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MagneticFieldEffectsonElectrochemical

PropertyofSelfJAssembledMonolayersWi仙

Charge-TransferGroups
NoriyukiYoshimoto,Kaoru Ogawa,andSatoshiOgawa

AbshTaCt-Novelself･organiZationmolecdes,n-mercapto-alkyl
benzo-annelatedtetmthiafulvdenes(BTTF),havebeensynthc･
sized･ExpostlreOfpotycrystallineAllandorientedcrystallineAu
(111)飢lrfacestoorganicsolutionofthenovelBTTFderivativesin
highmagneticfieldresults血thebindingofthederiVativestoAu
andtheformationofhighlyorientedself･assend)ledmohOhyers
(SAMs)withredoxactivetetmthia･fulvalene(m )mi t.The
electIl0dlemiCalpmpertieswereconJimedinthemonolayerstate.
AcomparisonbetweentheSAMsonpolycTyStanineAuhavinga
Il0ugh stlrfaceandonorientedcrystalheAu(111)havingaflat
stLrface飢IggCStedthatthewell･orientedalky1-chainlayersinthe
SAh4scotlldbeablockadefortheelectrontransferbetweenthe
TTFtmitandtheAusllbstratc.

Lluiex2TermsIElectrontransfer,orientedAu(111)stlrface,self-
assemblcdmonohyers,superconductingma呈net.

S

I.INTRODUCTIONS

URFACEmodiflCatiOnwithself-assembledmonolayers
(SAMs)isoffundamentaltechnologiCalinterestbecause

oftheirpotendalinthemoleculardesignofinterfacialstructure

andapplicationtothetwo-dimensionalmoleculara汀ayS.In
prac也ce,SAMsadsorbedonwell-de丘nedsubstratesserveas

electrodemodification,proteinrecognitionandadsorption,pat-

temingofsurfaces,controlledintroductionofsurfacedefects,

andcontronedwettinglll.Organosulfurmonolayersthatserve

toredoxactivespeciestoagoldel∝trodepresentaunlque

opportunitytoinvestigateanum berofphenomena,including
electrontransferratesandmechanisms.Theelectrochemical

characteristicsforSAMscontainingredoxcouplessuchasTrF

havebeenreportedl2]-[4].Intheirreports,theinvestigation

ofdistancedependenceoflong-rangedectrontransferkinetics

wasbasedonthevarylngthicknessofathiol-functionalized

SAM asaspacerbetweentheelectrodeandaredoxcenter.

However,althoughsimplealkylthiolassemblieswerereadily

adsorbedtoform wel1-definedSAMs,[5],[6]thealkylthiols

withbulkyhead-groupsuchasm unitweredeviatedfrom
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well-auangestructurebythesizemismatchbetweentheanchor

(sulfuratom)andthehead(TTFunit)group.

Aspartofourinterestinthisarea,wehavebeensearching

forapproachestostudythefundamentalchemiCalandphysical

interactionsthatcontroltheformation,structure,andreactivity
ofchemicallymodifiedsurfaces.Recendy,inthefieldofma-

terialscienceandtechnologyithasbeenfoundthatamolec-

ularorientationinmaterialscanbecontrolledbyimpositionof

ahigh magneticfield･Weattemptedtoutilizeamagnetic丘eld

forformationofhighlyorderedSAMswithbulkyelectronically

activeTTFunit.Inthispaper,weshowthemagneticeffectson

theredoxbehaviorofourwell-definedSAMsboundtocharge

transferTrFgroup.

II.ExpERrMENTAL

A SynthesesofSelf-01'ganizationMoおcuおS

Allnewmoleculesweresynthesizedbychemicalmethodsas

showninFig.1.Allsolventsusedinthereactionswerepurified

bythegeneralmethods.Meltinganddecompositionpoints

weredeterminedonaMel-Tempcapillarytubeapparatus･lH

(400MHz)and13C(101MHz)NMRspectraweremeasured

onaBrukerAC-400spectrometerusingCDCl3aSaSOIvent

withMc4Siastheintemalstandard.IR(Infrared)Spectrawere

recordedonaJASCOFT-7300spectrometer･Massspecb'a

weredeterminedonaIもtachiM-2000spectrometeroperating

at70eVintheEImode.Elementalanalyzeswerecamied

outbyaYanaglmOtOMT-5CHNrecorder.Silica一gelcolum n

chromatographyforpurificationofdesiredmoleculeswas

performedwithaWAkogelCl200.

B･Self-AssembledMonolayerPreparation

PolycrystallineAusubstratesarecommerciallyavailable.All

orientedAu(111)substrateswerepreparedbyvacuum evapora-

tionat1.Ox1(｢8-1()-9T()rrontocleavedmica(001)(20mm
x20mm)thatpreviouslypre-bakedat400oCfor24hunderre-

ducedpressure(1･()×1(｢8-10~9Torr).Thesubstrateswere
coatedwi也500Agold丘血S(substratetemperature,400oC;

depositionrate,1.0A/min)afterannealingat450oCunderre-
ducedpressure(1･Ox10-8-10-9Torr).
Monolayer丘lmsweretypicallypreparedbyimm ersingasub-

strate(polycrystallineAuororientedcrystallineAu(111))into

al･OmM dichloromethanesolutionoftheprecursorfor24h
肝ig･2)underthehighmagneticfieldof10Tproducedbya

superconductingmagnetJMTDl10T100M (Japan Magnet
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F7g･2･PreparatlonofSAMs.

Flg･3･Superconductingnlagnet

TechnologyLtd.,100mm¢)(Fig･3)･Thedirectionsofthemag-

neticfieldwereinparallel(//)andperpendicular(i)tothe
directionofthegoldsurface.Thesubstratewasthenremoved
fromsolution,sequentiallyrinsedwithfreshdichloromethane,

anddriedwithflowingnitrogenpnortoanalysis.

C.Characterization

CyclicvoltammetrywasperformedwithaCypressSystem
CS-1090galvamostaupotentiostat.negoldsubstrateswere
mounted止1aCOnVentionalthree-electrodecellwithanexposed
area19･6111rI12(5.0mⅠ山4･),asshowninFig.4.Redoxpotentials
oftheSAMsweremeasuredwithrespecttoanAg/0.01M

Flg･4･CVmeasurementcell

AgNO3referenceelecbl0de･nemeasurementswerecarried
outinacetonitrilesollltioncontaining0.1MBu4NC104aSa
supportillgelectrolyte.ReductiveeliminationsoftheSAMs

werelneaSuredwithrespecttoanAg/AgCl(saturatedKCl)ref-
erenceelectrode.ThemeasurementSWereCarriedoutinwater

solutionconLainlng0.1MKOHasasuppor【lngelech'olyte･
Polarization modulation infrared renection absorption

spectroscopy(PMJRRAS)datawereobtainedusingaNicolet
NEXUSJR670Fotlriert171nSfom spectrometerequippedwith

aliquidnitrogen-cooledmercury-cadmium-telluride(MCT)
detectorandaHindshstrumentsPEM-90photoelasticmod-

ulatoroperahngat37kHz.Thepolarizedlightwasreflected
fromthesampleatanangleofincidenceof830.Thespectra

werecollected300scansataspectralresolutionof4cm-1･

III.RESUuSANDDISCUSSION

Fig･5showsthetypicalcyclicvoltammogramsforthespon-

taneouslyadsorbedBm (n-8)self-assembledmonolayers
onbothpolycrystallineAuandorientedcrystallineAu(111)
withouthighmagneticfield.Asexpectedforthevoltammetric
behaviorofthesurface-confinedredoxcenter,theredoxpeak
currentislinearlyproportionaltoscanrateupto500mV/S(used

inthisstudy),andtheratioofIpatoZl,｡atgivenscanrateis
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FIB6･AEIValuesofBTTF(a=4-10)

veryclosetounityforalloftheseBTrFmonolayers.Thisindi-

catesthattheelectroactiveBTTFmonolayerswerepreparedin

reproducibleform･Ineachvoltammogram,twopairsOfredox

peaksobservedduetotheoxidationandreductionofBm

whichfollowstwo-steptwo-electrontransferreactionmecha-

nisms･FortheBm SAMsonpolycrystallineAu,asymmet-

ricalreversibleredoxwaveswereobservedandthepeak-to-peak

separation(AEplandAEp2)values,althoughnotzero,were
typicallyverysmall,suggestingarapidelectrontransferreac-

tionkineticsin thecondition･Ontheotherhand,theslgnifi-
cantlylarge△EpvalueswereobservedforBm SAMsonori-
entedcrystallineAu(111),As canbeseeninFig.6,thevalue

ofAEl,1measuredatthesam escanrateremarkablyincreases
asthenum berofmethylenesinthealkylchainspacerincrease

(n- 4,6,8,and10)･Whenthealkylchainleng血becomes
longer,theelectrorltranSferfromtheredoxcentertotheelec-

trodeisforcedtoproceedatalargedistance,slowlngtheoverall
electron-transferrate.

2800 2900 300)
Wavmmbd･(C7TrI)

Fi苦8 StlrfaceiJl血edspCtraOfBTTFSAMs

Asfurtheradvancesforfom ationofhigh-qualityBTTF

SAMsollOrientedcrystallineAu(ll1)surface,weprepared

BTTFSAMs(ll - 8)inhighmagnehcfield(10T)IInorder
tobegintoexamilletheeffectoFhighmagneticfield.wehave

exploitedcarhodicelectrochemicalmeasurement(Fig･7)I
ForaBTTFICOVeredAu(111)surfacedesorptionofthe

monolayerstakesplaceatcurrentpeak(Epc)locatedat-0･93
V(0T),-094V(10T//),-0･92V(10TJJ(aHscanrate,
100mV/S),respectively･Theresultsindicatethatone-electron

tl･anSferfordesorpt10nOfa(hiolfromAulatticetakesplace･

Although theEpcvahleSOfBTrFSAMsinhighmagneticfield
wereclosetothatvaluewithoutusinghigh magneticfield,

thehalf-widthofthepeakpotentialsoftheSAMsproducedin

highmagneticfieldwerenarrowcomparedwiththatobtained

withoutusinghighmagneticfield.Ifhalf-widthofthepeak

na汀OW,themonolayerpossessesthehigherordering･Forthe

lowordelingmonolayer,thehalf-waveb∝omesbroader･On

theotherhand,thesurfacecoverage(r)valuesofBTTFSAMs
werecalculatedh-om theintegrationofreductionpeakarea,

Unexpectedly,thequantitiesofthemonolayerswerenearly

equalinallconditions.Theresultsdescribedaboveimplythat

packingstructureofthemonolayersontheorientedcrystalline

Au(111)becomesmoreorderedwithgrowingmicrodomains

inhighmagneticfield.Fig.8showstheC-Hstretchingreg10n

ofthePM-IRRASspectraobtainedfortheSAMsderivedfrom

Bm (n- 8),Inevaluatingthedatafrom thePM-IRRAS
measurements,wefocusourattentiononthefrequencyof

themethyleneantisymm etricc-Hstretch(↑ノaCH2)andmethyl
antisymmetricC-Hstretch(7ノaCH3),becausethesebandsare
sensitivetothedegreeoforderedofthef+ilmS;thelowerthe

values,thegreaterthecrystallinityoftheSAMs.Aswith

thecyclicvoltammm etrichalf-widthdatashowninFig･7,
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antlSymmetricc-Hband,especiallyshiftofvaCH3,suggested
we1110rderedSAMscouldbeformedinhighmagnetic丘eld.

ⅠV CoNCLUSION

A seriesofspecificauydesignedBTTFmolecules(the

numberofmetbyleneinalkylchain;C-4,6,8,and10)were
usedtopreparedSAMsonorientedcrystallineAu(lil)in

whichthewell-Orientedalkyl-chainlayersintheSAMscould
beablockadefortheelecb･OntransferbetweentheTITunit

andtheAusubstrate･Furthermore,high-qualityBTTFSAMs

onorientedcrystallineAu(I11)surfacehavebeenachievedby

theuseofsuperconductlngmagnet･Highmagneticfieldsare
effectiveforthefomlationoftwo-dimensionalself-assembled

monolayersbymaganetohydrodynamiceffectand/ormagnetic

anisotropyeffecttodiamagneticorganicmolecules.Further
studiesonthemechanism forformationofBTTFSAMs

onorientedcrystallineAu(111)inhigh magneticfieldare

presentlyundeⅣay.
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