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Abstract

MagneucandmagnetoresistanceeffectofneedleshapedcrystalandsligMyCorichCa3Co206wasinvestigatedinatemperaturerangebetween

ＺａｎｄｌＯ()Kandinadcmagnctichcldrangelessthan7Tandinpulsedlicldslcssthaｎ２０ＴＷｅｆＯｕｎｄｌ/3ｍｓａｎｄ２/3msplateausofthemagnetization

fbrthefUUmagnetizationJ"sandlaTgcncgalivcmagnc[oTcsistancccflbc[ｏｆ１０％ａ[thcsamcmagnctichelds,Tcspcctivcly．

Kとywo㎡sJCa3Co206;Frustratedspinsystem;Quasi-one-dimensionalmagnet;Negativemagnetoresistance

ofCaCO3,SrCO3andCoOwiththeratio(Cal-xSrx):CO＝3:２

ｗｅｒｅｈｅａｔｅｄａｔｌｌ７３ＫｆＯｒ４８ｈｉｎａｉｒ・Singlecrystalsof
Ca3Co206and(Cal-xSrx)3CozO6weregrownbyusualHux
method（ＫＣＯ３ｎｕｘ）asreportedinRef［1]・Needleshaped
crystalsofseveralmmlengthwereobtained．

１．Introduction

Thcsmdyofthemagneucpropertiesofone-dimensional

magnethasbeenaphysicalsubjectfOralongume,pamcu‐

larlythatexhibiUngaspintransitiontoathrce-dimensional

longrangeorderedstatecausedbyweakinter-chaininterac-

tion・ThecompoundofCa3Co206alsobelongstothesekinds

ofquasi-one-dimensionalmagnetshowingathrce-dimensional

longrangeordcringstateatlowtemperamrC

Ca3Co206crystallizesinhexagonallatticewithspacegroup

R-3candlatticeparametersα＝907.93(7)ｐｍａｎｄｃ＝1038.1

(1)pmat298K[1LThecrystalstrucmreofCa3Co206isshown

inFi９．１．Ca3Co206consistsofinhnitechainｓｏｆａｌｔｅｍａｔｉｎｇ

ｆａｃｅｓｈａｒｉｎｇＣｏＯ６trigonalprismsandCoO6octahedraalong

thehexagonalc-axis､Theinter-chaindistanceis524pm,which

isabouttwiceaslargeastheintra-chaiｎＣｏｄｉｓｔａｎｃｅｏｆ２５９ｐｍ・

EachCoO6chainsfbrmamangularnetworkpcrpendicularto

thecaxis・Thus,wecanexpectexoticcooperativephenomena

causedbythetrianglelatticeoftheCoO6chains．

3．Expermnental正sultsanddiscussion

ThetemperamredependenceofthemagneucsusceptibmtyofCa3Co206

hasbeenmeasured,Ｂｅｌｏｗ２４Ｋ,asuddenincreaseofmagneticsuscepUbilityis
observed,Moreover,asecondanomalywasobservedatnc2＝１２KwhichcorTe‐

spondstothcmcrgingtcmpcratureofzcroficldcooling(ZFC)andneldcooling

(FC)magneticsusceptibilitycurves・Fig.２showsthetemperaturedependence
ofthemagneticsusceptibilityofSr-doped[Cao9Srol＋x]3Co206smglecIystal，
Hereweaimedatalowsampleresistanceinacryogemctemperamrelessthan
24KbydopmgSrwithsmallx＜0.1.Ａdownwardshiftof7t2isobservedasSr

concentraUonincreases・ThedownwardshiftofZ:zmaybeduetothechanging

oftheinter-chainexchangeinteractionpaｔｈｗａｙｂｙｌａｒｇｅｒＳｒｉｏｎｄｏｐｍｇ､The
magneUzaUonprｏｃｅｓｓｅｓｕｐｔｏ７ＴａｒｅｓｈｏｗｎｉｎＦｉ9.3.Alinearincreaseinthe

magneUza[ionvcrsusmagncticficldisobscrｖｃｄａ[tbeparamagncUcran2eabovc

ncl（Ｔ＝３０Ｋ).Inthetemperaturerangeof71cl＞Ｔ＞71c2,onecanapparentlysee
apla[eauatone-thirdofthetotalmagnetizaUon(1.3以B/fu.).Asseenimhemag-
netizationprocｅｓｓａｔＴ＝２Ｋ,prominentmagnetichysteresisisobserve｡､These

resultssuggestthatthespin(magneticdomain)fireezingstateappearsbelow7tZ、
Weperfbrmcd[hemcasuremen[ｓｏｆ【hcsamplcrcsistanccinzcroficldiｎａ

ｔｅｍｐｅｒａｍｒｅｒａｎｇｅｂｅｔｗｅｅｎ２５ａｎｄ２００Ｋ.Fig.４ｓｈｏｗsthelogarithmicplotof
resistanceasafUnctionofthereciprocalsoftemperamresT・Here,wefbundthe

semiconductornamreofresistancechangeasafUnctionofreciprocaltempera-

turesfbraSr-dopedextrinsicsample､Threeactivationenergieswerefbundat

50.414.7and59mcValrcspccnvc[cmperamrcrangcasshownin[hcsamcfig-

ureunderanassumptionofacUvationtypecalTiers・Onthecontrary,thehoppmg

2．ＳａｍｐＩｅｐ1℃paration

singlｅｐｈａｓｅｐｏｗｄｅｒｓａｍｐｌｅｓｏｆＣａ３Ｃｏ２０６ａ､。

(Cal-xSrx)3Co206wercsynthesizedasfOllows：nnxtures
●
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Fig.４．LogarithmicplotsofresistancechangeasafUncUonofthereciprocal
にmperamresfbrtheneedleshapedsamplc．

Fig.１．SchemaUcviewofthecrystalstructureofCa3Co206.(a)PrOjection
(001);(b)CoO6chainstructures．

conducUonmechanismmightbemoreplausiblefbrthisconductor､Therefbre，

bychoosingthcbestfitUngparamctersfbrc-α(刀'/4(α＝2.9)logarithmicresis-
UvityareplottedfbrcomparisonbylargecirclesmFig.４ｉｎatemperaturerange
between30and2００Ｋ．

Themagnetoresistance(ＭＲ)efTectsofthesamesamplewerealsoobserved
inpulscdmagncticficldsupto22Ttogcthcrwiththcmagnc[izationbyusinga
pulsedmagnetwithlOmshalfLwidth,Inthesemeasurements,weadoptedthe
methodofnoiseeliminationsasfOUows・

First,wcobservedtheapparentsampledropvoltagesV(Dgivenbythe
fOUowingequationas

WJ)＝IRS(B)＋Ｖｈ(B)，（１）

Here,ＩstandsfbrthecurrentinthesamplefedbytheconstantculTentsource，

Vh(B),[heincvitablyincludcdnoisevoltagccauscdbythcpulscdhighficld，
Rs(B),thesampleTcsistanceasahmctionofmagncticficldB,respectively､We
alsomeasuredV(－，ｉｎ[hcreverscdsamplccurTcntin[hesamcpu]scdficldB
a[ｔｈｃｓａｍｅｇｃｏｍｅ[TicalconhguTation,whichgcncTatesthcsamcnoiscvo1[age
aroundthesample､ByusmgtherelationofEq.(1),truesampledropvoltage
Vk＝IRS(B)canbeobtamed[4]ａｓ

Ｖｋ＝Ｖ(1)－Ｖ(－J）＝IRS(8)．（２）
Z

Thetransientdataofresistancesandthemagnetizationswererecordedbyusmg
analoguetodigitalconverter(ADC)withl6bitsresolution,８ＩＬＳ/Wordsandup
Iol6Kwords・Thcmagnctizationmeasurcmcntsinpulsedficldswercpcrfbnncd
byusingapick-upcoilofHuxchangcinasamplc,ｃｏｍｐｏｓｃｄｏｆａｔＴiplc-fO1d
coUarrangedalongthemaｉｎｃonaxisinthemamsolenoidcoiLHere,theMR

effectwassimultaneouslyobservedbyusingthemethodmentionedjustabove
AsshowninFig・SaUttledifferenceofthemagnetizaUonbetweenthatmdc
ficldandtha[ｉｎ[ransicntpulsediieldswasfOundin【hclowficldrangclcssthan
９TThesedifferencesareplausiblyunderstoodbythetemporaldispersionof
themagnetizationcausedbythemagneticdomainfbnnationsinthematerial、

Noteherethatthenotation“0,,ｉｎＦｉｇ・Sstandsfbrthemitialpositionsofthe
magnetizationandMR,respectivelyattimer＝ＯｆＯｒ【heneldswcep・ＭＲimhis
experimentcouldbeunderstoodbycalTierdensitychangeand/orthemobⅢty
changewithchangingthemagnetization,orwithsmallchangeinthesample
temperamres、Here,thebehaviorsofMRasafUnctionoftransientmagneti-
zationsasshownｉｎFig.５mustbeunderstoodconsistenUy・Ｈｅｒｅｗｅｐｌａｕsibly
adoptaphysicalmodclthattheconductivitymodificationinalowficldrangclcss
[ｈａｎ９ＴａｓｉｎＦｉｇ､５，iscausedbythemobUityincreaselmearlywithdecreasmg
thccalTicrscattcringsbythclatticcsitespinHuctuations・Thcmaximumapplicd
ficldsinthepresentMRcxpenmcntwerelimitedbelow９Tinacryogenic
temperaturerangetoavoidtheftequencydispersionsofthemagneticsystem
and[ｏｃｏｍｐａｒｃ[hosemagnetismsindcficldsasinFi9.3.Here,theresisUvity
decrcaseswithdecrcasingspinfmctuauonsofthclatticcsitespinsfOrsamplc
magneUzations・Nowinamagnetizationrangebetwee、"０，，and`次，(1.7Ｔ)aｓ
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Fig.２．Tbmperaturedependenceofthemagneticsusceptibintyof

(Cao9Srol)3Co206（H"c-axis)．Note：theopensymbolsrepresent左C
andclosedcirclesFC．
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Fig.３．MagncLizationmcasurcmcn[ｓｉｎｓｔａＵｃｍａｇｎｃｌｉｃｌｉｃｌｄｓｕｐｔｏ７Ｔfbra
Ca3Co206singlecrystalatseveraltemperamres(H"b-axis)．



halfLwidthof30ms,whichisnotlongenoughtoavoidthefiPequencydispersions

ofthemagneticsystemmthismaterial,Thehystericnatureandthetemporal
dclayofthcsamplcmagnctiza[ioninthcfirstrisepulscｄｆｉｃｌｄｓｕｐｔｏ２２Ｔａｓ

ｓｈｏｗｎｉｎＦｉ9.6,giverisetothehystericresistancechangeandthetimedelayof
theresistancechangeasafUnctionoftimeelapses,TherefOre,theresponsesof
MRshowedthedifferentMRbehaviorsfOrthedifferentincreasingratesofthe

magne[ic5cldsasthatinFig､５andthoseinFig6[2,3]・AsshowninFig､６，we
observedMRinatemperamrerangeｂｅｔｗｅｅｎ２５ａｎｄｌ４６Ｋ,wheretheMRma

temperamrerangehigherｔｈａｎ８６Ｋ,ｓｈｏｗｓｎｏｈｙｓｔｅｒｅｓｉｓａｎｙｍｏｒｅａｎｄａｌｗays
showcdpositiveMR,「eHectcdbythcnon-magneticphysicalorigin,IncontTast
[othcslowriscficldas[hatinFig､５，thenegativeMRcausedbythespinscat-

tcringsofcarTicTsplaycdsmaｌｌｒｏＩｃｉｎ[hｃｔｉｍｃｄｕｒａｔｉｏｎｏｆncldincrcasingduc
totheinsensitivemagnetizationevenmthecryogemctemperatureat45K､The

hystericMRtracesinFig､６inthecryogemctemperaturesweretotallycaused
bythetemporaldelayofthemagnetizaUonsandnotcausedbythetechmcal
faultsoftheMRmeasurements．

１
１
１

（
。
〉
の
区
二
ｍ
）
の
匡

【
】

４

２

．
・
一
一
四
己
三

、
》

ｏ
』

4．Conclusion
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Ｂ(T）

Fig.５．RelaUvemagnetoresistanceandmagnetizationasahmctionoftransient
appliedficldsupto9TatT芒20KinIhc6cldconfigura[ionofZﾉﾘ/ＭＥ．

Ｉｎｔｈｉｓｓｍｄｙ,wefOundthepeculiarbehaviorsofmagne-

uzauoncausedbythefrustratedspinsystemwithquasi-one-

dimcnsionalcrystalstrucmreｏｆＣａ３Ｃｏ２０６・ReHectedbythe

spinfluctuations,ＭＲｓｈｏｗｅｄｔｈｅｓａｍｃｍａｇｎｃＵｃｆｉｃｌｄｄｃpcn-
dencesexceptthepositiveMRathightemperaturerange・In
additioｎｔｏｔｈｅｈｙｓｔｅｎｃｎａｍｒｅ,MRmaximumwasfirstfOund

aroundatmeta-magncticphasetransitioninＴ＝２０Ｋbetween

(↑↓↓)and(↑↑↑)spinconfigurationThesampleandthecar-

rierinthepresentexperiment,showsextrinsicnatureandtheMR

inthecryogenictemperaturesmightbecausedbythecxtrinsic
carnerscattenngswithspinsystem・ForthefUtureinvesugatlon

ofMR,theslowrisepulsedmagnetlongerthan30mshalfWidth

mightbenecessarytoavoidthetimedelayoftheslow-risemag-
netizationinthismateriaLFurther,theexactinfbrmationonthe

magneucstructureinthismaterialshouldbedeterminedbythc
neutronscattenng．
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Fig.６．MRinhighpulscdfieldshigher[han22TaldiiTercnttemperatures．
WewouldliketothanktoMr・SugitafOrhisdevotiontomakc

singlecrystalsofCa3Co206systemwithdifferentdopantofSr，
etc．

insertedinFig､５，whcrcthespinHucmationsandthcfmstrationceasedaround
atMs/３(ＭS,thesaturationmagnetization).Incontrasttothisphenomena,in

themagnetizationrangebetween`次，ａｎｄ``Ｃ,，,theremustbethemaximumspin
Huctuationsaroundat“B”(３３Ｔ)(Ｍ＝2Ｍs/3)causedbythemeta-magnetic

phasetransiUonbetween(↑↓↓)and(↑↑↑)spinconfigura[ionslnthisstudy，
wefirstreportthcmaximumspinHucmationsobscrvcdviathcrcsistanccmax-
imumintransientmagnetizations.Inthelargestmagnetizationrangeａｒｏｕｎｄａｔ
``C"(5.2Ｔ),almostallspinsofcalriersandlatticesitespmsareparallelduetothe

strongcnoughficldrcHcctcdbythcminimumresisUvi[y・Ｈｅｒｅ,i[isalsonoticcd
that[hcaftcr=cffectof[hcmagnctizationinthcpulscdfields，thebackground

samplctcmperaturemustbcslighdymodificdassccninFig.５.Itmustbenoted
herCtha[theexpcnmcn[ofMRwaspcrfOrmedundcrpulsCdfieldswithashort
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