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The resistivity, Hall constant, specific heat, and magnetic susceptibility of the doped Kondo insulator
�Ce1−xLax�3Bi4Pt3 are studied as a function of temperature and x. Already at x=0.006, the alloy behaves like a
metal, so that the metal-insulator transition in the impurity band must occur at a lower concentration. Our data
allow to determine the effective mass m* and the carrier concentration n separately. After a strong initial
increase of n�x�, the carrier concentration remains nearly constant between x=0.1 and 0.5. The effective mass
in the metallic state initially increases with x and reaches a maximum of m*�100m0 at x=0.3. The scattering
time � as determined from the Drude formula decreases drastically between x=0.006 and 0.1, has a minimum
at about x=0.1, and then a maximum at x=0.3. Surprisingly, m* /� is nearly constant for the entire alloy range
for x�0.1.
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I. INTRODUCTION

Kondo insulators are stoichiometric compounds with
small-gap semiconducting properties.1,2 Most Kondo insula-
tors do not show magnetic order, e.g., CeNiSn, Ce3Bi4Pt3,
YbB12, FeSi, and SmB6 �exceptions are the ferromagnet
UFe4P12 and the antiferromagnet SmTe�, with a Van-Vleck-
like low-temperature susceptibility. The low-T resistivity and
electronic specific heat approximately follow an exponential
activation law1 consistent with an energy gap in the density
of states. Kondo insulators are not perfect semiconductors,
because the gap is frequently only a pseudogap and/or there
are intrinsic or impurity states in the band gap.

Within the framework of the periodic Anderson model,
the energy gap in Kondo insulators arises from the hybrid-
ization between the 4f and conduction bands as a conse-
quence of the coherence of the heavy-quasiparticle states at
the Fermi level.2 This indirect gap opens when the localized
4f level is close to the Fermi energy, and is most easily
realized in crystals with cubic symmetry. The hybridization
gap is strongly reduced by many-body interactions �Kondo
effect� and can range from 1 to 50 meV. In contrast to usual
band gaps, the gap of a Kondo insulator is strongly tempera-
ture dependent,3,4 and these materials become metallic above
surprisingly low temperatures already. The gap can also be
gradually closed by large magnetic fields, yielding a metallic
state for fields larger than a critical one.5 This metal-insulator
transition as a function of field has been observed in the
specific heat of Ce3Bi4Pt3 �Ref. 6� and in the magnetoresis-
tance of YbB12.

7 The metal-insulator transition can also be
induced by pressure and alloying. For instance, electrical
conductivity and Hall-effect measurements on SmB6 indicate
that the gap jumps to zero discontinuously at 45 kbar,8 and
for the alloy FeSi1−xGex, the gap in the resistivity decreases
continuously with x and disappears at x�0.25,9 with the
system becoming metallic for x�0.25. For Ce compounds,
on the other hand, the hybridization is enhanced under pres-
sure and the gap of Ce3Bi4Pt3 increases.10

In this paper, we present low-temperature measurements
of the conductivity, the Hall effect, the specific heat, and the

magnetic dc susceptibility for the La-doped Kondo insulator
Ce3Bi4Pt3 for various concentrations. Each La ion substitut-
ing a Ce ion represents a charge-neutral �both ions are nearly
trivalent� perturbation that breaks the translational invariance
of the lattice and introduces a bound state in the narrow gap
of the semiconductor.11–13 With increasing concentration, the
bound states at different sites overlap and eventually form an
impurity band that pins the Fermi level. For very small La
concentrations, the states of the impurity band are expected
to be localized due to the disorder and a metal-insulator tran-
sition is induced when the states at the Fermi level acquire a
finite mobility.

Our main results are the following. The metal-insulator
transition already occurs at a concentration less than x
=0.006. Hence, a metallic state is realized for very low x in
the impurity band. Using Fermi-liquid arguments, our data
allow us to determine the effective mass m* and the carrier
concentration n separately. The effective mass in the metallic
state initially increases with x and reaches a maximum of
m*�100m0 at x=0.3, where m0 is the free electron mass.
The carrier concentration, after a strong initial increase, re-
mains nearly constant between x=0.1 and 0.5. We further
find that ��x1/3. Combining these results with the Drude
model, the scattering time � is found to decrease by more
than a factor of 2 between x=0.006 and 0.1, has a minimum
at about x=0.1, and then passes over a maximum at x=0.3.
Surprisingly, m* /� is nearly constant over the entire alloy
range for x�0.1.

The paper is organized as follows. In Sec. II, we briefly
summarize the crystal growth and measurement methods. In
Sec. III, we discuss the known properties of the stoichio-
metric compound Ce3Bi4Pt3, in particular, the existence of
intrinsic vs extrinsic in-gap bound states. In Sec. IV, we
present our results for the �Ce1−xLax�3Bi4Pt3 alloys with spe-
cial emphasis on the properties of the impurity band, and
compare them with previous studies. Concluding remarks
follow in Sec. V.
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II. EXPERIMENT

�Ce1−xLax�3Bi4Pt3 single crystals were grown in a Bi flux
from Ce 4 mN, La 3 mN, Pt 5 mN, and Bi 6 mN in an
Al2O3 crucible sealed under 10−6 mbar in a quartz tube. The
tube was heated to 1150 °C and, after 12 h, was cooled very
slowly to 850 °C at a rate of −1 K /h. After cooling to
450 K, the crucible was centrifuged to separate excess Bi
flux. The resultant small single crystals �typically 1�0.2
�0.2 mm3� were checked under an optical microscope for
Bi residues, which were then removed mechanically if
present. The lattice constants �crystal structure: cubic I43d�
of the alloys were determined as a= �10.45�0.081x� Å.

For four-probe resistivity and Hall-effect measurements,
50-�m-thick Au leads were attached to the sample with
conducting paste. Because of the large error in the geometry
owing to the small sample size, only resistance ratios 	 /	300
with respect to the room-temperature value 	300 will be
shown. For our analysis below, we use 	300�x�
= �220−70x� �
 cm. The Hall coefficient RH was deter-
mined in B=5 T with positive and negative field polarities to
eliminate contributions of the longitudinal voltage drop due
to misalignment of the Hall contacts.

The specific heat was measured with the semiadiabatic
heat-pulse technique, with the sample attached with Apiezon
W grease to a sapphire plate whose opposite side carried an
evaporated heater and a carbon resistance thermometer.14

The linear specific-heat coefficient � was determined from a
least-squares fit of C /T=�T+�T3 to the data between 1.5
and 5 K. The magnetic dc susceptibility of single-crystalline
Ce3Bi4Pt3 was measured in a superconducting quantum in-
terference device magnetometer in a magnetic field of 0.1 T.
For the �Ce1−xLax�3Bi4Pt3, several small pieces were mea-
sured together in a field of 1 mT.

III. IN-GAP BOUND STATES IN THE STOICHIOMETRIC
COMPOUND Ce3Be4Pt3

Numerous properties of the Kondo insulator Ce3Bi4Pt3
have been thoroughly studied. The Ce ions have a small
valence admixture from the tetravalent configuration, so that
nf �0.9.15 Below 50 K, the electrical resistivity rises sharply
and the overall behavior is roughly described by a
temperature-dependent activation energy �35–60 K,16–19

corresponding to a small indirect gap Eg of about 120 K for
T→0 �in transport measurements, the activation energy is
Eg /2�. This behavior arises from the promotion of electrons
from the top of the valence band to the bottom of the con-
duction band. As expected, a much larger gap of �300 cm−1,
corresponding to the direct gap between the valence and con-
duction bands, is measured by infrared reflectivity.20 A spin
gap corresponding in magnitude to Eg has been observed by
inelastic neutron scattering.21,22 The magnetic susceptibility
displays the typical Curie-Weiss behavior at high tempera-
tures, has a maximum at T�Eg, and then decreases with
decreasing temperature. At the lowest T, the susceptibility
has a sharp upturn, which is very sensitive to a magnetic
field and is frequently attributed to impurities. Except for this
upturn, the inelastic neutron-scattering results reproduce the
temperature dependence of the susceptibility.21

Similar to other Kondo insulators, such as FeSi �Ref. 23�
and SmB6,24 the properties of Ce3Bi4Pt3 can be classified
using several temperature ranges. �i� Above 80 K, the mag-
netic susceptibility is Curie-Weiss-like,16 the electrical con-
ductivity is almost temperature independent,16 the gap is
smeared by temperature,20 and the material behaves like a
poor metal. �ii� For 80 K�T�10 K, when T is lowered, the
conductivity decreases exponentially and the susceptibility
decreases slightly.16 �iii� Below 10 K, the resistivity
saturates,10 the susceptibility has an upturn,16 and the specific
heat follows a metallic behavior,6,16 i.e., C=�T+�T3, al-
though we are dealing with a narrow-gap semiconductor.
This temperature range is believed to be dominated by in-gap
states.

Evidence for in-gap states has also been found for
FeSi,3,23 YbB12,

25 and SmB6.24,26–28 These in-gap states are
believed to be a common feature to all Kondo insulators.29

In-gap states can be intrinsic to the material or extrinsic aris-
ing from defects, i.e., vacancies on Ce sites or a deficiency
on ligand sites. The nature of the in-gap bound states,
whether intrinsic or extrinsic, is still controversial. The in-
gap states are sample dependent, but their effects �e.g., on the
specific-heat coefficient �� are large, so that it is difficult to
associate them with lattice defects. It is very likely that the
in-gap states are an intrinsic property of Kondo insulators.

Several models have been proposed for intrinsic in-gap
states. Within the framework of a localized model, Kasuya30

predicted two different temperature regimes in SmB6. The
lowest excitation state is an s-wave exciton, leading to pre-
dictions consistent with the neutron-scattering results. Along
somewhat similar lines, Riseborough29,31 proposed that the
intermediate-valence nature of the system gives rise to anti-
ferromagnetic correlations leading to in-gap magnetic exci-
tations, analogous to paramagnons arising from antiferro-
magnetic �rather than ferromagnetic� correlations in a metal.
These excitonlike states depend strongly on temperature and
magnetic field.24 It has been suggested29,31 that Kondo insu-
lators are close to an antiferromagnetic phase transition at
low temperatures. This has been verified in a few cases, e.g.,
in CeNiSn, where Cu doping introduces magnetic order.32

Antiferromagnetism in Kondo insulators with bipartite lat-
tices had previously been predicted.33

Our data for the stoichiometric compound—some of
which will be shown below in conjunction with those of the
alloy series—are in agreement with the published results.
Note that the physics of the excitonlike intrinsic in-gap
bound states discussed above is very different from the
impurity-band bound states addressed in Sec. IV.

IV. IMPURITY BAND IN (Ce1−xLax)3Bi4Pt3 ALLOYS

Figure 1 shows the resistivity 	 as a function of tempera-
ture T, normalized to its room-temperature value 	300, for
various �Ce1−xLax�3Bi4Pt3 samples with 0�x�1. The strong
increase of 	 for x=0 at low T as the temperature is reduced
is an indication of the good quality of the samples. Already
for x=0.006, 	 /	300 has decreased by nearly 2 orders of
magnitude. For x=0.006 and 0.1, maxima in 	�T� are seen at
low T. For x=0.5, 	 is nearly independent of T, while for
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x=1, metallic behavior, i.e., d	 /dT�0, is observed in the
whole T range investigated.

Figure 2 shows ln�	 /	300� plotted against T−1 for various
x. Over the limited temperature range 70 K�T�100 K,
	�T� can be described by a simple Arrhenius law up to x
=0.5, where the activation energies are Eg /kB=92, 92, 54,
31, 24, and 6 K for x=0, 0.006, 0.1, 0.2, 0.3, and 0.5, re-
spectively. The activation energy depends on the temperature
range considered, i.e., Eg decreases with increasing T, as can
be inferred from the upward curvature for low-x samples, as
has been found before for Ce3Bi4Pt3.18 It also should be
pointed out that for the T range chosen for our fits, the cri-
terion kBT�Eg is not satisfied. Our data are in good agree-
ment with previously published results.18,19,34

The T dependence of the carrier concentration n
=1 / �eRH� for different samples is displayed in Fig. 3. We
have observed a negative sign of the Hall coefficient RH,

showing that the carriers are electronlike.35 Here, we assume
that only one band contributes to charge transport. For T
�40 K, the carrier density clearly increases with T for all
concentrations. This is the temperature range where the gap
is already closing for pure Ce3Bi4Pt3, as observed via infra-
red spectroscopy.20 The behavior is then metallic and quali-
tatively similar to that of La3Bi4Pt3. The n�T� curve for x
=0 is qualitatively different from those for x�0.006 at lower
T�10 K: For x�0.006, the number of carriers is constant
with T in this temperature range, while for x=0, a pro-
nounced minimum of n�T� is observed at T=2.9 K. The car-
rier density increases systematically with x. The indepen-
dence of T already for x=0.006 indicates that the metallic
character prevails down to very low La concentrations.

The finite carrier concentration of the doped Kondo semi-
conductor is the consequence of the impurity band that de-
velops in the gap. Each La impurity breaks the translational
invariance of the lattice and gives rise to a bound state in the
gap. The substitution is nearly charge neutral, since both
ions, Ce and La, are believed to be close to being trivalent.
The only difference is that in the case of La, the 4f orbital is
not occupied. This can be modeled with a very large repul-
sive potential for the 4f states at the La site.36 For very low
x, the bound states are isolated and localized. With increasing
x, they start to overlap and develop into an impurity band.
The corresponding density of states has a height and width
approximately proportional to x1/2. The number of states con-
tained in the impurity band is Nx, where N is the number of
rare-earth sites. The Fermi level is expected to be roughly at
the center of the density of states of the impurity band.11 For
very low x, the states are localized and eventually become
conducting in the neighborhood of the Fermi level with in-
creasing x. For �Ce1−xLax�3Bi4Pt3, this metal-insulator transi-
tion occurs at a doping level x smaller than 0.006.

The analysis of the nonmonotonic n�T� dependence for
the stoichiometric compound Ce3Bi4Pt3 can also be inferred
from previous RH measurements.17 It cannot be explained by
a simple one-band model of free carriers. Note that at T

FIG. 1. �Color online� The resistivity 	 for �Ce1−xLax�3Bi4Pt3 as
a function of T normalized to its value at room-temperature 	300 for
various La concentrations. Note that in the upper panel, the scale of
	 is logarithmic, while in the lower panel, this scale is linear.

FIG. 2. �Color online� Logarithm of the normalized resistivity
	 /	�300 K� as a function of T−1 for various La concentrations x.
The slopes of the curves correspond to the activation energy. The
corresponding values of T are indicated on the upper horizontal
axis.

FIG. 3. �Color online� Carrier density n plotted logarithmically
as a function of T−1, determined from the Hall constant measured in
a magnetic field of 5 T for several La concentrations x. The corre-
sponding values of T are indicated on the upper horizontal axis.
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=3 K, the number of carriers for x=0 is smaller than for x
=0.006 by more than 1 order of magnitude. The origin of the
carriers is not the La Kondo-hole impurity band, but rather
the in-gap states discussed in Sec. III: The in-gap states can
be extrinsic �e.g., Ce vacancies, Bi or Pt vacancies, or inter-
changed lattice sites� or intrinsic �many-body collective
modes29� to the material. The substantial “metallic” specific-
heat coefficient � suggests that the density of states at the
Fermi level is larger than that corresponding to 1025 free-
electron-like carriers per m3. These states are then either lo-
calized due to disorder or might be arising from the magnetic
exciton bound states suggested by Riseborough.29,31 The
strong magnetic-field dependence of the in-gap states found
for other Kondo insulators �see, e.g., Ref. 24� is an indication
that the states are not simple impurity bound states. This is
also a plausible explanation for the low-T upturn of the mag-
netic susceptibility of Ce3Bi4Pt3 and other Kondo insulators.
The exciton bound states have a finite lifetime due to re-
sidual interactions and it is not known how they contribute to
the conductivity and the specific-heat coefficient �.

We now focus on the low-T conductivity data of the
Kondo-hole impurity band, i.e., on the data for 0.006�x
�0.5. Figure 4 compares the concentration dependence of
�̃=��2.5 K� /�300, n in the plateau region for T→0 �cf. Fig.
3�, and the linear specific-heat coefficient �. The carrier con-
centration increases from 0.6�1026 m−3 for x=0.006 to
0.86�1027 m−3 for x=0.1. Beyond x=0.1, n increases only

gradually up to x=0.5, reaching 1.67�1027 m−3, and then
rises to 5.5�1027 m−3 for x=1. The fact that n does not
grow linearly with x for small x indicates that not all the
impurity states are mobile. The linear specific-heat coeffi-
cient, on the other hand, measures the total density of states
�whether localized or delocalized� at the Fermi level. � in-
creases with x from the modest value at x=0 discussed in
Sec. III above, goes through a maximum at x=0.3, and then
gradually decreases. Our data for ��x� agree very well with
previous measurements by Canfield et al.34 For small x, we
expect that ���x; while for large x, the Ce sites are sparse
and, consequently, the correlations in the 4f shell and the
hybridization fade away. In the limit x→1, the system is
metallic and the Ce ions can be considered as Kondo impu-
rities and � should be approximately linear in 1−x, the con-
centration of Ce ions. Consequently, ��x� should pass over a
maximum which is, indeed, observed.

The x dependence of the conductivity at 2.5 K, shown in
Fig. 4, is approximately proportional to x1/3 for small x �see
inset of Fig. 4�a��. In a nearly-free-electron picture, the con-
ductivity is given by the product of the mobility and the
density in each carrier band. We assume here that the Kondo
holes contribute to only one electronlike band. The compari-
son of Figs. 4�a� and 4�b� shows that �̃�x� and n�x� exhibit an
overall similar behavior, implying that the mobility is
roughly independent of x for 0.1�x�0.5. However, one
notes that for x=0.006, �̃ has already acquired a sizable
value while n is still less than 10% of the value for x=0.1.
This contrasts the concept of a mobility edge, where states
with energy less than the mobility edge are localized and
those above are conducting.

Assuming that there is a metal-insulator transition at xc
�0.006, for T→0 we may write �̃��x−xc�p, where p is the
critical conductivity exponent. While with the present data
we are unable to determine xc accurately, the upper bound
xc�0.006 implies that p�1 /3 �inset of Fig. 4�a��. We note
that p=1 /3 is much smaller than the lower limit for a metal-
insulator transition when identifying the exponent p with the
correlation-length exponent �, for which ��2 /3 is
predicted.37 This might indicate that the Kondo-hole-induced
transition is a special case. Theoretical attempts to calculate
xc are limited to bands with nearest-neighbor tight-binding
hopping and the electron-hole symmetric situation.38 The
critical concentration is expected to decrease with increasing
hopping range and electron-hole asymmetry.

In the following, we will interpret our low-temperature
data within a single-band Drude model. For the impurity
band, we assume a parabolic dispersion with spherical Fermi
surface and effective mass m*. This, of course, imposes
strong limitations on the interpretation, which, however, is
appealing because of its simplicity. From n�x�, we can deter-
mine the Fermi wave vector kF= �3�2n�1/3. The electronic
specific-heat coefficient is then �= �kB

2 /3�2�m*kF. Using kF
and the measured �, we obtain the effective mass m*, which
is shown as a function of x in Fig. 5�a�. m* reaches a maxi-
mum of 105m0 for x=0.3 and decreases to 5m0 for
La3Bi4Pt3. This demonstrates the heavy-quasiparticle charac-
ter of the excitations in the impurity band, contrasting the
behavior of conventional doped semiconductors such as
Si:P.39,40 Note that m* is largest when the hybridization gap

FIG. 4. Comparison of properties of �Ce1−xLax�3Bi4Pt3: �a� Con-
ductivity �̃ at 2.5 K normalized to the conductivity at room tem-
perature, �b� carrier concentration n extrapolated to T→0 �from
Fig. 3�, and �c� linear specific-heat coefficient �, as a function of the
La concentration x. In order to facilitate the direct comparison with
n, � is given in units of J /K2 m3. For Ce3Bi4Pt3 �x=0�,
1000 J /K2 m3 correspond to 0.459 J /K2 mol Ce3Bi4Pt3. The solid
curves are a guide for the eye. Inset in �a� shows �̃ vs x1/3 for x
�0.3.

PIETRUS, V. LÖHNEYSEN, AND SCHLOTTMANN PHYSICAL REVIEW B 77, 115134 �2008�

115134-4



is closing, as can be seen by comparison with the lower
panel of Fig. 1. A more detailed analysis requires taking into
account the simultaneous destruction of the hybridization
gap due to incoherent scattering in the alloy and the forma-
tion of the impurity band as a function of x.

In Fig. 5�b�, we show the Drude scattering time �
=�m* /ne2 derived using the measured � and n, and the cal-
culated m* from Fig. 5�a�. As expected, � is very large for
small x �there are only a few scattering centers�, then it de-
creases rapidly with x, and undergoes a minimum around x
=0.1 and, subsequently, a maximum with ��1.1�10−12 at
x�0.3. For larger x, it decreases down to ��4.4�10−14 for
La3Bi4Pt3.

Finally, the dc susceptibility defined as �dc=M /B is pre-
sented in Fig. 6. The data for Ce3Bi4Pt3 shown in Fig. 6�a�
are in good qualitative agreement with previously published
results.16 In both cases, the samples are single crystals. The
upturn at low T is less pronounced for the present sample,
and the ratio of the maximum to the minimum value is also
larger than for the crystal in Ref. 16. The minimum at low T
arises from the spin gap associated with the hybridization
gap, and the maximum is the consequence of electronic tran-
sitions from the valence band into the conduction band and is
consistent with an indirect gap of about 70 K. At high T
�100 K, a Curie-Weiss-like behavior is observed. The Weiss
temperature is approximately −100 K, i.e., consistent with
the gap. The origin of the small upturn at low T are the
in-gap states discussed above, which are common to all
Kondo insulators. The low-T susceptibility remains substan-
tial, probably as a consequence of Van Vleck terms.

In Fig. 6�b�, the T dependence of �dc is displayed for
polycrystalline samples with several concentrations x. The
minimum of �dc at low T is gradually smeared with the La-
impurity concentration. The gap becomes less well defined
with increasing x and, consequently, the height of the maxi-
mum rapidly decreases. The temperature of the maximum

also decreases with x, which is a sign that the gap is reduced.
For T�100 K, the susceptibility is still Curie-Weiss-like, but
with Weiss temperature increasing with x.

V. CONCLUDING REMARKS

We have studied the La-doped Kondo insulator Ce3Bi4Pt3.
The substitution of Ce by La introduces Kondo-hole bound
states, which, with increasing x, eventually form an impurity
band. These Kondo-hole bound states are very different from
the in-gap states of the stoichiometric semiconductor
Ce3Bi4Pt3. According to Kasuya30 and Riseborough,31 the
states for the pure undoped semiconductor are excitonlike
collective many-body excitations intrinsically present in all
Kondo insulators. Although their intrinsic character is highly
plausible because of the high quality of many samples, their
nature has not yet been determined. An impurity band in
doped Kondo insulators �e.g., La substituting for Ce� is
qualitatively different from more classical semiconductor
systems exhibiting a metal-insulator transition as a function
of doping, e.g., Si:P �Refs. 41–43� or Si:B,44 where disorder
and concomitant electron-electron interactions lead to elec-
tron localization. Nevertheless, when doped deep into the
metallic region, both types of systems exhibit nearly-free-
electron behavior.

There are two main differences distinguishing impurity
bands in classical semiconductors from Kondo insulators. �1�
The gap in Kondo insulators is a hybridization gap, which is
small due to the strong correlations, and not a band gap as in
Si or Ge. These correlations lead to a strong decrease of the
Kondo-insulator gap with increasing temperature, which
closes at already quite low T. Furthermore, the gap is gradu-
ally suppressed with increasing concentration of Kondo

FIG. 5. �a� Effective mass of the quasiparticles in the Kondo-
hole impurity band in units of the free electron mass and �b� the
Drude scattering time � at low T as a function of the La concentra-
tion x. See the text for the definition of these quantities. The solid
curves are a guide for the eye.

FIG. 6. �Color online� The magnetic dc susceptibility, �dc

=M /B, of �Ce1−xLax�3Bi4Pt3 as a function of temperature for sev-
eral La concentrations x. The data in �a� were obtained for single
crystal with x=0, while those in �b� were obtained for polycrystal-
line samples for various x.
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holes. �2� Doping in classical semiconductors provides car-
riers which for low concentrations are localized in hydro-
genic bound states and eventually give rise to an impurity
band with increasing concentration. In particular, for shallow
donors or acceptors, e.g., for Si:P or Si:B, the large spatial
extent of the dopant wave function leads to a metal-insulator
transition within the impurity band at very low doping levels.
Hence, the electronic structure of the valence and conduction
bands and, notably, the energy gap remain essentially unal-
tered by doping. The substitution of Ce by La, on the other
hand, is charge neutral �neglecting the small 4f admixture�
and the bound states are split-off states from the valence and
conduction bands, rather than hydrogenic bound states. Fur-
thermore, the Kondo holes generate an impurity band, which
gradually closes the hybridization gap.

The focus of this study has been on the region of doping
where �Ce1−xLax�3Bi4Pt3 is already metallic, i.e., for x
�0.006. Assuming a Fermi-liquid-like behavior for quasi-
free-electrons �parabolic dispersion�, the data allow us to de-
termine separately the effective mass m* and the carrier con-
centration n from the Hall constant and the specific-heat
coefficient �. While the effective mass increases with x for
small concentrations, reaches a maximum of m*�100m0 at
x=0.3, and decreases monotonically to 5m0 for La3Bi4Pt3,
the carrier density remains essentially constant between x
=0.1 and 0.5 after a strong initial increase for small x. Sur-

prisingly, we find that at low T, ��x1/3. However, the La
concentration range of our samples is too sparse for small x
to attempt to determine xc, the critical concentration of the
metal-insulator transition.

Combining these results with the Drude model, the scat-
tering time � is found to decrease initially by more than a
factor of 2 between x=0.006 and 0.1, then it has a minimum
at about x=0.1, passes over a maximum at approximately x
=0.3, and finally decreases to a short ��4.4�10−14 s for x
=1. Surprisingly, m* /� is nearly constant for x�0.1 for the
entire alloy range. This value is much smaller for x=0.006,
which is a sign that one is approaching the insulating regime.
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