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Antiferromagnetic order in the honeycomb Kondo lattice CePtsAl; induced by Pd substitution
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The cerium-based compound CePtsAls, in which Ce atoms form a honeycomb lattice hosting magnetic
frustration, has a heavy-fermion ground state. We have observed development of magnetic order in partially
Pd-substituted Ce(Pt;_,Pd, )sAl; series up to x = 0.3 by the measurements of magnetic susceptibility, electrical
resistivity p, and specific heat C. In the whole range of x, the unit cell volume remains unchanged within 0.2%,
and the effective magnetic moment stays at 2.4 up/Ce. For x = 0.05, both C/T and p(T) jump on cooling at
T,, = 1.8 K. With increasing x to 0.2, 7,, increases to 3.8 K, where C/T shows a pronounced A-type anomaly.
Application of magnetic fields suppresses 7,,, which is indicative of an antiferromagnetic (AFM) ordered state.
Thus, a long-range AFM order is induced by the substitution of isovalent Pd for Pt in CePtcAl; without carrier
doping and chemical pressure. We attribute the emergence of AFM order in Ce(Pt;_,Pd, )sAl; to the randomness
in the spin-orbit interaction in the Pt-Pd sublattice, which weakens both the coherent Kondo effect and magnetic

frustration in the honeycomb Kondo lattice.

DOI: 10.1103/PhysRevB.104.104411

I. INTRODUCTION

Magnetic frustration in insulators with honeycomb lat-
tices as well as triangular and kagome lattices has long
been investigated because they are thought as possible can-
didates for quantum spin liquids [1,2]. Recently, this research
field has been activated by the advent of the Kitaev model
which postulates bond-directional anisotropic exchange inter-
actions between nearest-neighbor (NN) spins on a honeycomb
lattice [3,4]. However, geometrical frustration in metallic
lattices is less obvious because magnetic interactions are
long ranged, as exemplified by the Ruderman-Kittel-Kasuya-
Yosida (RKKY) interaction in rare-earth-based intermetallic
compounds [5]. The lack of local inversion symmetry at the
rare-earth site in the honeycomb lattice leads to an odd-parity
crystal electric field (CEF) which mixes the 4 f and 5d orbitals
of the rare-earth ion. The local parity mixing together with
the antisymmetric spin-orbit coupling is prone to induce a
complex magnetic order such as a coplanar vortex-lattice-type
magnetic order [6,7]. In Ce- and Yb-based intermetallic com-
pounds, moreover, the RKKY interaction competes with the
Kondo interaction by which spin polarization of conduction
electrons screens the 4 f magnetic moment [8]. Theoretically,
the interplay between geometrical frustration, RKKY interac-
tion, and Kondo effect gives rise to various states including
a spin-density-wave (SDW) state, a local moment antiferro-
magnetic (AFM) ordered state, an AFM state coexisting with
fractionalized excitations, and a partial Kondo screened state
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with site-dependent moment size [9—12]. Such a situation is
expected to be realized in a Ce- or Yb-honeycomb compound
where a doublet ground state under CEF can be described as
an effective % spin.

To investigate the interplay in the honeycomb Kondo lat-
tice, the recently reported Ce-based compound CePtgAls is an
ideal candidate which crystallizes in the NdPtgAls-type trig-
onal structure with a centrosymmetric space group R3¢ [13].
In the layered structure shown in Fig. 1(a), a triangle of Ptj
centers a Ce hexagon. A flat Ce,Pt; layer and a PtgAlg block,
which is omitted in Fig. 1(a), are alternatively sixfold stacked
along the c axis in the unit cell having a large ratio c/a = 5.2.
The NN and next-NN (NNN) Ce-Ce distances in the honey-
comb plane are d; = 4.36 A and dr, =7.55 10\, respectively,
the latter of which is longer than the interplane Ce-Ce distance
of d; = 6.58 A. However, the number of Ce atoms at the dis-
tance of d3 is only one, much smaller than eight for that at the
distance of d,. Therefore, the interlayer magnetic interaction
should be much weaker than the intralayer interaction.

The physical properties of CePtgAl; have been studied
on single-crystalline samples by the measurements of mag-
netic susceptibility x, electrical resistivity p, and specific
heat C [14]. Rather weak anisotropy in x(7") and p(T') was
observed despite the layered crystal structure. The trivalent
state of the Ce ion was indicated by the effective magnetic
moment g of 2.41 up/Ce for both directions of magnetic
field B//c and Blc. The analysis of the magnetic entropy
revealed a doublet CEF ground state which is separated by
~100K from a quasidegenerated quartet excited state. On
cooling, C/T passes through a broad maximum of 0.5 J/K*mol
at 0.55 K while p(T') decreases as T2 down to 0.05 K without
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FIG. 1. (a) Layers of Ce (red) honeycombs with Pt (green) triangles on the center which are stacked along the ¢ axis in CePtgAl; of the
trigonal NdPtsAls-type structure [13]. PtoAlg blocks between the Ce,Pt; layers are omitted for clarity. Intralayer Ce-Ce distances are denoted
as d; and d, and the interlayer distance as d5 (see text). (b) Trigonal lattice parameters a and ¢ and (c) the ratio c/a and the unit cell volume V

for Ce(Pt,_,Pd,)sAl; as a function of the Pd concentration x.

showing any anomaly. These physical properties classified
CePtgAl; as a nonmagnetic heavy-fermion system, while the
role of frustration in the formation of the heavy-fermion state
remains obscure [14].

In this paper, we intend to reveal the role of frustration by
studying the physical properties of Ce(Pt;_,Pd,)sAls, where
the isovalent Pd atom is partially substituted for the Pt atom.
Because the metallic radius of Pd (1.37 10\) is close to that
of Pt (1.39 A) [15], a chemical pressure effect on the Ce 4f
state would be weak. On the other hand, the atomic mass
of Pd is ~ % of that of Pt. This difference in the atomic
mass would strongly reduce the spin-orbit interaction of the
d band derived from Pt 5d and Pd 4d states, as pointed out
for Ce;Biy(Pt;_,Pd,)s [16]. The randomness in the spin-orbit
interaction in Ce(Pt;_,Pd,)sAls may modify not only the
onsite Kondo interaction between the 4 f state and d states but
also the periodically oscillating RKKY interaction mediated
by the d band.

II. EXPERIMENTS

Polycrystalline samples with initial compositions of
Ce(Pt;_,Pd,)eAls (X = 0, 0.02, 0.05, 0.10, 0.15, 0.2, 0.3,
and 0.4) were prepared by arc-melting appropriate amounts of
constituent elements Ce (99.9%), Pt (99.95%), Pd (99.99%),
and Al (99.999%) under a purified argon atmosphere. To
improve the homogeneity, the ingots were turned over and
melted several times. The samples were subsequently an-
nealed for 10 d in evacuated quartz ampoules at temperatures
between 950 and 1100 °C depending on X. Total weight loss
after preparation was <1.2%. The samples were character-

ized by metallographic examination, powder x-ray diffraction
(XRD), and wavelength dispersive electron-probe microanal-
ysis (EPMA). It was found that the samples with X < 0.3
contained small amounts of impurity phases (Pt; _xPdyx)sAls
and Ce(Pt;_xPdy )4Al [17], but the Pd composition x deter-
mined by EPMA for the main phase did not deviate from
the nominal value X within the resolution. The sample with
X = 0.4 was, however, found to be composed of four phases:
Ce(Ptg 66Pdo.33)sAl3 as the main phase and secondary phases
of Ce(Ptg47Pdg49)5Al,, Ce(Ptge1Pdo31)4Al, and PtyPd;Als.
The composition of the main phase indicates the solubil-
ity limit as x = 0.33 in Ce(Pt;_,Pd,)sAls. Thus, physical
properties have been measured for samples with X < 0.3 in
which the Pd composition is described as x hereafter. Lattice
parameters of the NdPtgAls-type structure were calculated by
least-square refinements of the XRD patterns. The analysis of
the XRD pattern indicated no preferential substitution of Pd
atoms for the different Pt sites in the Ce,Pt; layer and the
PtgAlg block.

The measurements of o(7'), x(T), magnetization M(B),
and C(T) were performed by the methods as described be-
low. A four-terminal alternating current (AC) method was
used for p(7") measurements from 0.04 to 3 K with an adi-
abatic demagnetization refrigerator mF-ADRS50 and from 3 to
300 K with a Gifford-McMahon-type refrigerator. We used
a Quantum Design SQUID magnetometer (MPMS) for the
measurements of x(7") and M(B) from 1.8 to 300 K. In a
lower temperature range from 0.3 to 2 K, M(T) was measured
by a home-built capacitively detected Faraday magnetome-
ter in a *He cryostat [18]. The AC magnetic susceptibility
xac(T) was measured under an AC magnetic field of 300 ©T
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FIG. 2. Temperature dependence of the inverse of magnetic sus-
ceptibility of Ce(Pt;_,Pd,)sAl; in a field of 1 T. The solid line
is an example of the fit with the modified Curie-Weiss form x =
C/(T —6,) + xo to the data for x = 0 at temperatures >100 K. The
inset shows the effective magnetic moment s and paramagnetic
Curie temperature 6, as a function of the Pd concentration x. The
horizontal broken line represents the value . = 2.54 up expected
for a free Ce** ion.

at two frequencies of 4000 and 10000 Hz in a Quantum
Design Dynacool *He-*He dilution refrigerator at University
of Johannesburg. The measurement of C(7T) from 0.4 to 20 K
was performed by the relaxation method in a Quantum Design
Physical Property Measurement System (PPMS).

III. RESULTS AND DISCUSSION

As the Pd concentration x in Ce(Pt;_,Pd,)sAls increases
from 0 to 0.3, the trigonal a parameter increases by 0.24%,
while the ¢ parameter decreases by 0.33%, as shown in
Fig. 1(b). These changes in a and c result in a linear decrease
in the ratio c/a by 0.57%, while keeping the unit cell volume
almost constant within 0.2%, as shown in Fig. 1(c). The un-
changed volume with x leads to little change in the valence
state of the Ce ions, as shown next.

The inverse of x vs T is plotted in Fig. 2, where the solid
line at 7 > 100 K is the fit to the data for x = 0 with the mod-
ified Curie-Weiss form x(T) = C/(T — 6,) + xo, where Cis
the Curie constant, 6, is the paramagnetic Curie temperature,
and o represents the temperature-independent contribution.
For all samples, we assumed a constant value of xo = —2.5 x
10~*emu/mol, which is the magnetic susceptibility of the
nonmagnetic reference compound YPtgAl; [14]. The inset of
Fig. 2 shows the x dependence of e and —6,. In the whole
range of x, the value of u.g stays at 2.4 ug/Ce, which is close
to 2.54 up/Ce expected for a free Ce*™ ion. Therefore, no
significant deviation from the trivalent state is induced by the
Pd substitution. On the other hand, —6, gradually decreases
from 28 K for x = 0 to 15 K for x = 0.3. If the frustration
effect is neglected, then the decrease in —6, can be interpreted
as the reduction of the Kondo temperature Tx [19]. Even
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FIG. 3. Temperature dependence of the magnetic susceptibility
x of Ce(Pt;_,Pd,)¢Al; in a field of 1 T. Arrows indicate the bends in
x(T) at T,,. The lower inset shows the decrease in 7, for x = 0.2 with
increasing the applied magnetic field to 5 T. The upper inset shows
the temperature dependence of alternating current (AC) magnetic
susceptibility xac(T') for x = 0, 0.02, and 0.05 in an AC field of
300 uT at a frequency of 4000 Hz. The data are shifted vertically for
clarity.

under a constant unit cell volume, Ty may decrease if the
4 f orbital shrinks with the isovalent substitution of Pd for Pt,
as suggested for Ce;Bis(Pt;_,Pd,); [20]. As will be shown
later, the reduction of Tx with increasing x is supported by the
analysis of the magnetic entropy.

At low temperatures, x (T) strongly depends on x, as shown
in Fig. 3. For 0 < x < 0.1, the x (7)) datameasuredin B = 1T
continue to increase with decreasing temperature to 1.8 K. We
plot the data of yac(7T) measured at a frequency of 4000 Hz
for x = 0, 0.02, and 0.05 in the upper inset of Fig. 3. Upon
cooling to 0.06 K, xac(T) for x = 0 shows no significant
anomaly. For x = 0.02, xac(T') exhibits a clear peak at 1.85
K, a temperature which does not change for x = 0.05, but
the height of the peak doubles. Note that the temperature at
the peak did not shift when the frequency was increased to
10000 Hz. This fact disagrees with a shift of peak temperature
expected for a spin-glass transition [21]. We will discuss the
peak in xac(T') in comparison with anomalies found in the
resistivity and specific heat. When x is increased to 0.15, x (T')
sharply bends at 3.7 K, indicating a transition to a long-range
magnetically ordered state. If we take the temperature at the
bend as T,,, the value of 7, is unchanged as x is increased
from 0.15 to 0.2, but 7,, is decreased to 3.3 K for x = 0.3.
As shown in the lower inset, 7,, for x = 0.2 is suppressed by
the applied magnetic field, a dependence which is a charac-
teristic of an AFM order. It is noteworthy that, in strongly
frustrated AFM compounds such as a quasikagome system
CePdAl and a Shastry-Sutherland system Yb,Pt,Pb, x (T") ex-
hibits a broad maximum at 7' ~ 1.5 7,, due to the development
of a short-range order above the long-range AFM transition
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FIG. 4. Temperature dependence of electrical resistivity p(T)
normalized to the value at 300 K for Ce(Pt;_,Pd, )sAls.

temperature [22,23]. The absence of such a maximum in x (7)
above T,, in Ce(Pt;_,Pd, )¢ Als suggests that the intersite mag-
netic correlation above T, is weak compared with CePdAl and
Yb,Pt,Pb.

Figure 4 shows the temperature dependence of electrical
resistivity normalized to the value at 300 K, po(T")/p (300 K),
for Ce(Pt;_,Pd,)sAls. The values of p(300 K) are in the range
between 130 and 150 ©Q2cm. For x = 0, p(T') has a broad
shoulder at ~ 60K followed by a steep decrease, a behavior
which displays the development of coherence in the Kondo
lattice as observed for a single-crystalline sample [14]. For x
= 0.02, p(T) retains coherent behavior without showing an
anomaly at 1.85 K, where xac(7T) exhibits a peak. However,
the coherent behavior is lost for x = 0.05, as manifested by the
increase in the value p(0.3K)/p(300K) to 0.96. This inco-
herent Kondo scattering can be attributed to the local disorder
in the hybridization of the Ce 4 f state with Pt 5d and Pd 4d
states. For x = 0.1, p(T') continues to increase on cooling until
it jumps at 3.2 K, which is better seen in Fig. 5(b). The jump
hints at opening of a partial gap of the Fermi surface due to
a long-range magnetic order. We will discuss this subject by
combining with the specific heat data. With increasing x to
0.2, a cusp instead of a jump appears in p(7T'). For x = 0.2 and
0.3, the —logT dependence of p(T) in the range of 5-15 K is
attributed to the incoherent Kondo scattering of conduction
electrons from the doublet CEF ground state of the Ce 4f
electron.

The data of magnetic specific heat C, divided by T are
compared with those of p(7) in Fig. 5. For the calculation of
C,, the lattice contribution to the specific heat was subtracted
by using the data for YPtgAl; [14]. With decreasing T < 2K,
C,/T for x = 0 gradually increases and passes through a
maximum of 0.5J/ K%mol at 0.55 K, as similarly observed for
a single crystal [14]. The C,,/T curve for x = 0.02 continues
to increase on cooling, while that for 0.05 jumps at ~ 1.8 K.
This temperature agrees with those of anomalies in yac(7)
and p(T'): apeakin yac(7T') at 1.85 K in the inset of Fig. 3 and
a jump in p(7T) at 1.8 K in the inset of Fig. 5(b). If we take
the temperature at the jump in p(7") as the magnetic transition
temperature, T, of 3.2 K for x = 0.1 is in agreement with the
midpoint of the jump in C,,/T . With increasing x to 0.2 and to
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FIG. 5. (a) Magnetic part of specific heat C,, divided by temper-
ature T and (b) electrical resistivity p(7T') for Ce(Pt;_,Pd,)sAl; as
a function of temperature. Arrows indicate the midpoint of jump in
C,,/T and the anomaly in p(T'), revealing magnetic transitions at 7,,,.
The inset shows the p(7T') data for x = 0.05 on an expanded scale.

0.3, the height of the jump in C,,/T further increases. The tail
in G, /T to temperatures up to twice of 7;, can be attributed to
short-range order at T > T;,. We determined the dependence
of T, on the magnetic field B from the measurements of
temperature-dependent p and C in several constant magnetic
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10|
E
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5
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0 ] ]
0 1 2 3 4

FIG. 6. Magnetic field vs temperature phase diagram for
Ce(Pt;_,Pd,)sAl; constructed from anomalies in magnetic suscep-
tibility (open squares), specific heat (open circles), and electrical
resistivity (open triangles).
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fields up to 13 T. As shown in Fig. 6, T,, is gradually reduced
with increasing B, as expected for an AFM transition.

Let us discuss the change in the shape of po(T) at T, as
a function of x in relation to the magnetic order. As x is
increased to 0.05, a jump in p(7T) appears, and the Kondo
coherence is concurrently lost. This coincidence suggests that
the magnetic order is induced by the atomic disorder in the
Ce-Pt honeycomb Kondo lattice. Interestingly, the magnetic
order induced by atomic disorder is opposite to the theoret-
ical prediction on the insulating honeycomb lattice in which
disorder in the NN and NNN interactions destabilizes a long-
range AFM order and induces a random-singlet state [24].
The opposite behavior may arise from the Kondo effect in the
present system. Note that p(7) jumps at T, in the dilute range
0.05 < x < 0.15, whereas p(T) exhibits a cusplike anomaly
at T, in the higher range 0.2 < x < 0.3. There are two mod-
els to explain the jump in p(T) caused by the magnetic
transition. One is the SDW transition for itinerant electron
systems [25]. An example is Ce(Rugg9sRhg o5)2Si, in which
the 4f electrons are involved to form the Fermi surface, as
manifested in the large y value of 0.5 J/K?mol for the 7-linear
specific heat coefficient [26]. The other is the formation of a
superzone gap along a certain direction of the Fermi surface
depending on the wave vector of the AFM structure of local-
ized moments [27]. An example is CePdsAl,, in which the
4f electrons are well localized, as manifested in the small
y value of 0.018J/K?>mol [28,29]. The large y value of
0.6-0.7J/K2 mol for 0.05 < x < 0.15 indirectly supports the
SDW transition. The change from a jump to a cusp in p(7T')
at T, occurs between x = 0.15 and 0.2. With increasing x to
0.3, the cusp remains in p(T) at T,, = 3.2 K. In Fig. 6, we
notice that the 7,,(B) curve for x = 0.3 bends more markedly
than that for x = 0.10 despite having almost equal value of
T,,(B = 0). Furthermore, as will be shown later, the magnetic
entropy S, at 5 K increases with x and reaches 0.8RIn2 for x
= 0.3, where R is the gas constant. This value of S,, means the
almost full recovery of the degeneracy of the doublet ground
state of localized 4f electron. These observations suggest a
transformation from the SDW state to an AFM ordered state
of more localized moments. We refer tentatively to these two
states as AF I and AF II, respectively. This transformation of
the ordered state with increasing x needs to be confirmed by
neutron scattering experiments.

The temperature dependence of S,, gives an estimation of
Tx. We calculated S,,(T') by integrating the curve of C,/T
vs T in Fig. 5(a) by assuming a 7-independent value at 0 <
T < 0.4K for x < 0.2 and T-linear dependence for x = 0.3.
The results of S,,,(T")/RIn2 are shown in Fig. 7, and the values
at 5 K are plotted in the inset. The value of S,,(5K)/RIn2
increases by two times with increasing x and reaches 0.8 for
x = 0.3, indicating large recovery of magnetic entropy of the
doublet. If we neglect the effect of frustration, then Tx can
be estimated by using a relation for a Kondo impurity with
% spin, S(Tx) = 0.651n2 [30]. The estimated Tx decreases
gradually from 10 to 3 K with the increase in x from 0 to
0.3, as shown in Fig. 8(c).

On the other hand, the frustration parameter [ = — 6,/T,,
can be used as the measure of frustration [1], although 6, and
T,, are affected by the Kondo effect in the present system. As
is shown in Fig. 8(d), the increase in x from 0.05 to 0.2 results

' 1 ' 1 v 1
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FIG. 7. Magnetic entropy S,, normalized by RIn2 for
Ce(Pt,_,Pd,)cAl; as a function of temperature. The open circles
represent the values of S,,(T")/RIn2 at T = T,,. The inset shows the
values of S,,/RIn2 at 5 K as a function of the Pd concentration x.

in the decrease in the parameter f to % of the initial value,
indicating the strong suppression of magnetic frustration. We
conjecture that magnetic frustration of the Ce honeycomb
lattice is suppressed by the atomic disorder in the Ce,Pt3
plane. The disorder in the PtyAls block may have much
weaker effect on the frustration because of the weak magnetic
coupling between the honeycomb layers. This conjecture is
based on a large difference in the spin-orbit coupling in the
Pt 5d and Pd 4d states, which mediate the RKKY interaction
between the Kondo screened 4 f moments. In a quasikagome
Kondo lattice YbAgGe, similar release of magnetic frustration
by partial substitution of isovalent element was reported for
YbAg,_,Au,Ge (0 < x < 0.11) [31]. With substituting the
heavier element of Au for the lighter element of Ag, the
enhancement of 7y by two times is accompanied with the
decrease in the parameter f. On the contrary, Tx estimated
from the magnetic entropy was found to increase with x. The
opposite change in Tx and f with x for YbAg,_ Au,Ge is
distinct from the concurrent suppression in both 7x and f ob-
served for Ce(Pt;_,Pd,)sAls. It is necessary to study whether
the distinct behavior is due to the difference between Ce and
Yb systems or due to the opposite change in the spin-orbit
coupling.

Finally, we discuss the x dependences of 7, and C/T at 0.4
K, which are presented in Figs. 8(a) and 8(b), respectively. At
a small level of x = 0.02 in Ce(Pt;_,Pd,)sAls, only xac(T)
revealed the clear anomaly at 1.85 K, which is plotted by an
open circle in Fig. 8(a). The absence of an obvious anomaly
in C/T and p(T) is a characteristic of a short-range (SR)
magnetic order, and therefore, this region is denoted as SR
phase. At x = 0.05, a long-range magnetic order sets in, as
manifested by the jump in C/T and p(T). The magnitude of
CIT at 0.4 K weakly increases with x, as shown in Fig. 8(b).
This weak increase is in contrast with the large enhancement
of C/T in Ce(Cu;_,Au,)e near x = 0.025 where a long-range
AFM order sets in [32]. Upon exceeding the critical concen-
tration of Au, the 4f occupation number suddenly increases
and leads to the breakdown of Kondo screening [33]. Note
that the arrangement of Ce atoms in the monoclinic structure
of Ce(Cu;_,Au, ) has no geometrical frustration. The gradual

104411-5



R. OISHI et al.

PHYSICAL REVIEW B 104, 104411 (2021)

. r . T .
4}
T
3
E 2Fo & y
SR AF I AF I (a)'
0 t } t ] t
5 10r7=04K T
C\IE [ J i
éo&r. ° o . K
~ |
3 b
© 0 t } t } ()
100-. . -
< . '
o ]
OF t } t ] :( ) 3
e °[ & Ce(PtiPdy)eAl;
2 10F .
] - 4 .
‘.ﬂ 5F = »
N S ) |
0 0.1 0.2 0.3

X (Pd concentration)

FIG. 8. Variations of physical properties of Ce(Pt;_,Pd,)sAl; as
a function of the Pd concentration x. (a) Magnetic transition tem-
peratures 7,, which are taken from anomalies in alternating current
(AC) magnetic susceptibility (open circles), direct current (DC) mag-
netic susceptibility (open squares), specific heat (closed circles), and
electrical resistivity (open triangles). SR, AF I, and AF II denote
the short-range ordered state, spin-density wave (SDW) state, and
antiferromagnetic (AFM) ordered state, respectively. (b) Specific
heat divided by temperature C/T at 0.4 K. (c) Kondo temperature
Tk estimated from the temperature-dependent magnetic entropy (see
text). (d) Magnetic frustration parameter f = —6,/7,,, where 6, and
T,, denote the paramagnetic Curie temperature and magnetic transi-
tion temperature, respectively. The marks have the same meanings as
in (a).

variations of C/T and Tx with x in Ce(Pt_,Pd,)¢Al; rule out
a sudden breakdown of the Kondo screening. In the region
0.05 < x £ 0.15, T,, increases to double its value. We denote
this region as AF I phase, where the jump in p(T) at T,, is
ascribed to the formation of a SDW state. With increasing x
further to 0.2, the anomaly in p(T) at T,, changes to the cusp,

and S,,(T")/RIn2 at 5 K reaches 0.7. Because these features are
characteristics of the AFM ordered state of rather localized 4 f
moments, we denote this region as AF Il phase. The phase dia-
gram in Fig. 8(a) is consistent with the theoretically predicted
one for a frustrated Kondo lattice [9-11]. Our experimental
results on Ce(Pt;_,Pd,)sAl; corroborate the overall diagram
in which a Fermi liquid state changes to an itinerant AFM
ordered state and further to a local-moment AFM ordered state
with the decreases in both the Kondo coupling and degree of
frustration. Further experiments using single-crystalline sam-
ples are necessary to detect the partial Kondo screened state
with site-dependent moment size that is predicted to occur in
a frustrated Kondo system [12].

IV. CONCLUSIONS

The honeycomb Ce lattice compound CePtgAl; is a non-
magnetic heavy-fermion system with y = 0.5J/K? mol. We
have found the development of magnetic order by the sub-
stitution of isovalent Pd for Pt in Ce(Pt;_,Pd,)sAl; (x <
0.3) from the transport, magnetic, and specific heat measure-
ments. The Pd substitution does not dope charge carriers nor
apply chemical pressure. In fact, in the whole range of x,
the unit cell volume remains unchanged within 0.2%, and
the effective magnetic moment stays at a constant value of
2.4 up/Ce. Nevertheless, experimental results indicate that
the ground state changes from the heavy-fermion state to
the SDW state and to the AFM ordered state. The ordering
temperature 7, as a function of x has the maximum at 3.8 K
for x = 0.15—0.2. We ascribe the emergence of long-range
AFM order to the combination of weakening of the Kondo
effect and suppression of the magnetic frustration. As for
the latter mechanism, we propose that the randomness in the
spin-orbit coupling in the Pt 54 and Pd 4d states modifies
the periodically oscillating RKKY interaction and thus breaks
the delicate balance in magnetic interactions maintaining the
frustrated heavy-fermion state. To confirm this supposition,
microscopic experiments by neutron scattering, muon spin
relaxation, and nuclear magnetic resonance combined with
band structure calculations are highly anticipated.
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