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ADSORPTIONOF H2S,H20 AND 02 ON Si(111) SURFACES
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Electronenergy-lossspectroscopyhasbeenappliedto the studyof Si(1 11)
surfacescoveredwith H~S,H20 and02 at roomtemperatureandthesur-
facesannealedat 600 C. The experimentalresultsstronglysuggestthat
H2SandH20adsorbin themolecularstatesat room temperature.It is
proposedthat02 is first adsorbedin a molecularstate,thenadsorbsas
atoms,andfinally oxidizesforming SiO2.

ELECTRONenergy-lossspectroscopy(ELS)of solid The energy-lossspectrumof a cleansurface,curve
surfacesis averysensitivetool for thestudyof the (a),showsall of the characteristicloss peaksin agree-
intrinsic andextrinsicsurfaceelectronicstates.

13 mentwith thosereportedby otherworkers.’3 When
l’his permitsus toinvestigatethe chemicalbondsof the this surfaceis exposedto H

2Sat room temperature,
adsorbates,i.e.whethergasmoleculesadsorbdissociat- new peaksappearat 3.7, 4.8 and8.8eV, while the peaks
ively or non-dissociativelyon solid surfaces.In this attributedto the intrinsicsurface-statetransitionsdimin-
paper,we presentELS resultsfor thermallycleaned ish. The resultis shownin curve (b) of Fig. 1. The peak
Si(1 11) surfacescoveredwith H2 S, H20and02 at room amplitudesare saturatedwith theexposuresof— 100
temperatureandthe surfacesheatedto 600°C.The Langmuir (1 L = 10—6 torr sec).The peakpositions
observeddifferencesin the lossspectrastronglysuggest areindependentof theexposuresand theprimaryelec-
that thesegasesareadsorbedin the molecule-likestates tron energiesbetween50 to 200eV within theexperi-
on Si(1 11) surfacesat roomtemperature. mentalerrorsof±0.3eV. Theseindicatethat thethree

Therehasbeena controversyaboutthemodels peaksare due to theextrinsicsurfacestateswhich
for theadsorptionof H2S,H20 and02 on Si(lll) sur- characterizeH2S adsorptionon Si(1l 1)surfaces.The
facesat room temperature.ForH2SandH20 covered peaksnear10 and 18eVaredueto surfaceandbulk
surfaces,the dissociativeadsorptionmodel hasbeen plasmons,respectively,becausethey becomeprominent
proposedby MeyerandVrakking

4 usingAugerelectron on increasingthe primaryelectronenergy.No evidence
spectroscopy(AES)andellipsometry.Fujiwaraand hasbeenobtainedthatmultiple adsorptionstatesare
Nishijima3 suggestedthat H

20 adsorbsasmoleculesby involved. The roomtemperatureadsorptionof H20 has
ELS. For oxygencoveredsurfaces,the low energy- beenreportedelsewhere,

3andthe lossspectrumis
electronscatteringexperimentsby Ibachet a!.5 indicate shownin curve(c). Thisresult is quitesimilar to curve
that02 is adsorbedas moleculesat the initial stageof (b), whichis notsurprisingdue to thesimilarity of the
the oxidation.Ludekeand Koma2proposedthat02 is structuralandthe electronicpropertiesof the two
adsorbedasatomsusingELS. Recenttheoreticalcal- molecules.However,a differenceis found in theelec-
culation by GoddardIII eta!.6 indicatesthat02 is tron inducedeffect,i.e. for H

20, anelectronbeam
adsorbedasperoxyradical,or in amolecularstate. irradiationof 30mm changesthe spectradrastically

The electronspectrometerconsistsof an electron suggestingthedecompositionof themolecules,whereas
gun,andtwo 127°cylindrical analyzersusedfor the muchsmallerchangesareobservedfor H2 S in thesame
monochrometorandthe energyanalyzer.The energy- period.
lossspectraweremeasuredin thesecondderivative The lossspectrumof H2Sadsorptionis observed
modewith a constantresolutionof 0.8eV. The same to changesubstantiallyon heatingthesurfaceto above
spectrometerwas alsousedto analyzethe surfacespecies 500°C.Curve (d) showsthespectrumafterthreecycles
by AES. CleanSi(l 11) surfaceswere obtainedby heat- of the successive50 L H2Sexposureandheatingat
ing the samplesto 1200°Cin thevacuumchamber. 600°C.The observedpeaksareat 3.4,5.1, 7.4,8.9,
Specialcarewas takento minimize thebeaminduced 10.3, 13.5, 18.1 amd 21 eV. The 2.2eV peakis either
effects.The readersarereferredto reference3 for a spuriousor due to the residualsurface-statetransition.
further detail. The abovechangeis attributedto the decomposition

of H25 andthe subsequentdesorptionof hydrogenat
* Presentaddress:Dept.of Chemistry,Faculty of — 500°C,

7 andthecurve (d) is interpretedto correspond
Science,Kyoto University,Japan. to the loss spectrumof a Si(ill) surfacecoveredwith
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I I I I I observedpeaksareat 3.2, 4.9, 7.1, 9.6, 13.2, 17.9 and
72 20.6eV, which arein generalagreementwith the pre-

48

(a) viousreports.”
2This result is interpretedto indicate

that 02 is adsorbedasmoleculesin agreementwith
ThachandRowe.1Whenthe surfacewasheatedto78 03

uJ 700°Cfor 30 sec,thepeakat 9.6eV disappears.We
(b) find a peakat 10.1 eV anda smallhumpat 8.6eV as

(-) shownin curve (f). It shouldbe emphasizedthat these(1)

~l2Ioo87~7: peaksdo not existat roomtemperature,becausetheir>~ (C) center-of-gravityis not at 9.6eV. The sameresultisCr obtainedby theelectronirradiationfor about 10 mmCr

is the lossspectrumfor 02 adsorbedas atoms,becausemH Cd) ~79 35 the curveis essentiallythe sameasthatobtainedfor a

~~22 (withoutthermaltreatment).Webelievethat curve (I)Cr~i: (e)c’J by threecyclesof the successiveH
20 exposureandLU 178 ~ Si(111) surfacecoveredwithatomic oxygenproduced207 132 10186 49 heatingat 700°C.

3Curve (0 is not thespectrumfor

(f) 32 SiO
2,whichis also shownin curve(g), becausethe peak

z 3 at 10.1 eV doesnothavethesameorigin asthe 10.5eV
-u 24 21

I(g)~74l4oIa6 715035 peakof Si02.This is confirmedby thedifferencein theprimary energydependenceof theexcitationcrosssections,i.e. the lattershowsa decreaseof therelativeEp
I I I I I crosssectionsasthe primaryelectronenergyis lowered

30 25 20 5 CO 5 0 to 30eV,althoughthe formerdoesnot.The survival of

ENERGY LOSS, EL (eV) thebulk plasmonpeakat 18 eV indicatesalsothat the
substrateis not oxidizedinto 5i02 yet. An additional

Fig. 1. Negativesecondderivativesof the electronenergy- evidenceis the similarity of curves(d) and(f). In con-
lossspectra(primaryenergy= 80eV)of the Si(lll) nectionwith this,we want to pointoutthat thesur-
surfaces:(a) cleansurface;(b)after H2Sexposureof facecoveredwith atomic oxygenis oxidized into
2000 Langmuir;(c) afterH2O exposureof 100Langmuir;
(d) afterthreecyclesof successive50 LangmuirH2S SiO2 by a prolongedelectronbombardment,whereas
exposureandheatingat 600°C;(e) after 02 exposure theformationof Si52 is comparativelydifficult.
of 1.2Langmuir;(f~after02 exposureof 100 Langmuir Recently, Ludekeand Koma

2suggested,from the
andheatingat 700 C; (g) SiO

2 surface, similarity of the observedenergy-lossspectrawith the
excitationspectraof SiO molecules,that oxygenis

sulfur atoms.A similar result is observedfor H20 chemisorbedintoa monoxide-likeboundstate.If
coveredsurfaces.

3 this identificationis correct,a similar interpretationis
Meyer andVrakking4 haveproposedthat H

2Sad- applicableto the caseof sulfur atomschemisorbedon a
sorbsdissociatively,and that sulfur andhydrogenatoms siliconsurface.However,the location of the losspeaks
form covalentbondingswith thedanglingbondsof a for this surfaceis quite differentfrom the excitation
Si(lll) surface.If this is true,the loss spectrumshould energiesof SiSmolecules.

8For example,the main loss
be a superpositionof thosecorrespondingto theSi(lll) peaksat 7.4eVcannotbe relatedto theE’ r--x’ ~
surfacescoveredwith sulfur andhydrogenatoms,pro- transitionsat 4.8—6.2eV. Therefore,the interpretation
vided that the lateralinteractionsof theadsorbates by LudekeandKomaof oxygenadsorptionis question-
canbe neglected.However,no peakis observedat 7.4 able. Our conclusionis supportedby the low energy-
eV which is themostprominentof thesulfur covered electronscatteringexperimentsof Ibachet al.5 andthe
surface.The la~teralinteractionis thoughtto be neg- theoreticalcalculationof GoddardIII et al.6
ligibly small, sinceno shift is observedof the losspeaks As a summary,we haveshownthat H

2S, H2O and
asthesurfacecoverageof H2Sis varied. Therefore,our 02 areadsorbedasmoleculeson Si(1 11) surfacesat
experimentalresultsshowthatH2Sadsorbsasmole- roomtemperatureby thecomparisonof theenergy-loss
culesat roomtemperature.A similardiscussionhas spectrafor gas-coveredsurfacesandthe surfacesheated
previouslybeenreportedfor H20 adsorption.~ to 600°C.The threestagesof theoxidation, i.e. initial

Curve(e) showsthe lossspectrumof a Si(111) adsorptionasmolecules,thenas atoms,andfinally as
surfaceexposedto oxygenat roomtemperature.The Si02,havebeendistinguished.
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