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and
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Universityof California, SanDiego,La Jolla,California92037,U.S.A.

and

G.W. Webb~

David SarnoffResearchCenter,RCA Laboratories,Princeton,NewJersey08540,U.S.A.

(Receivedl8JuIy 1974byH. SuM)

Wefmdthata certainfeatureof thenormalstateresistivitycorrelateswith
in a closelyrelatedgroup of superconductors.

THE INTERMETALUC compounds,Zr2Rh(T~= to understandhow acertainfeaturein the electrical
1 1°K),Zr2Ir (T~= 7°K),Zr2Co (T~= 5°K)and resistivitycorrelateswith T,~,.
Zr2Ni (7, = 1.5°K),all crystallizein the tetragonal
C16structure.Thefirst threecompoundsform an The resistancedataareshownin Fig. 1. All the
isoelectronicseries,whichis.especiallyinteresting curveshavea similar shapeandweare interested
becauseZr2Rhhasoneof the highest7,’sof all the particularlyin theregionof pronouncednegative
non-cubicinter-transitionmetal compounds.’The curvature.The negativecurvaturecanbecharacterized
investigationreportedherewasmotivatedby adesire by theinflection pointwhichwe shownin Table1.
____________ Forthe isoelectroniccompoundswenotethat asthis

* Researchsupportedin partby theOffice of Naval regionof negativecurvaturemovesto hightempera-
Research,Departmentof theNavy, ContractIPAPS/ turesthe T~,decreases.
ONR-N00014-69-A-0200-6031; andin partby the
Air ForceOffice of ScientificResearch,Air Force A least-squaresfit hasbeenmadeto the resistance
SystemsCommand,ContractNo. AFOSR-F44620- . 2
72-C-0O17. datausmgthemodelof Cohenetal. In this model,

developedto explainthe resistivityandothernormal
t Supportedby U.S. Atomic EnergyCommissionunder statepropertiesof A-IS compounds,oneassumes

ContractUSAEC-AT(04-3)-34. analmostemptyor full d-bandoverlyinga low
densityof statess-band.The ratio of s-densityof

:1: Researchsupportedin partby the Air ForceOffice statesto thetotal densityof statesat theFermilevel
of ScientificResearchundercontractF446290-72- is calleda; T0 is the effectiveFermitemperatureof
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Table1. Inflectionpointofresistivitycurvesandbestfit parameters
to resistivitymodelofreference2

r.m.sDevi-
Compound ~ T0 a ation of fit

(%)

Zr2Rh 39 160 120 0.11 1.3
Zr2Ir 50 205 90 0.11 1.2
Zr2Co 69 305 95 0.11 1.4
Zr2Ni 65 272 95 0.3 1.3
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(OK) FIG. 2. Low temperatureheatcapacityof Zr2Rh.

FIG. 1. Temperaturedependenceof the electrical
resistivityof Zr2Xcompounds.All curveswere scaled respectiveTa’s. The T,, for Zr2Ni wasbelowthe
to maketheroomtemperaturevaluesequal.

presenttemperaturerangeof measurementand
Zr2Rh exhibitedtwo distinct transitions(Fig. 2),

thed-band(electronsor holes for thealmostemptyor mostof the bulkT~being at thehighertemperature
full cases,respectively);and

0R denotestheDebye 11.3 K. In thesetwo cases~yand0D valueswere
temperature.Onesimply assumesthat thetotal deducedby simpleextrapolationprocedureof the
densityof statesis dominatedby thed-bandandthus CITvsT2 plotsfrom above7~.The dataare given in
s to d-statescatteringdominatesthe electricalresistivity. Table2. It is interestingto note that°D variedonly
Theseparameters,asdeterminedby theleast-squares slightly from compoundto compoundwhereasy
fit, are given in Table1. Wenoticethat the fits, which changesconsiderably;butneitherparameterseems
arevery good,showlittle variation in T

0 andafor to correlatewith T,,. Similar anticorrelationhasbeen
the sequenceZr2Co—Zr2Rh—Zr2Ir,but that

0R varies pointedoutin susceptibilitymeasurementson these
significantly.The fit for Zr

2Ni, with a= 0.3, indicates compoundsearlier.
1Theorigin of the secondheat

that the model is not asappropriatefor this compound, capacityanomalyinZr
2Rh i~notclearat present.

sincethed-densityof statesis notdominant.
Whatinterestsushereis that°R doesnot seem

Low temperatureheatcapacitymeasurements to dependsensitivelyon °D~Thissuggests,therefore,
havebeenmadeon the samespecimensby ana.c. that thereare groupsof specialphononsespecially
calorimetry technique.

34The electronicheatcapacity connectedwith both theresistanceandthe super-
coefficient~ andDebye temperature°D of Zr

2Ir and conductivity. It is, of course,possiblethat the Cohen
Zr2Co havebeendeterminedby equatingtheentropy model,which providesanaccurateandconvenient
of normal andsuperconductingstatesbelowtheir parametrization,may not beparticularlyappropriate.
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Table2. Experimentallow temperaturespecificheatparametersandmagneticsusceptibility
fromreference1

Compound 7~,(°K) °D (°K) 7(mJ/mol°K)
2 XR.T.(X i04emu/mol)1

Zr
2Rh 11.3 188 46 3.7

Zr2Ir 7.5 200 17 3.0
Zr2Co 5.5 180 28 5.2
Zr2Ni 1.6 221 18 3.2

Both experimentalandtheoreticalwork for d-band
superconductors,however,indicatethat peculiarities Acknowledgements— WethankG.D. Cody and
in phononspectraare particularly importantfor T~,

5 A.C. Lawsonfor discussionon resistivitiesandR.E.
aresultconsistentwith our analysis. Mifier for assistancewith the computeranalysis.
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