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THE EFFECTOF CRYSTAL FIELD SPLITTINGSON THE ELECTRICAL RESISTIVITY OF NdB6*

Z. Fisk

Institutefor PureandApplied PhysicalSciences,University of California, SanDiego,La Jolla, CA92037U.S.A.

(Received24July 1975 by H. Suhi)

The contributionto theelectricalresistivityof NdB6 arisingfrom tempera-
ture dependentcrystalfield levelpopulationsisexperimentallymeasured
and accountedfor by theory.

NdB6 CRYSTALLIZES in a cubic structurewhich Wolf,
1°this is thecasex = — 1. The energysepar-

may beregardedasa CsC1 arrangementof Nd atoms ationsof the two quartetsabovethedoublethave,
andB

6 octahedra.Theory”
2andexperiment2’3agree from thetables of Lea, LeaskandWolf, a ratio of

that tri-valentmetalsform hexabondeswithonecon- 3.42,comparedto Westrum’sfit with ratio 2.78. In
duction electronperunit cell. what follows we will consideronly thisx = — 1 case.

Above approximatelyl25°Kthe magneticsus- Hirst hascalculatedthe elasticandinelasticcon-
ceptibility of NdB

6isCurie—Weisslike with aneffect- tribution to the electricalresistivity from s—f ex-
ive momentcloseto thatexpectedfor the Hund’s changecouplingin dilute rare earthalloys.U Thishas
Rule4f groundstate~J9/2.~‘ Below this temperature also beendoneby Andersenetal.

12 whosenotation
thebehaviordeviatesfrom Curie—Weisstype. we will use.Theyexpresstheresistivitydueto scat-
Antiferromagneticorderingsetsin a TN = 7.5°K.5 teringfrom the magneticionsasPm~= potr(FQ),

wherethe traceis takenoverthe 2J+ 1 crystalstates
Westrummeasuredthe heatcapacityof NdB

6 whoseenergiesareE•. ThematricesPand Q are:
from 5 to 300°K.

6He foundthe entropyassociated
with magneticordering(TN = 8.4°Kfor his (sample) p = exp ( EI/kBT) (E

1 — Ej)kBT
to be 1.63cal/g.f.m.°K = R In 2.28.Westrumsub- ~ exp( E~/kill) 1 — exp [_ (E~— Ej)/kBT]
tractedof thespecific heatof LaB6 from thatof NdB6 and
andthen foundthebestfit to thedifferencegivenby = I(iIJ~Ij)I

2+ l/21(iIJ+If)12 + l/21(iIJ_I/)12.
assumingthat the 10-folddegenerate4fgroundstate
of Nd is split in thecubic environmentinto a ground ~ is calculatedhereusingtheeigenvectorstabulated

in reference10. As mentionedbefore,we do this for
statedoubletandtwo quartetsat 116 and323°K
abovethegroundstaterespectively.Nickerson7and X = — 1. Po is a constantfrom which we canestimate
NickersonandWhite,8adaptinganideaof Wffliams thes—finteractionstrength.
andHirst,9 showhow anoctahedralcrystalfield of Figure 1 gives our dataon theelectricaLresMtivity
negativechargesarisingfrom theconductionelectrons of NdB

6and LaB6 singlecrystals,measuredby the
in thehexaboridescanaccountfor this levelscheme four probe,a—c technique.Thecrystalswere grown
semi-quantitatively.In thenotationof Lea, Leaskand from moltenAl.~Becauseof thesomewhatirregular

*Researchsupportedby the U.S. Air ForceOffice of shapeof the NdB6measured,its absoluteresistivity
was determinedby the methodoutlinedbelow.ScientificResearch,Air ForceSystemsCommand,

USAF, underAFOSRContractNo.
AFOSR/F-44620-72-C-0017. We assumefor our analysisthat the resaltiyity of
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FiG. 1. Temperaturedependenceof the electrical Pointsare from experimentaldataanalyzedas dis-
resistivity of NdB6 and LaB6 singlecrystals.Absolute cussedin text.Curve is theoreticalfit. The level
valuefor NdB6 determinedby methoddiscussedin schemewithsplittingsanddegeneraciesis shown.
text.

tot, I the totalangularmomentumof the Hund’s
NdB6 isthe sumof a temperatureindependentre- Rule stateandsthe conductionelectronspin. Using
sidualterm,a latticeterm anda magneticterm.We Hirst’s expressionfor Pm~assumingeffectivemass
further assumethat the lattice termis givenby the 0.62 for LaB6 from reference2, we find Jex =

lattice termof LaB6 for which we haveanabsolute 0105 eV usingour value of p0.
measurement.Ourmeasuredvalueof the resistanceof
NdB6 depends,accordingto our assumptions,on Fora given splitting, the computedtheoretical
threeparameters:a geometricalfactor for converting curve is completelydeterminedby our requirement
to absoluteresistivity,Po andan energyscalefactor that it gives theexperimentalvalueat room tempera-
for the crystal field splitting. Assuminga valuefor ture of the resistivityand its temperaturederivative.
the energyscalefactor,we haveevaluatedthe resis- Reasonablevaluesof the splittingandPoare seen,in
tivity at 294°K,aswell as its temperaturederivative Fig. 2, to give the observedspin disorderresistance
in termsof the othertwo parameters.Thesetwo which is lost upon ordering.It is interestingthat the
equationsthen uniquely determinetheseparameters theoreticalexpressionswhichare strictly applicable
for the assumedsplitting. We havedone this for sev- only to dilute alloys shouldwork sowell in thiscon-
eralvaluesof thesplittingand find a reasonablefit centratedlimit. It is possible,also, that in theregion
for the quartetsat 135 and462°Kabovetheground wheretheagreementis poorest,nearTN, 4f 4f inter-
statedoublet.We showin Fig. 2 themagnetictermin actionsare important.
theresistivity of NdB6 determinedin this way, as well
asthe theoreticalprediction.
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