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ThebLS(eLhyLenedlth10)Letrathlarulvalene(BEDT-TTF)moleculeslnthesurfacecat10nlayerorthe(BEDTITTF)2KHg(SCN)4
crysta)WereobservedbyscannlngtunnelingmJCrOSCOPy(STM).TheobtaLnedarrangement0fBEDT-TTFwaslngoodagreement
wlththatexpectedfromtheslruCluredeterminedbyX-raydlrrraCl】OnInaddLLlOn,SOmesubsidiaryImagesWereObservedaroundthe
KandHgIonPOSLtLOnSTheSTM)mageortheBEDTITTFmo)eculeswasInfluencedbythestructureoftheanlOnlayeronthem,
andtheyshowedastrongblaSdependence.

1.tntroduction

Organicsuperconductorshavereceivedconsid-

erableattentionbecauseoftheirughpotentia一
designablllty.Amongtheorganicsuperconduc-
tors,some orthe bis(ethylenedi山o)-tetrathia-
rulvalene(BEDT-TTF)Compoundshaveshown
thehigh Tc(forexample,F(-(BEDT-m F)2Cu
(NCS)2ShowsthehighestTc(10･4K))IThecrystals
consistoralternatlngStackorthecationlayeroF
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(BEDT-TTF)andananionlayer,theCu(NCS)2
layerForexamp一e.TheBEDT-TTFsaltshavea
nearlytwo-dimensionalcharacter,asdothehigh

Tcinorganicsuperconductorsl1-5].Regardingthe
superconductivityWhichappearsinthetwo-di-
mensiona一BEDT-TTFsalts,theanionlayerthick-

nessisknownlohaveanimportantrolewhenthe
anlOnSForm arigidpolymerinabridgedanion
sheet【6].SincetheKHg(SCN)4layerisrather

仙ck,aboutO･7nm,Comparedwlthotheranion
layers,ltisinterestingtocomparetheelectronic
structureoFthe(BEDT-TTF)2KHg(SCN)4With
theotherBEDT-m F compoundssuch asK-

(BEDT-TTF)2Cu(NCS)2【6-10】.
SincethesurFaceoF(BEDT-TTF)Compounds

havealayerslruclureandtheirsurfacesarevery
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stable,lnVeStlgationorthesurfacestructureby

STM (scanningtunnelingmicroscopy)isexpected
toorrerusefulinformationForourunderstanding
orthebulkelectronicstructure.

ln血spaper,wereportthesurfacestructureor

(BEDT-TTF)2KHg(SCN)40bseⅣedbySTM,

2.Crystatstructure

ln the (BEDT-TTF)2KHg(SCN)､4 CryStal,
BEDT-TTF moleculesform conductivetwo-di-

rnensionalsheetsintheac-planewhicharesand-

wiched by theinsulating layersoftheanion,

KHg(SCN)4,alongtheb-axis(figs･1(a)and(b))･

ThecrystalhasalricunicsLrucLure;a-1･0082
nm,b-2.0565nm,C-0.9933nm,α-103.70O,

p-90.910, Y-93.060,V-1.997 nm3,The
BEDT-TTFmoleculesarenotdimerizedinlhlS

crystal as is the case in the K-(BEDTI

TTF)2Cu(NCS)2CrySLaLTherearefourBEDTI
TTFmoleculesintheunitcell.TheBEDT一丁TF

moleculesarraylinearlyalongthecrystalc-axIS･

AnanlOnlayerconsistsoratrlp】e-Sheetpara日elto

(010).Thebottom andtopsheetsaremadeor

zlgZagarraysOrlinearlyarrangedSCN molecu】es･
Ther山ddlesheetcontainsbothK andHgions,
whereoneorthetwoK ionsintheunltCellis

electrostaticallyunkedtofourSCNgroupsinthe

bollom sheetwith nitrogen atomsto form a

pyramid･TheotherKionFormsapyramidinthe
samewaywlththeSCN 10nSintheLopsheet(fig.

1(b)).TheHgionsarecoordlnatedtofourSCN
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FIB.2.A6.5×6.5nun2imageofthe(BEDT-TTF)2KHg(SCN).
suTraCeObtainedovertheac-planeatthesarnp】ebiasof18･3

mV.AunjICeHisdrawn.

10nS,twoL)∫theminthebottomandtheothersin

thelopsheet,Withsulfuratomstoformtetrahedra

(fig.1(b)).Sincethesurfacestabilityofthiscrystal
canberealizedbytheKHg(SCN)2anionswhich

Frame the BEDT-TTF molecules,the topmost

surfacelayerorthestablyobservedspecimenis
consideredtobetheinsulationlayer.

3.ExperlmentaJresuJtsanddiscussion

A singlecrystalwith adistorted hexagona一

shape(2… xl… xO.2… )waspreparedby

BEDT･TrF

H9(SCN)4

Fig.1(a)Cryslalstructureor(BEDTITTF)2KHg(SCN)4determlnedbyX-raydlrrraCtion(b)MolecularstructureorBEDT-TTF,
K(NCS)4andHg(SCN).
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Fig3,ThearrangementortheupperhalrortheBEDT-TTF
moleculesprqecLedontothecrystalac-plane･TheKandHg

lOnPOSilionsarealsomarked.

theelectrocrystallization orBEDT-TTF in the

presenceorHg(SCN)2,KSCN andthecrownin
1,1,2-trichユoroethaneand10γol.%ethanolunder1

IIA.TheSTM observationwasperformedinair
andatroomtemperatureoverthecrystalac-plane

uslngaPt-Ir【IP.Noparticularsurfacetreatment

wascarriedoutexceptrinslngindeionizedwater.

Fig.2Showsacurrentimagetaken atthe

samplevoltageof18･3mV.A periodiczigzag

structurewasobseⅣedalongthecrystalα-axis,

L一一

M一 一 一

whichconsistedofalternateprotrusionswithdif-
ferentshapesand brightness.Sincea一mostthe

sameimagewasobtainedfortheinversetunneling

voltage(-18.3mV),theelectronicstructureofthe
surfaceobtainedwasrevealedtobemetallic.These

resultsalsosuggestthaHheSTM imagerenects

no= hestructureoftheKHg(SCN)4insulating

layerbuHhestructureortheBEDT-TTFconduc-

tivelayer.Fig.3showsthetopviewortheBEDT-

TTFcationlayer,wherethepositionsortheK

andHgionsinthetopanionlayerarealsomarked.
ThefourBEDT-TTFmoleculesinaunitcellare

labelledasAtoD.Theyhavedifferentshapesand

themoleculeslabeledCandD havetheKorHg

iononthem.TheSTM imageofprotrusionsC

andD areexpectedtobemodifiedbytheex-

istenceorthoseK andHgions.A∝ordingtothe

resultoftheabI-nL'EL'ocalculationl11],thehighest

occupied molecularorbitalorthe BEDT-TTF

moleculehasbiglobesaroundtheSatoms,and

theystandperpendiculartothemolecularplane･

SincetheSTM imagemainlyrenectsthesurface

structure,itissurricienttoonlyconsiderthelobes

whichstandoutfrom thetoprlngClosesttothe

surfaceanionlayer(rig.1(a)).Whenthemolecular

planeistiltedfromthenormaJaxistotheac-plane,

theSTM imagebecomesasymmetric.Thecalcula-
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Fig.4(a)Amagn'fledimage(35×3,5nrn2)obtainedaHhesampLevoltageoH8.3mV.LabelsA10Dcorrespond10thosedrawnln
rJg3.ThearraysshowthepositionoTthesubsldarypTOtruSIOn.(b)ThecrosssecいonsalonglineLandMlnrlg4(a)
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lionalsoshowedthatthesizeofthelobeincreases

withthedegreeordistortionofthehexagonalring
inthemolecule.RegardingmoleculesAandB,the

tophexagonalrlnglnmoleculeAhasabiggertilt
angleandismoredistorted.Also,theSatom in
thetophexagonalrlngOftheBEDT-TTFmole-
culeAisclosertothesurface.Therefore,theSTM

imageofmoleculeA isexpectedtobebrighter
andmoreasy… etricinshapeandbrightness.

Fig.4(a)showsthemag山fiedimageandfig.
4(b)Showsthelineprofilesoftheprotrusionson
linesLandM infig.4(a).Fourtypesofprotru-
sionswithdifferentshapesandbrightnesscanbe
observed;asisshowninfig.4(a),theimagesonL
aremuchsharper,whiletheimageonM israther
distorted,andSTM imagesoftheprotrusionson
bothlinesarealternatelybrightandlessbright
(fig.4(b)).Accordingtothemolecularstructure
writtenabove,Weattributethosefourimagesto
moleculesAtoDinfig.3,asshowninfig.4(a).

21

Thestrongerasymmetryinthebrightnessofthe
STM imagesobservedformoleculesA(fig.4(a))is
ingoodagreementwiththeelectronicstructure

expectedfrom theirbiggertiltangleaswritten
above.Theunitcellsizeobtained(fig.4(a))is0.98
nmx1.2nmandisveryclosetothatdetermhed
byX-raydiffraction(1.0082nmx0.9933nm,fig.
3).ThedifferenceinthebrightnessoftheSTM
imagesbetweenthemoleculeslabeledCandDis
supposedtobeduetothedifferenceintheanion
structureonthem.Ⅰnaddition,asismarkedinfig.
4(a),Somesubsidiaryimagesareobservedatthe
positionsofKandHgionsbetweenmoleculesA
andB.

IfthedistortedSTM imagesofmoleculesC
andD areduetotheinfluenceofthesurface

a山onlayer,thedegreeofmodificationisexpected
tobereducedbyincreaslngthetumeungbias.
Figs.5(a)and(b)showtheresultsobtainedatthe

samplevoltageof3･lmVand33.9mV,respec-

'C' Ml&

FLg･5･STM ImagesobtaLnedall,(a)thelowertunnelingVOllage(3.1mV)and(b)thehlghervoltage(33.9mV).ThescanarealS:

(a)3･5x3･5nm2･(b)65x65nm2 (C)schematlCrePreSentatlOnOfthelattlCelikestructureobservedinfig.5(b).
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一ively.Whenthetunnelingvoltagewasdecreased,

theimageslosttheirsharpness,esp∝iallyaround

moleculesC and D (fig,5(a))･Forthehigher

voltage,the zigzag Structure along the a-axis

seemedtodisappearandtheimagebecamerather

simple(fig･5(b))･Eachprotrusionhadasimilar

roundshapebutthedifferenceinbrightnesswas

stillobserved.SomeadditionalstnlCtureappeared

betweentheBEDT-TTFmolecules,whichformed

thelatticelikestructure,asisshownschematically

inrig.5(a).MoleculesCandD sitonthecrossor
thelatticewh1emoleculesAandBsitontheline

betweenthecrosses(rig.5(C)).
Theoreticalcalculationsortheelectronicstruc-

tureofthecrystalsurfacearenecessarylnOrderto

understandtheimagefurther.

4.Con(:lusions

Thesurfacestructureorthe(BEDT-TTF)2K-

Hg(SCN)4CrystalwasobseⅣedbyscanningtun-

neling microscopy.The moleculararrangement

observedwasingoodagreementwiththeBEDTI

TTFmolecularstructuredeterminedbyX-raydif-

fraction,someorwhchwerestronglyinnuenced

bytheanionlayeronthem.Inadditiontothe

BEDT-TTF molecules,Somesubsidiary images

wereobservedattheK andHgionpositions.A

strongtunnelingbiasvoltagedependenceofthe

ST… imagewasalsoobseⅣed.

Acknowledgement

WewouldthanktoDr.T.MoriorInstitutefor

MolecularSciencefortheusefuldiscussion.This

workwaspartiallysupportedbyaGrant-inAid

forScientificResearchfrom theMi山stryofEdu-

cation,ScienceandC山ture,Japan.Supportfrom

theUniversltyOrTsukubaPrqjectResearchisalso

acknowledged.

References

tl]H.Urayama,H.Yamochi,G.Saito,A.Kawamoto,J
Tanaka,TMom,Y,MaruyamaandH.Inokuchi,Chem.
Lett.(1988)463.

(2]H.Urayama,H.Yamochl,G.Saito,T.Sugano,M.
KlnOShlta.T.lnabe,T.Mom,Y.ManlyamaandH.In-
okuchi,Chem.LetL(1988)1057.

[3lK.Oshima,T.Mom,H.Inokuchi,H.Urayama,H
YamochiandG Saito,Phys.Rev,B38(1988)131.

(47T･Sugano,H･Hayashl,H.Takeuchl.K.N)shJklda,H.
Urayama,H.Yarnochi.G.SaltoandM.Kjnoshita,Phys,
Rev.B37(1988)9100.

[5]T･Sugano,H･HayasI心,M KlnOSIntaandK.NIShlklda,
Phys.Rev.a39(1989)11387,

[6)H.Moロ,S.TaJlaka,M.Oshjma,G.Sai10,T.Mori,Y.
MaruyamaandH.Inokuchl,Bull,Chem,SocJpn.(1990),
63(1990)2183.

l7]T.Osada,R.Ya臥 A.Kawasum,S.Kagoshima,N.

Miura,M.OshjmaandG.Sailo,PhysRev.B41(1990)
5428.

[8]M･Yoshimura,K.Fujita,N.Ara,M.Kageshlma,R,
Shiota,A Kawazu,H.ShigekawaandS,Hyodo,J.Vac.
Sci.T∝hnol.A8(1990)488.

[91H.Bando,S.Kashwaya,H Tokumoto,H.Anzai,N.
KlnOShitaandK KaJimura,J.Vac.Sci.TechnoIA8
(1990)479.

t10】C.Bai,C.Dai,C.Zhu,Z.Chen,G.Huang,X.Wu,D.
ZhuandJD.BaldeshwieleT,I.Vac_Sci,Technot.A8
(1990)484.

[11】M.YosI七mura,HShlgekawa,H.NeJOh.G.SaltOandA.
Kawazu,tobepubllShed･


