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Unusual Kondo behavior in the indium-rich heavy-fermion antiferromagnet Ce3Pt4In13
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We report the thermodynamic, magnetic, and electronic transport properties of the ternary intermetallic
system~Ce, La!3Pt4In13. Ce3Pt4In13 orders antiferromagnetically at 0.95 K, while the nonmagnetic compound
La3Pt4In13 is a conventional 3.3-K superconductor. Kondo lattice effects appear to limit the entropy associated
with the Néel transition to (1/4)R ln 2 as an electronic contribution to the specific heat ofg;1 J/mole Ce K2 is
observed atTN ; roughly 35% of thisg survives the ordering transition. Hall effect, thermoelectric power, and
ambient-pressure resistivity measurements confirm this interpretation. These results suggest that RKKY and
Kondo interactions are closely balanced in this compound (TN'TK). Contrary to expectations based on the
Doniach Kondo necklace model, applied hydrostatic pressure modestly enhances the magnetic ordering tem-
perature withdTN /dP5123 mK/kbar. As such Ce3Pt4In13 provides a counterexample to Kondo systems with
similar Kondo and RKKY energy scales, wherein applied pressure enhancesTK at the expense of the ordered
magnetic state.

DOI: 10.1103/PhysRevB.65.024401 PACS number~s!: 71.27.1a, 72.15.Qm
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I. INTRODUCTION

The low-temperature magnetic and electronic proper
of certain rare-earth and actinide compounds are determ
by the competition between RKKY and Kond
interactions.1,2 While these 4f and 5f compounds usually
display localized full-moment paramagnetic behavior n
room temperature, the low-temperature state is usually q
different, showing signs of superconductivity, local-mome
magnetic order, or, in some cases, a paramagnetic gro
state and a highly renormalized electronic mass.1 Doniach’s
treatment3 of a one-dimensional Kondo lattice demonstrat
that the ground-state magnetic behavior depends upon
relative strengths of RKKY and Kondo interactions. T
strengths of these competing interactions are determine
the productuJexN(EF)u, whereJex is the magnetic exchang
energy andN(EF) is the density of states at the Fermi ener
EF . The phase diagram that results from this simple mo
qualitatively describes the ground-state properties of sev
correlated electron 4f and 5f compounds.4,5 For low values
of uJexN(EF)u the RKKY interaction dominates, and an o
dered magnetic ground state with very little discernable c
rier mass renormalization results.6 At the other extreme,
whereuJexN(EF)u is large, Kondo interactions predominat
so that no magnetic order occurs and a highly renormali
electronic state is realized at low temperatures.1 The compe-
tition is most evident in compounds with an intermedia
value foruJexN(EF)u; in this caseTN;TK , so that both mag-
netic order and an enhanced electron mass can occur,
the case with CePt2Sn2,

7 CeRhIn5,
8 and possibly CePtSb.9

The near-equivalent Kondo and magnetic ordering ene
scales in this last regime provides an opportunity to test
understanding of the interplay between these competing
teractions.

In this paper we report the physical properties of the t
nary intermetallic compound Ce3Pt4In13 that exhibits near-
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identical Kondo and magnetic energy scales. This compo
forms in the same structure as a series of stannide-p
superconductors that were first reported by Remeik10

Specific-heat, magnetic-susceptibility, and electronic tra
port data indicate that Ce3Pt4In13 orders antiferromagneti
cally at TN50.95 K. The entropy liberated atTN is only
(1/4)R ln 2 while the remaining (3/4)R ln 2 entropy associ-
ated with a doublet ground state is spread between 1 an
K, suggesting that the ordered doublet is strongly Kon
compensated. The specific-heat Sommerfeld coefficieng,
which reflects mass enhancement due to Kondo-like effe
is estimated to beg'1 J/mole Ce K2, corresponding to a
Kondo temperatureTK'4.5 K. The transport properties be
low 50 K are dominated by a crystalline electric field~CEF!
anomaly centered near 15 K that results from a doublet m
netic level situated 25 K above the ground-state level. F
lowing Doniach’s treatment of the Kondo necklace model
compounds with nearly identical magnetic and Kondo e
ergy scales, one would assume that applied pressure sh
enhance the Kondo effect~increaseTK! at the expense of the
magnetic order~decreaseTN!. While the CEF anomaly pre
cludes tracking the effects of pressure onTK , pressure actu-
ally increasesTN , signifying that Ce3Pt4In13 provides a
counterexample to the standard expectation in mater
where there is a close balance betweenTK andTN .

II. EXPERIMENTAL DETAILS

Single crystals of Ce3Pt4In13 and La3Pt4In13, with typical
dimensions of 53531 mm3, were grown from an indium-
rich flux. X-ray diffraction on powdered crystal
indicates that the samples are single-phased and form in
cubic Pr3Rh4Sn13 structure (Pm3n) first reported by
Rameikaet al.10 This structure has a single rare-earth s
with cuboctahedral (4̄2m) point symmetry and a Ce-Ce dis
tance ofao/2.11,12 The lattice parameters for the Ce and L
©2001 The American Physical Society01-1
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compounds areao59.771 Å andao59.812 Å, respectively.
In order to ensure reproducibility in the electronic tran

port and specific-heat measurements performed on the
grown ~Ce, La!3Pt4In13 materials examined in this study,
was imperative that all samples used were free of exc
surface indium. To this end, all specimens were prescree
by ensuring that no resistive signature was evident at theTc
of indium ~3.4 K!. Dc magnetic susceptibility measuremen
were made with a Quantum-Design superconducting qu
tum interference device magnetometer in a field of 1 k
over the temperature range 2–350 K. The specific heat
measured with a small-mass relaxation-time calorimeter
1.5 K,T,20 K, and with an adiabatic calorimeter fo
0.05 K,T,1.5 K. Resistivity measurements were ma
with a conventional four-probe low-frequency ac techniq
while Hall measurements were done in a 10-kOe field wit
conventional four-probe Hall geometry and a low-frequen
ac bridge. The thermoelectric power~TEP! was measured
with a slowly varying gradient technique. In all cases, el
trical sample contacts were made with silver conduct
paint or silver epoxy. Hydrostatic pressure-dependent re
tivity measurements were performed in a clamped Be
pressure cell13 with Flourinert-75 as the pressure medium
the operating pressures were determined from a Sn man
eter.

III. RESULTS

The temperature-dependent magnetic susceptibilityx(T)
is depicted in Fig. 1. The susceptibility exhibits Curie-We
behaviorx5C/(T2u) above 200 K, with an effective mo
ment of 2.64mB /Ce, which is only slightly larger than th
full Hund’s rule value of 2.54mB /Ce expected for Ce31. The
paramagneticu is 236 K, indicative of antiferromagnetic
interactions above 200 K.x(T) deviates from the Curie
Weiss law below 200 K in a manner which suggests that
J5 5

2 Ce31 manifold is split by crystal field effects. Below 1
K ~see the inset at Fig. 1! x saturates in a manner characte
istic of a Fermi liquid, achieving a limiting value ofxo
'6331023 emu/mole Ce near 2 K before ordering magneti
cally at lower temperatures.

In Fig. 2 we show the specific heat divided by tempe

FIG. 1. Inverse magnetic susceptibility plotted as a function
temperature for Ce3Pt4In13. The solid line is a Curie-Weiss fit fo
T.200 K, and the inset shows thatx saturates below 5 K.
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ture C/T of Ce3Pt4In13 below 10 K, and compare it to its
nonmagnetic analog La3Pt4In13. The sharp peak at 0.95 K i
indicative of a magnetic transition. Entropy consideratio
~discussed below! indicate that this feature stems from an
ferromagnetic~AF! order in a doublet ground state. The u
turn in C/T below 200 mK is well described by aC;T22

term, and as such we associate this with a nuclear Scho
contribution arising from the splitting of nuclear isospin le
els in the presence of the internal field produced by the
order. The data display a broad minimum at 5 K where
C/T'630 mJ/mole Ce K2. In comparison, C/T for
La3Pt4In13 is smaller than the Ce data for allT,20 K. A
small anomaly is evident near 3 K, and this region is hig
lighted in a plot ofC/T vs T2 shown in Fig. 3. TheC/T
anomaly centered a 3.3 K coincides with a zero resistiv
transition at the same temperature. In an applied field o
kOe, this resistive transition drops to 2.5 K, while 10 kOe
sufficient to move the transition below 1.5 K. From the 1
kOe data~Fig. 3! the Sommerfeld coefficient and Deby
temperature for La3Pt4In13 areg515 mJ/mole La K2 anduD
5186 K, respectively. The magnitude of the jump inC/T
andg are related byDC/Tc51.95g. This value forDC/Tc ,
coupled with the modest reduction in the resistive transit
temperature in 2 kOe, signifies that this is an intrinsic sup

f FIG. 2. C/T vs T for Ce3Pt4In13 and La3Pt4In13; the data are
normalized per mole Ce or La. The inset showsCmag ~J/mole Ce K!
vs T for Ce3Pt4In13; the dashed line is the specific heat due to
Schottky anomaly involving two doublets separated by 25 K.

FIG. 3. The superconducting properties of La3Pt4In13 are high-
lighted in this plot ofC/T vs T2 in zero applied field~open tri-
angles! and in 10 kOe~solid circles!. The solid line is a Debye-
model fit to the normal-state properties below 3.5 K.
1-2
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UNUSUAL KONDO BEHAVIOR IN THE INDIUM-RICH . . . PHYSICAL REVIEW B 65 024401
conducting transition and not a result of In flux contamin
tion ~Hc5293 Oe for In!.14 Hence La3Pt4In13 is a moderately
strong-coupled 3.3-K superconductor. ThisTc is similar to
those exhibited by the (R)3M4Sn13 stannides first reported b
Remeikaet al.10

The nature of the low-temperature magnetic state
Ce3Pt4In13 can be ascertained by carefully examining t
magnetic contribution to the specific heat below 20
Cmag(T) is plotted in the inset to Fig. 2;Cmag(T) is defined
as Cmag5C(T)2Clattice2aT22, whereClattice is the lattice
specific-heat contribution of La3Pt4In13, and theT22 term
accounts for the nuclear Schottky upturn below 200 m
There is a considerable magnetic contribution toC(T)
throughout the temperature region below 20 K, and the m
netic entropy approaches 2R ln 2 at 20 K. The cuboctahedra
point symmetry at the rare-earth site splits theJ5 5

2 Hund’s
rule multiplet of Ce31 into three doublets. The magnetic e
tropy below 20 K indicates that there are two doublets infl
encingC(T) below 20 K, with the third doublet well outsid
of this temperature window. The prominent broad peak
Cmag(T) centered at 10 K is nicely described by a Schot
model involving two doublets separated byd1525 K; this
Schottky contribution is denoted in the inset of Fig. 2 by t
dashed line.

Removal of the Schottky contribution toCmag(T) clarifies
the nature of the magnetic ground state. The ground-s
magnetic specific heat@Cmag2CSchottky#/T vs T is presented

FIG. 4. ~a! Ground-state magnetic contribution toC/T plotted
vs T for Ce3Pt4In13. The inset shows the magnetic entropySplotted
vs T below 5 K with an arrow indicatingTN . ~b! Ground-state
magneticC/T plotted vsT focusing on the data in the ordered sta
The solid line is a fit to the data using Eq.~1! with D51.05 K, a
51.9 J/mole Ce K4, andgo5360 mJ/mole Ce K2.
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in Fig. 4~a!, and the inset depicts the entropyS(T) associated
with the data. While the full doublet entropyR ln 2 is present
by 10 K, only 25% ofR ln 2 is released belowTN . This
suggests that the ordered moment is heavily compensate
Kondo interactions. The remaining (3/4)R ln 2 entropy is re-
moved betweenTN and 10 K, as reflected by the unusu
extended tail inC/T above 1 K. The electronic contributio
to the specific heat is difficult to determine becauseC/T does
not saturate aboveTN ; a simple entropy balancing constru
tion gives an estimated electronic contributiong
>1 J/mole C K2. The Kondo energy scaleTK for this g can
be determined from the relation appropriate for a doub
ground state,gTK5(p/6)R.15 This expression givesTK
'4.5 K. This value is consistent with the slow, continuo
rise inC/T that is evident between 5 K andTN . Below TN ,
Cmag(T) @see Fig. 4~b!# is best described by a model com
posed of a linear electronic contributiongoT plus a term that
accounts for the contribution from antiferromagnetic sp
waves with the dispersion relationv5AD21Dk2:16

Cmag5goT1aD7/2T1/2e2D/T@11~39/20!~T/D!

1~51/32!~T/D!2#. ~1!

In this expressionD is the spin-wave gap, anda is related to
the spin-wave stiffnessD by a}D23/2. As shown in Fig.
4~b!, fitting Eq. ~1! to the @Cmag2CSchottky# data belowTN
yields an excellent fit with D51.05 K, a
51.9 J/mole Ce K4, and a residual electronic contributio
go5360 mJ/mole Ce K2.17 While a large remnantg is not
uncommon in AF U-based heavy fermions,18 the same is not
true for Ce systems.19 We note that largego values in the
magnetically ordered state have also been reported for
AF compounds that are isostructural to Ce3Pt4In13;
Ce3In4Sn13 orders atTN52.0 K, and displays a residua
Sommerfeld coefficient go5670 mJ/mole Ce K,20 while
U3Rh4Sn13 orders atTN517.5 K with a residual Sommerfeld
coefficientgo5225 mJ/mole U K2.21

Electronic transport measurements support the magn
and Kondo configuration implied by the specific heat da
The temperature-dependent resistivityr(T) of both
Ce3Pt4In13 ~solid line! and La3Pt4In13 ~dashed line! from 100
mK to 325 K are presented in Fig. 5. La3Pt4In13 exhibits a
resistivity that increases monotonically with increasing te
perature, while the Ce compound has a room-tempera
resistivity of 150mV cm and a positivedr/dT below 300 K.
There is a shoulder inrCe that is centered at 20 K, and
precipitous drop is evident below 10 K. No Fermi-liquid b
havior (r;T2) is evident inrCe aboveTN . The inset shows
the Ce compound’s resistivity below 4 K, the AF transitio
manifests itself as an inflection point inr at TN . The resis-
tivity due to electrons scattering with AF spin waves d
scribed by the dispersion relation employed in fitting t
specific heat is given by16

r~T!5ro1rAFD3/2T1/2e22D/T@11~2/3!~T/D!

1~2/15!~T/D!2#, ~2!

wherero is aT-independent constant andrAF}D23/2. Equa-
tion ~2! fits theT,TN data extremely well with a spin-wav

.
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gap value (D51.1 K! consistent with that obtained from th
fit to the C(T) data. As forT.TN , there is no evidence fo
Fermi-liquid behavior in the ordered state. The Ce3Pt4In13
magnetic resistivityrmag5rCe2rLa ~the dotted line in Fig.
5!, exhibits a temperature dependence that is characterist
a heavy-fermion compound: a negativedr/dT above 50 K
that varies logarithmically with temperature@see Fig. 6~a!#, a
broad maximum at intermediate temperatures, and a s
drop at low temperatures. The shoulder inrCe becomes a
broad hump centered atTmax512 K in rmag. The hump cen-
tered atTmax is characteristic of the resistive anomaly pr
duced in Kondo-lattice systems by a CEF level. A CE
derived resistivity feature typically occurs nearT5d,22 and
as such this feature is consistent with the Schottky anom
splitting observed inC(T). It appears that the ‘‘coherenc
peak’’ commonly observed in the resistivity of Kondo lattic
compounds coincides with the CEF resistivity feature.

The thermoelectric powerS of Ce3Pt4In13 for 5 K,T
,300 K is depicted in Fig. 5~b!. The TEP is positive at al
temperatures, varies linearly with temperature above 100
and displays a peak with a maximum at 15 K. The TEP of
Kondo systems is composed of three terms:23 ~1! a linear-in-
temperature term that stems from conventional carrier di
sion,~2! a positive term stemming from incoherent scatter
from the CEF levels that peaks at roughlyT5d/3,24 and~3!
a negative coherence peak that becomes large belowTK .
The first two terms are clearly present in theS(T) data, and
the peak at 15 K is qualitatively consistent with the 25
CEF splitting determined from the specific-heat data.
though the data are always positive, the sharp drop below
K may be associated with the Kondo resonance term.

The temperature-dependent Hall coefficient (T.5 K!
measured in 10 kOe is also presented in Fig. 5~b!. As with
the TEP,RH is positive and gradually increases with decre
ing temperature below 300 K, whereRH(300 K!51.1

FIG. 5. ~a! Resistivity vs temperature for Ce3Pt4In13 ~solid line!,
the nonmagnetic analog La3Pt4In13 ~dashed line!, and rmag for
Ce3Pt4In13 ~the dotted line!. The inset shows the resistivity in th
vicinity of the magnetic ordering transition~TN is denoted by the
arrow!. ~b! Temperature-dependent Hall effectRH ~solid squares!
and thermopowerS ~open circles! of Ce3Pt4In13. The solid line is a
fit to the Hall data that employs a skew scattering term.
02440
of

rp

-

ly

,
e

-

-
15

-

310210m3/C. No coherence-derived maximum is evident
the data above 5 K. The Hall coefficient in correlated
compounds is commonly described via a two-compon
model; the first term isT independent, and arises from co
ventional carrier-concentration effects,Ro;1/ne, wheren is
the carrier concentration ande is the electron charge. Th
second term results from asymmetric skew scattering du
the large magnetic moment present on the Ce ions. C
bined, the full Hall coefficient becomes25

RII 5Ro1jg
mB

kB

x~T!

C
rmag~T!, ~3!

where Ro is the conventional Hall term,g5 6
7 for full-

moment Ce,mB is the Bohr magneton,kB is Boltzmann’s
constant,x(T) is the T-dependent magnetic susceptibilit
andC is the susceptibility’s Curie constant.j is a scattering
constant that characterizes the strength of skew scatte
values ofj greater than 0.1 are physically unrealistic.25 The
solid line in Fig. 5~b! is a fit to Eq. ~3! with Ro51.1
310210m3/C ~corresponding ton;631022holes/cm3! and
j50.03. The fit is comparable in quality to that obtained f
many canonical heavy-Fermion systems.25

The influence of pressureP on the resistivity of
Ce3Pt4In13 is presented in Fig. 6.r(T,P) was measured from
0.35 to 300 K in hydrostatic pressures ranging from 0.1
12.6 kbar, and thermag(T,P) data are plotted with respect t
a logarithmicT scale in Fig. 6~a!. At a pressure of 0.1 kba

FIG. 6. Pressure-dependentr(T) for Ce3Pt4In13. The pressure
displayed include P50.1, 1.4, 5.6, 8.2, and 12.6 kbar.~a!
rmag(T,P) data forT,100 K; ~b! data in the vicinity ofTN . The
inset shows the pressure-dependent ordering temperature as
mined by the location of the inflection point inr(T). The dashed
line represents an estimate ofTN(P) determined from the pressur
dependence ofJex.
1-4
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r(T) exhibits a CEF-derived peak between 10 and 20 K
r}2 ln(T) region between 20 and 70 K, and a broad feat
between 100 and 300 K that may herald the presence o
third doublet CEF level located roughly 200 K above t
magnetic ground state (d2'200 K). Increasing the pressur
above 0.1 kbar monotonically increases the resistiv
throughout the paramagnetic regime, and it also steadily
creases the lnT slope between 20 and 70 K. The data in F
6~a! indicate that pressure does not have a significant ef
upon the temperatureTmax, where the resistivity peaks nea
20 K (dTmax/dP512622 mK/kbar), nor on the location o
the broad anomaly centered near 200 K. Since CEF-der
resistivity features are relatively insensitive to small volum
changes, the pressure-insensitivityr features at 20 and 200 K
are likely dominated by scattering from excited CEF leve
The influence of pressure on the ordering transition is
focus of Fig. 6~b!. Equation~2! continues to provide a goo
fit to the data belowTN at all pressures to 12.6 kbar. Pressu
acts to reduce the residual resistivityro and increase the
change in resistivity that occurs when the material is warm
aboveTN(P). The inflection point~maximum indr/dT! that
marks TN increases with pressure at the ratedTN /dP
523 mK/kbar.

Ther(T,P) data in Fig. 6~a! provide a means of deducin
both the pressure dependence of the magnetic exchang
ergy, and the degree to which theTN variation with pressure
stems fromJex(P). Ther}2 ln(T) relationship for tempera
tures between 20 and 70 K@Fig. 6~a!# occurs because th
lower-lying doublet atd1525 K is almost fully occupied
while the higher-lying doublet atd2'200 K is only begin-
ning to be populated in this temperature regime. Under th
conditions, the slopeG[dr/ ln T is given by22

G5S 4pm* no

e2\ DN~EF!2Jex
3

~l i
221!

~2J11!
, ~4!

wherem* is the effective carrier mass,no is the volume per
Ce moment,J5 5

2 for Ce, andl i is the degeneracy of th
occupied CEF levels. Pressure-dependent values ofJex can
be calculated by combining Eq.~4! with experimental values
for G(P), and by assuming thatm* , no , and N(EF)
52.1 eV21 ~Ref. 26! are pressure independent.Jex varies lin-
early with P at the ratedJex/dP50.84 meV/kbar, and the
estimated exchange energies at 0.1 and 12.6 kbar are288.1
and 299.0 meV, respectively. Given the expressionTN

}Jex
2 , theJex(P) values can be used to derive the variation

the Néel temperature with pressure, and this can be co
pared toTN(P) as determined by tracking the onset of ma
netic order in the resistivity. The estimated variation
TN(P)5TN(0)Jex

2 (P)/Jex
2 (0) @the dashed line in the inset t

Fig. 6~b!# matches theTN values determined from the inflec
tion point in r(T,P) surprisingly well. The variation of
TN with Jex for Ce3Pt4In13 is dTN /dJex'27 mK/meV. This
value for Ce3Pt4In13 can be compared to CeAl2
(udTN /dJexu ' 130 mK/meV, dJex/dP 5 0.33 meV/kbar!
which orders antiferromagnetically near 4 K.27,28 More gen-
erally, Ce Kondo systems exhibitudTN /dJexu and dJex/dP
values ranging from 0 to 200 mK/meV, and from 0.2 to 1
02440
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meV/kbar, respectively.29 As such, Ce3Pt4In13 exhibits a
pressure-dependent magnetic exchange energy that is si
to other Kondo systems.

IV. DISCUSSION

The ambient-pressure electronic transport, magnetic
ceptibility, and specific-heat data strongly support the vie
point that Ce3Pt4In13 is a heavy-fermion antiferromagne
The limited entropy present atTN and the extended tail in
C/T evident betweenTN and 10 K are consistent with aTK
of roughly 5 K. Despite these consistencies, the possib
remains that the tail results from critical fluctuations, dis
der, or magnetic frustration. Critical fluctuations genera
influence the specific heat only over a very narrow tempe
ture range aboveTN ,7 so it seems doubtful that fluctuation
could produce the tail present inC/T. With regard to disor-
der, evidence for site exchange in the Pr3Rh4Sn13 structure
was recently observed in Ce3Ru4Ge13,

30 but the key ingredi-
ent for this interpretation~a significantly reduced magneti
moment due to differing Ce site valences! is not present in
Ce3Pt4In13. Similarly, while frustration can led to an ex
tended tail inC/T,31 the cuboctahedral Ce site symmetry
Ce3Pt4In13 does not appear to be amicable to magnetic fr
tration. In the end, the experimental features that suppo
heavy fermion interpretation are~a! the entropy argument
~b! the large residualgo present belowTN , ~c! a Fermi-
liquid-like saturation inx near 2 K corresponding to a Wil
son ratio betweeng andxo of R'4, and~d! the precipitous
drop in r(T) below 20 K. While the importance of spin
wave scattering in the ordered state and the crystal-fi
anomaly centered atTmax in r(T) complicate a straightfor-
ward interpretation of the resistivity data@and presumably
account for the absence of aT2 Fermi-liquid regime in
r(T)#, the single-impurity Kondo-like resistivity above 50 K
and the large drop inr betweenTN and 20 K are consisten
with a strongly renormalized electronic state and an
proach to coherence belowTmax.

The positivedTN /dP evident in ther(P,T) data is the
one piece of experimental data that is difficult to reconc
with the heavy-fermion interpretation. The Doniach Kon
necklace model3 generally provides a framework for qualita
tively understanding the pressure response of a
compound.32,33 In this model, a system with both magnet
order and a significantly enhancedg should display a nega
tive dTN /dP. That is, pressure should increaseuJexN(EF)u
in a heavy Ce compound, in turn increasing the Kondo co
pensation of the local moments and loweringTN . This is just
what is observed in the CeM2Si2 ~M5Ag, Au, Pd, and Rh!
series where volumetric considerations lead to local-mom
order at one end and heavy-fermion behavior at the o
extreme.33 The Doniach model also predicts a maximum
TN(P) which has been experimentally confirmed in mod
ately heavy electron magnets.5 In contrast, a positive
dTN /dP for Ce3Pt4In13, combined with substantial thermo
dynamic and transport evidence of heavy electron behav
suggests that this material does not fit into the Doniach ph
diagram in an obvious way. A determination of the effects
pressure onTK is required to confirm this possibility. The
1-5
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presence of the crystal-field anomaly inr(T) makes it im-
possible to unambiguously determine the influence of pr
sure onTK from r(P,T) data. Hence pressure-depende
specific heat measurements would be helpful in determin
the effects of pressure onTK through the influence of pres
sure ongo , as would extending resistivity measurements
much higher pressures. Neutron quasielastic linewidth m
surements, which are a more direct probe ofTK , combined
with neutron-diffraction measurements of the ordered m
ment would be helpful in clarifying our understanding
Ce3Pt4In13 and its relationship to the Doniach model.

In summary, thermodynamic and ambient-pressure tra
port and magnetic measurements show that Ce3Pt4In13 is a
heavy-fermion antiferromagnet withTN'1 K andTK'5 K.
What makes this material a source of continuing interes
D
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that a large residual Sommerfeld coefficient exists well
low TN , and that contrary to the Doniach phase diagr
pressure acts to increaseTN . Neutron-scattering and
pressure-dependent thermodynamic measurements are
ranted to further explore the ramifications of our obser
tions. Clearly, the Pr3Rh4Sn13 structure discovered more tha
20 years ago by Remeikaet al. still deserves our attention.
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