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  Abstract:PressureeffectsonelectricalpropertiesofamanganatewithnominalcompositionLa1.0Ca2.0Mn2O7,
whichhasalayeredperovskitestructureasmajorityphase,havebeeninvestigatedunderhydrostaticpressures
upto1.05GPabyusingaself-clampedCuBepiston-cylindercell.Anabnormalpressureeffectwasobserved.
Atapressureof0.55GPa,alargepressureresistanceeffectof≈40% wasobservedinalowertemperature
rangeof5~150K.Besides,itisfoundthatthemetal-insulatortransitiontemperatureincreasesatlowpressure
butdeceaseswithfurtherloadingpressure.
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1 Introduction
  Thelayeredmanganate(R1-xAx)n+1MnnO3n+1(Risarare-earthionandAisadivalentcation,n=
1,2,3)hasbecomearesearchsubjectofintenseinterest[1-4].Theirlayeredcrystallographicstructure
providesananisotropicandlow-dimensionalitycharacter.Itiswellknownthatelectroncorrelations
areenhancedinlow-dimensionalmaterials.Hence,themagnetotransportphenomenaforthesecom-
poundsareexpectedtobeinterestingintermsofanisotropictransportandexchangeinteractions.
Kimuraetal.reportedtheanisotropyinresistivityinLa1.4Sr1.6Mn2O7singlecrystalandobservedthat
theresistivityalongc-direction(ρc)islargerthanthatin-plane(ρab)byafactorof103atroomtem-
perature.MeanwhileitwasreportedthatLa1.4Sr1.6Mn2O7singlecrystalshowsmagnetoresistance
(MR)effectof80%atafieldof0.3T[4].

Thepressure,asathermodynamicvariable,hasbeenusedasapowerfulprobeforinvestigationof
thethree-dimensionalperovskitemanganates[5-8].Theseexperimentsshowthathighpressurehassub-
stantialeffectsonelectricaltransportpropertiesandthemetal-insulatortransitiontemperature(TMI)
inthosemanganates.ThedecreaseofelectricalresistanceandtheincreaseofTMIwithincreasingpres-
sureareintimatelyassociatedwithpressure-inducedreductionofJahn-Tellerdistortionandpossible
enhancementofthedouble-exchangeinteraction.Thetransportandmagneticpropertiesoflayered
manganatesarealsoverysensitivetoappliedpressuresduetotheanisotropiccompressibilityofthese
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materials.Maheshetal.reportedthatthelayeredmanganatesLa2-2xSr1+2xMn2O7showsignificant
differenceintheirelectronicbehaviorontheapplicationofpressurecomparedtothree-dimensional
(3D)perovskites.ThedTMI/dpofthelayeredmanganatesLa2-2xSr1+2xMn2O7isabout5K·GPa-1,while
thatof3Dperovskitemanganatesisashighas36K·GPa-1.Also,thedepressionrateinMRbypressurefor
3DperovskitemanganatesishigherthanthatobservedinlayeredmanganatesLa2-2xSr1+2xMn2O7[9].Kimura
etal.studiedtheexternalpressureeffectonmagneticandtransportpropertiesoftheLa1.4Sr1.6Mn2O7andre-
portedthattheappliedpressureweakenstheinter-planemagneticcoupling[10].Argyriouetal.reportedthat
thelayeredmanganateLa2-2xSr1+2xMn2O7showsremarkabledifferenceintheirelectronictransportbehavior
underpressurecomparedtotheisotropic3Dperovskitecounterparts.Differentfromthecaseinthe3Dperovs-
kite,thetwo-dimensionalstructureappearstoaccommodatethepressureeffectsthroughthechangein
Mn—ObondlengthsratherthanbythetiltingoftheMnO6octahedral[11].Theexistingreportsabout
theeffectofhydrostaticpressureonthestructureandpropertiesforlayeredmanganatesarefocused
ontheLa2-2xSr1+2xMn2O7series,whiletheLa2-2xCa1+2xMn2O7serieshasnotbeenreceivedconsidera-
bleattention.

Kamenevetal.studiedthetransportpropertiesoflayeredperovskiteLa1.2Ca1.8Mn2O7under
pressureandfoundthattheappliedpressurereducestheelectricalresistivityandtheCurietempera-
tureincreaseswithappliedpressureatarateof11K·GPa-1[12].However,therearesomearguments
aboutthesynthesis,structureandpropertiesofthemanganatesLa2-2xCa1+2xMn2O7reportedinlitera-
tures.Asanoetal.reportedfirstlythatthelayeredperovskitemanganatesLa2-2xCa1+2xMn2O7canbe
synthesizedintherangeof0≤x≤0.5andthesystemshowsametallicferromagneticstateaccompan-
yingwithcolossalmagnetoresistance(CMR)effectintherangeof0.22≤x≤0.5[13].Later,Ganguly
etal.[14]andZhuetal.[15]studiedthesamenominalcompositionsample(x=0.25)thatAsanoetal.
mentionedandfoundthatthesampledoesnotformlayeredperovskite-likemanganate.Theobserved
physicalpropertiesofthemanganatearisemainlyfrommultiphaseincludinghole-doped3Dperovskite
manganate.Recently,Fawcettetal.synthesizedtheelectron-dopedlayeredperovskitemanganates
La2-2xCa1+2xMn2O7(0.6≤x≤1.0)byusingacitrategelprocessandobservedthatallsamplesexhibit
insulatingbehaviorwithoutCMReffectduetochargeorderinginthetemperaturerangeof5~
300K[16].

Wehavecarriedoutstudiesonthestructureandphysicalpropertiesofthemanganatewithnomi-
nalcompositionLa1.0Ca2.0Mn2O7[17].Theresultsshowthatitisverydifficulttoformapurelayered
perovskiteLa1.0Ca2.0Mn2O7.Instead,itformsmultiphasemixturescomprisingthelayeredperovskite
manganteLa1.0Ca2.0Mn2O7asamajorityandasmallamountofperovskitemanganteLa0.5Ca0.5MnO3
asaminority.Aconsiderablemagnetoresistance(MR)effectwasobservedforthesample,whichis
mainlyfromthelayeredperovskitemangante,inlowertemperaturerange.Therefore,itisveryinter-
estingtostudythepressureeffectsonthetransportpropertiesofthissample.

2 Experiment
  Thesynthesis,structuraldeterminationsandpropertiesofLa1.0Ca2.0Mn2O7havebeendescribed
previously[17].ThesamplewithnominalcompositionLa1.0Ca2.0Mn2O7waspreparedbystandardsolid-
statereactionmethod.ThestructureofthesamplewasinvestigatedusingpowderX-raydiffraction,

RietveldanalysisandTEMexperiments.
Theresistivityofthesamplewasmeasuredusingastandardfour-probemethod.Temperaturede-

pendenceoftheelectricalresistanceunderhydrostaticpressureupto1.05GPawasmeasuredusinga
self-clampedCuBepiston-cylindercell.Thesamplesizeis5mm×2mm×0.5mm.Thekerosene-sili-

132 第3期 ZHUJia-Lin,etal:PressureEffectonElectricalPropertiesofaManganatewithNominalCompositionLa1.0Ca2.0Mn2O7



conoil(1∶1)wasusedaspressure-transmittingmedium.Thepressurewasfirstloadedatroomtem-
peratureandthenscrew-locked.Thepressurewascalibratedutilizingamanganingaugeandthetem-
peraturewasmonitoredusingachromel-alumelthermocoupleplacednearthesample.Thepressurere-
sistance(PR)ratioisdefinedhereas-ΔR/R0=-(Rp-R0)/R0,whereR0andRpdenoteresistences
atambientpressureandanappliedpressure,respectively.

3 ResultsandDiscussion
  Oursynthesizedsampleisamultiphasemixturecomprisingthelayeredperovskitemanganate
La1.0Ca2.0Mn2O7 with91.3% massfractionasa majorityphaseandtheperovskite manganate
La0.5Ca0.5MnO3withmassfraction8.7%asaminorityphase.X-raydiffractionpatternofthesample
ispresentedinFig.1andrefinedparametersarelistedinTable1.

Table1 StructuralParametersobtainedfromRietveldrefinementoftheroomtemperatureX-raydata
forthesamplewithnominalcompositionLa1.0Ca2.0Mn2O7

Phase Atom Wyck(a) SOF(b) x y z B/(nm2)

La1.0Ca2.0Mn2O7
a=0.38354(3)nm
c=1.92679(7)nm
Spacegroup:

I4/mmm
Massfraction:91.3%

Ca(P)

La(P)

Ca(R)

La(R)

Mn
O(1)

O(2)

O(3)

2b
2b
4e
4e
4e
2a
8g
4e

0.2
0.8
0.8
0.2
1.0
1.0
1.0
1.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.5000
0.0000

0.5000
0.5000
0.3090(7)

0.3090(7)

0.0957(2)

0.0000
0.0931(9)

0.1919(5)

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

lMn—O(1)=0.18435(2)(nm),lMn—O(2)×4=0.19198(1)(nm),lMn—O(3)=0.18531(8)(nm)

θMn—O(2)—Mn=177.9(1)°,θMn—O(1)—Mn=180.0°

Phase Atom Wyck(a) SOF(b) x y z B/(nm2)

La0.5Ca0.5MnO3
a=0.54164(5)nm
b=0.54454(7)nm
c=0.77099(8)nm
Spacegroup:Pbnm
Massfraction:8.7%

Ca
La
Mn

O(1)

O(2)

4c
4c
4b

4c
4d

0.4
0.6
1.0

1.0
1.0

0.5060(2)

0.5060(2)

0.5000

0.4441(3)

0.7464(5)

0.5190(4)

0.5190(4)

0.0000

1.0000
0.2944(6)

0.2500
0.2500
0.0000

0.2500
0.0243(7)

0.0001
0.0001
0.0001

0.0001
0.0001

lMn—O(1)=0.1512(3)nm,lMn—O(2)=0.20911(4)nm

θMn—O(2)—Mn=164.4°,θMn—O(1)—Mn=162.5°

   Note:(a)MultiplicityandWyckoffnotation;(b)Occupancy.Rp=6.24,Rwp=12.43.

Electricalresistivity(ρ)versustemperatureforthesampleatdifferentpressuresareshownin
Fig.2.Atambientpressure(p=0GPa),thesampleshowsasharppeakintheresistivityvs.tempera-
turerelationshipcorrespondingtometal-to-insulatortransition(TMI)at110K.Itexhibitsinsulating
behavior(i.e.anegativedρ/dT)aboveTMIandmetallicbehavior(apositivedρ/dT)belowTMI.Below
TMI,ρdecreasesslowlyinthetemperaturerangeof100~50Kandthenincreasesslowlybelow24K.
Theinsulatorbehaviorbelow24Kmightbelinkedtoalowtemperaturelocalizationeffect.
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Fig.1 X-raydiffractionpatternofthesamplewithnominalcompositionLa1.0Ca2.0Mn2O7
(TheinsetshowstheenlargedX-raydiffractionpatternintherangeof22.5°~24°)

Fig.2 Thetemperaturedependenceoftheelectricalresistivity
ofthesamplewithnominalcomposition
La1.0Ca2.0Mn2O7atdifferentpressures

Theapplicationofpressureleadstoa
decreaseinρ.Onepossibilityisthatthegrain
boundariesarecompressedinthesampleand
theconductivityisenhancedduetothecom-
pactsample under pressure.The pressure
effectonthecrystalstructureandtheen-
hancementofconductivitywillbediscussed
later.Withincreasingpressure,themaximum
positionofρ(T)shiftstoaslightlyhigher
temperatureinthepressurerangeof0~
0.55GPa.ThedTMI/dpofthesampleisabout
14K·GPa-1inthepressurerangeof0~
0.55GPa.Thisvalueissmallerthanthatof
the3Dperovskitemanganates(36K·GPa-1),

and close to that of layered perovskite
La1.2Ca1.8Mn2O7 (11K·GPa-1).ThoughtheratiooftheLa1.0Ca2.0Mn2O7andLa0.5Ca0.5MnO3was
determinedthroughX-raydiffractionanalysis,itisstilldifficulttoanalyzethecorrespondingphysical
propertiesquantitatively.

Inasense,magneticfieldandpressureseemtohavesimilareffects:theybothreducetheresist-
anceandshiftTMItohighertemperatures.BelowTMI,electronictransportispredominantlycontrolled
bythetransferintegralteff=t0cos(θ/2).Thepressureaffectstheone-electronbandwidth (∝t0)

whereasthemagneticfieldaffectstheangleθbetweenthet2gspins.Enhancementint0ordecreaseinθ
(θtendstozerointheferromagneticstate)willincreaseteffandthusgiverisetodecreaseinresistivi-
ty.AsshowninFig.3(a),atapressureof0.55GPa,alargePReffectof≈40%isobservedinthe
temperaturerangeof5~150K.Above150K,thePReffectdecreasesquicklywithincreasingtempera-
ture.Similarly,asshowninFig.3(b),atamagneticfieldof4T,thereisalargeMReffectof≈65%
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inthetemperaturerangeof5~150KonthemanganatewithnominalcompositionLa1.0Ca2.0Mn2O7.It
hasbeenexplainedthattheMReffectinthelowertemperaturearisesfromthelayeredperovskitema-
jorityphase[17].Thus,itisreasonabletodeducethatthePReffectinthelowertemperaturerangealso
arisesmainlyfromthelayeredperovskitemajorityphase.

Fig.3 Thepressureresistanceeffectat0.55GPa(a),andmagnetoresistanceeffectatamagneticfield
of4T(b)versustemperatureofthesamplewithnominalcompositionLa1.0Ca2.0Mn2O7

Theappliedpressureaffectsmainlytheinterbilayerspacingandbringsrigidbilayerscloserto
eachother,andleadstoanincreaseinthetransitiontemperature.Thisindicatesthattheapplicationof
pressurenormallyfavorstheferromagneticmetalphaseandsuppressestheinterplanemagneticand
chargecouplings.Theincreaseinthetransitiontemperaturecanbeinterpretedasaconsequenceofin-
creasedelectronichoppingunderpressures,whichiscausedbytheincreasedoverlapbetweenadjacent
orbitalsunderhighpressure.Accordingtothedoubleexchangetheory[18-20],highpressureincreasesthe
delocalizationoftheelectronsandfavorstheferromagneticcouplinginthestructure,andresultsinthe
decreaseinresistanceandtheincreaseinTMI.

Fig.4 TheTMIofthesamplewithnominalcomposition

La1.0Ca2.0Mn2O7versuspressure

TheTMI ofthesampleversuspressureis
showninFig.4.TheTMIincreasesfrom110~
118K withincreasingpressurefromambientto
0.55GPaandthecoefficientofdTMI/dpisposi-
tive.However,withincreasingpressurefurther,

thedTMI/dpchangestonegativevalue.Thisphe-
nomenonisdifferentfromthepressureeffecton
La2-2xSr1+2xMn2O7 seriescompound,ABO3-type
compoundandlayeredperovskiteLa1.2Ca1.8Mn2O7
mentionedintheintroduction.InFig.2,itcanbe
seenthatthemetal-insulatortransitionpeakbe-
comesbroaderwithincreasingpressure,especially
above0.55GPa.Itisknownthatthecrystalstruc-
tureofthelayeredperovskitemanganateCa3Mn2O7isunstableunderhighpressure[21]orbyLa-do-
ping[22],andtransformstoanorthorhombicstructurefromthetetragonalstructureatabout1.6GPa.
OnepossibilityisthatthecrystalstructureofLa1.0Ca2.0Mn2O7isalsounstableunderpressureandoc-
cursthephasetransitionatlowerpressurethanCa3Mn2O7(butabove0.55GPa)duetoLa-doping.In
thepressurerangeof0~0.55GPa,thecrystalstructureisstillkeptthesameandhighpressurein-
creasestheone-electronbandwidthaswellasdecreasestheθcloseto0°,thustheTMIincreaseswith
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increasingpressureasothermanganatesdo.Butabove0.55GPa,thecrystalstructuremightstartto
transformandtheMnO6octahedralmightbedistortedandtiltedduetothetransformationtoalow
symmetrystructure,thustheθbecomesfarawayfrom0°andthetransferintegralreduces.Thiscase
willresultinthedecreaseofTMIwithpressure.Aboveanalysisisnotadefinitebutapossibleexpres-
sion.Therearestillmanyuncertainties.Furtherstudiesareeagertobecarriedout.

4 Conclusions
  Wehavestudiedthepressureeffectsonelectricalpropertiesofthemanganatewithnominalcom-
positionLa1.0Ca2.0Mn2O7.Itsmetal-insulatortransitiontemperatureTMIisabout110Katambient
pressure.TheelectricalresistivityisstronglyreducedunderpressureandthedTMI/dpofthesampleis
about14K·GPa-1inthepressurerangeof0~0.55GPa.ThereisalargePReffectinthelowtem-
peraturerangeof5~150K,whicharisesmainlyfromthelayeredperovskitemajorityphase.TMIin-
creaseswithpressureinthepressurerangeof0~0.55GPawhiledecreasesinthepressurerangeof
0.55~1.05GPa.
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名义成分为La1.0Ca2.0Mn2O7

锰氧化物的压阻效应

朱嘉林1,2,刘振兴1,禹日成1,李凤英1,靳常青1

(1.中国科学院物理研究所极端条件实验室,中国科学院凝聚态物理中心,北京 100080;

2.北京信息工程学院,北京 100101)

  摘要:利用低温高压电阻原位测量装置(自箝铍青铜活塞-圆筒式压砧),在0~1.05GPa
静水压力范围内,对以层状钙钛矿结构为主相、名义成分为La1.0Ca2.0Mn2O7 的锰氧化物样品

进行了压阻效应研究。实验观测到异常的压阻效应。在低温5~150K 范围内,压力为

0.55GPa时,样品呈现出高达40%的压阻效应,而且,金属-绝缘体相变温度在低压范围内随

压力的增加而增加,但随着压力的进一步增加而减小。

  关键词:层状钙钛矿结构锰氧化物;电阻率;压阻效应
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