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THE CRYSTAL GROWTH AND CHARACTERIZATION OF CeT2Si2 TERNARY
INTERMETALLICS (T = Ni, Pd, Pt)

A.A. MENOVSKY ~‘, C.E. SNEL, Ti. GORTENMULDER,H.J. TAN andT.T.M. PALSTRA

Karnerlingh OnnesLahoratoriumder R,jks-UniversE!cit Leiden,Leiden,The Netherlands

Received10 November1985: manuscriptreceivedin final form 20 December1985

Bulk single crystalsof the ternaryintermetallic compoundsCeNi2Si2,CePd2Si, and CePt2Si2 havebeen grown from themelt
with a modified“tn-arc” Czochralskimethod.The as-growncrystalswerecharacterizedby X-ray, microprohe,andchemicalanalyses.
The measureddensitieswere comparedwith the calculateddensiflesas obtainedfrom the lattice parameters.In all as-grownsingle
crystalsno detectableprecipitatesof foreign phaseswere observed.Theseprecipitatesarealwayspresentin polycrystallinesamples,
even aftera heat-treatment,and arevisibleon thegrain boundariesandin thesubgrainstructure.

I. Infroduction presence, forming precipitates on the grain
boundariesas well as in the subgrain structure.

The ternarycompoundsMT2X2, with M = RE, The origin of these precipitatesis twofold. First,
Tb, U, T = 3d, 4d or 5d metal, and X = Si or Ge, the RE, U and T elements,as well as their sili-
attracted much interest becauseof the complex cides,will alwayscontain severalpercentsof their
behavior of the magnetic and superconducting oxides. Second,the accuracyis limited by weigh-
properties[1—4].Thesecompoundscrystallize in ing accuracyandmeltinglosses.The occurrenceof
two allotropic modifications of the tetragonal M-oxides leads to an excessof T-silicides which
BaAI4-type structure[5]. Most compoundswere may form a three-dimensionalnetwork on the
found in the body-centredtetragonalThCr2Si2- grains. As many T-silicides are superconductors,
type structure[6], and some in the primitive te- this can give rise to a superconductingnetwork
tragonalCaBe2Ge2-typestructure[7]. LaIr2 Si2even that evenmayshield the bulk material.Here,AC
adoptsboth structuresas a low-temperatureand susceptibility and resistivity are not reliable and
high-temperaturemodification, respectively [81. specificheator Meissnereffect measurementsare
For the compoundswith T = Pt an even lower requiredto prove bulk superconductivity.More-
symmetry than the CaBe2Ge2-typestructurewas over, the formation of precipitatesleadsto a cer-
found,characterizedby the absenceof an diagonal tam periodicity in theconcentrationgradientsfrom
glide plane [9]. grain to grain or leadsto off-stoichiometryin the

The MT2 Si2 compoundsare formedin a strong vicinity of grainboundaries.Our experienceis that
exothermic reaction. All polycrystalline samples, a heat-treatmentat low temperatures(below
mostly preparedby arc-melting and subsequent 1200°C)doesnot improve the quality of the poiy-
annealingprocedure,are contaminatedby second crystallinesamples,but only improves the forma-
phases,sometimesnot detectableby standardX- tion of a three-dimensionalnetwork of the pre-
ray techniques.However, light microscopyand cipitateson the grainboundaries.Whenannealing
microprobe analyses can clearly indicate their at higher temperatures,a contaminationof the

samplesby the crucible materialcan not be ex-
* Also at Natuurkundig Laboratoriumder Universiteit van cluded,due to the high reactivityof the rareearth

Amsterdam,Valckenierstraat65, 1018 XE Amsterdam,The or uranium.
Netherlands. We have producedseveralbulk singlecrystals
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of these ternary compounds bs means ot the and 11 itaclli (‘(1) sensor). which is part of iii

(‘/ochralski method. The eondilions or the hulk automatic diametercontrol s\stem[13].
crystal growth of (‘eT~Si. with I Ni. Pd or Pt. t Itrapure elements n a stoichiometrie ratio
are presented in this article. Single er\stals ii crc are melted in a separate turnaee to ~ield a
LT. Si , with 1 = Ni. RLi. Pd. or Pt. l.aPd Si and nielt of 1)) 2(1 g. An as—east cylinder ~sith a diame—
I .u Pd Si and LaRh Si have suecest nIh been er ol 3 mm and 20 mm long servedas a polverys—
preparedh\ thesame method I O~. talli ne pulling tip. l3ulk single crystals grew quite

There are three main reasons to cross hulk easiIs on thepolvcr\ stalline pulling tip after a fess

single cr\slalsof these compounds.First, thereare inillinietres so that no necking procedure was
large:inisotropiesin theph\sicalproperties. hich iieeessar\. Weight lossesduring thecr\stal growth

makean interpretationof theexperiniental results as well as during the are—meltingwere negligible.
on pol~crvstallinesamplesdifficult or even inipos— as eon be expectedtroni the low apour pressLire

sible. especially if preferential orientations and ut the elementsat the melting temperatLireof the
textures are present. Second.the neutron scatter— compounds. The impurities, which exist in the
ing experimentson polyervstalline sampleslease starting materialsof (‘c—oxides and/or T—silicides.
iiianv questions unansssered.e.g. the critical be-- tornied a solid thin skin on the surface of the melt.

havior of (‘ePd Si jIll. 1 liese Impurities vu crc partiallr- pulled out vu ith the
Finally, it is belies-edthat torniation of precipi— gros~th of the crsstal and partiall~depositedon

tates in the matrix during our crystal growth pro— the colder part of the melt, in the vicinit~of the

cedureof near—equilibrium conditions. is substan— cold crucible. The characteristics of the growth
tially suppressed.Here, precipitatesare onl\ de— procedurearepresentedin table I
postted on thesurfaceand not built in the crx staI.

3. Re~tiItsand (liSCUS~iOfl

2. Cr~staIgrowth
The main motivation for this vu ork vu as to pre—

The crystal growth of the (eT~Si compounds pare bLilk single crystals of dimensions large

was perlormed on a modihed “ tn—arc’’ (‘,ochral— enoughfor physical investigations,and to keepthe
ski method, as describedextensivelyby Menovsky contamination as loss as possible. The tn-arc”

and Franse[12}. This equipmentis noss conipleted cold crucible techniqueprovedto he very suitable.
with a colour TV system (camera type Minicam and no further efforts were necessaryto optiniie

I able
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the growth parameters.starting material composi- had a tendencyto crack. The cracksare probably
tion and starting material purity. Our experience dueto a too high cooling rate andmay he avoided
with thepreparationof thepolycrystallinesamples by after-heating. Another possibility to avoid
showedthat the physical—chemicalpropertiesare cracks is to changethe growth direction. More-

favourable to grow single crystals. These corn- over, a structural phase transition from a high
pounds namely have a high melting temperature. temperatureto a low temperaturephase.as oh-
are formed by a strong exothermic reactionand
form facetswhen cooling the melt. This facetting

phenomenonwasalso observedwhengrowing the
singlecrystals.and dependsclosely on thegrowth
direction. The largerfacetswere formedwhen the
growth direction wascloser to the a-axis.

The as-grown single crystals of CeNi~Si and

CePd~Si7are shown in fig. 1. Generally, the as-
grown crystals are stablein air, very hard, and ______________________________________________
easy to cleavein the basalplane. Only CePdSi~

Oz Pd2 Si2

Ce

Cz N 2 Si2 Fig. 2. A typical tight micrograph of a polished (100) surface
(above)and microprohetinescanof cerium (below). A tinescan

Fig. I. As grown single cr statsCeNoSi, and CePd,Si,. traject indicated:(a) C’ePt~Si,;(h) (‘ePd,Si,.
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servedby Braun in caseof Lalr2Si, [8], cannothe adoptstheCaBe2Ge2-typestructure,or hasa ran-
excluded. dom distribution of Pt and Si atoms. The

Lauepictures of the as-growncrystals were of Dehye—Scherrermethodcannotmakeany distin~-
ratherpoor quality, dueto thepresenceof impuri- tion betweentwo possibilities, anda distinction is
ties on the surface. Theseimpurities consistedof subject to further investigation.
Ce-oxidesandwere theonly contaminationof the Mayer and Yetor [14] also found a disagree-

crystals. However, Laue pictures of cleaved or ment betweenthecalculatedandobservedintensi-
spark-cut surfaces showed single-grain patterns ties for other MPt,Si, compounds. They con-
with very sharpspots for all singlecrystals. Light eluded from their calculationsthat the Pt and Si
microscopy observationsproved the single-grain atomsare randomlydistributed over the4(d) and
structure and no foreign phasesor voids were 4(e) sites. This effect was ascribedto the tetrava-
detected.Microprobe analysison piecescut from lent characterof both the Pt and Si atoms. How-

thetop andbottomof theas-growncrystalsshowed ever, these authorsoverlooked the possibility of

an uniform composition as shown in fig. 2. The the CaBe2Ge2-typestructurewhich gives identical
chemical analysis confirmed the stoichiometric results. Recently, Hiebl and Rogi [9] calculated
compositionof all preparedcrystals. that the degreeof disorder in CePt2Si, was less

The Debye-Scherrerpatterns were indexed on than 10%, leading uniquely to the CaBe7Ge2-type
basis of the tetragonal ThCr2Si2-type structure, crystalstructure.However,theseauthorsaddition-
This structure has the reflection condition ally found reflections (h. k. 0) with ~( h, k) =

~‘(h, k, 1) = even. Here, we observeda disagree- odd, which are symmetry forbidden in the
ment for all samplesbetweenthe measuredand CaBe2Ge~-typecrystal structure.This meansthat
calculated intensities. We think that this dis- the symmetry lowers from P4/nmm (CaBe,Ge~,
crepancyarises from a preferentialorientation in primitive tetragonal)even to P4mm (CePt,Si7),
the powder,due to the easycleavagein the basal with the absenceof a diagonalglide plane[9]. We

plane. However, a random distribution of the T cannotconfirm their latterobservationbecausethe
and Si atoms in caseof CeNi2Si2 and CePd2Si7 intensity of the (h, k, 0) lines in theX-ray powder
can he excludedbecauseof the total absenceof diffractogramsis to weak with respectto our cx-
reflectionswith an odd sum of Miller indices.Only perimental resolution. The characteristicparame-

for CePt2Si2wefound reflectionswith an odd sum tersarepresentedin table 2.
of Miller indices. This meansthat CePt2Si2either In fig. 3 we present magnetizationmeasure-

Table 2
Structure,latticeparametersanddensitiesof as-growncrystals

Compound

CeNi2Si2 CePd~Si CePt~Si,

Typeof structure ThCr2Si2 ThCr2Si~ CaBe2Ge,
Symmetrysystem Tetragonal Teiragonat Tetragonat

This work:
Unit cell parameter(A) a = 4.036 a 4.230 a = 4.253

c = 9575 c = 9.873 c = 9.800
Density,experimental(g/cm

3) 6.683 7.605 10.818
Density,calculated(g/cm3) 6.678 7.688 10.983

Literaturereference: 17] 1161 1171 [16]
Unit cell parameter(A) a = 4.027 a = 4.232 a = 4.212 a = 4.246

C = 9.557 r = 9.911 t- = 9.98 i- = 9.837
Density.expenimentat(g/cm3) — — — —

Density,calculated(g/cm3) 6.720 7.652 7.671 10.98
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Fig. 3. DC susceptibilityXDC M/B and inversesusceptibilityof CePd,Si

2measuredin a magneticfield of B = 4 T parallel to the
a- and c-axes.
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