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Scanningtunnelingmicroscopyonbothcyc互odextrins(CyDs)andtheirStructuralcomplex

formedwithaguestCompound(トadamantanemethanoi)wasperformedonspecimensobtained

bydepositionc･fCyDaqueoussolutionsontohighlyorientedpyroiyticgraphite-TheCyDand

guestcompoundimagesizeswerefoundtobesatisfactorilyconsistentwithmoleculardimensions.

Intheabsenceofguestcompounds,bothα-andβ-CyDsstronglyinteractedwitheachother,and

formedregularlyorderedstrtiCtureS･Guestcompoundadditionresultedinabreakdownofthe

TeguiarCyDstructure,thusindicatlmgthatmutualCyDmolecularinteractionsaresuppressedby
CyD瑠ueStCOmPlexformaii｡ns.

点.ENTRODUCTION

Cyclodextrins(CyDs),doughnuトShapedmoleculesformed

bycycliclinkageof6-8glucoseunits(Fig.1),exhibitselec-

tivecatalysesinvariousorganicreactions,andhavebeen

widelyusedasarti免cialenzymes.IAdditionallytheyhave

manyusefulapplications/properties,e.g･,chiralseparatio恥

stabilizingunStab呈eCompounds,andincreasingWaterSOlu-

biiityofhydrophobicdrugs.ThesespeciAcpropertiescanbe

directlyattributedtothefom ationofaninclusioncomplex

betweentheCyDandaguestcompound,usuallyoccurring

inwater,wheretheguestisaccc)mmodatedinα-andβ-CyD

cavitieshavingrespectivediametersofapproximately0.45

and0.7nm.Furtherin如 mationconcernillgCyDs'sstruc-

turesandtheirinclusioncompl孤eSisもhereforequiteimpor-

tant.

Methodspreviousiyemployedforinclusio王ICOmPlex

structuredeterminationarelH-NMR (nuclearmagnetic

resonance)spectroscopy-andx-raycrystaiiography,3 yet
つ

scanningtunnelingmieroscopy(STM)hassignificantado

vantagesoverthesemethodssincedirectvisualinformation
canbeobtained.46

RecentlySTMwasusedbyMilesetal･7toobserveatosy-

1atedPlCyDlatticepatternwhichwasfoundfromtosylresi-

dueimages,aridnotfromtheβ-CyDresidueitself･

ThestudypresentedreportsboththeかstSTM observか

tionsofCyl)Shavingnochemicalmodifications,andthe

resultswhenusingaCy】∋inclusioncomplexhavingaguest

compoundiadamantanemethanol(モ)]addition

lJ,EXPERiMENT

STM specimenswerepreparedbydepositionof10冊2M

CyD aqueoussolutions(withandwithoutaguestcom-

pound)onafreshlycleavedhighlyorientedpyroiyticgraph-

ite(HOPG).STM wasperformedbyaDigitalInstrument

Co.microscope(inairatanambientもemperature)withPt-

王rtipsusltngaCOnStantheightmode.Nothermaldriftcor-
rectionsweremade｡

日.RESULTSANDDISCUSS)ON

A.̀lErnpty"ft･CyCfOdextrin(G -CyD-watercornpbx)

Figure2showsawidescanSTM image(60nmx60mm)

of"empty"(かCyDs,Thetipbiasvoltage(Vt)was-21･4

mVandthesettingcurrent(I-)was0-9inA･Periodicstru c-

turescanbeseenoverawidearearange,andinamagnified

image[Fig･3(a)】,columnsofparalleirunningprotrusions

∩=6 α .-CycLodextr…n

n=7:β-CycLodextrll∩

TOPVIEW SEDEV】EW
(bl

FtG.1.M()leculal･Structure(a)andCorey-Pauling-Koltunmolecular
model(b)ofCyDs:thediametersofthecavitiesofcl-andβ-CyDsal'e,
respectively,0145andO･711m･andthedepthisO･7mm･TheCyDouter
diametersarearound1.4andi.65nm｡
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FI仁,,2.STMlmageOf"empty"(I-CyT)S(V,=--21･4TrlV,Z､-0-91nA,
6011mXbOnm).

areappare三時withailTheseprotrusionsbeingtiltedalongthe

column'slongitudinalaxis.Thesizeofthistrapezoid-shaped
protrusio王1(estimatedwithnodriftcorrectionstobe-1

nmx2r】m)isalmostidenticaltothea-CyDmoleculewhich

is"lying"withitsapolaroutsidewailontheapolargraphite

substrate･This"lying"conformationlSPOSSibiymorefavor-

Sub, sub.

5yEng s舶ng
tb)

FIG･3･(a)Magni鮎dSTMlmageOfHempty''rEICyDs(V,- - 24.1mV,
Z､ニ0･91nA,18nmx18mm).(b)ConfbrmationsofCyDsonHOPG.

J.VacISci.TechnoLa,VoL9.No.2,Mar/Apt1991

1190

ib)
DimerCyDs

FIG.4.(a)Maglli危edSTMimageof"empty"α-CyDs(Vt =7 --24.1mV,
ZT-().9王nA,30nmx30m】).(b)Dinersh'tzctt!reoflCyDs.

ablethanthe"sitting"conformationwheretheα-CyDhy-

droxyiresiduesarecontactingtheapoiarsubstratelFig.
3(b)].

Figure4(a)showsanothermagni鮎dimageof"empty"
a-CyDs,whereCyD moiecu王araggregateformationis
dominant.Three-dimensionalmosaic-likestructureswhich

areconstructedfromcomponentblocksareclearlyshown.

王nadditiontotileSmgleCyDs,labeled"S"inthe丘gure,
biggerblockswithasizeof～1nmx4nm,labeledD,canbe

seen,whicharebelievedtobea-CyDdiners,consistingOf

twoα-CyDmolecu丑eLq(locatedinthesameplaneandcon-
nectedtoeachotheratthecavity'sapolaroutsidewallHFig.
4(也)].

a.α･CyDinc山sionComplex

Figure5(b)showsthestructureofadamantanemethanol
(I)whichwasemployedasaguestcompound･Theadaman-
tanemoietyhasarigidsphericstructure(016nm diam),
whichpromotesasimpleSTM resultanalysis･Ahydroxy-

methyiresiduewasattachedtoincreasethesolubilitylnW a-

ter.TheadamantanemoietyhasbeenconArmedtobetoo

bulkytobetotallyIncludedinsidethea-CyDcavity,and
thereforeitislocatedontoplFig.6(b)1.日

AnSTM imageofI/HOPGwith王10a-CyDisshけWnin

Fig.5(a).ThecyclicprotrusionsdiametersareO･4-85nm,
whichisconsistentwithI'smolecularsizeb
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(a)

:::__:::tILLI_-I--L-

Adamar涌ame
一m昏軌anOi

fbi

FiG.5.STMimageofadamanta壬lemethanois(I)withoutCyD(V,-38,5
mvJ7-(u3nA,6mmx5nm日a)aridltSmolecularstructure(b)･

Figure6(a)showstheSTM imageofthea-CyD一王com-

piexes.Theperiodicpatternobservedintheabsenceofl

(Figs.2and3)isnotvisibleduetothecomplexformation

betweenα-CyDsandtheguests,suppressingtheinteraction

betweenthetwoa-CyDmoiecuies.Duetotheweakerinter-

actionwrittenabove,themoleculesarenotstableagalnStthe

meaSuremerit,therebythemolecularimagesobtainedhere

arenotsocigarasthoseobtainedfortheCyDswithout

guests.Cyclicimages,althoughnotveryclear,areevident

nearsomeα-CyDmolecules,labeled"C''inthe丘gure,and

areprobab互yresultsoftheguestsbeinglocatedonthecavi-

ty'stoplFig･6(b)i･Theimagelabeled"W ''atthetopr主ght-

handsideoFFig｡6(a),isconcludedtobeassociatedwitha
1:2complexformationbetweenα-CyDandtheguestcom-

pound【Fig.6(cM.喜nordertoobtainamQreStableand

clearerimage,theinteractionsbetweentheCyDcompounds

andthesubstratesarebeingstudied･

C."Empty"β･cyclodextrh(β-CyD-watercomplex)

"Empty"β-CyDsalsoexhibitedaregularSTMpatternas

showninFig.7.Thesizeforeachprotrusionwas0.6
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ib)

F王G･6pSTMimageof(fr-CyD)Jcomplexes(V, ㍗31･4mV,Z～-0,91nA.
1(1琉mXtOnm)(a)anditsmolecularStr旺CtureS･.(ら)甘/(α-CyD),(C)
i/ta-CyⅠ))/i.

nmxO｡9nm Enodriftcorrection),andisnearlyidentical

withβ-CyD9smoleculardimension｡

Asigni鮎antdi配rencebetween針CyDandβ-CyDim-

agesisthefactthatthem｡iecuiarpackingofβ-CyDismore

tight,i.e.,β-CyDmoleculesareseenbySTM tobevirtual王y

contactlngeachother.Thisisconsideredtobeattributable
tothefactthattheinteractionsbetweenthetwo♂-CyDmol-

eculesarestrongerthanthosebetweenthetwoα-CyDmo王e-

cules｡rrhisconclusionissupportedbythefactthatβ-CyD'S

F!G.7.STMimageof"empty"tg-CyDs(VE-31.imV,I､-0･54nA,4
nmx3llm).



1192 Shigekawaeta/"'STMonincJusioncompJexes

solubility(1.85g/100m1日sconsiderablysmallerthanα-

CyD'S(14.5g/100ml)･

lV.CONCLUS10N

ThestudypresentedshowedthatCyDmoleculararra王一ge-

ments,eitherwithorwithoutaguestcompound,canbe

clearlyvisuaiizedbySTM,andaisothatunlqueinfbrmation

cambeobtainedonthestructul･alarrangementOfthecom-

plexthatisformedbetweenCyD andaguestcompound･

imageresolutionimprovementswhichwillaidinfurther

researchareinprogress,
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