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In the processof intercalation,Cso samplesin the form of polycrystalline Ims prepared
on varioussubstratesre used. To obtaina homogeneousloping we testtwo geometrical
set-upsof our apparatushorizontalandvertical. In the presentwork we focuson the study
of transportpropertiesof the samples.We demonstratehe temperaturelependencef the
conductvity of dopedCeo Ims duringthedopingprocessThetime evolutionsof thesample
resistvity afterits exposureto the atmospherare studied. The structuralpropertiesof the
samplesireexaminedby X-ray diffractiontechniquen Bragg-BrentangeometryandRaman
Spectroscop ScanningElectronMicroscopy is usedto comparethe surlacemorphologyof
theundopedanddopedCso Ims.

PACS: 61.66.Fn68.55.-a,/3.61.Wp

1 Intr oduction

Thediscovery of the conductvity andthe superconductity [1, 2] in the Ky Cgo Systemopened
a questionof a potentialapplicationof theseinterestingmaterialsfor cryoelectronics. Many
authorshave focusedon the preparatiorand study of superconductingndtransportproperties
of the K Cgo Systemin the ultra-high vacuumat the level of 10 7 Pain situ [1-3], however
the physicalpropertiesof the sampleinvestigatedafter breakingthe vacuumarenot sufciently
known [4].

The K4 Cgo reactsvery faston the air. This fact seemsto be a seriousrestrictionfor the
applicationof the Ky Cgp. Becausea detailedinformationaboutthe preparatiorof the Ky Cgg
Ims in theliteratureis missingor is unclearour effort wasto prepargheKy Cgo Ims exhibiting
alow resistvity. TheK (potassiumywasintercalatedo theCgp Im in two differentprocedures.
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We presentheresistvity measurementsf the Ky Cgp asa functionof dopingandtempera-
ture. Someof thepreparedims werein situ coveredwith insulatinglayers,thenexposedo the
atmosphereandthe time evolution of the resistvity wasstudied. We presenta possiblemodel
of this reactionwhich explain the change®f theresistvity of thesamples.

2 Experimental

TheundopedCgy Ims with athicknessof 70—500nm weregrown by a sublimationof a com-
merciallyproducedCsg of 98 % purity in thevacuum.Theamountof thedepositednaterialwas
monitoredwith a quartzmonitor. Ni-Cr padswere evaporatedat the cornersof the mica (00°)
andSi (111)substratesf the0:8 1:0 cm? size. SubsequentlyCu contactwireswereattached
to the padswith In andcoveredwith silver epoxy The substratdemperaturavasmeasuredy
Cu-Constantathermocouple.

To obtainahomogeneoudopingwe testtwo geometricaket-upf ourapparatusln the rst
casethe sampleandthe sourceof K areputinto a horizontalpyrex tube. Two horizontalovens
ensureghetemperaturgradient. The Cgg Im locatedin the pyrex tubeis held at about200 C
andthe sourceof theK is cycled betweernthe room temperatureand 150-200C. To achieve a
homogeneoudoping(minimumof theresistvity) the Ims arekeptat200 C for 5—7hoursafter
eachcycle. We useddiffblock AV 63 to hold vacuumatthelevel of 10 2 Pa.

In the secondcasethe sourceof the K andthe samplearein the vertical arrangementThe
substrategre x edon the heaterandmountedby the contactwire on vacuumfeedthroughThe
fullereneis evaporatedrom a Taboat,theK from aMo boat,respectiely. Thedistancebetween
the boatsand the heateris approximatelyl0 cm. For the vertical doping the vacuumin the
chambeiis in the rangeof 10 4 Pa. The substratewith the Cgg thin Im is heatedup to about
150 C andsubsequentlyhe K is evaporatedon it. This stepwe repeatseveral times. When
the minimum of the resistvity is achieved, in somecasegheinsulatinglayer NagAlFg+Cgg is
evaporatedn thesample.

The structuralpropertiesof the samplesare examinedby X-ray diffraction techniquein
Bragg-Brentan@eometryand RamanSpectroscop ScanningElectronMicroscopy is usedto
comparehe surfacemorphologyof theundopedanddopedCgy Ims.

3 Resultsand discussion

Thefullerenethin Im with aticknessof 70-500nmwereevaporatednmica(00") andSi (111)
substratesln the processf the samplepreparatiorseveral parameterssuchasthe thicknessof
the Cg layer, the rateof the depositionandthe temperaturef the substratesverevaried.In all
caseghepreparedims exhibiteda polycrystallinenature.

In the solid statethe Cgp moleculeshave a face-centeredubic (fcc) structureandtheK is
dopedinto the octahedrabr tetrahedrakites[5]. X-ray diffraction patternsshowv a polycrys-
talline characteiof the Cgo thin Ims grown onthemica(00") andSi (111) substratesvith the
preferred(111)and(600)orientationperpendiculato the substratesurface(Fig. 1).

Figure2 shavs SEM imagesof themica(00") surface(Fig. 2a),undopedCs, Im (Fig. 2b)
anddopedCsy Im (Fig. 2c) onthemicasubstrateThelayeredstructureof themicasurfacecan
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Fig. 1. Schematicview of amicalayer, which consistof ahexagonalarrayof SiO, tetrahedrayponwhich
aCso monolayelis thendepositeda) [6]. X-ray diffraction patternsof the70 nmthick Cso Im grown on
themica(00') (b) andontheoxidizedSi (111)substrategc).

app4iz

Fig. 2. ScanningElectron Microscofy image of the surface of the mica (00') substrate(a), the mica
(00')+70nm Cgp (b) andthemica (00 )+110nm Cgo +intercalation(c).
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Fig. 3. Ramarspectraf the500nmthick C¢o Im onthemica(00) substratdor threedifferentfrequeny
rangesHg (1) modeat 273.5cm ! andAg (2) modeat 1470.5cm ! for Cso wasappeared.

beclearlyseen.ThepolycrystallineCqo Im grown onthemicasubstrateonsistof grainswith
ameansizeof approximately100nm. After dopingthegraincoalescencis becoming(Fig. 2c).

We usedRamanspectroscop (Fig. 3) to con rm the existenceandto characteriseéhe Cgg

Ims. Whenthe Im thicknessincreasedip to 500 nm two strongvibrationalmodeswere ap-
pearedat 273.5cm ! Hg (1) andat 1470.5cm ! Ag (2) andit is in agoodagreementvith the
valuefrom theliterature[7].

In our experimentsthe pressuravas essentiallyhigher at the level of 10 2-10 4 Pa com-
paringto othergroups[1-3]. Althoughwe usedvacuumbackgroundabout5 ordersworst, we
preparedhe samplesvith thecomparableesistance.

We measuredheresistvity asafunctionof exposureime by thetwo-probegeometryduring
thedopingprocessTheminimumofthe (exposureime)correspond$otheK3;Cgo Systeni8].
It couldbe appearedhe metallicresistvity eitherin this point or closeto this point.

Oursamplesn theminimumof theresistity (3:23 10 3 cm)for theverticalarrangement
of the experimenthave a semiconductatik e temperaturelependenceecausé 3Cgp coresof
the grainsare surroundeddy insulatingK 4Cgo andKgCgo grain boundarieq8] (Fig. 4). The
arrons denotethechangedor a x edtemperaturéncrement.Thevalueof the (exposuretime)
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Fig. 4. Exposuretime dependencef theresistiity of the Kx Cso Im duringthe evaporationof theK at
ambienttemperaturemear25 C. The (0) washigherthan320 cm. The arravs shav changesn the
resistvity of thesampleasit washeatedrom roomtemperaturéo 50 C.
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Fig. 5. Thetime dependencef theresistiity of the sampleafterbreakingthe vacuum.

dependencebtainedby four-probegeometrycanbe differentdueto contactresistance.

In the caseof the horizontalarrangemendf the experimentwe obtainedhelowestresistvity
valueof5:8 10 2 cm.

After dopingprocessatwhich theminimumof the sampleresistvity wasachieved,we cov-
eredtheK,Cgo Im (in somecaseswith Cgo layer (200 nm) and subsequentlyvith NagAlFg
(500 nm) to limit degradationin atmosphere.The 200 nm thick evaporatedCg, layer slowly
decreasedhe sampleresistvity dueto diffusion of non-stoichiometrigpotassiumfrom the in-
terstitial sitesof the K, Cgg. It seemshat this effect canbe usedfor the optimisationof the
minimumresistiity valuein thefuture.

In spiteof the surfacepassvation after breakingthe vacuumandexposurethe sampleto the
ambientatmospheré¢he rapid reactionand consecutie changef the resistvity in the Ky Cgo
systemwasdetected.We do not seeary differencebetweenthe passvatedandnot passvated
Im concerningf theevolution of theresistiity. It canbedueto leakines®f theupper Im (pin-
holes,imperfections).Figure5 shawvs the typical resistvity changesasthe sampleis exposured
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to atmosphere.

Theleft sideof the curve in thediagram(Fig. 5) representsheinteraction(1) of the Ky Cgo
with O, whichis characterisethy a sharpincreaseof theresistvity. However, whenpotassium
attractdrom air enoughhumidity, thereactionof theK, Cgo (K in theinterstitial sitesof fcc Cgp)
with gaseou$,O from air is supposedo bedominant(2, 3):

K(s)+ 02(9)! KOz(s); (1)
2K (s) + 2H,0(g)! 2K OH (ag) + H2(9); 2)
4K O; (s) + 2H,O(g;1) ! 4K OH (aq) + 302 (9): 3)

Then,theconductvity of KOH (aq) shuntstheinteractionof the Ky Cgp with O, (right side).

4 Conclusion

We preparedCgp Ims onmica(00') andoxidized Si (111) substratesX-ray patternscon rm

polycrystallinenatureof the Ims. We appliedan intercalationof potassiuminto the fullerene
Ims. We attainedthe minimum of theresistvity of the samplescomparablevith the literature
in spiteof the factthat our experimentwere madeat standardzacuumconditions( 10 “ Pa).
Thetime dependencef the sampleresistvity afterbreakingthevacuumaswell asthe possible
modelof thereactionareadded.In thefuturewe will befocusedon appropriatanethodgor the
preparatiorof a stableK, Cgo Systemon ambientair.
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