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Magnetic and transport studies onR;Pt,5Si;; (R=La and Ce) compounds
with dilute rare earth content
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Magnetic susceptibility, electrical resistivity, and low temperature heat capacity measurements have been
carried out orR;Pt,5Si;; (R=La and Cé¢ compounds in which the rare earth content is onfy mole %. The
La compound is a Pauli paramagnet down to 1.8 K while the susceptibility of the Ce compound shows a
Curie-Weiss behavior withues=2.48ug and o= —4 K. The specific heat of the Ce compound shows a large
upturn below 0.6 K, indicative of the onset of magnetic ordering in this compound. The electronic specific
heat coefficient,y, is found to be 19.2 mJ/mole K per formula unit for the La compound. The electrical
resistivity of these compounds is typical of metallic systems. No Kondo-like anomaly is seen in the
resistivity of CePt,3Si;;. Superconductivity, most likely associated with an impurity phase, is observed in
LagPt,5Siy; at 1.7 K.
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[. INTRODUCTION and electrical resistivity measurements were carried out by
the four-probe dc method using a standard setRPMS,
Intermetallic compounds containing cerium often showQuantum Design In order to search for superconductivity

unusual behavior and a variety of ground states. These irRnd/or magnetic order at very low temperatures, heat capac-
clude superconducting statepagnetic ordering with anoma- ity, and electrical resistivity measurements were extended
lously high ordering temperatufeheavy fermion ground down to He-3 temperature range.
state® ferromagnetic Kondo lattice systehiondo insulat-
ing ground staté etc. The ground state properties of cerium lll. RESULTS AND DISCUSSIONS
compounds depend on the hybridization of the Geefec- A. Structure

trons with those on the neighboring ions. In our laboratory, . . . .
we have been carrying out a study of a variety of cerium- Powder x-ray diffraction studies revealed thab®g,Si,

based compounds to look for different ground states. Rel/as a single-phase compound with no detectable impurities

cently, synthesis of the compound %-Si;; has been within the x-ray detection limit. The L#t5Si;; compound

reported which is found to crystallize in a cubic structure @S been made by us for the first time, to our knowledge, and

with a unique site for Ce ions. The cerium content in this'S found to show x-ray pattern identical to that of its Ce

compound is only about 8 mole %. Therefore, this compound@"2/09. This compound is nearly single phase with about 5%

offers the opportunity to study the behavior of Ce ions in aUNknown impurity phase. An impurity phase of about 5%

dilute form but still in a crystalline lattice. The dilute metal- Was @S0 notedf|'n Q‘ZtZShS'll rep%r_ted in Reff. 6h- EDAX ’I’”ea' ]
lic systems containing Ce often show properties associatetH€Ments confirmed the stoichiometry of the samples. The
with the Kondo effecf. We have carried out magnetic, heat X7 Patterns of both the compounds could be analyzed on
capacity and electrical resistivity measurements orf'e basis of a face-centered cubic structtspace group

RsPb:Si; (R=La and Cé compounds and the results are Fm3m, No. 225 proposed ir_1 Ref._ 6. The lattice param(_ater
presented in this communication. for the Ce compound obtained in the present workais

=16.848(1) A, which is in good agreement with the value
of 16.837 A reported for the sanié=or the La compound of

Il. EXPERIMENTAL DETAILS this series, the lattice parameteras-16.865(1) A, and is
The R3PL3Siy; (R=Ce and also Lasamples were pre- Cconsistent with the lanthanide expansion as one goes towards

pared by melting stoichiometric amounts of the constituentighter rare earths in the same series.

elements in an arc furnace on a water-cooled Cu hearth under There are eight formula units per unit cell in the structure
a continuous flow of argon gas. Initially, rare earth and P©f RsPtsSi;, but the Ce/La ions occupy a unigque crystallo-
metals were melted together. Later, Si was added to this ar@faphic site with a very rare type of tetragonal prism poly-
the alloy buttons melted several times, turning over aftefedra surrounding them. The shortest Ce-Ce distance is
every melting, to ensure homogeneity. The weight loss wagbout 5.95 A, which is much too large to have any direct
small in both the cases. The samples were characterized I§yerlap of Ce-4 electrons on adjacent Ce ions. This coupled
powder X-ray diffraction(Siemens X-ray diffractometeus- with the low Ce content suggests that this Compound may be
ing CuK, radiation and by EDAX(INCA200, Oxforg treated as a dilute ensemble of weakly interacting Ce ions in
measurements. Magnetization measurements in the tempeMmetallic matrix.
ture range of 1.8 to 300 K and in various applied fields were

carried out using a superconducting quantum interference de-

vices magnetometédMPMS, Quantum DesignHeat capac- Figure 1 shows a plot of magnetic susceptibilify ver-
ity measurements were carried out by the relaxation methodus temperaturéT) for LagPt,3Si;; and CgPt,Si;; com-

B. Magnetization
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FIG. 1. Magnetic susceptibility) vs temperature(T) for T(®)

LagPt,:Siyq, CePbsSiiy, andy ™! vs. T for Ce;PhsSiy;. The fit to

the susceptibility of C¢Pt,5Si;; by the modified Curie-Weiss law is FIG. 3. Specific heatC) vs temperaturdT) for R;Pt5Si;; (R
shown as a solid line in thg ! vs T plot. =La and C¢ compounds. Inset shows tI@T vs T? for the La
compound and a fit to the equati@h= yT+ BT3.

pounds and also a plot gf * versusT for the Ce compound pound. No anomaly is seen in the heat capacity of the La
in the temperature range of 300-1.8 K. The La compound igompounds in the temperature range investigated. The heat
a Pauli paramagnet down to 1.8 K. The susceptibility of thecapacity of this compound has been analyzed using the ex-
Ce compound shows a Curie-Weiss behavigy=yx,  pression:C=yT+ SBT3 where yT and BT, respectively,
+C/(T—6p)] with xg~0, we=2.48ug and Op=—4K. represents the contribution to the specific heat by the charge
The value of ues is close to that of the free €& ion  carriers and by the lattice. A fit to the data yields
(2.54up). The small negative value @f> suggests the pres- =19.176(*=0.5656 mJ/mole K per formula unitfu) and 8
ence of weak magnetic interactions in this compound. The=3.79442¢-0.02). The Debye temperature is obtained from
magnetization-field (-H) isotherms for the Ce compound the classical expressio® = (127*nR/58)"°, wheren is
exhibit a straight-line behavior at 10 Krig. 2) consistent the number of atoms per formula unit aRds the gas con-
with the paramagnetic behavior of this compound. Howeverstant. The value o yields ® ,=266.4(+ 1.4) K.
the M-H isotherms belw 5 K show a deviation from The heat capacity of GPt3Sij; shows a minimum at
straight line behavior either due to the paramagnetic saturabou 4 K below which it starts increasing and reaches a
tion effect or due to impending magnetic order in this com-value of 26.5 J/mole K per formula unit at 0.37 K—the low-
pound. At 1.7 K and in a 5-T applied field, the magnetic est temperature attainable in our system. This large upturn in
moment per Ce ion has attained the value of Zgbwhich  heat capacity is indicative of the impending magnetic order-
may be compared with the magnetic moment of Og/d4 ing in this compound. The f4contribution,C,;, to the spe-
expected for thd™, doublet of C&*. This suggests the pos- cific heat of the Ce compound is obtained by subtracting the
sibility of a I'; ground state of C¥ in this compound, with  contribution of the La compountho 4f electrons from it.
the quartel’g located at a short energy difference of few tensFigure 4 shows a plot o€,; /T vs T for Ce;Pt,5Si;;. Since
of K from it. the heat capacity of this compound has not yet gone through
the peak, it is not possible to estimate the entropy associated
C. Heat capacity with the magnetic transition. However, for the sake of getting
a rough estimate of the entropy, we extrapolate the heat ca-
Figure 3 shows a plot of the heat capaciy) versus pacity to zero 80 K from its value reached at the lowest
temperaturg(T) for LagPb3Siy; and CgPbsSiy;. The same  temperature. The entropy so calculated is plotted as a func-
data are plotted in inset &/T versusT? for the La com- . . ‘
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FIG. 2. Magnetization-field isotherms for §R,5Si;; at various  C, /T vs temperatur€T) for Ce;Pt,5Si;;. The inset shows the plot
temperatures. of entropyS vs temperature for the same.
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‘ ' ' ' Both these compounds show a metallic behavior in the tem-
0.4 ] perature range investigated. However, Kondo-like minima in
the resistivity, often seen in dilute Ce alloys as well as in
03[ . some of the concentrated Ce compounds, is not seen in this
e system. In the La compound, a sharp drop in resistance is
o 02b ] seen at about 1.7 K, indicative of a superconducting transi-
% ' 2 tion. This transition shifts towards lower temperatures with
k=t ) A N applied magnetic fieldinset in Fig. 5. However, since no
0.1 LaPt i, Zow " &g | | obvious jump in the specific heat is observed at this tempera-
%o 03 Jo s ture, it appears that the superconductivity may be associated
0.0 ' - ® with a parasitic phase. Among La, Pt, and Si, and various
0 100 200 300

known compounds involving them, La is superconducting at
T (K) around 5 K, LaPtat around 0.4 ¥ LaSi, at around 2.5 K,

FIG. 5. Electrical resistivity vs temperature for dR%5Si;; and Ilzaﬁtél'shlz n the_1..7—t.58-K(;a.ng%], and LaPtSi at abou(tj3.3 Id
CePt3Siy,. The inset shows the variation of resistivity vs. tem- ™ e transition observed in the present compound cou

perature in various applied fields for the La compound near thd’® from LaPiSi; or some other binary or ternary phase in
superconducting transition temperature. this system.

tion of temperature in the inset of Fig. 4. For the®Céon, IV. CONCLUSIONS
the total orbital angular momentuth has the value of.
Therefore, the maximum entropy per cerium ionR#n(2J
+1)=RIn 6. However, under the influence of a crystalline
electric field of cubic symmetry, the degeneracy of thé'Ce

In conclusion, magnetic and transport measurements have
been carried out on cubic kBt3Si;; and CgPt3Siy,. The
rare earth content in these compounds is rather small, so that

ion is lifted giving rise to a quartet or a doublet as the grounothese _comp_qundg may be Freated. as systems with dilute rare
state. For crystalline electric fields of lower than cubic sym-€arth impurities in a metallic matrix. The La compound has

metry, the ground state of the Teion is at least two-fold been prepared for the first time, to our knowledge, and is a

degenerate. The experimental value of the entropy per Ce io':r)lal.JIi paramagnet, while thg .Ce. compound shows a Curie-
in Ce,Ph.Siy; has already exceeddiin 2. This is consistent Weiss behavior in susceptibility in the temperature range of

with the magnetization data, which suggest-adoublet of 1.8-300 K with an effective magnetic moment close to that

b ;
Cé* as the ground state with a low lyirgs quartet. of the Cé ion. He_at capacity measurements show the onset
of magnetic ordering in the Ce compound below about 0.4

K. The electronic specific heat coefficient is determined to be

19.2 mJ/mole K per formula unit for the La compound. Both
Figure 5 shows the behavior of electrical resistivity as athese compounds show a metallic behavior, but no Kondo-

function of temperature for L#t3Si;; and CePt3Sijy. like anomaly is observed in the resistivity of {£4,5Si; ;.

D. Electrical resistivity
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