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n･ansverseMagnetoresistanceofQ-Ce
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WehavestudiedtheFermi surfaceofo,-Cebymeasuringthetransversemagnetoresistance.
Ahighqualitysinglecrystalofo/-Cewiththeresidualresistivityof0.7"QcmwassuccessfUlly
obtainedbyusingthetetra-arcCzochralskiandthesolid-stateelectro-transportmethods・The
resultssuggestthatQ-Ceisacompensatedmetalwithelectronsandholesofequalnumber.
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characterizedbyaband-likedescription.Q It is interesting

toknowtheFermisurfaceofa－Cc. For thispurpose,we

mvcstigated thehighfieldtransversemagnetoresistanceof
a-asinglecrystal.

§1. 1ntroduction

TheCe metal undergoes an isostructural Y－シα

(cc→fCc)transitionwithincrcasingpressureordecreasing
temperature.Thevolumecontractsabout16%with thisfirst
ordertransition.

Tboughmany investigationswere perfOrmedduringa

decade in l970's, fewreliabledataon thephysical

propertiesofeachphaseexist・ Itisbecausethehighquality

individual phaseswerehardlyobtained. InFig.1,weshow

thenon-equilibriumphasediagraminalowpressureandlow

temperature regionofCe.1) The solidanddashedlines

represent thephaseboundaries incooling and heating

processes, respectively. TheY-Ce transformsincompletely

toadoublehexagonalphase6-Ceupon thecoolingbelow

250Katambientpressure. ThisPphase remains at low

temperatureafterY→atransitionataboutlOOK.The β一a

isantiferromagneticbelowtheN6el temperatureof l2.5K.2)

The small amount ofresidual β一amaRks theintrinsic

propertiesofthea-G.

ThemagneticsusceptibilityofY－aobeystheCude-Weiss

law､3,4)BurgardtaaI. suggestedthattheresistivityofY一a

exhibitsKondo like behavior､2) Reccntly, Nakaaal.

measuredthepressureeffectofthemagnetic susceptibility.4)

They estimated theKondotemperatureofY-Cetobe25K

atambientpressure, assumingthesingle-impurityKondo

model. Thefirst reliablesusceptibilitydataofa－awas

givenbyKoskimaki andGschneidner､5) They indicated

thata-aisessentiallyanenhancedPauliparamagnet､5)The

susceptibilityis5.3×10､4emu/mol around 50K, beingin

agreementwith thedata byNakaαα1..4) They also

measuredthespecificheatandgavetheelectronicspecific

heat coefficient to be l2.8mJ/mo1.K2. These data by
KoskimakiandGschneidnerseemreliablebecm'sethereare

nocvidenceforananomalouspeaknear l3Karisingfrom

remainingβ-Cc.

All these expedmental results seemto indicate thatthe

4felectron in Y-Ce is localized, and transferredtothe

itinerant electronwithY→atransition・ ThcY-Cewillbe

categorized intotheKondo regime, and a－Ce･ intothe

valencenucmationregime.Therecentphotocmissionstudy
also suggests that the4f states inulike@iswell

§2.SamplePreparationandEvaluation

Wemadeasinglecrystalof"metal (α-Ce)bythetetra-

arcCzochralskimethod.Thesingle-crystalrodwaspurified

byuseofthesolid-state electro-transport (SSE)method,

holdingtherodat a tempcrature of700oCusingaDC
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Fig.1Non-equilibriumphasediagramofCe.Thesolid

anddashed lines represent thephaseboundarics in

coolingandheating proccsscs, respectively.1) The
circlesand triangles arethepointsobtained in the

presentmeasurementof theresistivity.Thethickline

shows the processusedin thepresentwork・ The

specimenof a－aused in themeasurementof the

magnetoresistancewereobtainedafterthisprocess.
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method. AsshowninFig.2(b), theresidual resistivitywas

2．91ﾙQcmforthespecimencooledatOGPaand0.7IAQcmat

O,5GPa.The temperaturedependcnceof the resistivity at

OGPashowsabroadswell at temperatures around l3K.

This temperaturecorrespondstotheN6eltcmperatureof6-

Cc，Thusthesmallswcll ismost likelyattributable tothe

antiferro-magneticorderingof the residual β一amthe

specimen. The resistivity at O.5GPa shows no anomaly,

indicatingthat littleβ-aremains inthespecimen.Bythe

SSEpurification, theresidual resistivitywas loweredfrom

1.2ILQcmtoO.7IﾙQcm、 the smallestever reported.7-10)
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Themagnetoresistancehasbeenmeasuredat 1.5Kwith

applied fields up to l2T. Fig.3 shows the transverse

magnetoresistanceAp/PoasafUnctionof thefields inthe

fUndamentaldirectionsinthe(110) planewith a current

along the [110]direction. Inthefigure, AP=PH-Po, PHis

theresistivityinanappliedfieldH, andPo istheresidual

reSiStivity・ InFig.3, itcanbefOundthatAP/Poincreaseswith

increasingfield, beingproportionaltoH1.8andnotsaturated

fortheallofthethreefielddirections[001], [111]and{1101

Noanisotropicbehavioralsocanbeseen.TheinsetofFig､3

isalog-logplotofAp/povs.H.ThevalueofAp/pois2.5at

12T･ This value indicates that the high field condition

のCて>>1 isnearlysatisfied in the presentmeasuremcnt,

where(A)cisthecyclotronfrequencyandtis thecollision
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Fig.2 (a) is theelectrical resistivities at apressure

of0.5GPa and at ambientpressure. Thearrows

correspondtothestartingpointsofY－ｼαandα→Y

transitions. (b)is thecurvesat the lowtemperature

region for threedifferent specimens. SSEmeans

that the purified specimens by a solid-state

electro-transportmethodwasused.
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currentnowfor4davsinvacl皿lmoflx10-9torr・Toobtain
ご

apurea-Ce,thespecimen(Y-Ce)wascompressedtoO.5GPa

atroomtemperatureandthenslowlycooleddowntoliq.He

temperature, fbllowingthethickline in the diagramof

Fi9.1.The medium,commerciallynamedDAPHNE7373,

wasusedforhydrostaticpressurizing・The specimenwas
fitted intoa tenoncellwithadiameterof5.5mmand

pressurizedinapiston-cylindertypeclampmadeofBeCu.
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The qualityof thespecimen(α-Ce)wasevaluated by

the electrical resistivity measurements. Fig.2 shows

the temperaturedependenceof theelectricalresistivityfor

the[1101directionatapressureofO.5GPaandat ambient

pressure, 0GPa. Wecansee theabrupt changeof the

resistivitycauscdbyY-委αandα一ｼYtransitions.Thestarting

pointsofY-シαandα→Ytransitionsareshowcdbythearrows

inFi9.2(a).ThesctcmperatureareplottedinFi9.1by the

circles and triangles, respectively. These points are in

agreementwiththepreviousdatashowedbythesolidand

dashedlinesinFig.1.1) Fig.2(b)showstheresistivityinthe

lowtemperatureregionofthreedifferentspecmens, where

SSEmeans tbat thespecimenwas purifiedby theSSE
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Fig.3ThetransversemagnetoresistanceAp/poofa－"

asafUnctionof thefie1d.Thecurrent isalongthe

[110] direction, the temperature is 1.5Kand the

pressure isO､5GPa.The inset isa log-logplotof

AP/Povs.H.
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compensatedmetal,andthefelectronina-abecomestobe
itinerant.

timeof theconductionelectron・ ThevalueofAp/po at

ambientpressurewasonly0.6,whichdoesn'tsatisfythehigh
fieldcondition.

Themagnetoresistance inthehighfieldlimitexhibitsa

fielddepcndencebeingproportional toIPinthefOllowing

twocascs; thenumbersofelectronsandholesareequal, i､e，

compensation; andsecondly, tbeFermi surface ismulti-

connectedandanopenorbit exists nearlyinthecurrent

direction・ In the face-centered-cubicstructureofa－Ce,

thereisnoopenorbit inthefielddirections I001] and

[1111, because of thefOurfold and threefoldcrystal

symmetries、reSpeCtiVely・Thusthenon-saturatcdbehaviorsof

Ap/poforthefieldalongthe[001]and[111] directions are

presumably causedbythecompcnsation; thenumbersof

theelectronsandholesareequal.

TIIcFermisurfaceofa－CewascalculatedbyHiguchiand

local-densityHasegawa within the local-density approximation

frameworkfOr the atomicconfigurationof 5d26s24f0.11)

Theirprimarycalculationindicatesthata-"issemimetallic

withthelowcarrierconcentrationof0.12peratom・This

theorctical result isconsistentwiththepresentresultofthe

magnetoresistance, which indicates that a-ais an

compensatedmetal.

Thepresent result indicates that a-aPosscssesthe
valenceelectronsofevennumber, becausethefCcstructurc

hasoneatominanunitcell. Itsecmsthe4felectronin"

atombecomestobeitinerantina-Ce. Further, theeffective

massof the conduction electron is slightly enhancedin

α一Ce, as the electronic specific heat constant is l2.8

mJ/mo1.K2.5) InordertoobtaintheknowledgeoftheFermi

surfaceandtheefrectivemassoftheconductionelectronin

a－Ce、 themeasurementofthedeHaas-vanAlpheneftct
shouldbecarriedout.

In conclusion,wehave successfuny obtained a high-

quality singlccrystal ofa-Ce at lowtemperature・随gh-

fieldtransversemagnetoresistanceindicatesthata－@isa
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