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OF FULLERITES ON THE VARIOUS SUBSTRATES
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In the processof intercalation,C60 samplesin the form of polycrystalline�lms prepared
on varioussubstratesareused. To obtaina homogeneousdopingwe test two geometrical
set-upsof our apparatus,horizontalandvertical. In thepresentwork we focuson thestudy
of transportpropertiesof the samples.We demonstratethe temperaturedependenceof the
conductivity of dopedC60 �lms duringthedopingprocess.Thetimeevolutionsof thesample
resistivity after its exposureto the atmospherearestudied. The structuralpropertiesof the
samplesareexaminedbyX-raydiffractiontechniquein Bragg-BrentanogeometryandRaman
Spectroscopy. ScanningElectronMicroscopy is usedto comparethesurfacemorphologyof
theundopedanddopedC60 �lms.

PACS: 61.66.Fn,68.55.-a,73.61.Wp

1 Intr oduction

Thediscovery of theconductivity andthesuperconductivity [1, 2] in theKx C60 systemopened
a questionof a potentialapplicationof theseinterestingmaterialsfor cryoelectronics.Many
authorshave focusedon thepreparationandstudyof superconductingandtransportproperties
of the Kx C60 systemin the ultra-highvacuumat the level of 10� 7 Pa in situ [1–3], however
thephysicalpropertiesof thesampleinvestigatedafterbreakingthevacuumarenot suf�ciently
known [4].

The Kx C60 reactsvery faston the air. This fact seemsto be a seriousrestrictionfor the
applicationof the Kx C60. Becausea detailedinformationaboutthe preparationof the Kx C60

�lms in theliteratureis missingor is unclear, oureffort wasto preparetheKx C60 �lms exhibiting
a low resistivity. TheK (potassium)wasintercalatedto theC60 �lm in two differentprocedures.
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We presenttheresistivity measurementsof theKx C60 asa functionof dopingandtempera-
ture.Someof theprepared�lms werein situ coveredwith insulatinglayers,thenexposedto the
atmosphere,andthe time evolution of the resistivity wasstudied.We presenta possiblemodel
of this reactionwhichexplain thechangesof theresistivity of thesamples.

2 Experimental

TheundopedC60 �lms with a thicknessof 70–500nm weregrown by a sublimationof a com-
merciallyproducedC60 of 98% purity in thevacuum.Theamountof thedepositedmaterialwas
monitoredwith a quartzmonitor. Ni-Cr padswereevaporatedat thecornersof themica (00̀ )
andSi (111)substratesof the0:8 � 1:0 cm2 size.Subsequently, Cu contactwireswereattached
to thepadswith In andcoveredwith silver epoxy. Thesubstratetemperaturewasmeasuredby
Cu-Constantanthermocouple.

To obtainahomogeneousdopingwetesttwo geometricalset-upsof ourapparatus.In the�rst
casethesampleandthesourceof K areput into a horizontalpyrex tube. Two horizontalovens
ensurethe temperaturegradient.TheC60 �lm locatedin thepyrex tubeis heldat about200� C
andthesourceof theK is cycledbetweentheroom temperatureand150–200� C. To achieve a
homogeneousdoping(minimumof theresistivity) the�lms arekeptat200� C for 5–7hoursafter
eachcycle. We useddiffblock AV 63to holdvacuumat thelevel of 10� 3 Pa.

In thesecondcasethesourceof theK andthesamplearein theverticalarrangement.The
substratesare�x edon theheaterandmountedby thecontactwire on vacuumfeedthrough.The
fullereneis evaporatedfrom aTaboat,theK from aMo boat,respectively. Thedistancebetween
the boatsand the heateris approximately10 cm. For the vertical doping the vacuumin the
chamberis in the rangeof 10� 4 Pa. Thesubstratewith theC60 thin �lm is heatedup to about
150� C andsubsequentlythe K is evaporatedon it. This stepwe repeatseveral times. When
theminimum of the resistivity is achieved, in somecasesthe insulatinglayerNa3AlF6+C60 is
evaporatedon thesample.

The structuralpropertiesof the samplesare examinedby X-ray diffraction techniquein
Bragg-BrentanogeometryandRamanSpectroscopy. ScanningElectronMicroscopy is usedto
comparethesurfacemorphologyof theundopedanddopedC60 �lms.

3 Resultsand discussion

Thefullerenethin �lm with aticknessof 70–500nmwereevaporatedonmica(00̀ ) andSi (111)
substrates.In theprocessof thesamplepreparationseveralparameters,suchasthethicknessof
theC60 layer, therateof thedepositionandthetemperatureof thesubstrateswerevaried.In all
casestheprepared�lms exhibiteda polycrystallinenature.

In the solid statethe C60 moleculeshave a face-centeredcubic (fcc) structureandtheK is
dopedinto the octahedralor tetrahedralsites[5]. X-ray diffraction patternsshow a polycrys-
talline characterof theC60 thin �lms grown on themica(00̀ ) andSi (111)substrateswith the
preferred(111)and(600)orientationperpendicularto thesubstratesurface(Fig. 1).

Figure2 showsSEM imagesof themica(00̀ ) surface(Fig. 2a),undopedC60 �lm (Fig. 2b)
anddopedC60 �lm (Fig. 2c)onthemicasubstrate.Thelayeredstructureof themicasurfacecan
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Fig. 1. Schematicview of amicalayer, whichconsistsof ahexagonalarrayof SiO4 tetrahedra,uponwhich
a C60 monolayeris thendeposited(a) [6]. X-ray diffractionpatternsof the70 nm thick C60 �lm grown on
themica(00̀ ) (b) andon theoxidizedSi (111)substrates(c).

Fig. 2. ScanningElectronMicroscopy imageof the surfaceof the mica (00̀ ) substrate(a), the mica
(00̀ )+70nmC60 (b) andthemica(00̀ )+110nm C60+intercalation(c).
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Fig. 3. Ramanspectraof the500nmthick C60 �lm onthemica(00̀ ) substratefor threedifferentfrequency
ranges.Hg (1) modeat 273.5cm� 1 andAg (2) modeat 1470.5cm� 1 for C60 wasappeared.

beclearlyseen.ThepolycrystallineC60 �lm grown on themicasubstrateconsistsof grainswith
ameansizeof approximately100nm. After dopingthegraincoalescenceis becoming(Fig. 2c).

We usedRamanspectroscopy (Fig. 3) to con�rm the existenceandto characterisethe C60

�lms. Whenthe �lm thicknessincreasedup to 500nm two strongvibrationalmodeswereap-
pearedat 273.5cm� 1 Hg (1) andat 1470.5cm� 1 Ag (2) andit is in a goodagreementwith the
valuefrom theliterature[7].

In our experimentsthe pressurewasessentiallyhigherat the level of 10� 3–10� 4 Pa com-
paringto othergroups[1–3]. Althoughwe usedvacuumbackgroundabout5 ordersworst,we
preparedthesampleswith thecomparableresistance.

Wemeasuredtheresistivity asafunctionof exposuretimeby thetwo-probegeometryduring
thedopingprocess.Theminimumof the� (exposuretime)correspondsto theK3C60 system[8].
It couldbeappearedthemetallicresistivity eitherin thispoint or closeto this point.

Oursamplesin theminimumof theresistivity (3:23� 10� 3 
 cm)for theverticalarrangement
of the experimenthave a semiconductor-like temperaturedependencebecauseK3C60 coresof
the grainsaresurroundedby insulatingK4C60 andK6C60 grain boundaries[8] (Fig. 4). The
arrowsdenotethechangesfor a �x edtemperatureincrement.Thevalueof the� (exposuretime)
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Fig. 4. Exposuretime dependenceof the resistivity of theKx C60 �lm during theevaporationof theK at
ambienttemperaturenear25 � C. The � (0) washigher than320 
 cm. The arrows show changesin the
resistivity of thesampleasit washeatedfrom roomtemperatureto 50 � C.
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Fig. 5. Thetimedependenceof theresistivity of thesampleafterbreakingthevacuum.

dependenceobtainedby four-probegeometrycanbedifferentdueto contactresistance.
In thecaseof thehorizontalarrangementof theexperimentweobtainedthelowestresistivity

valueof 5:8 � 10� 2 
 cm.
After dopingprocess,atwhich theminimumof thesampleresistivity wasachieved,wecov-

eredtheKx C60 �lm (in somecases)with C60 layer (200 nm) andsubsequentlywith Na3AlF6

(500 nm) to limit degradationin atmosphere.The 200 nm thick evaporatedC60 layer slowly
decreasedthe sampleresistivity dueto diffusion of non-stoichiometricpotassiumfrom the in-
terstitial sitesof the Kx C60. It seemsthat this effect canbe usedfor the optimisationof the
minimumresistivity valuein thefuture.

In spiteof thesurfacepassivationafterbreakingthevacuumandexposurethesampleto the
ambientatmospherethe rapid reactionandconsecutive changesof the resistivity in theKx C60

systemwasdetected.We do not seeany differencebetweenthe passivatedandnot passivated
�lm concerningof theevolutionof theresistivity. It canbedueto leakinessof theupper�lm (pin-
holes,imperfections).Figure5 shows thetypical resistivity changesasthesampleis exposured
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to atmosphere.
Theleft sideof thecurve in thediagram(Fig. 5) representstheinteraction(1) of theKx C60

with O2 which is characterisedby a sharpincreaseof theresistivity. However, whenpotassium
attractsfrom air enoughhumidity, thereactionof theKx C60 (K in theinterstitialsitesof fcc C60)
with gaseousH2O from air is supposedto bedominant(2, 3):

K (s) + O2 (g) ! K O2 (s) ; (1)

2K (s) + 2H2O (g) ! 2K OH (aq) + H 2 (g) ; (2)

4K O2 (s) + 2H2O (g; l ) ! 4K OH (aq) + 3O2 (g) : (3)

Then,theconductivity of KOH (aq)shuntstheinteractionof theKx C60 with O2 (right side).

4 Conclusion

We preparedC60 �lms on mica (00̀ ) andoxidizedSi (111)substrates.X-ray patternscon�rm
polycrystallinenatureof the �lms. We appliedan intercalationof potassiuminto the fullerene
�lms. We attainedtheminimumof theresistivity of thesamplescomparablewith the literature
in spiteof thefact thatour experimentweremadeat standardvacuumconditions(� 10� 4 Pa).
Thetime dependenceof thesampleresistivity afterbreakingthevacuumaswell asthepossible
modelof thereactionareadded.In thefuturewewill befocusedonappropriatemethodsfor the
preparationof a stableKx C60 systemonambientair.
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