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Magnetic ordering of the Mn sublattice: Dense Kondo-lattice behavior of Ce
in (RPd;)sMn (R=La,Ce)
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We have synthesized interstitial compoun&¥$¢5)sMn (R=La and C¢. The Mn ions in these compounds,
present in “dilute” concentrations of just 3 molar percent, form a regular sublattice with an unusually large
Mn-Mn near-neighbor distance 6f8.5 A. While the existence ofRPd;)gM (M: p-block elementis already
documented in the literature, the present work reports on the formation of this phaséviiging a 3
element. In (LaPg)gMn, the Mn sublattice orders antiferromagnetically, as inferred from the peaks in low-
field magnetization at 48 and 23 K. The latter peak progressively shifts towards lower temperatures in increas-
ing magnetic field and disappears below 1.8 K in a field~& kOe. On the other hand, in (CeffgMn the
Mn sublattice undergoes a ferromagnetic transition around 35 K. The Ce ions form a dense Kondo lattice and
are in a paramagnetic state at least down to 1.5 K. A strongly correlated electronic ground state, arising from
the Kondo effect, is inferred from the large extrapolated valu€f=275 mJ/mol Ce R at T=0 K.
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. INTRODUCTION and Bi, and for (LaPg)gIn.® (CePd)gM compounds order
magnetically below 10 K in contrast to the Pauli paramag-
RPd; compounds have AuGttype crystal structure with netic, valence fluctuating ground state in CgPand they
Rand Pd atoms occupying the cornersf -and face centers exhibit heavy-fermion-like enhanced low temperature elec-
(3c) of the cubic unit cell, respectively. A unique way of tronic specific heat coefficieng.®=!! Further investigations
alloying RPd; (R=La to Lu) compounds was reported by showed that (CeRyisM (M =Al and Ge also form, order
Dhar et al, when they observed that smallgtblock atoms — magnetically below 10 K, and exhibit a dense Kondo lattice
such as boron could be incorporated interstitially in®R,  behavior %2 Jones et al. also attempted synthesis of
crystal lattice® The smaller boron atoms occupy the intersti- (CePd)gM for M=Zn and Te® Though their powder x-ray
tial body-center positioffor the sake of brevity we will refer  diffraction patterns showed the signature of superstructure
to it as the b site) in the RPd unit cell forming a defect formation, there were some doubts about the homogeneity
pervoskite-type structure with formulBPdiB, (0<x<1).  and the exact stoichiometry of the samples. The cas&lfor
It was later found that silicon could also be incorporated in=7n is interesting in the sense that Zn is notpdlock
the RPd; unit cell up tox~0.32 Alloying with boron and  element which motivated us to search for other atoms in the
silicon resulted in the expansion of the lattice and drastically3d series that might lead to superstructure formation.
changed the valence and hence the magnetic properties of In the present work, we report on the formation of
CePd and EuPg.'™ Briefly, cerium ions changed from a “dilute-Mn” ternary compounds RPds)gMn for R=La and
valence fluctuating state in CePdo a trivalent state in Ce. The word “dilute” emphasizes the fact that the Mn con-
CePdB, for x>0.12, while the lattice expansion forced the centration in these compounds is Id@bout a few molar
europium ions to change from the trivalent state in Eufdd percent and yet the Mn ions form a periodic lattice with
the valence fluctuating state in EwfBd alloys, with possible  unusually large nearest neighbor Mn-Mn separation allowing
charge ordering in EuR8. localization of the 8 moments. Recently such “dilute-Mn”
An interesting extension of the abovementioned intersti-compounds have attracted considerable attention. Negative
tial alloying has recently been reported by Gordon andcolossal magnetoresistance has been reported in the single
DiSalvo® They found that alloying CeRdwith an appropri-  crystals of Zintl compounds EgMnShb;; and Ey,MnBi,,
ate amount of Sb leads to the formation of a cubic superdespite antiferromagnetic ordering in the latter compotind.
structure (CePggSb closely related to the AuGtype In Yb,,MnSh; (where Yb ions are divalent and hence non-
structure of CePd The large sized Sh atoms deform the Pdmagnetig the localized MA* moments are coupled via con-
octahedra, such that the available gites in the CePdlat-  duction electrons and order ferromagnetically at 53"/
tice are occupied by Sb atoms only in a regular pattern form¥b,,MnBi; exhibits two magnetic transitions: a ferromag-
ing a simple-cubic sublattice with near neighbor Sh-Sb sepanetic transition at 58 K followed by a second transition at 28
ration slightly more than twice the lattice parameter of theK. It was pointed out in Ref. 14 that similar “dilute” inter-
parent CePgl unit cell. In the superstructure the Ce atom metallic compounds may be a good starting point to find
remains coordinated by 12 Pd atoms and the Ce-Ce separdd-Kondo-lattice systems, analogous to the well known and
tion is increased by 2 to 3% over its value in CePA4  extensively studied #Kondo-lattice/heavy fermion systems.
rigorous discussion of the superstructure is given in Refs. 6/Ve find that in RPd;) sMn (R=La, Ce the nearest neighbor
7. Later, it was found that the superstructure (GggMd is Mn-Mn separation is unusually large~8.5A. In
also formed for othep-block elementdM=Ga, In, Sn, Pb, (LaPd)gMn the Mn ions are in a localized+2 valence state
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and order antiferromagnetically below~50 K. In
(CePd)gMn the Ce ions form a dense Kondo lattice and do (LaPd,),Mn
not order magnetically at least down to 1.5 K. However, the - Observed
Mn sublattice orders ferromagnetically near 35 K. — Fitted

II. EXPERIMENT

The composition RPd;)gMn for R=La and Ce were syn-
thesised by the standard technique of arc melting in an inert
atmosphere of argon. First an ingotRPd; was melted and
then Mn added to it by gently focusing the arc on the pellet
of RPd; so that Mn, which is volatile, was not directly
heated. The button of the ternary alloy was flipped over and
remelted several times to ensure homogenization. The initial LJJ

Satellite
Peaks

Intensity (arb. units)

and final weights of the pellets are practically the same and :

hence there is no loss of Mn. We believe that the success of M
the arc melting technique for making these samples is par- CUTHE e e e e e
tially due to the fact that the molar percentage fraction of Mn | I 111 HEER
is low (~3%). Thesamples were checked for their phase L . ' ' '
purity by the standard powder x-ray diffraction technique 20 30 40 50 60 70 80
and optical micrography. The resistance between 1.5—-300 K 20(deg)

was measured by the four-probe dc method on a rectangular
parallelepiped piece of the uniform cross section. Contacta
with the sample were made using gold wire and silver paste,
The following method was used to remove the uncertainty irP

the value of resistivity arising due to the error associateqnation of cubic superstructure. The lattice parametecs

with the measurement of distance between the voltag LaPd;)sMn and (CePg)sMn are 8.466 and 8.415 A respec-
probes. The two current and one voltage probes were fixed Vely, V\?hich is also the %earest néighbor Mﬁ-Mn separation

the sample, the room-temperature _resstan(@e of the in the two compounds. We find that the superstructure in
sample was then measured as a function of distance by moY’RPdB) Mn (R=La and Cg is sensitive to the heat treat
. . . 8 - -
ing the second voltage probe in fixed steps AL ment. For example, annealing the (CgRMn samples at

;iggiliglr;r.\czhbeet?/l/oe%i ?r]:et?ri\\//; ;;nZLﬁ)((Vggir;; g;Se g}ibesgowc diminishes the low intensity satellite peaks and gives
the slape is independent of the choiceldfis used to nor- rise to new peaks, indicating a degradation of the phase by

. o X ) the heat treatment. All the data reported in this work were
malize the value of resistivity obtained from silver contact

: : aken on the as-cast samples.
measurements. The heat capacity was measured by using t?we P

semiadiabatic, heat pulse method. Magnetization as a func-
tion of temperature and field was recorded by using VSM

FIG. 1. The observe(trossg and fitted(solid line) powder x-ray
iffraction pattern of (LaPggMn. The vertical bars indicate the
osition of the Bragg peaks.

B. (LaPd3)gMn

(Oxford Instrumentsand SQUID(Quantum Designmagne- LaPd; is diamagnetic at room temperature and shows a
tometers. nearly temperature independent magnetic susceptibility.
The inverse molar susceptibility * of (LaPd)gMn mea-
Il. RESULTS AND DISCUSSIONS sured in an applied field of 3 kOe is shown in Fig. 2. Be-

tween 100 and 300 K the data can be fitted to a modified
Curie-Weiss expressiop= xo+C/(T—0,), whereC is the

A representative powder x-ray diffraction pattern of Curie constant ang, is the temperature-independent contri-
(LaPd;)gMn obtained using Cica radiations is shown in  bution to the total magnetic susceptibility afq, is the para-
Fig. 1. The crystal structure was refined using the Rietveldnagnetic Curie temperature. The values of the best-fit pa-
refinement progranFuLLPROF (Ref. 16 and an output of rameters are ues=>5.9ug/f.u. (derived from C), 0,
such a fitting is also presented in Fig. 1. The Bragg peaks for52.1 K, and yo=—0.003 emu/mol. Theues is compa-
the powder pattern of (LaR}sMn, generated by theuLL- rable to the theoretical value of 5.92; for Mn?* (S
PROF, are shown as two sets of vertical bars in Fig. 1. While=5/2) ion and suggest that the Mn ions in this compound are
the bigger and thicker bars correspond to the reflections oni@ a 3d°® electronic configuration. The negativg, (about
would expect from a face centered cubic LaPattice, the 20% of the total susceptibility at 300 )Karises from the
smaller barglabeled as satellite peaks in the figuomrre-  diamagnetic contribution of the Lapdetwork and is com-
spond to additional low intensity satellite peaks arising dugparable to the susceptibility of (LaB)gIn which is reported
to the periodic occupation oftlsites by the bigger Mn at- to be—1.06x 102 emu/mol at 293 K The susceptibility of
oms resulting in the formation of a cubic superstructure of(LaPd;)gMn measured in a field of 1 kOe is shown in the
size about twice the size of the LaPahit cell. The powder inset of Fig. 2. At low temperatures the susceptibility shows
diffraction pattern of (CeRggMn, similarly, showed the for- a peak at 48 KT1) indicating an antiferromagnetic transi-

A. Powder x-ray diffraction patterns
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of (LaPd&)gMn as a function of temperaturg, is estimated by
fitting the susceptibility data to the modified Curie-Weiss expres-
sion (refer to the text for detai)s The line is the best-fit of the data
to the modified Curie-Weiss expression. Inset: The temperature
variation of the magnetic susceptibility of (Laf)gMn measured in
an applied field of 1 kOe between 1.5 and 300 K.

0 10 20 30 40 50 60
T(K)

FIG. 4. The magnetizationM/H) of (LaPd)gMn as a function
of temperature for a number of fixed applied fields. The dotted line
(guide to the eygtrace the locus of th&2 peak which shift towards
tion. In addition there is a smaller peak at 23 K2() indica-  lower temperatures with increase in the applied magnetic field.
tive of a second phase transition.

Figure 3a) shows that the magnetization of (LaffgMn  magnetization[M(T)/H]y of (LaPd)gMn, measured in
measured in zero-field-coold@FC) and field-cooledFC)  several applied fields below 60 K is depicted in Fig. 4.
modes in an applied field of 100 Oe is practically the samefM(T)/H] in the ordered state exhibits very unusual be-
Further, we do not observe any frequency dependence of theavior in relatively low applied fields. Noteworthy is the
ac susceptibility measured at 1, 9, and 99 [fig. 3(b)].  shift of the T2 peak to lower temperatures: above kOe
These data show conclusively that the peaks in the magnetihe T2 peak shifts rapidly to lower temperatures and disap-
zation arise due to the long-range magnetic order and not dysears below 1.8 K in an applied field of8.25 kOe. The
to any spin-glass-type freezing of the Mn moments. Themagnitude ofM/H, on the other hand, increases with the
increase in the magnetic field.

05 T 71T T T 7T The isothermal magnetizatigiM (H) ]+ measured at sev-
C (LaPd.).Mn . eral temperatures between 2 and 50 K is shown in Fig. 5. For
04 [ 8 ] eachT, [M(H)] is measured by cooling the sample from
- C ] above 60 K to the desired temperature in a nominal zero
o C ]
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FIG. 3. The magnetic susceptibility of (LapPgMn as a func-

tion of temperature(a) dc susceptibility §) in zero-field-cooled
(ZFC) and field-cooled FC) modes in an applied field of 100 Oe. tion of applied magnetic field at several temperatures. Inset: data

(b) ac susceptibility ¢') at 1, 9, and 99 Hz.

plotted up to 120 kOe at 2K.
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FIG. 5. The magnetization isotherms of (LapgvMn as a func-



SURJEET SINGH AND S. K. DHAR PHYSICAL REVIEW B8, 144433(2003

(LaPd,) M|

field. [M(H)], gk undergoes a sharp metamagnetic transi-
tion in a “critical field” of ~8.25 kOe, at which th&2 peak 2
of magnetization disappears as seen in Fig. 4. At higher tem-
peratures the metamagnetic transition becomes less sharp
and the corresponding field at which the metamagnetic tran-
sition occurs also decreases. The linearity of the magnetiza-

—#—0.8k0Oe |
—O0—5kOe

tion at 50 K characterizes the response in the paramagnetic T 7500 A
state] M (H)],« (shown as inset in Fig. 5 up to 120 kCreas e

a tendency towards saturation attaining a value pqf
=4.6 ug/Mn in 120 kOe(close to the theoretical value of
5ug for Mn?* ion). From the values obtained fpr.s and u
we conclude that thedstate of the Mn ions in (LaRjsMn j T
has a localized character in contrast to the usual bandlike foy  TeledreEs
character of the Mn @ state in the intermetallics. S 0 o
It may be noticed that thoug® , obtained from the high 10 - TH -
temperature Curie-Weiss behavior of the susceptibility data e ———
X . 0 20 40 60 8 100
is positive, indicative of ferromagnetic correlations, the peak T K)
in y at T1 and the nature of isothermal magnetization sug-
gest antiferromagnetic ordering. The data presented in Figs. F|G. 6. The magnetoresistant®R) of (LaPd)gMn is shown
4 and 5 shows that the antiferromagnetic state is not robusks a function of temperature for several fixed applied fields. The
We speculate that the ferromagnetic and antiferromagnetiarrows(pointing upwargl mark the position off2 peak which shift
interactions are competing in this compound. It is worthy oftowards lower temperatures with increasing applied fields. Inset:
mention here that the Mn sublattice in (CgRgMn orders  zero-field resistivity as a function of temperature up to 300 K.
ferromagneticallysee belowand our preliminary investiga-
tions reveal a ferromagnetic ground state inmagnetization, in accordance with the positive MR typically
(LaPd, 7sRhy29gMn and (LaPd,sAgg.9gMn. Thus it ap- observed in the antiferromagnetic state. However, at lower
pears that the nature of magnetic ordering is rather senstemperatures the MR changes sign and exhibits a field de-
tively dependent on slight variations in lattice parameterpendent peak, the peak positidi2 coinciding with that in
conduction electron concentration, etc. the dc magnetization at the same value of the applied field.
It is interesting to note here that the metamagnetic transiThe low temperature peak in MR vanishes for fields above
tions observed in (LaRysMn is qualitatively similar to that ~8.25 kOe within the temperature range of our measure-
observed in bilayer itinerant metamagnetf,O, where  ments, thus mimicking the corresponding behavior seen in
the quantum critical fluctuations associated with the metathe dc magnetization. Thus, while the zero-field resistivity is
magnetism at very low temperatures has been shown to givepparently featureless di2=23 K, the in-field resistivity
rise to a non-Fermi-liquid behavior in magnetotranspdtf.  changes distinctly atfield dependentT2 pointing at the
Therefore, it will be very interesting and pertinent to inves-bulk nature of changes taking placeT®.
tigate transport and magnetic properties of (LggdIn at The in-field resistivity measured at selected fields are
very low temperatures and in fields close to the “critical plotted in Fig. 7a) as a function off2. The zero-field resis-
field” ~8.25 kOe: the field at which th€2 peak in magne- tivity and the resistivity in applied fields greater than the
tization disappears below 1.8 K or the isothermal magnetizatcritical field” (namely, 8.5, 10, and 15 k®éollows a T?
tion exhibits metamagnetic transition at 1.8 K. We presenvariation between 1.5 and 10 Kt behavior in zero-field
here our preliminary results on the magnetotransport megsersists up to nearly 15)KThe data in 10 and 15 kOe are
surements of (LaRdsMn down to 1.5 K. nearly coincident with the 8.5 kOe data and are, therefore,
The zero-field resistivity(H=0,T) data of (LaPg)gMn  not shown in the figure. Evidently, for applied fields less than
between 1.5-300 K are shown in the inset of Fig. 6. A rathethe “critical field” (namely, 5, 7.8, and 8 kQea similar
low residual resistivity of~7 wQlcm and a moderately good quadratic dependence of resistivity is not observed at low
residual resistivity ratio of about 4.5 is observed. At hightemperatures. However, at temperatures above the field de-
temperaturep(0,T) decreases almost linearly with tempera- pendentT2 peak the data nearly coincides with the data
ture down to 100 K. The magnetic transitionTat is clearly  taken in 8.5 kOe and thus follow & behavior. MR at a
reflected by a distinct change in the slope around 48 K beloviixed temperature of 1.6 K was measured up to 60 kOe and is
which p(0,T) drops precipitously due to the loss of spin- shown in Fig. Tb). MR drops precipitously to—10% at
disorder scattering. Arounti2= 23 K the zero-field resistiv- ~8.25 kOe, correlating with the metamagnetic transition
ity is smooth with no discernible anomaly. The magnetore{Fig. 5. In SL,RuU;O; also the metamagnetism is similarly
sistivty (MR) measured at few selected field&g. 6) shows observed in the MR2 In higher fields the MR becomes less
interesting features, which correlate nicely with the changesegative attaining a value of 3% at 60 kOe. It would be
in magnetization in applied fields. The MR, measured in apinteresting to study the thermal variation of the magnetore-
plied fields of 7 and 10 kOe, is positive between the tem-sistivity in magnetic field near the “critical field” at very low
peratures corresponding Td andT2 peaks in the low field temperatures for possible non-Fermi-liquid behavior.

ol 2~

[p(H,T) - p(0,T)Vp(0,T) (%)

p (u2cm)
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N N FIG. 8. The heat capacitfC) of (LaPd)gMn and its nonmag-
netic analog (LaPggGa shown as a function of temperature. Up-
per inset: magnetic parQ(,, of the heat capacity in (LaRgMn.

H (kOe) Lower inset:C/T plotted againsfT? for the two compounds. The
lines are linear extrapolation of the dataTe-0 K.

0 10 20 30 40 50 60

FIG. 7. (a) The in-field resistivity p) of (LaPd;)gMn as a func-
tion of T2 for several fixed applied fields. Lines indicate a quadratic
behavior ofp in T. (b) The magnetoresistan¢®R) of (LaPd;)gMn
as a function of applied magnetic field at 1.6 K.

spin wave contribution varies a and should therefore not
affect the value of y. For the nonmagnetic analog
(LaPdy)gGa y=2.3+2.1 mJ/mol ¥ which is comparable to
2.21 mJ/mol R in (LaPd)gln reported by Cheet al® The

. The heat capaci_t;C of (.Lang)gMn, shown in Fig. 8 data between 3 and 10 K were least square fitted by includ-
Increases monotonlcglly with temperature up to 60 K. Noing additional T* and T® terms in the expression fa2/T.
discernible anomaly is seen @&l and T2, where the Mn The values ofy thus obtained are 61#25.3 and 5.4

sublattice undergoes transitions. Recalling that the heat ca; 3.3 mJ/mol ¥ for Mn and Ga compounds, respectively.

pacity at a bulk magnetic transition for spii1/2 shows a Within the limits of error the two sets of values are compa-

peak of 25 J/mol K in the mean-field approximation, the IaCkrabIe for each compound. The valuepfor (LaPd)gMn is

of anomaly at first appears puzzling. However, it should be ; ;
i . 4 i an order of magnitude larger than the corresponding value
noticed that in (LaPggMn the Mn ions are just about 3 9 9 b g

| t Theref the total heat itV at hiah t for (LaPd;)gGa and shows that there is an enhancement in
molar percent. 1herefore, the tolal heat capacily at Nigh €My, o, o cronic density of states at the Fermi level in the Mn
peratures is predominantly due to the phonons. The bac “ompound

ground lattice heat capacity masks the anomaly expected at The aforementioned features witnessed in the magnetic

the.magnetic transitions neﬁ_ﬂ andT2. The heat gapacity behavior of (LaPg)gMn=LaPdMn, 1,s appear even more
of isostructural nonmagnetic analog (LapGa is also striking if one looks at Fig. 9, where the ac susceptibility

shown in Fig. 8. Assuming that the conduction electron den- :
sity of states and the phonon contributions in (Lgghin data of LaPgMnoos taken at 1, 9, 99, and 999 Hz is
are exactly the same as in isostructural (Lgg@a, we have
extracted the excess magnetic contributiOp,g, by sub-
tracting the two heat capacities, which is shown in the upper
inset of Fig. 8. The relatively poor quality @,4is easy to
understand. Typically, our heat capacity setup has accuracy
to within 3—4 %. Subtracting the heat capacities of the two
compounds will give large statistical errors-{0-20 J/

LansMnO_os

" (arb. units)

mol K) at high temperatures3(= 250 J/mol K at~50 K). A [ —_:;ﬂi

peak inCp,,qcentered at 48 K£T1) is indeed seen though = e

no apparent anomaly is observedTa as in the zero-field T T .

resistivity. In the low temperature region{3r<6 K), C/T 4 5 5 7 8

vs T2 of (LaPd)gMn shows linear behavidisee lower inset T (K)

of Fig. 8 with least square fitted values of=57.8

+1.6 mJ/mol K and 8=6.75+0.1 mJ/mol K, where y FIG. 9. The ac susceptibilityy() of LaPdMng o measured at

and B have their usual meaning. For antiferromagnets thet, 9, 99, and 999 Hz as a function of temperature.
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T T T T T (é)_ some temperature. We believe the broad peak at 20 K in ZFC
(CePd,) ,Mn data arises due to the appreciable coercivity/anisotropy in
] this ferromagnetic material. The FC data in such cases typi-
cally show a ferromagnetic saturation below the peak but we
¢ ] find that in (CePg)gMn the FC magnetization decreases by
N A about 5% below 12 K; the reasons for this are not clear to us.
TR The susceptibility of (CeRgigMn measured in an applied
T 1 field of 5 kOe is shown in Fig. 10®). The data above 75 K
can be satisfactorily fitted to the modified Curie-Weiss law.
ol o o The best-fit parameters obtained from such a fitting yare
[ Mow i ] =0.002 emu/f.u.udf**V*L 7.15u5/f.u. and g,= +38.7 K.
] The positive value ofl, indicates ferromagnetic interactions.

MH (emuwmol)

o« K;

T T
oo,

SR
]
\ .
1

M/H (emu/mol)

00 O e [ 114

o
=
=)

06605 0 000

s , , (P)- Indeed the Mn sublattice in (CepPgMn orders ferromag-
0 50 100 150 200 250 300 netically around 32 K(refer to the Arott plot analysis and
T (K) heat capacity section belowTo deduce the effective mag-

%" (mol/emu)

T g netic moment per Ce ion it is reasonable to assume that the
- (CePdy)Mn 3 valence of Mn in (CePgsMn is the same as observed in the
T-25K isomorphous (LaPggMn. We further assume that in the
B (C)_f paramagnetic regime the contribution of Ce and Mn to the
= 1 S EEVED L observed effective magnetic moment is simply additive
120 60 0 e 120 and, therefore, it can be expressed gsd3>e"e

H (kOe) =\8(uSH%+ (u¥M?, where uS¢ and uM are effective

FIG. 10. () The magnetizationNI/H) of (CePd)sMn in an magnetic moments per Ce and Mn ions, respectively, in
applied field of 1 kOe as a function of temperature in zero-field-(C€P@)gMn. Since in (LaPg)gMn the effective magnetic
cooled (ZFC) and field-cooled(FC) mode. Inset: an exaggerated moment per Mn ion is 58g, using this relation we get
view of the low temperature maximum M/H. (b) The inverse  uSf=2.42ug per Ce ion, which is close to the theoretical

molar susceptibility in an applied field of 5 kOe as a function of yalue of 2.54.5 for a free cé* ion. Indicating that the va-
temperature. The solid line is best-fit of the data to the modifiedence of Ce in (CePgJgMn is close to+3.

Curie-Weiss expressioft) The hysteresis loop in the isothermal
magnetizatio(M) of (CePd)sMn measured at 2.8 K as a function
of applied magnetic field.

M (u/f.u.)
A o »

Figure 11a) shows[ M (H)]; at various temperatures. In
Fig. 11(b) we have replotted the data &8§M vs M? at T
=20, 30, 40, and 45 K. Such plots, known as Arrott plots,
shown?® In contrast to the long-range magnetic ordering inare useful in determining the Curie temperature of a ferro-
LaPd sMng 105, the alloy LaPgMny, o5, Where Mn ions are magnet. For a fgrromqgnet the Arrott plotTat should pass
distributed statistically over the availablé kites, exhibits a  through the origin while the plots fof <T¢ will cut the
spin glassfreezing at 5.5 K as inferred from the frequency horizontal axis at a nonzero value, which is the square of the
dependent peak shift in the acdata® spontaneous magnetization of the ferromagrdt)( The
plots forT>T¢ do not intercept the horizontal axis, since the
C. (CePdy)gMn spontaneous magnetization is zero. Following the standard

: 8 procedure(see, for example, Ref. 26the high-field(higher

CePd is an archetypal valence fluctuating compoundthan 5 kOg data for each temperature is fitted to a fourth
with enhanced Pauli-paramagnetic ground statg ( order polynomial inM? which is extrapolated to determine
~10"2* emu/mol andy=50 mJ/mol ¥ as T—0 K).?** M2 we findM at 40 K is zero while it has a nonzero value
Figure 1@a) shows the ZFC and the FC magnetization ofat 30 K, indicating that the ferromagnetic ordering tempera-
(CePd)gMn in an applied field of 1 kOe. The magnetization ture of (CePg)gMn lies between these two temperatures.
increases sharply below 50 K like in a ferromagnetic transiisothermal magnetization data at few more temperatures be-
tion and exhibits a broad peak at 20 K in the ZFC modetween 30 and 40 K are required to locdfig exactly. The
There is a pronounced difference between the ZFC and Fegagnetization at 2.8 K does not saturate even in 120 kOe
magnetization below the peak temperature. The field deperand its field variation suggests a component varying almost
dence of magnetization at 2.8 K, shown in the inset of Figlinearly with the field. We believe that the linear component
10(c), is characterized by both hysteresis and a high coercivarises from the contribution due to the Ce ions which are in
field of 6 kOe. Nel has shown that the magnetizati(T)  the paramagnetic state down to, at least, 1.5s&e below,
of a ferromagnet below its Curie temperat(fgin applied  heat capacity and resistivity dataVe thus attribute the fer-
field h much smaller than the coercive figid(T) is approxi-  romagnetic transition in (CeRgMn to the Mn sublattice.
mately given by the relatioM (T)~my(T)h?h2(T), where  The magnetization at 2.8 K in 120 kOe is g/f.u. and
my(T) is the saturation magnetizatiéh Therefore, if below exceeds the corresponding value in (LggMn substan-

T. the anisotropy or the coercive field builds up at a ratetially due to the(paramagnetic contribution from the Ce
much faster thamg(T) then M(T) should show a peak at sublattice.
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temperatures between 20 and 75 K are shown as a function of F!G. 13.(a) The magnetic partGn,g in the heat capacity of

temperature(b) Arrot plots at 20, 30, 40, and 45 K in (CePgMn.
The continuous lines are polynomi@h M?) fits to the high field

data(please see text for details

The resistivity p) of (CePd)gMn (Fig. 12 is about four
times larger than that of (LaR;Mn at 300 K and its ther-

(CePd)gMn is shown as a function of temperature between 15 and
45 K. Inset: heat capacityC) of (CePd)gMn is shown between 1.5
and 50 K.(b) C/T againsfT? at low temperatures. The line is linear
extrapolation of the data t6=0 K.

scattering. The peak at 16 K is not due to any phase transi-

mal variation is qualitatively similar to that seen in the densetjon as both the heat capacityee belowand magnetization

Kondo lattice compounds. The relatively higher in

data do not show any anomaly at that temperature, but it is

(CePd)gMn arises from the incoherent Kondo spin disorderqye to the transition from the incoherent to coherent Kondo

350
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FIG. 12. The resistivity of (CeRlgMn as a function of tem-

300

scattering regime as seen, for example, in archetypal Kondo
lattice compounds CeAl CeCy (Ref. 27 and also in
Kondo lattice antiferromagnet (CePgM (M =Ga, Ge, and
Al)."812 The resistivity does not apparently exhibit any
anomaly afT -~ 35 K because its large negative temperature
coefficient masks the decrease in resistivity occurring due to
the ordering of Mn iong3 mol %). It is interesting to recall
that the resistivity of CeRdalso shows a negative tempera-
ture coefficient and peaks around 13F4Qualitatively the
peak temperature varies inversely with the characteristic
Kondo/spin fluctuation temperature. Therefore, there is a sig-
nificant reduction of the Kondo temperature in (CeRMn.
However, compared to Kondo lattices (CgR# (M
=Ga, Ge, In, and Al"*~**which all order antiferromagneti-
cally between 1.5 and 8 K, the RKKY interaction is not
strong enough to induce magnetic ordering in (G2gMdn.

The heat capacity of (CeRgMn though comparable to
that of the La analog is, however, larger in the entire tem-
perature range of 1.5 to 60 K. This is understandable as the
predominantat higher temperaturgfattice contribution will
be nearly similar in the two compoundthe atomic masses
of La and Ce differ by less than 1%but there will be an

perature. Inset: an enlarged view of the same in low temperaturesadditional 4 -derived contributiorC,; due to the Ce ions in
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(CePd)gMn. The magnetic contribution to the heat capacity IV. SUMMARY

Cmag (Which is predominantlyCy; considering that the Mn We have synthesized and studied the magnetic, thermody-
concentration is loy was derived by subtracting the heat namic, and magnetotransport properties of two interstitial

capacity of (LaPg)gGa from (CePg)gMn. Cpoq displayed  «dilute-Mn” compounds (LaPg)gMn and (CePg)gMn.

in Fig. 13@) exhibit a peak at-32 K which we attribute to  The Mn ions in these compounds form a regular sublattice
the ferromagnetic ordering of the Mn sublattice. The peakand undergo long-range magnetic ordering. The peculiarity
position of Cy,5 is in agreement with the estimate of the of the antiferromagnetic state in (Laf)gMn is reflected in
Curie temperature derived from Arrott plots. The inset ofthe occurrence of two peakat 48 and 23 Kin its low field

Fig. 13 showSC ¢/ T VS T2 below 5 K. A linear extrapola- magnetization and an unusually strong field-induced shift of
tion to T=0 K gives an intercept of 2.2 JmoPK the lower peakT2) towardsT=0 K at relatively low fields.
(275 mJ/ICemol K). In the case of Ce compounds the Concomitantly, a metamagnetic transition is seen in the mag-
screening of Ce magnetic moments by the Kondo interactiofi€tization in the ordered state, which is also clearly reflected
results in an enhanced coefficient of the electronic specifi# the magnetotransport data. The magnetic ordering due to
heaty. The large value ofC, /T at T=0 K shows that Mn sublatt_lce is ferromagnetic in (CeB_gMn, thou_gh the
(CePd)gMn is a dense Kondo lattice. We may recall that Ce_sublattlce shows dense Kondo lattice behavior and_re-
of CePd is ~50 mJ/mol K2. The hybridization of Cef4 mains paramagnetic at least dpwn to 1.5 K. It would .be in-
states with the conduction electrons is reduced in the ternargres?'ng_ to probe the magnetic b_ehawor of (Lgighiin in
compound thereby leading to a narrow band density of state € vicinity of the metamagnetic field at very low tempera-
and an enhanced effective mass. There is no signature of ﬂ%res.

magnetic ordering of Ce ions in (CefgMn unlike

(CePd)gM (M=Ga, Ge, In, Sn, Sb, Bi, and Ki®'2where ACKNOWLEDGMENT
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