
UC Irvine
UC Irvine Previously Published Works

Title
A new family of ternary intermetallic superconducting/magnetic stannides

Permalink
https://escholarship.org/uc/item/65q232jb

Journal
Solid State Communications, 34(12)

ISSN
0038-1098

Authors
Remeika, JP
Espinosa, GP
Cooper, AS
et al.

Publication Date
1980-06-01

DOI
10.1016/0038-1098(80)91099-6

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, availalbe 
at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/65q232jb
https://escholarship.org/uc/item/65q232jb#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Solid State Communications, Vol.34, pp.923—926.
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A NEW FAMILY OF TERNARY INTERMETALLIC
SUPERCONDUCFING/MAGNETIC STANNIDES
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(ReceivedFebruary , 1980 by A. G. Chynoweth)

A new family of rare earth-rhodium-tinintermetallic compounds,with the represen-
tative formula (RE)Rh~Sn~,hasbeen synthesizedin single crystal form. The compounds
containingthe heavierrare earthsaresuperconductingand thosewith the lighter rare earths
are generally magnetic. The compoundErRh Sn

36 exhibits reentrantsuperconductivity
with T~= 0.97 K and

Tm = 0.57 K asdeterminedfrom ac magneticsusceptibilitymeasure-
ments. The synthesisand X-ray characterizationof the seriesare describedand the results
of electricalresistivity, uppercritical magneticfield, magneticsusceptibility,specific heatand
neutronscatteringmeasurementson theEr compoundaregiven.

Introduction SynthesisandChemicalAnalysis

Considerable research activity has recently been Single crystalsof all compoundswere grown by dis-
focused on the interaction between superconductivityand solving the constituentmetalsin an excessof tin. The pro-
long-rangemagnetic orderP 4) Two classesof ternarycorn- cess was carried out in evacuated,sealedfused silica tubes.
poundsexhibiting thesephenomenahave been reported:the The tin usedwas 5 N’s purity from Cominco American,Inc.;
Chevrel phasestypified by RE,Mo

6S8(5)and RE~MosSes(6) rare earthmetals were of 3 to 4 N’s purity obtained from
and the tetraboridessuchas (RE)Rh4B4.

t7>In this Letter we ResearchChemicals. Noble metalswere of the highestpurity
report preparative,crystallographic,analytical, and transition obtainable from Engelhard Industries. All other materials
temperaturedata for a new family of compounds.As in the used wereof at leastequivalentpurity. A typical growth se-
tetraborides,the Er compounddisplays reentrantsupercon- quence, say for ErRh

11Sn36, was carried Out by weighing
ductivity and for the adjacentmembersof the RE seriesthe 0.2788 gms Er, 0.1715gms Rh, and 5.00 gms Sn into a silica
superconductingtransition temperatureincreasesto the right tube 7.0 mm I.D. X 9.0 mm O.D. The tube was evacuated,
and the magnetictransition temperatureincreasesto the left sealedoff to a length of 8 cm, and supportedvertically in a
of Er. A comparison of resistivity, upper critical magnetic horizontally loaded, resistively heated furnace. Controlled
field, ac magneticsusceptibility, neutronscattering,and heat temperaturewas held at 1050’C for 2 hrs to effect reaction
capacity measurements on theEr compoundis presented. and solution. A cooling rateof 5 to lOC/hr was initiated and

The new family of ternary intermetallic stannides re- the program continued down to 575C when the tube was
portedhereemploys no metalloids, and is thus thefirst class removedfrom thefurnaceand allowed to cool to room tern-
of compoundsexhibiting superconductivityand magnetism perature. This ‘quench’ was done to preservegood crystal
whereinall constituentsaremetals. Furthermoreall thecorn- surfaces, whereas if slow cooling was carried on to
poundshavebeen preparedassingle crystals. Therearethree solidification, crystal surfaceswere often marred by precipi-
distinct crystal phaseswhich arecompositionallysimilar. The tates. When the solidified boule was placedin concentrated
compoundswere synthesizedas single crystalsby crystalliza- HCI, care was takento removethe crystalsas soon as they
tion from an excessof liquid tin employed as a solvent, were loose,as prolongedexposureto HCI resultedin a black
While the useof molten metalsassolventsto effect crystalli- surfaceratherthanthe highly polishedmetallic surfaceother-
zation is not new, this procedureshould bea productive way wise obtained. We havedeterminedby X-ray diffraction and
to exploretheperiodicsystemfor new compounds. fluorescencethat the black surfacematerial is an amorphous
____________________________ composition of rhodium and tin, the erbium having been

leachedout by the HCI. Chemicalanalysis gave a composi-
Supportedby NSF/DMR76-24l78-A0I. tion for the erbium compoundof ErRh11Sn36. Analyses of

~Supportedby US DOE/EY-76-S-03-0034-PA227. selectedcompounds,all of which were done in duplicate,are
#Supportedby US DOE ContractEY-76-C-02-0016. given in Table I in column I in formula form. Crystals ob-

923



924 INTERMETALLIC SUPERCONDUCTING/MAGNETICSTANNIDES Vol. 34, No. 12

TABLE I

Propertiesof MRh~Sn~

Critical
Field

Lattice Density Super- dH
02 Resist. Resist.

Structure Constant gm/cc cond. Magnetic dT(TT0) ~ Ratio
Compound (Phase) A 25’C T0(K) T,,,(K) KG/K )L [2cm P300K/P 10K

LaRh0Sn3 1 9.745 3.2-3.O~’~

CeRh12Sn40 1 9.710 8.3
PrRh~Sn~ 1 9.693 114 21

NdRh1 2Sn41 1 9.676 8.4

SmRh12Sn43 I 9.657 8.7

EuRh~Sn) 1 9.749 II ~

GdRh~Sn3 I 9.638 1 12(b)

(~(
TbRh)ISn)(, 111 13.774 8.7 12.8

DyRhi Sn3 6 III 13.750 8.8 2.08(a)

}-IoRh12Sn39~, II 8.9 l.68~ 3)0 0.84

HoRh12Sn39) III 13.750

ErRh11Sn36~ II 9.1 {I~~~ 340 0.85

ErRh11Sn36 III 13.714 0.97~ 061(d)

TmRh13Sn45~ II 9.2 2.3-2.2w 286 0.94

TmRh1$n40) III 13.701

YbRh14Sn46 1 8.9 8.6-8.2~ 3.5

LuRh1 2Sn40 11 9.6 4039(0) 20.3

YRh~Sn3 II 3.2-3.l~ 21.5 290 1.03

ScRh0Sn3 II 4.5-4.I~

ThRh0Sn3 I 9.692 1.9-I.7~ 9.3 140 4.3

CaRh12Sn45 1 9.702 8.3 8.7-8.6~’~ 4 110 8.8

SrRh~Sn3 1 9.800 4.3-4.0~

PhaseI = Primitive cubic,a0 — 9.7A
PhaseII Pseudo-tetragonal,a 13.7, c 9.7A
PhaseIII = Facecenteredcubic,a0 ‘—S I 3.7A

a = Measuredinductively

b = Measuredresistively

c = Susceptibility measurement

d = Neutronscattering

e Two T,,,’s observedon samecrystal

tamed by this procedurewere typically 1-2 mm on an Oc- ly. All of the systemswere further permutedby substituting
tahedral edge. We occasionallyseea trace of superconduc- elementssuch as Ca,Sr, Mg, Cd, Y, Sc, Zn, In or Th for the
tivity at 3.7 K which we believe is due to entrappedSn. RE. Partial substitutionsfor Sn were madeusing Pb, Bi, and
Two different crystallographic phases,(II and III described Ge.

later), are sometimesfound in a single melt possibly due to
either compositionalgradients too small to detectchemically, X-ray Analysis
or different degreesof sublattice order. Arc-melted samples
where the constituents were weighed for the composition Each compound was examined by powder X-ray
ErRh11Sn~6,producedthe f.c.c. phaseIII material only, with diffraction using a 114.6 mm Debye-Scherrercamera and
weak lines of elemental Sn as determined by X-ray powder filtered Cr K0 radiation. The symmetry was establishedfrom
diffraction, precessionphotographsof the Yb and ErRhaSnycompounds

Compoundswith Co and Ru replacing Rh have been using filtered Mo K0 radiation. The crystallographicdata for
preparedwhich also fall into this new class. A large number the series are reported in columns 2, 3 and 4 of Table 1.
of compoundswerealso made with Ir replacingRh. Of these, Phase I is primitive cubic with a0 9.7 A, and is found in
La, Ca and Sr were of phase1, (describedlater), and super- thosecompoundswhere RE is La to Gd and also with Yb,
conductingwith T0’s at 2.6, ‘—‘ 7.1, and ‘-~ 5.! K respective- Th, Ca or Sr. The YbRh14Sn46compound is distinguished
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from the othercompoundsof phaseI by showing a broaden- 20 I I I I I I

ing of somehigh angle lines in its X-ray powderdiffraction
photograph,which may be indicative of a degreeof disorder. 16 _______ Er Rb~Sn

36
The systematicabsencesare hhl with I ~ 2n leadingto possi-
ble spacegroupsP43m(#218) or Pm3n(#223). PhaseII is ~ 12
pseudo-tetragonal,(the apparenttetragonalitymay be a super- Z

4

I Ilattice), with a 13.7 A andc 9.7 A. It is found in those 8compounds where RE is Ho, Er, Tm, Lu and also with Y or w 4~Sc. PhaseIII is face centeredcubic with a0 13.7 A; hereRE can be Tb to Tm. One notesthat thelattice parameters _________________________________________________of phasesI and III are related by v’~,and that c/a l/V’~in

phase II.
120 ______ HCZ

SuperconductingandMagnetic Transitions —
4,

in MRh,Sn~Compounds o
80

Those transition temperaturesabove 1.1 K were
determinedby ac inductancemeasurementsusinga frequency 4Q ‘

of 13 cycles. The results are given in the fifth and sixth
columns of Table I. The compoundscontainingYb and Ca o
have superconductingtransition temperaturesgreater than 8
K. Thereare magnetictransitions for RE compoundscon-
taming Eu to Er with Tm decreasingthe heavier the rare ~ 3
earth. Superconductivityappearsat Er where it is reentrant, ~ 2
and T5 increasestoward4K at Lu, with the exceptionof Yb

the uppercritical field with respectto temperaturejust belowwhereT0 is at 8.9 K.In orderto further characterizethe series,the slope of
T0, (dHc2/dT)T_.T0, is shownin column 7 of TableI. Finally,

—2 i I I I Itheresistivity at 300 K and the resistivity ratio (p300/p42) are
given for representativemembersof theseriesin the last two
columns of Table I. As can be seenthe roomtemperature z
resistivity is lower and the resistivity ratio higher for the corn-
poundsin phaseI. This suggestsa high degreeof disorderin (UI)
the crystals of phases II and III, but further study will be 2
needed to understand the microscopic origin of this
difference. 2

I-
ReentrantSuperconductivity z

— I 4 I I $ 4

To establishin more detail thereentrantsuperconduc- 5
tive behavior of the Er compound,a number of different — ,.~y0 Cp
measurementswere made for 0.08 ~ T � 1.4 K including

t$J ~electrical resistivity, upper critical field, ac magneticsuscepti-
0

bility, neutron scattering and heat capacity; these measure- 2 H • I KOs . .

ments are displayed in Fig. 1. They clearly establish that at •-—._......_

low temperaturesthe Er compoundhas fairly long-rangefer- u I ..—.-—.

romagneticorderthat destroysthesuperconductivity;muchas 0 I I I I I

is seen in the Chevrel compounds and the RE tetra- 0 02 0.4 0.6 0.8 1.0 1.2 1.4
borides.~

8~ TEMPERATURE (K)
The low frequency (15 Hz) ac electrical resistivity

measurementsin zero and applied magneticfields and the low Fig. I
frequency(15 Hz) ac magneticsusceptibility measurements
were made,respectively,on bars and powderspreparedfrom
a single crystal of ErRh

11Sn36. The measurements were frigerator. Bragg intensities were measuredin 0-20 scans
made at temperaturesbetween70 mK and 2.0 K in an He

3- throughthe various positionswith integral h and I, and also
He4 dilution refrigeratorcryostat. The temperaturesat which some half integral values both at T = 0.07 K and0.8 K. The
the ac electrical resistancedroppedto 50%of its normal state only magnetic intensity (1(0.07 K)-I(0.8 K)) appearedat
value (taken just aboveT~)in each applied magnetic field Bragg positions allowed in the f.c.c. lattice. It is clear there-
were used to define the values of T

0 and Tm in determining fore that the ordering is ferromagnetic. The intensity of the
H02. The x00 data give the values T0 = 0.97 K and Tm = (111) peak was measured on heating and cooling and the
0.57 K, while the ac electrical resistivity and uppercritical resultsare shown in Fig. I. The transition appears to be con-
field measurementsgive T0 = 1.22 K and Tm = 0.34 K. No tinuous and no hysteresiscould be observed. However, the
thermal hysteresis was observed in the transition at Tm in width of the magnetic contribution to the intensity of the
these measurements, in Contrast to the behavior previously (111) reflection was slightly broaderthan resolutionsuggest-
reportedfor ternaryRE compoundswhich exhibit reentrant ing that true long-rangemagneticorderhad not developedto
superconductivebehavior. 0~12) A neutron scattering meas- temperatures ofT = 0.07 K.
urementgives Tm = 0.61 K. The disparity in the valuesof The heat capacity (Cr) data for a single crystal speci-
the transition temperaturesmay be due to varying degreesof men of the Er compoundbetween0.4 and l.4’K are shown at
sublattice order.~

3~ The neutron scattering measurements the bottom of Fig. 1, (measurements were taken up to 40 K).
were doneatthe High Flux BeamReactoratBrookhavenNa- The measurementswere performedwith an He3 calorimeter
tional Laboratory on a crystal 3-4 mmon a side which was using a standard heat pulse technique. There is a clear
mountedin an hhl scatteringplanein an He3-He4dilution re- lambda-typeanomalywhich exhibitsa peakat T = 0.47 K in
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zero applied magneticfield. A rough estimateof theentropy, vrel phases,large single crystalscan be grown. Work on cry-
S. below 3.5 K is Consistent with a value S = R in 2 per mole stal chemistry,~

4~X-ray characterization,~5~ and X-ray struc-
of Er suggesting that the ground state of the Er3~ may be a ture determination~’6~is continuing and will be be reported
doublet, elsewhere.

In summary, we have presentedthe synthesis and Acknowledgements
characterizationof a new classof ternarystannidesand have
shownthat theEr memberof this seriesis a reentrantsuper- We thank B. T. Matthias for his encouragement.
conductorwith the superconductivitybeing destroyedby the Thanksarealso dueto G. Dolan,S. Vincentand T. “rfl Kome-
onsetof ferromagneticcorrelations. This systemis especially tani for their efforts at variousanalyses. We also thank M.
attractivefor thestudy of theinteractionof superconductivity Marezio of C.N.R.S.,Grenoble, France, for valuable crystal-
and magnetismbecause,unlike the tetraboridesandthe Che- lographic suggestions.
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