo behaviour, since as will be evident from
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Figure 2. ρ(T )/ρ(280 K) of the systems Ce(Pt1−x Nix )Ga (0 � x � 0.5) and CePt(Ga1−yAly)

(0 � y � 0.3). The inset shows the Kondo resistivity ρmag(T ) of CePtGa and ρ(T ) of LaPtGa.
The lines indicate the ρmag(T ) ∼ − ln T behaviour in two temperature regimes.

Figure 3. Temperature dependent normalized resistivities for the alloy compositions 0 � x � 0.5
of the Ce(Pt1−x Nix )Ga system and 0 � y � 0.3 of CePt(Ga1−yAly) shown in the temperature
region 1.5 K � T � 20 K.
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Figure 4. Magnetization measurements of CePtGa and of the x = 0.2, y = 0.1, 0.2 alloys at
temperatures 2 and 5 K (left-hand scale). The right-hand scale shows the plot of dσ/dB against
the applied field B = μ0 H (see text). The maximum of this plot indicates the field where a
metamagnetic transition occurs.

section 3.5 the antiferromagnetic order disappears near x = 0.38. The magnetic phase diagram
for the alloy systems is further investigated in the following sections through χ(T ) and MR
measurements.

3.3. Magnetization and susceptibility

Magnetization σ versus B isotherms measured at 2 K (i.e. below TN) and at 5 K (i.e. above
TN) are shown in figure 4 for CePtGa and a representative selection of alloy samples (we
assume B = μ0 H throughout this paper for the sake of simplicity). Evidence of metamagnetic
behaviour is seen for our polycrystalline CePtGa sample in confirmation of the metamagnetic
behaviour of the c-axis magnetization observed in single crystal CePtGa [12]. A maximum in
dσ/dB indicative of the metamagnetic transition occurs for our 2 K isotherm at 3.6 T, which
is in good agreement with a metamagnetic transition which occurs at 3.5 T along the c-axis
of the CePtGa single crystal at 2 K [12]. Metamagnetic behaviour is also evident for the 2 K
magnetization isotherms for the other alloy samples in figure 4.

Susceptibility χ(T ) measurements performed in a field of 0.1 T are presented in figure 5.
The curves for CePtGa and for the alloys with x = 0.2, 0.3 and y = 0.1, 0.2 confirm the
antiferromagnetic order observed in ρ(T ) measurements. For the y = 0.3 alloy the χ(T ) curve
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Figure 5. Susceptibility χ(T ) measurements between 8 and 1.9 K in an applied field of 0.1 T. The
Néel temperature is taken at the peak in χ(T ). For y = 0.3 two anomalies are evident around 3
and 6 K as also observed in ρ(T ) in figure 3, presumably associated with the complex behaviour of
CePtAl (see text).

shows an indication of two transitions at temperatures similar to the anomalies indicated in the
ρ(T ) data for this sample. Because of this more complex behaviour observed for the y = 0.3
alloy, which may be related to the intricate properties of CePtAl [14], our further investigation
and interpretations are confined to the CePtGa compound and the alloys 0.1 � x � 0.5 and
y = 0.1, 0.2. For these alloys it is seen that substitution of Ni for Pt, as well as Al for Ga,
decreases TN from the value TN = 3.25 K observed for the parent CePtGa compound. The
variation of TN for these alloys as observed from χ(T ) and from ρ(T ) data is depicted in
figure 9 in section 3.5 as a function of unit-cell volume, and this dependence is discussed in
that section.

Results of χ−1(T ) for the two alloy systems are plotted in figure 6. The plot conforms
well with the expected Curie–Weiss behaviour χ−1(T ) = 3kB(T − θP)/NAμeff over most of
the temperature range, but deviations from linearity are evident at lower temperatures. Linear
least-squares (LSQ) fits for the data of figure 6 in the temperature region 150–400 K yield
values of θP and μeff as given in table 1. The effective moment value for CePtGa is slightly
higher than the free Ce3+ ion value of 2.54 μB, but is in agreement with μeff values observed
for a single crystal of CePtGa [12].

3.4. Magnetoresistance

Magnetoresistance (MR) isotherms were measured in transverse fields up to 8 T for a number
of alloys. A typical example of the results is shown in figure 7 for the Ce(Pt0.8Ni0.2)Ga
sample. Results taken during increasing fields always fall on the same curve as data taken
during decreasing fields. The behaviour in figure 7 is typical of the suppression of incoherent
Kondo scattering in a magnetic field. The data, except for isotherms near TN, can be fitted to
the results of the Bethe ansatz calculations of the Coqblin–Schrieffer model as predicted by
Andrei [24] and Schlottmann [25]

ρ(B)

ρ(0)
=

[
1

2 j + 1
sin2

(
πnf

2 j + 1

) 2 j∑
�=0

sin−2 (πn�)

]−1

. (1)
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Figure 6. Plot of χ−1(T ) of CePtGa and the alloy compositions x = 0.2, 0.3, 0.5 and y = 0.1, 0.2
in the temperature range 400–1.9 K. The solid line LSQ fits are for data in the temperature region
150–400 K. Note the offset in 1/χ values amounting to 0.5, 1.0 and 1.5×107 mol m−3 for x = 0.2,
0.3 and 0.5, respectively, and −0.5 and −1.0 × 107 mol m−3 for y = 0.1 and 0.2, respectively.

Table 1. The paramagnetic Curie temperature θP and effective magnetic moment μeff were obtained
by LSQ fits of the Curie–Weiss relation to the χ−1(T ) data in figure 6. The fits are shown by solid
lines (see text).

Ce(Pt1−x Nix )Ga
and
CePt(Ga1−yAly) −θP (K) μeff (μB/Ce)

x = y = 0 57.3 2.76(2)
x = 0.2 62.9 2.75(2)
x = 0.3 81.4 2.79(3)
x = 0.5 112.3 2.81(2)
y = 0.1 82.9 2.77(3)
y = 0.2 70.4 2.75(3)

Since inelastic neutron scattering data on CePtGa display two well-defined crystal-field
levels at 209 and 413 K which are well separated from the ground-state doublet, our system
may be treated at low temperatures as a j = 1

2 Ce impurity system [8]. The solid lines in
figure 7 are LSQ fits for the j = 1

2 case of (1) to the experimental data. It is noted that the
isotherms at 1.5 and 3 K which are near TN deviate from equation (1) as indicated by dotted
curves in figure 7. The exact solutions for j = 1

2 in the above model indicate that the MR is
completely determined by a single parameter, the characteristic field B∗ [25], which is expected
to have the following temperature dependence [26]

B∗(T ) = B∗(0) + kBT

gμK
= kB(TK + T )

gμK
. (2)

Values of B∗(T ) obtained from the LSQ fits of (1) to the data in the main figure, are plotted
in the inset in figure 7. The linear relation predicted by (2) is borne out at low temperature,
but there is some deviation from linearity from the B∗ values of the 23 and 30 K isotherms
which may be associated with an increased population of the first excited crystal-field level
with increasing temperature. A LSQ fit of (2) to the B∗(T ) points yields B∗(0), hence TK,
and also the corresponding magnetic moment μK of the Kondo ion. Values of TK and μK thus
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Figure 7. The magnetic field dependence of electrical resistivity at a number of sample temperatures
for the alloy Ce(Pt0.8Ni0.2)Ga. The data were measured in increasing and decreasing fields without
evidence of hysteresis. The solid curves in the main figure are LSQ fits of the Bethe ansatz theory
of magnetoresistance (equation (1)) to the experimental data. The inset shows the temperature
variation of the characteristic field B∗(T ), and the line is a LSQ fit of equation (2) to the B∗ values.

Table 2. Values of Kondo temperature TK and the magnetic moment of the Kondo ion μK as
obtained from fits of equations (1) and (2) to the magnetoresistance data of several Ce(Pt1−x Nix )Ga
and CePt(Ga1−yAly) alloys.

Ce(Pt1−x Nix )Ga
and
CePt(Ga1−yAly) TK (K) μK (μB/Ce)

x = y = 0 1.1(2) 0.128(3)
x = 0.2 1.74(7) 0.125(1)
x = 0.3 2.39(4) 0.0874(5)
x = 0.5 5.6(2) 0.070(1)
y = 0.1 1.0(2) 0.133(3)
y = 0.2 0.8(3) 0.144(5)

obtained for the investigated alloys are given in table 2. The evolution of TK through the alloy
systems is discussed in section 3.5. The observed values of μK are appreciably reduced from
the paramagnetic μeff values given in table 1.

Finally, it is shown in figure 8 that the combined data for the Ce(Pt1−x Nix)Ga and the
CePt(Ga1−yAly) systems conform to the universal scaling of B∗(T ). Data for isotherms
between 5.5 and 10.5 K for the concentrations x = 0, 0.2, 0.3 and 0.5 as well as for y = 0.1
and 0.2 all fall on one curve. A related scaling behaviour encompassing both the x = 0 and
x = 0.5 members of the Ce(Pt1−x Nix)Sn alloy system has been previously reported [27].
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Figure 8. The universal scaling of B∗(T ) observed for both the Ce(Pt1−x Nix )Ga and
CePt(Ga1−yAly). Data for isotherms between 5.5 and 10.5 K for the concentrations x = 0, 0.2, 0.3
and 0.5 as well as for y = 0.1 and 0.2 all fall on one curve.

3.5. Volume dependence of TN and TK

Values of TN for the alloy systems as deduced from ρ(T ) measurements (figure 3) and χ(T )

measurements (figure 5) are shown in figure 9(a) as a function of hydrostatic pressure and
change in unit-cell volume. It is also noted that measurements performed by us of the
specific heat CP at low temperatures on the parent CePtGa compound indicate a peak in CP

at 3.1 K which confirms the antiferromagnetic ordering of the compound and is in satisfactory
agreement with TN = 3.25 K observed from χ(T ) measurements. The linear Vegard rule
dependences of unit-cell volume V on x and y have been used to construct a unified scale of
cell volume encompassing both alloy systems, which is plotted on the lower horizontal axis of
figure 9(a). The variation of TN with hydrostatic pressure has been reported by Uwatoko et al
for CePtGa [13]. In figure 9(a) we scale the TN data from our alloying experiments and the
TN data from the pressure studies so as to collapse the two sets of data on a single curve. The
scaling implies a bulk modulus of 160 GPa for CePtGa, which is comparable with bulk modulus
values observed in several Ce Kondo compounds [28]. Moreover, the horizontal axis scaling
enables comparison with the conventional Doniach [29] and Brandt and Moschchalkov [30]
diagrams in which |J N(EF)| increases along the horizontal axis. J is the Kondo coupling
constant and N(EF) denotes the density of states at the Fermi level. By extrapolation, TN is
expected to vanish for a pressure of ≈1.2 GPa applied to CePtGa or at a unit-cell volume of
≈247.6 × 10−3 nm3 in the Ce(Pt1−x Nix)Ga system which corresponds to a value of x ≈ 0.38.
Quantum critical behaviour is expected for alloys near this concentration. A more detailed
study of the phase diagram utilizing lower temperatures is called for in this region.

The scaling also facilitates the study of the variation of the Kondo energy scale
TK(∝ T ρ

max) with regard to the compressible Kondo lattice (CKL) model [31, 32] in
figure 9(b). The CKL model for Ce compounds gives the volume dependence of |J N(EF)|
as |J N(EF)| = |J N(EF)|0 exp[−q(V − V0)/V0], where |J N(EF)|0 indicates the value of
the quantity at initial volume V0, and q refers to the Grüneisen parameter of |J N(EF)|
10
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Figure 9. Néel temperatures T ρ
N and T χ

N obtained from ρ(T ) and χ(T ) measurements, as well as
the Kondo resistivity peak T ρ

max from ρ(T ) measurements and the Kondo temperatures TK from MR
measurements plotted against hydrostatic pressure on the CePtGa compound (taken from [13]) and
(Vx=0 − V )/Vx=0 of the Ce(Pt1−x Nix )Ga (0 � x � 0.5) and CePt(Ga1−yAly) (0 � y � 0.2)
systems. The solid curve in (b) is a LSQ fit of equation (3) to the data points. Superimposing (a)
and (b) resembles a Doniach phase diagram.

(i.e. q = −∂ ln |J N(EF)|/∂ ln V ) [33] and is considered to vary between 6 and 8 [31, 34].
Since TK ∝ exp(−1/|J N(EF)|) the volume dependence of TK may be described by

TK(V ) = TK(Vx=0) exp

[
q(Vx=0 − V )

|J N(EF)|x=0 Vx=0

]
(3)

as a function of the concentration dependent volume (see [33–35]). We apply (3) to the
results of alloy compositions 0 � x � 0.5 and 0.1 � y � 0.2 of the Ce(Pt1−x Nix)Ga
and CePt(Ga1−yAly) systems. The exponential solid line in figure 9(b) is a LSQ fit of (3)
with q = 6 to the Tmax and TK values plotted in the figure. This gives |J N(EF)|x=0 =
0.041 ± 0.001 for the parent compound CePtGa. Such a value for the CePtGa compound
which has a small TK = 1.1 ± 0.2 K value is in agreement with a comparison of previously
reported |J N(EF)| values of several compounds when scaled according to the Doniach model
(figure 10 in [36]). We have calculated the value of the electronic Grüneisen parameter

e = −∂(ln TK)/∂(ln V ) [28] using the data given in figure 9(b) and obtained 
e = 146 ± 8.
We note that large values of 
e are often associated with heavy-fermion compounds, e.g. CeCu6

with a γ -coefficient of 1600 mJ mol−1 K−2 has 
e = 110 [28]. In comparison the mixed-valent
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Figure 10. χ(T ) of CePtGa measured for different applied fields. The maxima in χ(T ) give values
of TN(B) which are plotted in the inset to the figure.

compound CeSn3 has γ = 10 mJ mol−1 K−2 and 
e = 11 [28]. Antiferromagnetic ordering at
TN ≈ 3.4 K complicates the determination of γ from low-temperature heat capacity data of
CePtGa [13, 17]. From an analysis of paramagnetic heat capacity results (T � 8 K) a value of
γ = 58 mJ mol−1 K−2 was deduced [17], whereas the authors of [13] suggested that the large
value of C/T ≈ 400 mJ mol−1 K−2 observed at 0.3 K, which is well below TN, may indicate
the heavy-fermion character of the compound. It should be noted that the association of a large

e value with extreme values of γ is not always observed, e.g. CeRu2Si2 with a large 
e = 175
is only a moderate heavy-fermion compound with γ = 385 mJ mol−1 K−2. Theoretical studies
by Burdin et al [37] indicate an enhanced TK in the vicinity of a quantum critical point. Thus,
the possible occurrence of quantum criticality as suggested from our results may concur with
the large 
e value found for CePtGa.

3.6. Field dependence of TN and Tmax

Low temperature χ(T ) measurements for the CePtGa compound are depicted in figure 10 for
different values of applied field. The maximum in χ(T ) which is taken as an indication of the
Néel temperature TN is observed to decrease markedly with application of the field as depicted
in the inset in figure 10.

In figure 11 the normalized zero-field resistivities of the Ce(Pt1−xNix)Ga alloys with
x = 0, 0.3 and 0.5 are compared with normalized isofield resistivity data of these alloys.
Isofield measurements were also taken for alloys with y = 0.1 and 0.2, but since the results are
similar to those for the x = 0 and 0.3 alloys, the results for the former alloys are not presented
here.

It is observed that the maximum in the zero-field ρ(T ) curve of CePtGa is progressively
shifted to higher temperatures for larger fields. Values of Tmax(B) deduced from the data in
figure 11 are depicted in figure 12(a). Also shown in this figure are values of TN(B) observed
from the χ(T ) measurements in figure 10. A tentative extrapolation of the decrease in TN(B)

12



J. Phys.: Condens. Matter 19 (2007) 506211 F C Ragel et al

Figure 11. Normalized isofield resistivity curves for Ce(Pt1−x Nix )Ga alloys (x = 0, 0.3, 0.5).
Maxima in the zero-field curves are in general displaced to higher temperatures with application of
the field. For the x = 0.5 alloy the results at low fields and temperatures are more complicated.

predicts that the magnetic order should disappear in a field of about 4.8 T. It would be of
interest to extend measurements to lower temperatures in order to establish whether a field-
induced QCP exists in this material. It is seen from figure 9(a) that TN values obtained from
ρ(T ) through the construction in figure 3 and from the peaks in χ(T ) data in B = 0.1 T are
in agreement, and show a change in TN with volume. When a field is applied, χ(T ) through
its peak values traces the decrease of TN(B) as seen in figure 10. However ρ(T ) of CePtGa
behaves differently in that an increase in Tmax is observed as indicated in figure 12(a). These
observed Tmax values should be regarded as indicative of the Kondo scale, Tmax(B) ∝ T B

K . The
value of TK as calculated from the MR measurements in section 3.4 is regarded as representative
of B = 0 for the system since the Schlottmann analysis yields values of B∗(T ) independent
of the field range used (see the theoretical fits to the experimental data in figure 7). The value
of TK as measured by MR can be connected smoothly to Tmax values (3 T � B � 9 T) as
indicated by the dashed line in figure 12(a). It is surmised that the Tmax values at lower fields
deviate from the dashed line because magnetic ordering sets in at a higher temperature than TK

for this material, thus possibly distorting the Kondo peak. The interplay of TN and the Kondo
energy scale (Tmax, TK) in figure 12(a) has the characteristics of a Doniach diagram.
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Figure 12. (a) The field dependence of Tmax(∝ T B
K ) and of TN for CePtGa and (b) the field

dependence of Tmax(∝ T B
K ) for the Ce(Pt1−x Nix )Ga and CePt(Ga1−yAly) systems.

It is shown in figure 12(b) that for the alloys x = 0 and 0.3 (for which the isofield resistivity
curves are shown in figure 11) and y = 0.1 and 0.2 (for which our isofield data are not shown)
the resistivity maxima show a monotonic increase with field. An exception to this is the results
for the x = 0.5 alloy where an initial decrease in Tmax with increase in field is observed. This
originates from the behaviour of the zero- and low-field curves for this alloy at low temperatures
as indicated in figure 11 and for which we do not have an explanation at present. An increase
of Tmax is observed in isofield resistivity studies of several Kondo systems [38] and is also in
accord with theoretical considerations [39].

4. Conclusion

Our experimental study clearly illustrates the competing interplay between Kondo and magnetic
interactions in CePtGa and in the Ce(Pt1−xNix)Ga and CePt(Ga1−yAly) alloy systems. From
the parameters TK(∝ Tmax) and TN observed in our experiments a Doniach diagram for the alloy
system suggests the possible existence of a QCP near x = 0.38. When Pd is substituted for
Pt in the CePtGa compound [17] it is found that antiferromagnetic ordering is observed over
the complete substitution range between CePtGa (TN = 3.4 K) and CePdGa (TN = 1.3 K).
Therefore substitution of Pt with the smaller Ni atoms is a requisite to drive the system to
a possible QCP. For the parent compound it is shown that application of a field markedly
decreases TN and extrapolation indicates it to disappear at 0 K in a field of about 4.8 T. Detailed
measurements at lower temperatures would be of considerable interest for investigating the
possible existence and characteristics of a QCP in the alloy system at x ≈ 0.38 and the possible
existence of a field-induced QCP for CePtGa near 4.8 T.
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