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lT-TaS2WithalayeredStructurehasbeenrecentlyinvestigatedbymanyresearchers

becauseithasastrongchargedensitywave (CDW)fully todestroytheoriginalFermi

SurfaceandshowsAndersonlocaliZ:ationatlow temperatures. ThemainorlglnOfthis

localizationiscrystallinedefects･ lT-phaseofTqS2isstableabove7500Candis

retainedatroomtemperaturebyquenching,whichintroducesthevacanciesinthe

crystal. Furthermore,theconstitutionaltantalum isself-intercalatedintheVainder

Waalsgapsiteduringthecrystalgrowth. Thepresentpaperreportstheelectrical

andmagneticpropertiesoflT-TaS2Withdifferentintra-andinter-layercrystalline

defe｡t主:3)

(1)Electricalresistivity

Figure1showsthetemperaturedependenceof

electricalresistivity fortwotypicalsamples.
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Fig･iTemperaturedependenceoflT-TaS2(A AC-
samples).

Fig･2ElectricalresistivityoflT-TaS2in the
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Growthtemperaturesare9500C (A-sample)and 8800C (C-sample),respectively.asshown

intheinsertofFig.i. TheA-singlecrystalwasgrowninthehotterpartofthe

quartztubeWherethepowdermaterialswereputout. Ontheotherhand,theC-

singlecrystalWasgrownatthelowertemperaturepartwheretheexcesssulphervapor

ishighinthedensity. Therfore.theA-Sampleshouldhavemuchcrystalline(inter-

1ayer)defect comparedwiththeC-sample. Theresistivity increaseatlowtempera-

turesisduetothevariablerangehopplngCOnductionofAndersonlocalization.which

isenhanced fortheA-samplewithamuchdefect.

Futhermore,Fig･2ShowstheelectricalresistivityoflT-TaS2atlowertemperatur-

es,ca.10-0.1X.wherethe temperatureaxisofabscissaistakenasT-i/2. The

logalithmicresistivitydataforlT-TaS2Withdifferentcrystallinedefectsfitwith

a T -i/2dependence.which iStheSameresultforthepreviousdatabyKobayashiand

Muto4)and th e present authors5). Ontheotherhandlitisnotinagreementwiththe

T-i/3OnebyDiSalvo and Graebner6㌦whichissimplyexpectedinthepossiblequasi-

twodimensionalnatureofthelayeredmaterial.

(2)Hallcoefficient

Figure 3showsthetempera-

turedependenceofHallcoe-

fficientoflT-TaS2･ Ata

nearlycommensurate-cornmen-

surateCDW transitionofTd三･

ca.200K,theelectrical

resistivity increase8 from

2x10-3R.cm to 3xl0-2°.Cmwhen

thetemperatureislowered

and thecorrespondingcarrier

concentrationdecreasesfrom

4xlO21cm- 3 (anegativeHall
coeHicient) と0 4xlO19cm-3
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Fig.3TemperaturedependeceofHallcoefficientof

lT-TaS2･

(apositiveone)underasinglecarrierm.del!･7) TheHallc.efficientf.ItheA_

samplewithamuchdefecthasapeakaround20-40R′whileoonstantfortheC-sample
withlessdefects.

(3)Magnetoresistivity

Largepositiveandnegativemagnetoresistancesassociatedwith theAnderson

wasrePOrted 2,5)

localizationinlT-TaS2̂byKobayashiandMuto4)andthe present authors ･The
8)

negativemagnetoresistancewasexplainedbyFukuyamaandYosidainsuchawaythat
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Fig.5Hoppln9processesinthepresence

ofintra-andinterstate

correlations.

Fig･4HagnetoresistanceoflT-TaS2(AiC-

samples).

thehighestoccupiedStatehasanupwardlinearZe.emanshifttomaketheenergyヽ ㌔

'differencebetweenthenobilityedgeEcandtheFermienergyEFSmallerundermagne-

ticfieldsandtomakethehoppingCOnductionlarger. Figure48hovsanoverall

trendofmagnetore9iさtanCe8fromnegativetopositiveWiththeincreaseOftempera-

ture'vhichhaさbeenexplainedinthefollowingwaybyKamimura,TakemoriandXurobe9.)

Forthelocalizedelectron8Whichmakehoppin9COnduction,theintra-Biteandinter-

sitecorrelation88houldbetakenintoaccount. Fortheformercorrelation.fo'ur

kindsofhoppingprOCeさBe8eXiBtaBBhovninFig.5,whereSO,UOandDOmean8ingly

occupied.unoccupiedanddoublyoccupied8tateS.respectively.andUthecorrelation

energy. A110fthesefourproce88eSCOntributetotheconductivityintheabsence
'tIJ

ofmagneticfield. TheprocessesSO◆SOandDO+UOtrendtobeBupPre88edunderthe

appliedfield.Therefore,thepositivemagnetoresistanceincreaseswiththeincrease

ofmagneticfieldand8aturateさaboveacirtainfield,whiletheZeemaneffectdealt

byFukuyamaandYosidadecreasesthenagnetoresistance. Themagnetoresisatanceis

thenexpe_ctedtohaveamaximumatacirtainfield,aSshowninFig.4. Atlowenough
ヽ

temperature,theinter-Sitecorrelationplayssucharolethatanantiferromagnetic

couplingbetweentwoSO-state88tOpSthespinflipunderthefieldandthesuppre-

SsionofSO+SOandDO+UOtransitionsarereleased. Thusthenegativemagnetoresi8-
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tancetakesplacedue to the Zeemaneffectagain.

(4)Magneticsusceptibility

Figure65howsthetempera.I

turedependenceofmagnetic

SuさCePtibilitie80flT-TaS2

and lで-TaSl.7Seo.3･ The

susceptibilityconsistsofa

diamagneticpartandapara一

magneticone. Thepara一

magneticcontributionappears

belowca.loo又andshowsa

Curie liketemperaturedepen-

dence,which isnotdueto the

magneticimpuritiesbutdueto

thecorrelationeffectof
lO)

AndersonlocalizedelectrollS.
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Fig.6Temperaturedependenceofmagnetic suscepti-

bilitiesofl'T-TaS2 (X=(11･5/(T-2･5)-3･42)x

10-5emu/mole)and lT-TaSl.7Seo.3 (x=(22･7/(T-

0.08)-5.64)x10-5emu/m)le).

ReplacingSulpherbyseleniummakesa intra-layer

randompotential.whichscarcelychangesthecarrierconcentrationandenhancesthe
5)

localization ｡ Namely′adensityoftheparamagneticmomentsofaboutone in 103

Taatoms istwicelargerthantheoneoflT-TaS21
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