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Abstract
Measurements of electrical resistivity (ρ(T )), magnetoresistivity (MR), magnetic susceptibility
(χ(T )) and heat capacity (CP (T )) are presented for the (Ce1−xLax)PtIn alloy system of which
the CePtIn parent is a known dense Kondo compound that does not order magnetically down to
50 mK. χ(T ) for alloys 0 � x � 0.8 exhibits Curie–Weiss behaviour. ρ(T ) results indicate a
transition from a dense Kondo behaviour for 0 � x � 0.2 to a single-ion Kondo region
(0.3 � x � 0.8). The Kondo energy scale as given by TK values calculated from MR studies
and by the temperature T ρ(mag)

max where the magnetic contribution to ρ(T ) exhibits a maximum
value, is compared with theoretical models. It is shown that the experimental results not only
depend on a volume effect as given by the compressible Kondo lattice model of Lavagna but in
addition confirm the more complex behaviour recently presented by Burdin and Fulde for a
Kondo alloy system in which the magnetic (Ce) and non-magnetic (La) atoms are distributed
randomly. Non-Fermi-liquid behaviour is predicted by Burdin and Fulde at certain critical
concentrations of the alloy system and experimental evidence for this is presented through
χ(T ), ρ(T ) and CP (T ) measurements.

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

1. Introduction

The equiatomic ternary compounds CePtIn [1], CePdIn [2] and
CeNiIn [3, 4] crystallize in the hexagonal ZrNiAl structure
(space group P 6̄2m). CePtIn and CePdIn are classified as
dense Kondo materials while CeNiIn shows valence fluctuating
behaviour [5]. Heat capacity (CP ) measurements on CePtIn
yield CP/T ≈ 1000 mJ K−2 mol−1 at 60 mK [5] and indicate
no evidence of magnetic order down to this temperature.
The absence of ordered magnetism for this compound is
also indicated from electrical resistivity studies down to
50 mK [6]. CePdIn with a marginally larger unit-cell volume
than CePtIn (0.2066 nm3 [2] compared to 0.2063 nm3 [1])
orders antiferromagnetically at 1.7 K [5]. Kondo temperatures
were evaluated for all three compounds using CP(T ) data [5]
giving 3.3 K for CePdIn, 11 K for CePtIn and 94 K for
CeNiIn which has a considerably smaller unit-cell volume

3 On leave from: Department of Physical Sciences, South Eastern University,
Oluvil, Sri Lanka.

(0.1954 nm3 [4]) than the other two compounds. Thermopower
S(T ) measurements on the CeTIn compounds yield large
positive values and broad peaks in S(T ) at 60 K for CePtIn,
85 K for CePdIn and 130 K for CeNiIn [7].

The present paper is concerned with the properties of
the (Ce1−x Lax)PtIn alloy system as studied through magnetic
susceptibility (χ(T )), electrical resistivity (ρ(T )), magnetore-
sistivity (MR) and heat capacity (CP ) measurements. Kondo
energy scales as obtained in this study are shown to depend
both on volume and dilution effects for these alloys. The
volume effect is discussed in terms of the compressible Kondo
lattice (CKL) model [8, 9] while dilution with La leads to
results that agree with a very recent theoretical description by
Burdin and Fulde [10]. Non-Fermi-liquid (nFL) behaviour
is indicated by χ(T ), CP (T )/T and ρ(T ) for particular
compositions of the alloy system. The results support the
suggestion of nFL behaviour in a scenario presented by the
authors of [10] in their theoretical study of randomness in a
Kondo alloy.
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2. Experimental details

Polycrystalline samples of (Ce1−x Lax)PtIn were prepared by
arc-melting stoichiometric amounts of the constituent elements
on a water-cooled copper hearth in a titanium gettered ultra-
pure argon gas atmosphere. The purities in wt% of the
materials used were Ce: 99.98, La: 99.99, Pt: 99.97 and In:
99.999. Room-temperature powder x-ray diffraction (XRD)
analyses of the specimens were made in order to establish
their crystal structure, confirm their single phase character and
determine their lattice parameters.

Measurements of ρ(T ) were performed on all alloys using
a standard four-probe dc method between 300 and 4 K. For
some selected samples ρ(T ) and MR measurements were
performed to lower temperatures (down to 1.5 K) using a
8 T magnet, variable temperature insert and a temperature
controller manufactured by Oxford Instruments and in a 9 T
magnet of a physical properties measurement system (PPMS)
supplied by Quantum Design. Samples for ρ(T ) studies were
bar shaped and of typical dimensions 6 × 1 × 1 mm3.

Magnetization and susceptibility measurements were
obtained using the vibrating sample magnetometer option of
the PPMS with sample temperatures varied and controlled in
the range 1.9–400 K. Dimensions of typical samples used in
these studies were 3 × 1 × 1 mm3 and the magnetic field B =
μ0 H was applied along the long axis of the bar. Heat capacity
measurements were performed on some selected samples using
the PPMS.

3. Results and discussion

3.1. X-ray diffraction results

The room-temperature hexagonal unit-cell parameters a and
c and the unit-cell volume V of the alloy compositions 0 �
x � 1 of the (Ce1−x Lax)PtIn alloys are shown in figure 1.
Lattice parameters were calculated using standard regression
analyses of well resolved peaks of the XRD powder spectrum
of each alloy. The dashed lines represent least-squares (LSQ)
fits to the data and illustrate that Vegard’s rule is followed
over the complete range of x for this system. Our room-
temperature lattice parameters are consistent with the values
a = 0.7653 nm and c = 0.4068 nm reported for CePtIn [1] and
a = 0.7688 nm and c = 0.4129 nm reported for LaPtIn [11]
in earlier studies.

3.2. Electrical resistivity

Results of ρ(T ) for the (Ce1−xLax)PtIn alloys are depicted
in figure 2. Kondo maxima characteristic of dense Kondo
behaviour occur at a temperature T ρ

max for alloys 0 � x � 0.2.
The coherence effects seen for alloys in the dense Kondo region
diminish with increasing x and for the present system vanish
for a critical concentration xc ≈ 0.2–0.3, above which single-
ion Kondo behaviour is observed. Such a critical concentration
is characteristic of Kondo hole systems and is associated with
a change in the f-electron density of states Nf(EF, x) from a
two-peak density distribution for the coherent state to a single-
peak density distribution for the incoherent state [12–14].

Figure 1. The hexagonal lattice parameters a and c and unit-cell
volume V of alloy compositions 0 � x � 1 of the (Ce1−x Lax )PtIn
system.

Experimentally xc is observed to take a wide range of values
from e.g. xc ≈ 0.03 for (Ce1−x Lax)Pd3 [15] to xc ≈ 0.7
for (Ce1−xYx)Pt2Ge2 [16]. The crossover seems to strongly
depend on the concentration of f-moments (1 − x) and the
number of delocalized electrons per unit cell nc [10, 17].

The magnetic contribution ρmag(T ) to the resistivity is
obtained by subtracting the phonon resistivity as given by
the experimental resistivity results for the LaPtIn compound:
ρmag(T ) = ρ(T ) − (ρLaPtIn(T ) − ρLaPtIn(0)). The magnetic
resistivities for alloy compositions 0 � x � 0.8 of
the (Ce1−xLax)PtIn system are depicted in figure 3. All
alloys exhibit at higher temperatures a logarithmic increase in
ρmag(T ) with decrease in temperature as expected for Kondo
systems. This is shown by the solid line LSQ fits of the
equation

ρmag(T ) = A − CK ln T (1)

to the experimental data. The coefficient A obtained from
the LSQ fits includes in addition to a temperature independent
Kondo contribution, also the residual resistivity due to defects
and this could be different for each of the alloy samples.
Values of A and CK from the LSQ analyses, as well as the
temperatures T ρ(mag)

max where ρmag(T ) attains its maximum value
(see figure 3) are given in table 1.

3.3. Magnetization and susceptibility

Figure 4 shows the magnetization σ for a selected number of
isotherms for the CePtIn parent compound as well as for those
alloys for which it is shown in section 3.6 that they exhibit nFL
behaviour in their susceptibility, electrical resistivity and heat
capacity. No evidence is found for metamagnetic behaviour
in the (Ce1−xLax)PtIn system in contrast with such behaviour
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Figure 2. Electrical resistivity ρ(T ) for the (Ce1−x Lax )PtIn system
(0 � x � 1).

Table 1. A and CK values extracted from LSQ fits of (1) as shown
by solid lines in figure 3, as well as T ρ(mag)

max values obtained from
figure 3.

x A (10−8 � m) CK (10−8 � m) T ρ(mag)
max (K)

0.0 513.0(6) 66.7(1) 36.4
0.05 434.6(5) 57.5(1) 31.7
0.1 384.9(3) 49.3(1) 26.9
0.2 376.9(3) 52.9(1) 8.0
0.4 306.8(2) 43.73(4) —
0.6 198.5(2) 27.64(4) —
0.8 139.0(2) 18.35(3) —

observed for CePtGa, Ce(Pt1−xNix)Ga and CePt(Ga1−x Alx)

alloys [18].
Susceptibility data taken in B = 0.1 T conform with

Curie–Weiss behaviour at higher temperatures. This is
indicated in figure 5 by the LSQ fits (solid lines) of the
χ−1(T ) = 3kB(T − θP)/NAμ2

eff relation to the experimental
data. Resulting values of μeff and −θP are given in table 2.
Values of −θP decrease with increase in x , as shown in the
inset to figure 5. The μeff and −θP values obtained for CePtIn
are slightly higher than the values 2.58 μB and 73 K previously
reported in the literature [19].

3.4. Magnetoresistivity

Magnetoresistance (MR) isotherms were measured in trans-
verse fields up to 8 T for the alloys x = 0.4 and 0.6 and up

Figure 3. The magnetic contribution to the resistivity
ρmag(T ) = ρ(T ) − (ρLaPtIn(T ) − ρLaPtIn(0)) for the (Ce1−x Lax )PtIn
alloys 0 � x � 0.8. The solid lines represent the ρmag(T ) ∝ − ln T
behaviour observed at high temperature.

Table 2. The Weiss constant θP and effective magnetic moment μeff

as obtained by LSQ fits of the Curie–Weiss relation to the χ−1(T )
data in figure 5.

x −θP (K) μeff (μB) Fitted range (K)

0.0 106.75(4) 2.84(2) 400–120
0.2 95.2(1) 2.72(4) 350–120
0.3 75.3(1) 2.52(3) 400–120
0.4 67.4(3) 2.53(5) 400–120
0.5 61.1(1) 2.38(2) 400–140
0.6 60.7(1) 2.21(3) 400–140
0.8 60.0(2) 1.89(3) 400–160

to 9 T for the alloys x = 0.2 and 0.3. A typical example of the
results is shown in figure 6 for the (Ce0.7La0.3)PtIn alloy and
it is noted that no hysteresis was observed from the results of
increasing and decreasing field runs. The experimental results
conform with the results of the Bethe ansatz calculations of the
Coqblin–Schrieffer model as given by Schlottmann [20]

ρ(B)

ρ(0)
=

[
1

2 j + 1
sin2

(
πnf

2 j + 1

) 2 j∑
�=0

sin−2(π n�)

]−1

(2)

as shown by the LSQ fit of (2) for the j = 1
2 case against the

experimental isotherms (solid lines in the main figure). Exact
solutions for j = 1

2 in the Schlottmann formalism indicate
that the MR is completely determined by a characteristic field
B∗ [20] which is expected to have the following temperature
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Figure 4. Magnetization σ as a function of applied field B = μ0 H
for the (Ce1−x Lax )PtIn alloys (0 � x � 0.8).

Table 3. Values of the Kondo temperature TK and the magnetic
moment of the Kondo ion μK as obtained from fits of equations (2)
and (3) to the magnetoresistance data of the (Ce1−x Lax )PtIn alloys.

x TK (K) μK (μB)

0.2 4.78(8) 0.0291(3)
0.3 4.7(1) 0.0544(7)
0.4 5.6(4) 0.062(2)
0.6 0.6(6) 0.036(3)

dependence [21]

B∗(T ) = B∗(0) + kBT

gμK
= kB(TK + T )

gμK
. (3)

B∗(T ) values obtained from the LSQ fits of (2) to the
ρ(T, B)/ρ(T, 0) data for the various isotherms are plotted in
the inset in figure 6. An LSQ fit of (3) to the B∗(T ) points
gives B∗(0) and hence TK and the magnetic moment μK of the
Kondo ion. Values of TK and μK obtained for the x = 0.2, 0.3,
0.4 and 0.6 alloys are given in table 3. The observed values of
μK are significantly reduced from the paramagnetic μeff values
given in table 2. The variation of TK with x is discussed in
section 3.5.

3.5. Dilution and volume dependence of TK

The compressible Kondo lattice (CKL) model for Ce
compounds [8, 9] 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 an initial
volume V0. Furthermore, q refers to the Grüneisen parameter

Figure 5. Inverse magnetic susceptibility χ−1(T ) versus temperature
for the (Ce1−x Lax )PtIn system illustrating Curie–Weiss behaviour
(solid lines). For the sake of clarity the data set has been depopulated
in the figure by plotting one in every 50 measured points. However,
all measured points are used in the LSQ analysis. The inset gives the
temperature dependence of −θP where θP is the Weiss constant.

of |J N(EF)| (i.e. q = −∂ ln |J N(EF)|/∂ ln V ) and it is
considered to vary between 6 and 8 [9, 22]. Since T ρ(mag)

max ∝
TK ∝ exp(−1/|J N(EF)|) the volume dependence of Tmax may
be described by

T ρ(mag)
max (V )

T ρ(mag)
max (V0)

= exp

[
q(V0 − V )

|J N(EF)|0 V0

]

= exp

[
κ0q P

|J N(EF)|0
]

(4)

as a function of the concentration dependent volume V or
hydrostatic pressure P as done in many such studies in
the literature [22–25]. The compressibility is denoted by
κ0. Figure 7 shows a plot of T ρ(mag)

max (V )/T ρ(mag)
max (V0) and

T MR
K (V )/T ρ(mag)

max (V0) against (V −V0)/V0. Furthermore, (4) is
fitted to the hydrostatic pressure dependence values of T ρ(mag)

max

of CePtIn given in [26] as indicated by a solid line in figure 7.
Since the compressibility of CePtIn is not known, we used a
value of κ0 = 6.25 × 10−4 (kbar)−1 for it, as deduced for the
related compound CePtGa by scaling the pressure dependence
of TN as obtained from a direct hydrostatic pressure experiment
with a chemical pressure experiment on CePtGa [18]. Such a
value of κ0 is comparable to κ0 values for other heavy-fermion
or dense Kondo compounds [27]. The hydrostatic pressure
results are extrapolated in figure 7 to negative pressures
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Figure 6. Magnetoresistance isotherms for (Ce0.7La0.3)PtIn are given
in the main figure and LSQ fits of the Schlottmann equation (2) to the
data lead to B∗(T ) values as described in the text. The B∗(T ) values
as depicted in the inset are used to find the Kondo temperature TK

and Kondo moment μK by a fit of (3) to the B∗(T ) values.

using (4) as shown by a dashed line. This can be regarded as an
approximate reference for the volume contribution to T ρ(mag)

max

of the (Ce1−xLax)PtIn system. It is clear that the Kondo energy
scale of the (Ce1−x Lax)PtIn system as manifested by T ρ(mag)

max

and plotted in figure 7 shows a more rapid decrease than
expected from the volume (pressure) effect. This additional
contribution to the decrease of T ρ(mag)

max is ascribed to the
dilution effect of La substitution in the Ce sublattice (Kondo
hole effect) as has been illustrated in the (Ce1−xLax)Pt2Si2

alloy system [28] and also as reported in some theoretical
studies [13, 14, 29]. In view of the uncertainty in the value of κ0

for CePtIn we refrain from using the extrapolated dotted line in
figure 7 to obtain through subtraction the dilution dependence
of TK(≈ T ρ(mag)

max ).
Theoretical studies by Kaul and Vojta [17] and Burdin

and Fulde [10] investigated the effects due to randomly placed
Kondo ions in a lattice as a result of dilution by a non-magnetic
ion. These studies show that the crossover between the dilute
impurity regime and the dense Kondo regime occurs when
the concentration of f-moments nf (i.e. (1 − x)) is equal to
the number of delocalized electrons per unit cell nc. Kaul
and Vojta show that in a region in the vicinity of nf ≈ nc

the system is characterized by inhomogeneities causing nFL
behaviour due to a subtle interplay of disorder and strong
electronic correlations [17]. Recently Burdin and Fulde [10]
described the effect of dilution on the Kondo temperature TK by
considering the effect of randomness in Kondo alloys in which
hopping of electrons takes place either between Ce and La
sites or between Ce sites themselves or alternatively between
La sites (the A and B sites of their paper). A dimensionless

Figure 7. Plot of the change in the Kondo energy scale of the
(Ce1−x Lax )PtIn system 0.4 � 1 − x � 1.0 upon dilution and of
CePtIn upon application of hydrostatic pressure [26] compared with
the CKL model equation (4) (solid and dashed lines). The plot is
made against Ce concentration (1 − x) on the x-axis in order to
compare the Kondo energy scale of the (Ce1−x Lax )PtIn system with
figure 6 in [10]. The solid line gives a LSQ fit of equation (4) to the
T ρ(mag)

max (P) data of CePtIn from [26] and the dashed line is an
extrapolation of this curve to negative pressures.

quantity α which compares the energies characterizing these
two possibilities, as well as the electron filling parameter nc,
enters the theory. When α > 1 it is predicted that there
are two critical concentrations of Ce-ions, xc1 and xc2, in the
vicinity of which TK is considerably reduced (see figures 6(c),
6(d) and 7 in [10]). The variation of the Kondo energy
scale with Ce concentration as observed for (Ce1−x Lax)PtIn
from magnetoresistance measurements and T ρ(mag)

max values
in figure 7 shows close similarity to the calculated results
obtained by Burdin and Fulde for the α > 1 case. In particular
the rapid drop in T ρ(mag)

max values between (1− x) = 1.0 and 0.8
observed in the experimental measurements is also seen in the
calculated TK values for the α = 3 case [10]. It should also be
mentioned that in view of the dramatic drop in T ρ(mag)

max between
(1 − x) = 1.0 and 0.8, MR studies have also been performed
for the (1 − x) = 1.0 and 0.9 alloys, which are clearly in the
dense Kondo region, and for the (1 − x) = 0.8 sample, which
is in the region where the dense Kondo behaviour changes to
dilute Kondo behaviour. All isotherms measured between 2
and 45 K for the (1 − x) = 1.0 and 0.9 alloys showed positive
magnetoresistance which is in accordance with the theoretical
expectations of Kawakami and Okiji [30] for a Kondo lattice
in certain regions of the (B, TK) parameter space. Therefore
the Schlottmann analysis could not be applied to these data in
order to obtain TK values and hence an independent measure
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of the Kondo energy scales for these concentrations. Isotherms
for the (1 − x) = 0.8 alloy gave negative magnetoresistance of
similar shape, as shown in figure 6 for the (1 − x) = 0.7 alloy.
TK and μK values for the (1 − x) = 0.8 alloy are included in
table 3 and the observed TK value is in fair agreement with
the corresponding T ρ(mag)

max value, as is indicated in figure 7.
It is observed in figure 7 that the two critical concentrations
indicated in [10] appear at (1− x) = xc2 ≈ 0.75 and (1− x) =
xc1 ≈ 0.4 for our alloy system (with the Ce concentration
indicated by (1 − x) in our notation, whereas it is indicated
by x in [10]). Burdin and Fulde suggest the possibility of
nFL behaviour in the vicinity of the critical points xc1 and xc2.
Our measurements of χ(T ), ρ(T ) and CP(T ), as discussed
in section 3.6, indicate characteristic nFL behaviour for alloys
(1 − x) = 0.7 and 0.6, thus corroborating the theoretical
expectations of such effects.

3.6. Non-Fermi-liquid behaviour

Non-Fermi-liquid behaviour has been reported for many f-
electron systems and the experiments show a variety of
temperature dependences for CP (T )/T , χ(T ) and ρ(T ) [31].
Extensive theoretical models exist that attempt to explain
the deviations from Landau Fermi-liquid behaviour and
these are treated in several reviews: multichannel Kondo
models [32–34], quantum phase transitions [35] and disorder-
induced nFL theories [36]. The theoretical work predicts
a number of possible temperature behaviours, most notably
power-law or logarithmic temperature dependences of the
above mentioned material properties.

Figure 8 illustrates the occurrence of nFL behaviour in
χ(T ) = σ(T )/B measurements of selected alloys in the
(Ce1−xLax)PtIn system. It is seen that χ(T ) for the x = 0.3
alloy conforms for measurements taken in B = 0.1 T to a
power-law for more than a decade in temperature. The x = 0.4
alloy does not follow a power-law fit for B = 0.1 T but follows
such behaviour over a smaller temperature range for an applied
field of 1 T. The power-law behaviour in figure 8 is expressed in
the form χ = AT −1+λ as proposed by Castro Neto et al in their
Griffiths phase description of disordered Kondo alloys [37]
and which is the form used by Stewart in his review paper to
describe nFL alloys that conform to a power-law description.
The fits indicated by dashed lines in figure 8 give A = 2.137(2)

and λ = 0.6502(4) for the B = 0.1 T data of the x = 0.3
alloy, and A = 1.555(1) and λ = 0.6791(6) for the B = 1 T
data of the x = 0.4 alloy. For λ < 1 the heat capacity is
expected to be proportional to T λ according to Castro Neto
et al [37]. Our Cmag

P /T data depicted in figure 9 for the x = 0.3
and 0.4 alloys follow a logarithmic rather than a power-law
behaviour over more than a decade in temperature. It is seen
in figure 9 that some deviation from a logarithmic dependence
appears at the lowest investigated temperatures. This could be
the start of a flattening of Cmag

P /T at lower temperatures as has
been observed in the UCu5−x Pdx system (x = 1.0, 0.8) for
which an abrupt flattening occurs below some low temperature
point after following a logarithmic temperature dependence
above this temperature [38]. This levelling off behaviour was
associated with either antiferromagnetic order or the existence

Figure 8. Plot of isofield measurements of χ(T ) of selected alloys of
the (Ce1−x Lax )PtIn system (0 � x � 0.8). Non-Fermi-liquid
power-law behaviour is observed for the B = 0.1 T curve of the
x = 0.3 alloy over two decades in temperature and to a lesser extent
for other alloys. The effect of the magnetic field in recovering
Fermi-liquid behaviour is illustrated.

of spin clusters at low temperatures in the UCu5−x Pdx system.
Measurements to lower temperatures are needed to ascertain
the behaviour for our system. A fit of Cmag

P /T = γ0 ln(T0/T )

to the experimental data is indicated by solid lines in figure 9
and yields γ0 = 0.109(1) J K−2 (mol Ce)−1 and T0 = 53(1) K
for the x = 0.3 alloy and γ0 = 0.0878(5) J K−2 (mol Ce)−1

and T0 = 95(1) K for the x = 0.4 alloy. It is noted that the
results for the two alloy compositions both scaled per mol Ce
does not fall on a universal curve, thus indicating that the
nFL behaviour is not strictly a single-ion property for this
system. The effect of applying a 9 T field is indicated for
both alloys in figure 9. One would expect that a sufficiently
large applied field should recover Fermi-liquid behaviour,
resulting in temperature independent values for Cmag

P /T at
low temperatures (see for instance such behaviour in nFL

6
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Figure 9. The plot of Cmag
P /T at zero and 9 T fields. The magnetic

contribution to the specific heat is obtained by subtracting the CP (T )
of LaPtIn.

CeCu5.9Au0.1 [39]). Our 9 T results below 3 K give some
suggestion that the Cmag

P /T curves may tend to temperature
independent values at low temperature but measurements down
to the mK region are required to establish if such Fermi-liquid
behaviour is recovered in a field.

Figure 10 depicts the temperature dependence of ρmag(T )

at low temperatures in B = 0 for several alloy compositions
0.3 � x � 0.8, as well as isofield ρmag(T ) values for the
x = 0.3 alloy in several fields. Furthermore, for the x =
0.4, 0.6 and 0.8 alloys, isotherm curves obtained in the MR
experiments have been used to calculate ρmag(T ) results for
B = 4 and 8 T. It is observed that the B = 0 curve of the
x = 0.4 alloy shows a near-linear temperature dependence
over almost a decade towards the lowest temperature available
for our investigation. LSQ fits of the equation

ρmag(T ) = ρ0(1 − bT n) (5)

to the low temperature data points for zero-field in the x = 0.3,
0.4 and 0.8 alloys and for isofield curves at B = 1, 2 and 5 T for
the x = 0.3 alloy give the fit parameters as tabulated in table 4.
These fits show power-law behaviour with n < 2, which is
characteristic of nFL behaviour. As seen for the x = 0.3 alloy,
sufficiently large fields tend to destroy the nFL behaviour. As
illustrated in the inset to figure 10 for x = 0.3, n increases with
applied filed and by extrapolation it would reach the single-
impurity Fermi-liquid value of n = 2 in an applied field of B =
6.4 T. Further increase of B takes the alloy to the dense Kondo
regime with coherence peaks observed in ρmag(T ) for both the
B = 7 and 9 T curves. Larger fields than these as well as lower

Figure 10. Plot of the field dependent ρmag(T ) measurements for
alloy compositions 0.3 � x � 0.8 of the (Ce1−x Lax )PtIn system.
The solid line fits are to (5).

Table 4. Results of the LSQ fits to equation (5) for the experimental
data of the x = 0.3, 0.4 and 0.8 alloys.

x B (T) ρ0 (10−8 � m) b (K−n) n

0.3 0 163.8(2) 0.011(4) 0.65(2)
0.3 1 163.3(1) 0.010(2) 0.67(1)
0.3 3 161.68(5) 0.006(1) 0.81(1)
0.3 5 159.21(7) 0.0013(2) 1.30(8)
0.4 0 158.37(6) 0.0065(2) 0.92(1)
0.8 0 69.7(2) 0.013(2) 0.57(5)

temperatures are needed to completely recover coherent heavy
Fermi-liquid behaviour ρmag(T ) = ρ0(1 + bT 2) (with b > 0).

Figure 11 illustrates the ρ0 − ρmag(T ) ∝ T n behaviour
over two decades of temperatures for the x = 0.3 and 0.4
alloys. These plots have been affected using the ρ0 values
extracted from the LSQ fits to (5). For all the alloys for which
nFL behaviour in ρ(T ) have been identified it is seen that (5)
is complied with down to the lowest temperatures studied (2 K
for x = 0.3 alloy and 1.5 K for the other alloys). Further
experiments are required to establish the validity of (5) to lower
temperatures.

The observation of nFL behaviour in χ(T ), ρ(T ) and
Cmag

P /T for the x = 0.3 and 0.4 alloys confirms the anticipated
nFL behaviour for alloys near xc2 according to the theoretical
work in [17] and [10]. Moreover, nFL behaviour over a
more limited temperature region is observed for χ(T ) of the

7
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Figure 11. The plot illustrates the linear ρ0 − ρmag(T ) ∝ T n

behaviour with n < 2 at zero-field for the x = 0.3, 0.4 and 0.8 alloys
and at 1, 3 and 5 T fields for the x = 0.3 alloy.

x = 0.6 and 0.8 alloys with λ = 0.398(2) and λ = 0.145(8)

respectively, and for ρmag(T ) of the x = 0.8 alloy and these
may be associated with the proximity to xc1. It is noted
that the predictions of Castro Neto et al require robust self-
consistency of λ values obtained from susceptibility, heat
capacity, frequency dependent susceptibility and the frequency
dependent NMR relaxation rate. On the other hand it is
known that nFL behaviour is not necessarily observed in each
one of the various material properties for a particular system,
e.g. for U(Pt0.94Pd0.06)3, Cmag

P /T exhibits an nFL logarithmic
temperature dependence while ρ(T ) and χ(T ) show Fermi-
liquid behaviour [40]. Our experiments give divergent results
for χ(T ) (power-law behaviour) and Cmag

P /T (logarithmic
behaviour) thus indicating the need for further theoretical
analysis to describe such a Kondo hole system.

4. Conclusion

A study of electrical resistivity and magnetoresistivity on
the (Ce1−xLax)PtIn system indicates that the Kondo energy
scale as determined across the alloy series depends on both
the volume effect, as described by the compressible Kondo
lattice model [8, 9], and an effect directly attributed to La
dilution [13, 14, 29]. In particular, consideration of the effects
of randomness in the Kondo lattice [10] leads to a theoretical
prediction of a significant additional decrease in TK with La
alloying and a more complex behaviour for TK(x) as given
by previous models. Non-Fermi-liquid behaviour is suggested
by the theoretical work [10, 17] near certain critical alloy
concentrations. Our experimental studies give evidence of a

more complex behaviour for TK(x) and indicate nFL behaviour
in resistivity, susceptibility and heat capacity results down to
the temperatures used in our studies. Measurements of the
investigated properties to lower temperatures than presently
available to us are called for in order to ascertain the nature
of the deviation of the logarithmic temperature dependence
of Cmag

P /T seen around 2 K and to establish how low in
temperature the nFL behaviour in ρ(T ) and χ(T ) extends.
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Solid State Sci. 9 874 and references therein

[2] Tursina A I, Nesterenko S N and Seropegin Y D 2004 Acta
Crystallogr. E60 i64

[3] Bulyk I I, Yartys V A, Denys R V, Kalychak Ya M and
Haris I R 1999 J. Alloys Compounds 284 256

[4] Yartys V A, Denys R V, Hauback B C, Fjellvåg H, Bulyk I I,
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