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Kondo systems G&d;_,M,),Al; (M=Cu or Ag) have been previously shown to display antiferromagnetic
(AFM) or ferromagneti¢FM) ordering alternatively then produce a complex phase diagram of AFM-FM-AFM
type depending on the substitution amownfThis paper reports the results of specific héét) until high
temperature§T< 150 K) for the above systems. A Schottky peak is observed for all the samples in the
magnetic contributions to specific he@,,4T), while deviating from a typical one on substitution. Unusual
Schottky peaks that spread over a very wide temperature range with considerably small values can be con-
firmed at least aroungd=0.2—0.3 where FM ordering just occurs. The unusual Schottky peaks are phenom-
enologically associated with randomness in the crystal electric field induced by tklerBolacements, and the
randomness is discussed as a probable origin of the AFM-FM transition. In addition, a comparison between the
present systems and the relevant AFM-FM transition system £A&Rd,Ga,); suggests that the mechanism
for the FM ordering is different in the two cases.
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I. INTRODUCTION On the other hand, surprisingly, a homologous compound

L h li CePdGa; with Al replaced by isoelectronic Ga, was re-
Investigations on rare-earth based ternary metallic COMported to exhibit FM ordering belowlc=6 K.1213 For

pounds of the hexagonal Pidil 5-type have been of particu-  cepgGa,, similarity to CePgAl; was found both in the
lar interest since the discovery of two well-known heavy cgfr-derived energy scheme of Teand the magnetic
fermion superconductors, UPAl 3 and UNRAI5, +2 focused  anisotropyt213 Based on comparative studies on the two
on the diverse strongly correlated electronic effects including;ompounds and their substitutional system
the Kondo effect, the Ruderman—Kittel-Kasuya—-YosidaCePg(Al,_,Ga); the variation of the lattice parameter
(RKKY) interaction and the crystal electric-fiel@EP) split-  with respect ta was suggested as the origin of the AFM-FM
ting effect. In this crystal structure, Pr and Ni occupy thetransition!® What supports this suggestion can be obtained
same basal planes that alternate with Al layers alongcthe from magnetic multilayers, where thickness-dependent oscil-
axis. The discovery of CeBAl; (see Ref. § which shows latory coupling (AFM or FM) between FM layers separ-
antiferromagnetiqd AFM) ordering atTy=2.8 K and elec- ated by a nonmagnetic metal spacer has been understood
tronic specific-heat coefficienty~380 J/mol K, greatly in the framework of the RKKY interactiot, consid-
supplements this family. Its magnetic structure has been desring the strong crystallographic resemblance between
termined by neutron diffraction measurements to be a type ofePg(Al;_,Ga); and multilayers. Therefore, we believe the
ferromagnetidFM) basal plane that is stacked antiferromag-RKKY interaction serves as a basic interpretation on mag-
netically along thec axis* netic evolutions in rare-earth based compounds, with the ex-
So far, replacements of Pd atoms in CeMd with iso-  change coupling oscillating with respect to the produR,
electronic or nonisoelectronic transition metals while holdingwhere s denotes the Fermi wave number érthe distance
the crystal structure have shown diversely changed groundetween magnetic ions in questibriThe parameteR seems
states. Among these, introducing isoelectronic atoms Ndominant in determining the magnetic structure of
yields a nonmagnetic ground state due to the volume effed€ePg(Al,,Ga); as well as magnetic multilayers.
on the hybridization between conduction arfdedectrons’® Situations in the present systems are apparently different
in good agreement with the hydrostatic pressurefrom CePd(Al,_,Ga);. This can be easily understood be-
experiments. While introducing nonisoelectronic atoms Cu cause of not only the electronic change in the present sys-
(or Ag) gives rise to a complex phase diagram of AFM-FM- tems, but also the fact that closely similar phase diagrams
AFM type depending on the substitution amountand a  were obtained foM=Cu and Ag in spite of their opposite
decreasing tendency of Kondo temperat@iie®® Equally, evolutions onc/a. These evidences strongly imply that a
substitutions with electronically different atoms drive second effect related to the electronic change might exist,
magnetic-structure transitions in other systems as well, e.gdominating the magnetic evolution in @,_M,),Al; (M
in CeNij_,Cu,*® and Cé¢Pd,_,Cu,),Si,.** This phenomenon =Cu or Ag.
is generally attributed to the electronic change therein in- Up to now, there are several descriptions apart from the
duced, but the physical mechanisms in detail are diverse angkcillatory properties of the RKKY interaction attempting to
still controversial. interpret the magnetic-structure transition induced by elec-
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FIG. 1. Magnetic phase diagram of @&, Cu,),Als. Closed  ments of C&* under CEF, the same as the antiferromag-
circles, open circles and squares denote the magnetic transition teMatism. At high temperatures above 100 K, the effective
peratures determined by @,andp peaks, respectivelisee Ref. & magnetic momeni. has a value of free Gewith J=5/2

_ _ _ for the samples in the whole range of substituién.
tronic change. For example, an extra FM interaction propor-

tional to the density of states at the Fermi level is taken into

account in addition to thg'prolper RKKY interagtion by Her- Il. EXPERIMENTAL DETAILS

nandoet al,'® thus modification on the Fermi level may

drive an AFM-FM transition. Studying the AFM-FM transi- Polycrystalline samples @Rd,_,M,),Al; (M=Cu or Ag

tion in Tby_,YNiAl and TbNi; ,CuAl, Ehlerset al. suggest and selected La counterparts(Pa,_,M,),Al; (x=0.0, 0.2,

a possible contribution from another indirect magnetic ex-0.4, and 0.were synthesized by arc melting the constituent
change coupling mechanisth,i.e., the one proposed by elements and then annealing propéfdyThe well-defined
Campbell in the 1970% and known to be parallel to the single PrNjAls-type phase was found to extend xs0.7
RKKY interaction to explain the magnetic ordering in rare and tox=0.6 for M=Cu and Ag systems, respectively. The
earths. Additionally, Sereni, Beaurepaire, and Kappler specuattice parameters were determined by x-ray diffraction pat-
late that the FM-AFM transition in CeRgAg;, is due to the  terns on the powdered samples.

variation of the charge screening at the nonmagnetic %ites. Specific heat measurements were performed by the relax-

This paper is primarily stimulated by the observations ofation technique, using a commercial physical properties mea-
severe changes in magnetic anisotropy in the systems showurement system{(PPMS (Quantum Design, Ltdl. with
ing magnetic-structure transitions. Since the CEF effect isamples ranging from 20 to 50 mg. Samples were glued to
one of the effective factors in determining a magnetic structhe sample puck using Apiezon N grease to ensure good
ture and considerable information on it can be obtained fromhermal contact, and the adden@ack and greagavas mea-
Cmag CONveniently, we measured the specific heat until highsured just before each sample was studied. Part of the
temperatures for Gd,_,M,),Al; (M=Cu or Ag. To our  samples was measured down +®.5 K with a quasiadia-
surprise, the typical Schottky peak confirmed for0 is  batic method in an Oxford dilution refrigerato€y,,q was
found unusual with replacements, especially around the inebtained by subtracting specific heat of a La counterpart as
termediate concentrations nfwhere FM ordering emerges. the lattice contribution from that of the corresponding Ce
This observation is discussed in the light of probable relacompound. For samples lacking a prepared La counterpart,
tionships among the unusual Schottky peaks, randomness ihe lattice contribution was estimated by scaling specific heat
CEF and AFM-FM transitions. of other La compounds witk.

The magnetic phase diagram of (€€,_,Cu,),Al; is ex- Prior to measurements on the samples, systematic errors
tracted from our previous repérand is shown Fig. 1, where in PPMS were analyzed by determining the specific heat of a
magnetic ordering temperature is plotted as a function of Ceopper samplg€25.4 mg, purity 99.999%, without vacuum
concentrationx. We can see immediately that an AFM re- anneal and comparing it with the well accepted val@és.
gion, then a ferromagnetic-like-ML) region, and at last a The results are shown in Fig. 2 for temperatures lower than
second AFM region emerges alternatively according.tmn 200 K, where the deviation appears as a plain curve without
fact, the FML state has been identified as ferromagnetic bynuch scatter. The deviation is very small lower than 0.5%
well-defined hysteresis loop in magnetization experimentstypically 0.2% —0.3%in the temperature range 60—300 K.
down to T~ 0.5 K (not shown herg Similar phase diagram Below 60 K, it grows rapidly with decreasing temperature,
was obtained for the analogous (€€, _,Ag,),Al; system as reaching 1% at-30 K and presenting a strange maximum
well, on which a paper is in progre3sEntropy analysis over 5% around 7 K. Likewise, performance of PPMS on
proved that the ferromagnetism originates from the local mospecific heat measurements has been examined by Laahley
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al.,?® and our results resemble theirs strongly. The enhanced 13 T T
deviation at low temperatures was attributed to the difference
in temperature scales and addenda errors by Lasttle). 112 F CC(Pdl_xMx)2A13 -
and may partially come from the dissolved gas in pure cop-
per samplé* Besides, one more uncertainty arises from m kL 4
mass measurements on a balance of 0.1 mg accuracy that w
used. Attention was paid to minimize this uncertainty by av- 4 110 k i
eraging measurements up to ten times. Such a deviation ire<t
mass would lead to a regular and analyzable departure in ~
specific heat, altering th€,,4 peaks mainly on the height 109 |- b
(e.g., within a magnitude of £0.3 J/mol K around 50,K
while leaving the width, which is emphasized in this paper, 108 | .
almost unchanged.

The abovementioned accuracy is tolerable for our discus- 107 -
sion limited toT<150 K considering the following matters:
(1) the curve in Fig. 2 means an absolute deviation lower e b1 33
than 0.4 J/mol K (typically 0.2—0.3 J/mol K for the 0.780 T T T T T T T
samples in study over the temperature ramgel50 K, and
the enhanced deviation at low temperatures does not drive : Ce(Pdl_xMx)2A13 °
large absolute deviation because of the small specific heat
thereat;(2) deviation of the same type is anticipated for both 0.775 | 7
Ce and La compounds especially at low temperatures, in
view of the regularity of the deviation derived by tempera-
ture scale, thus it may be partially cancelled in extracting
Cmag (3) little scatter is observed in the deviation cury4y S 0770 F 7
reproducibilities were confirmed to be excellent by repeated
measurements on our samples. (b)

0.765 | -
lll. RESULTS AND ANALYSIS

In Ce(Pd,_,M,),Al 3, the evolution of the unit-cell volume
with x is opposite foM=Cu and Ag; Cu atoms reduce it and oteoblt—u 10 4 4 . ¥
in contrast Ag atoms enlarge it. These trends are shown in 0 01 02 03 04 05 06 07 08
Fig. 3@). The ratio of the lattice parametexd,a, which is a X
crucial parameter for the hexagonal structure, is also shown
for the two cases in Fig.(B). Similar to the evolution of the FIG. 3. Evolution of(a) the unit-cell volume andb) the ratio of
unit-cell volume,c/a decreases whelW =Cu and increases lattice parameters;/a, as a function of substitution amountfor
whenM=Ag. CePd;yM,),Al; (M=Cu or Ag. The lines serve as a guide for

Showing the lattice volum¥ and thec/a as a function of  eyes.
X is intended as a comparison not only between the present . L ,
two systems oM =Cu and Ag, but also between the presentweak. Nevertheless, systematic variation can be confirmed,

systems and the previously studied CgRdh_Ga)s. In the as shown in the inset of Fig(&), whereC diminishes gradu-

. . X ) ally with increasingx for both Ce and La compounds. Like-
latter caseg/a increases whilé/ decreases with introducing e the system oM=Ag shares the same descriptions

Ga atoms into Al sites. This character in lattice is believed togiven above.
be responsible for the magnetic-structure transition via the Figyre 4b) displays theC/T vs T2 curves for the low
RKKY interaction® Here, one should notice a substantial temperature range of<8 K for La(Pd,_M,),Al5. All the
distinction between G@d;_,M,),Al; and CePglAl,,GaJs,  curves behave linearly according to the expressifi)
that is, the former Changes the details in the Ce-contained '}’T+BT3, Where‘y represents electronic Specific-heat coef-
basal planes while the latter modifies the Al layers. ficient andB=127*/5 Rv 0‘D3 (R being the gas constant,the

In order to confirm the-dependently systematic variation number of atoms per formula unit aréi§, Debye tempera-
in total specific heat, in Fig.(4) we present th€(T) curves  ture). Table | summarizes the and 6, values obtained by
for Ce(Pd,_.Cu),Al; for several equal-interval concentra- |east-squares fits for all the La compounds. Noteworthily, the
tions (x=0.0, 0.2, 0.4, and 0)6along with two curves for Debye temperatur@, increases withx when M=Cu and
La(Pd,_«Cu,),Al; (x=0.0 and 0.6 It is for clarity that only  decreases wheM=Ag, reflecting the opposite changes in
part of our results are shown here. Apparently, magnetic coratom weights of Cu and Ag compared to Pd. On the other
tributions account for the majority of total specific heat be-hand,y decreases witk alike for both cases, indicative of a
low 10 K and a considerable part of it below about 30 K for reduction of density of states at the Fermi level for conduc-
all the Ce compounds. In higher temperatures close téion band. This is in accordance with the equivalent elec-
150 K, the change o€(T) induced by substitution is very tronic structure of Cu and Ag atoms.
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100 TABLE I. The electrical specific-heat coefficientand Debye
: temperaturefy for La(Pd,_,M,),Al; (M=Cu or Ag) with x=0.0,

0.2, 0.4, and 0.6.

10 E
F Compound v[mJ/mol K] 05 [K]

LanZA| 3 9.7 369
La(Pdh &Cup.2)-Al 3 8.1 373
La(Pdy Cuyp.4)2Al 3 6.9 389
La(Pdy LCup.¢)Al 3 5.4 394
La(Pd Ago.2)2Al 3 7.7 364
La(Pd 6Ago.4)2Al 3 6.5 362
La(Pd 4Ago.6)2Al 3 5.6 357

C (J/mol K)

01k

0.01
(@

creases tilk=0.6. Third, in the intermediateregion includ-
T T T ing x=0.2 and 0.3, unusual Schottky peaks heavily broad-
ened and deduced are exhibited. This behavior should be
0.2 J compared with the typical Schottky peak %¥0.0 and the

X

&

0.03 T T

X relatively broadened but enhanced one#0.6.
. x’/"»’ The temperaturél,,x and the maximum valu€,,, of
Bt i each Schottky peak were taken from Fig. 5, and are shown in
| PR S A Fig. 6 as a function ok. Shown in this figure are also those
K xxxvofq = 2 values for the equivalent system bf=Ag, whose specific
heat would appear later in Fig. 8. Anomalous features in Fig.
001 k M i 6 are a valley inC,4 Vs x curves and a relatively rapid
growing of T, aroundx=0.2—0.3.
La(Pd_Cu) Al Figure 7 highlights the CyadT) curves for
Ce(Pd,_,Cu)-,Al; with x=0.0, 0.2, and 0.6 that each repre-
sents a magnetically different region. Calculations based on
0 0 1'0 2'0 3'0 4'0 5'0 % the CEF-derived energy scheme of’Care performed to fit
(b) 2 K?) the datf_:\ ofx=0.0 and 0.6, but not the data ®8E0.2. The
reason is that fox=0.2, the large width and the lower values

g

(=3

3
T

IA(];‘dHAgx)lA]3

C/T (J/mol K3

FIG. 4. (a) Total specific hea€ as a function of temperature for
several samples of @@d,_,Cu,),Al5 with x=0.0, 0.2, 0.4, and 0.6.
Both the horizontal and vertical axes are in a log scale. The solid
and broken curves represe@(T) of La(Pd,_,Cu),Al; with x 6
=0.0 and 0.6, respectively. The inset gives a close-up of the high
temperature region in linear scaleg) C/T vs T2 curves for
samples of L&Pd;_,Cu,),Al; with x=0.0, 0.2, 0.4, and 0.6, along 5
with same curves for L@d;_,Ag,),Al; shown in the inset.
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Figure 5 displays seve@,,dT) curves with equak in-
terval (0=x=<0.6) for CePd,_,Cu,),Al;. A close-up for the
low temperature region af<4 K is attached to illustrate the
evolution of the magnetic orderings, as has been shown as a o e, ™,

(J/mol K)
.I
3
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w

phase diagram in Fig. 1. °..:.’:.'", ac &
The sixfold degenerate multiplet of &esplits into three 2 AT Hhde.
doublets in the CEF potential of hexagonal symmetry, then i lxr:

producing Schottky peak in specific heat due to thermal ex- 1
citations among different energy levels. This explains the
peaks appearing at high temperatures in this system. Upon

XX x_ & X X
XX Ky X o patal
«®a®a 0

developing X, three outstanding features can be noticed 0 '

within the tolerance of the specified uncertainties to charac- 0 50 T(K) 100 130

terize the evolution of the Schottky peak. First, the peak

temperature grows up successively with increasingl x FIG. 5. Magnetic contribution to specific he@yq as a func-

=0.4, then saturates approximately to a certain valuextill tion of temperature for G@d,_,Cu,),Al; with x=0.0, 0.1, 0.2, 0.3,
=0.6. Second, with increasingthe maximum value of the 0.4, 0.5, and 0.6. The inset gives a close-up for low temperatures to
peak decreases initially in the range<s@<0.2, then in- illustrate the evolution of magnetic ordering.
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FIG. 6. The temperaturél,», and the maximum valueg,,,, L
100 150

of the Schottky peaks as a functionxofor M =Cu systentcircleg
and M=Ag system(crosses of Ce(Pd;_,M,),Al;. The lines serve
as a guide for eyes.

T &)

FIG. 8. Magnetic contribution to specific hey,q as a func-
tion of temperature for G@d;_Ag,),Al 3 with x=0.0, 0.2, 0.4, and

of the peak deviate itself far away from a typical Schottky 0.6

type belonging to C¥. The competition between the Kondo

and CEF effects can reduce a Schottky peak but cannot

broaden it so heavil{? Rather, it is not exaggerative to say pair of doublets(R In 4)ht0 a Ia.rge:jzgfelse’eoelfi?. ?t me
that not a clear Schottky peak is establishedxfe0.2. propose an energy scheme wifly ~ 4, = o fit the

Fitting the data ofx=0.0 we obtain/A;=33 K and A, peak, which gives a reasonable position but much enhanced

=500 K, in agreement with the previously reported energyvalues. Apart from the Kondo effect, the same mechanism

scheme that includes a ground doutliet|+1/2) and two Proadening and lowering the peak=0.2 should also be
excited doubletsT'g=|£3/2) at 33 K, I'g=|+5/2) over con§|dered fox=0.6.

600 K 26 Somewhat higher peak in the fit curve can be ex-, ©19ure 8 SNOWCyadT) curves for CéPd_Agy),Al; for
plained by the moment reduction due to the Kondo effect of0Ur typical samples witx=0.0, 0.2, 0.4, and 0.6. These
T«=19 K in this compound. Discrepancy i, is tolerable ~ CUrves resemble their respective counterpariinCu sys-

in view of the differences in estimation procedures and syst€M Strikingly, with unusual Schottky peaks appearing in the
tematic errors. Fox=0.6, the peak grows up and seems per_intermediate region ok. Thus the two systems should share
fect compared with that of=0.2 and 0.3, however, the fitis € Same descriptions given above for Figs. 5-7. _
rather tentative and qualitative still. Considering that the en- Magnetic entropy curveSy,{T) are obtained by numeri-

tropy achieved at 150 K exceeds the amount arising from &2/ integration ofCy,,f/ T with respect tol' and are shown in
Fig. 9 for CéPd,_,Cu),Al;. In Table II, the experimental

7 1 1

16 T T
Ce(Pd. Cu ) Al
lx x2 3

14 F

12

10

(J/mol K)

C

mag

[¥'S)
(J/mol K)

mag

5 Ce(Pd,_Cu) Al ——0.1

1 10 100 0 , .

T (&) 0 50 100 150
TK)

FIG. 7. Three selecte@,,dT) curves for CePd, ,Cu),Al;
with x=0.0, 0.2, and 0.6. The lines represent theoretical calculations FIG. 9. Magnetic entropy,,q derived from numerical integra-
using the energy schem®®;=33 K, A,=500 K for x=0.0 andA tion of Cray/ T with respect toT, as a function of temperature for
=A2=13O K for x=0.6. Cdel_XCux)zAl 3
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TABLE II. The experimental minimum temperatur®;,, the 600 T T T T T
estimated initial value of entrop$n,q., and the entropy amounted e HicsCl
to at 150 K,Syagn are tabulated for G@d,_,Cu,),Al ;. 500F | o Jreses

& HlcSC2 3

X Toi () Snagt(I/MOIK)  Spag ( 3/mol K) ook |2 WG 34°
0.0 1.82 11 10.0 E
0.1 0.67 1.1 10.1 T 300
0.2 0.66 1.0 11.5 =
0.3 0.64 0.6 11.4 ~ 200
0.4 0.55 0.8 12.4
0.5 1.42 2.8 12.8 100
0.6 1.44 2.4 14.0

150 200 250 300

T(K)

0 50 100

minimum temperatures in our measuremeilfg, the initial

entropy atTj, estimated by an extrapolation meth&aq., FIG. 10. Inverse magnetic susceptibility(T) measured in an
and the entropy amounted to at 150 &, are tabulated. applied field 1 T for CePghl; and 0.1 T for CePdy gMg 2),Al5
Measurement errors may bring about considerable uncefM=Cu or Ag. The labels SC1, SC2, and SC3 denote the
tainty to Spagn Up to £1 J/mol K since it represents an inte- CePgAl;, 20% Cu and 20% Ag substituted single crystals, respec-
gral number over a large temperature range, thus a precis®ely. The two solid lines are CEF calculations for CeRid with
analysis orS,,d T) is not allowable. However, an increasing CEF parameter89=18.6K, B}=0.24 K and molecular-field con-
trend of Sy,qn With x is rather clear in the accuracy limit. For stantshyy; c=Ayc=15 mol/emu(Ref. 28.
x=0.0 and 0.15,,,4is lower considerably thaR In 4 of the
freedom from the lower-lying pair of doublets, then is en-trically different in the compounds. Taking this point into
hanced by furthering. For x=0.6, theS,,4is approaching account, one can find immediately that unavoidable random-
RIn 6 at 150 K, indicating that the sixf4states should be ness in the distribution of Pd and Gar Ag) atoms would
involved with the large Schottky peak. This inference is notbring about randomness to CEF, even through the sample is
contradictory with the fitting results shown in Fig. 7. Equally, macroscopically homogeneous. On the other hand, the
enhancement 08,44 With x is also observed for thé/ Ce—Pd distance is even shorter than the Ce—Ce distance in
=Ag system. CePdAl 3, thus the importance of the Ce—Pd ligand is fur-
thermore anticipated in determining the Ce properties. We
IV. DISCUSSION AND SUMMARY believe this randomness in CEF accounts for the unusual
Schottky peaks in the present systems, and represents a com-
An important finding in our experimental results is the mon feature in substitutional systems of electronic change.
occurrence of unusual Schottky peaks, particularly aroundor example, randomness in CEF was also noticed for
x=0.2-0.3 in C&Pd,M,),Al; (M=Cu or Ag. These CeNij_.Cu,.2’
anomalies cannot be understood in the light of the competi- Consistent evidence would be found in our recent mag-
tion between the Kondo and CEF effects, with fhe de-  netic susceptibility results on the single crystals including
creasing upon increasing® According to the point charge CePdAl; and CéPd, Mg 2),Al; (M=Cu or Ag), as shown
CEF model, theJ=5/2 multiplet of C€* is split into three in Fig. 1028 In comparison to CeRdl, that has in-plane
Kramers doublets of pure eigenstate in a hexagonal pointnagnetic moments, weakened and reversed magnetic aniso-
symmetry potential. These aj€l/2), [+3/2) and|+5/2), as  tropy is found in the latter two FM compounds with easy
has been seen in CefAd;. The three pure eigenstates shoulddirection of magnetization along theaxis. Fitting the data
persist even in the process of substitution as long as the pointf CePdAl; by the point charge CEF model, we obtained a
symmetry holds on. Thus only one matter remains, that is theeasonable energy scheme Af =40 K and A,=320 K,
rearrangement of the three pure eigenstates in the new ewile fits to the FM compounds failed to give plausible re-
ergy scheme. However, our experimental results deviate agults. Nevertheless, in the CEF model such a reverse of mag-
parently from this description. netic anisotropy means at least a change of the sign of the
The very broad and lower Schottky peaks around dominating CEF parameteBS and a replacement of the
=0.2-0.3 suggest a probability of Cu/Ag-induced random-ground level|+1/2). A consequent overturn between energy
ness to CEF. As known, Pd atom is hole-like and(GuAQ) levels would cause a quartet ground state at a certain amount
atom electron-like in view of their respective electronic of substitution, however, it was not detected by our experi-
structures. In the replacements, @u Ag) atoms occupy the ments including specific heat. Therefore, the abovemen-
Pd siteg2c) randomly. The 4 shells of Pd ions may accept tioned facts support the inference of Cu/Ag-induced ran-
the valence electrons of Ce or Al atoms, becoming electridomness in CEF, in which the notion of three pure
cally neutral and nonmagnetic in the compounds, while theigenstates collapses.
3d (or 4d) shells of the Culor Ag) ions are already com- The importance of CEF in determining magnetic structure
pletely filled. Consequently, Pd and Qaor Ag) ions are elec- is demonstrated here by giving PgNICu,, in which both
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PrNis and PrCy are nonmagnetic with a CEF-derived singlet evolution of the RKKY interaction, and is able to drive a
ground staté® Surprisingly, FM ordering was observed in magnetic-structure transition. So, it is insufficient to take

PrNis_,Cuy for 0.9<x<2.6, whose mechanism was at first only the randomness in CEF into account for the higher
attributed to the enhancement ofi dand susceptibility yagion.

which in turn enhances the exchange interaction among Pr -t is of particular interest to make a comparison between
ions=? However, taking PrNigCu, 1 as an example, Liet al. Ce(Pd,_,M,),Als (M=Cu or Ag and CePglAl, ,Ga)s with

argue by theoretical calculations that the origin of the FM - .
ordering results from a mixing of excited CEF levels with respect to the substitutional effects on the magnetic struc-

ground staté® This mixing arises from the distorted CEF tures. Elastic neutron scattering experiments show that the
induced by substituting Cu for Ni atoms. One difference be-ground state keeps unchanged in the latter system when Al
tween PrNi_,Cu, and CéPd,_,M,),Al; is that Ni and Cu atoms are replaced by iso-electronic Ga até_)?ﬁrézz_6 Fur-
ions have respective preferable sit@g for Ni and x for thermore, the energy scheme and the magnetic anisotropy are
Cu) in the former system while replacements are random irfllso very a_Ilke for both the Al and Ga ends. All these parqllel
the latter, hence distortion and randomness happen to CEfoperties in CePdAl;_,Ga); are easy to be concerned with
for the two cases, respectively. The randomness in CEF prébe iso-electronic structures of Al and Ga atoms. Conse-
vents one from estimating the specific eigenstates for thguently, it is reasonable to propose that the difference in
present systems. However, associating the facts that the i@tomic radius serves as an intrinsic origin in the magnetic-
plane exchange coupling is FM at low temperatures showingtructure transition in CeRAl;,Gay)s, by changingc/a.*®
strong anisotropy for CeBAl;, we speculate that the change This description is acceptable in the framework of the
in CEF may break the unique AFM structure and may lead t&RKKY interaction. However, in G&d,_M,),Al 3 (M=Cu or
the AFM-FM transition. Ag), it is not the lattice variation but the electronic change
Questions then arise, whether we can say samples witthat dominates the magnetic evolution.
higherx (such asx=0.6) are diminishing the randomness in ~ To summarize, we observed identical evolutions of
CEF because they are shifting their Schottky peaks to a typiSchottky peaks in the Kondo systems(Bé_M,),Al ; with
cal one of point charge CEF, and why do they not ordeM being Cu and Ag atoms. Unusual Schottky peaks that are
ferromagnetically like the intermediate region. Clarifying much lower and broad were found arouxwl0.2—0.3, which
these queries is very difficult at the moment, while tworeminds us of the occurrence of FM orderings in this region,
points of view are definite and useful in the understanding ofhus their relationship is discussed. The randomness in CEF
them. First, although analysis on Schottky peak is a convepotential, which originates from the random distribution of
nient method to investigate CEF with an energy scheme, i€u (or Ag) atoms, is speculated to drive the unusual
provides no information on the knowledge of state functionsSchottky peaks, and lead to the AFM-FM transition. A com-
Thus, other investigations, preferably on single crystals, argarison between the present systems and &éPd,Ga )3
necessary to study the randomness in CEF for highex-  suggests different mechanisms for the magnetic-structure
gion. Second, the exchange interaction of the RKKY typetransitions in the two cases. Theoretical analyses in terms of
would be changed gradually by introducing Qur Ag) at-  CEF on the magnetic phase diagrams of the present systems
oms to Pd sites and modifyingg. This is known as a normal are greatly desirable.
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