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$.. MTR.ODUCTION

'fhe recent discovery of thc new electron suprconducrivity in doped cupntes of general
formula i.[2-rCerCu0a*4(whereMisarareearthionlike Nd,,pr ctc.) byTokuraetal. [l]
contributes to understurding the mechanism of high fl-superconductivity. The N rJ2Cu\a phase
nclts inconguently at about 1240 o C and a liquidus line below this temperature lies in a composition
range bctween 82 and 93 molc/o cvo according to the phase diagram of the JVdz0r - CuO system
determined from DTA andX-ray phasc anaiysis byu Oka and Unoki [2]. From DTA measurements
of other lrtzCujq (M = Sm,.Uu and Gd) compounds performed by the same authors and from the
comparisonof thephasediagramsof jVdzOt -Cu0 andLoz}t-CuO systemreportedearlicr[3]it
follorvs that dre width of thc liquidus line increases wirh increasing ionic rarlius of the M atom. Oka
and Unoki [2] have also prepared crystals of ( NdCe)z CuOr in accordance wirh,the phase diagram
of thc Nd203 - CuO systern using the flux methocl and./or the travelling-solvent floating-zone
method. The crystals grown by the usc of slow-cooling method (15 Klt in a platinum cruciblg
had dirnensions of 2mm x 2nrm x 0.5mm. In contrast, a crystal wirh thc tlimcnsions of 6ntm in
dilnreter ard 22nrm in lcngth and 3.7g in weight rvas obtained using thc seconcl metlocl in an
infrarcd-radiation-*onvergcnce-typc funracc. Growth of platclet likc crystals of n-type phasc
Ndz-'Ce"Cu0r+a rvith r ranging fnrm 0 to 0.12 using llux tcchnique in the platinunr crucibles
ard rvith r from 0.12 to 0.18 in the alumina crucibles was reponed by Tarascon t4l,tsl.

2. I'REPARATION

The M2-'Ce,Cu0a*4crystals were prcpared by modified {Iux method using the follow-
ing procedures:
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a) CsO, Ce0z and calcinated MtOt porvdcrs having 99.997o purity or bctter wcrc mixed
in the molar ratios 90.01: l.?8: 8.21 nrolTo. Chargcs of about 40g wcre placcd inro high purity
AI2 Q crucibles ancl premeited in air in a muffle furnace at I l50o for 6 hours; then the remperarure
was dccreased ar a rare of 2.5oC per hour to 950oC.

Crystals of the compounds Mz._"CerCu0a..1 were found into cavities of the melt only
at a rather well defined distancc from the top surface (3 : 6 mm): these crystals show thin platelet
shape and maximum dimensions are 2 x 2 x 0.005 mm. The size of the crysml is typically dccreasing
rvith the increase of the mass of tlre M ion.

b) The sane reagents were mixed at the ratios 82.31:.2.47:15.22 rnol%o. Charges of about
50 g rvere pre-melted in air at l250oC into a Pt crucible. The tempcrature was lowered at a rate of
2oCfiIour to 1050'C. At this temperature tho upper part of the melt (approximately 30Vo inrveight)
lvas still liqui<l and could be poured out of the crucible: plarelet-like crysrals of Mz-"Ce"Cu}q+a
were found after passing the liquid through porous A1203. The rest of the melt conraincd much
larger and thickcr crystals rvhich could be extracted by dissolving the urclt with dilured I/NOr.

'fhe typical dimensions of tltesc crystals were I x I x 0.1 mm and a fsw individuals excee<Jed 3 x
3 x 0.2 mm. TIte acid attack texturizes the surfaces parailel to the c axis.

3. SEI\,I INVESTIGATION

SEM inspection and EDAX microanalysis of the M2-rCe"Cu0a14 crystals showed some
interesting features:

a) Crystals from the same batch but different positions in ttre crucible have different
values of rc. The ralge within which r varicd tumed out to be dependent upon the naturc of the ion
M as it is reportecl in the following Table:

Nd-Ce
S'nr - Ce
Eu-Ce

Table I

fimin

0 .08
0 .0"1

0.01

Tmor

0 .16

0.r3
0 .10

b)'Ihe surfacc of some crystals rcvealed dendritc-like inhomogcneities detectablc only
by secondary electron emission.
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According to the intensity of the e- beam thc conuast is reversed, crased orjust srnoothcd.

Thetwophasescanbe characterizedby Nd:.Ceratiofluctuationsortooxygenstoichionetryfluc-
tuations; the erasing effect in vacuutn suggests the latter cause to be more probable. It is extrenrely

interesdng, however, that in both cases the system admits two distinct phases rather than smooth

fluctuations.

"T. STRUCTURAtr, DATA

X-ray data were collected on a CAD4 single crystal diffractometer using MoKo radia-

tion. A total of 278 independent reflections having .[ ) 3o wcre used in the calculations for eaclr

structure. The linal anisotropic relinemen! resulted in a E index equal or bener than 0.05 for 12

independent paramcters. The relative occupaircies of the M and Ce ions at the sane site werc

derive d fronr EDAX nrcasurcments on the sarne crystals use<! for the diffraction cxperime nt,

Thc resulting structrue, cell parameters, bond lerrgths and atomic distances are given in
Fig. I and'Iables II and III.

Unit cell
(ORTE P drawins)

M == Nd, Ce

a - 3"94?9(3) fi
c =12.O393;

M -- $m,Ce

o * 3.gai9i3) E
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n a 3.gl6q5) n
c a11.897 (A)

F ig. 1

Crystal structure andcell parameters of Mz-"CerCu0l (U = Nd,Sm, En)
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5. EI"ECTR,ICAL MEASUR,ER.TtrhITS

Four probe electrical resistivity measurcments were performed on a number of crystals

of suitable size of .lVdz-" CezCulq+aandSm2-rCe"Cu0a*a (the Eu-basedcrystals being always

too small). Gold wire contacts werc attached on thc c-6 plane surface using silver paint and curcd
for 5 min at 40trC in flowing O2. This nrcthod provides a low and stable contact resistance but it
is not clear if it rnay affect significantly rhe oxydation state at the surfacc of the crystals.
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