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Abstract

Hydfogen'producﬁion froﬁrme;é;ffrée,vag Véll as'frdqulapihized:iSriiﬂs
‘crystals has Beep.obsérved.uponvillﬁminétioﬁ.in watef vapprISAtufatéd fiims of
éoiuble iqniéﬂcqmpounds and in>éqﬁeoﬁs.eletrdlyte$. ﬁydrogen'productién occurs
:at the iliumianted sﬁfface of mét#léfree é:ystals,.implying a mechahism rather _
differéh# from’that'dperéting.iﬁ SrTidglPt photoélgcthChehicﬁi cells.' ﬁydrogen
production rates increase witﬁ incféaéihg B&droxide concentratioﬁ'in the electrd—
lyte.'.This.(bﬁf) depeﬁdénce_of the rate is particularly Stroﬁg in tﬁe.SN-ZON
concentration range. . |

- Photoémissién.studieé_have‘identified a_rédqced'surface species ascribed
to Ti+3 and hydroxyl groups on SfTiOs(lll). Thié surface species is involvgd
in photoactiyity-relﬁted to oxygen adsorftion and photodesofption.' The con-

centration of surface hydroxyl groups can be monitored withUPs;



: Introduction . v _ v . ‘
The technologlcal challenge of storing solar energy 1n‘chemica1 fuels con-
stantly grows in importance.as reserves of fossil fuels dwindle. Most of our
4lpresent suppliesxof fuels are obtained from fossil raw materlals with the aid of
iheterogeneous catalysis. >Heterogeneous photocatalytic processes may eventually
combine the product specificity and high rates presently obtained in- ordinary
thermodynamically downhill surface cataly31s w1th an overall boost in chemical
free energy derived from light. Much of the success of present surface catalytic
:processes derives from the ability to independently vary the temperature and

pressures in gas phase reactions to optimize thermodynamlc and kinetic reaction

parameters. The study of gas-solid heterogeneous photocatalytlc reactions is
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thus of considerable interest.
One of the most efficient means of direct solar4chemical energy conversion
available at present is not a gas-solid device, but rather the n-type

SrTiOalPt photoelectrochemical cell operat1ng in aqueous electrolyte.l’z’3

This_
cell can_convert about,lz of incident solar radiation'into hydrogen through the
photoassisted electrolysis of water. ‘Such’cells produce hydrogen and oxygen>
‘from water even when no external:pOtential is applied between the SrTiO, photo—
anode and the platinumAcathode; But Sustained operation of these dev1ces with
phy51ca11y separated anodes - andrcathodes requires the flow of net ionic currents
through the electrolytei “No such ionic currents could be ma1ntained in the gas
phasej lhus,’a new reaction mechanism involving no-long-distance»ion transport
seems to be necessary for the sustained'operation of a thermodynamically.uphill
_gas—surfacelphotoredox reaction. In this paper we report preliminary evidence
for the operation of Such a mechanism at the liquid-solid interface and summarize
the results to date of attempts to further elucidate the nature .of- photoassisted
processes_on SrTiOs throughpdetailed surface studieS'carriedvout in ultrahigh |
vacuum. | | |

.~ We have measured,sustained hydrogen photq’production.from metal—free, as
well ‘as from partially platiniZed SrTids crystals.4 The crystals were illuminated
'either while covered with water vapor saturated films of basic deliquescent |
compounds (NaOH KOH -or CS;COS), or while immersed in aqueouglfi:a%ine electrolyte.
In agreement with the conclus1on of Wrighton. Wolczanski andﬁ\water dissociation
on platlnized pre—reduced SrTiO,; crystals appears to occur, for the most part,
via a mechanism analogous to that operating in photoelectrochemical cells.

That is, oxygen is evolved from the 1lh3minated exposed . SrTiOs surfaces while

hydrogen is produced on platinized areas..'In'contrast, hydrogen is evolved_from
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the illuminated SrTiOg.surfaCe in the absence of any metallic coating on the
crystal.: This is indicative of a photocatal&tic mechanism diStinctjion the‘
process'operative in photoelectrochemical cells; . This ohotocatalytic process
~ may not requ1re long—range'ion transport and probably occurs through surface o
'charge- traps. The rates of hydrogen photoproduction from both metal free and‘

increasing
_platinized SrTiO0s crystals increase with [ concentratlon of a sodium’ hydrox1de

-3

- electrolyte'in the range of 10 N - 20N. No hydrogen production was.observed

in neutral‘or‘acidic media. Though a'number of explanations for this hydrox-

dependence
ide . concentration /\ are possible, our data lend support to the suggestion

6,7
. that surface hydroxylation is important to-the kinetics of photbchemistry».

| | on‘oxide'Semiconductor‘surfaces.
'We‘have'aiso undertaken photoelectron spectroscopic studies of  clean  SxrTiO,
’111) surfaces and their interactions with adsorbed molecules and light.8 9
Amdngvother goaIS, we hope to 1nvestigate the chemistry of surface:chargeetrapping
'spéciesiand of surface‘hydroxyl groups.” UsingvXFray and ultraViolet photoelectron
spectroscopies (XPS and UPSW we can monitor changes in the surface concentrations
of a reduced species ascribed to\'l‘.i+3 9_10 -and identify surface hydroxyl groups
Auger electron spectroscopyb(AES)‘isfused to monitor»changes-in surface elemental
comoosition. Low.energy electron diffraction (LEEDD_giVes structural informa-
tion on'ordered'surfaces.» | | | -

‘We have studied the'(111)>surfaCes of reduced (netype);and»stoichiometric
SrTi05 single'crystals; The argon;snuttered surface of the reduced crystals,
shows'a.high'concentration of Ti3+‘ Oxygen adsorption on thls surface oxidizes
) Ti3+ tov'_vTi4 , the predominant t1tanium spec1es in the bulk crystal lattice. “Sub- -

.sequent:exposure.to‘bandgap radiation 1eads-to thezphotodesorption of the.oxygen

' and»partially restores the surface.Ti3+vsitest Hydrogen,gives similar but smaller



decreasesin surface T13+ concentration upon- adsorption andillumination also restores-
part of the initial Ti3t concentnggion. :
Water. adsorption decreases the Ti™ concentration, but no photoregeneration of
Ti3f Was.observed on the water—covered surfacesh
Our surface studies have identified the presence of hydroxyl species on’
SrT103(1ll) surfaces that form upon’ water oT hydrogen adsorption.' Research is
continuing to identify the roles played by these species in the photocatlytic

hydrogen production from water and towards the development of sustainable gas-

solid heterogeneous photocatalytic processes.

Experimental -

Hydrogen‘production e;periments

All hydrogen production experiments were performed in reaction chambers
capable of being,evacuated and then-backfilled,with water vapor at roomﬂ
temperature. ,"; Products were detected by gas chromatographic sampling
of a gas phase consisting of water vapor,,argon and products which circulated in
a.closed loop.by_the SrTiQs crystal'or-in some eXperiments,"over ' the electrolyte
in which.the crystal was immersed. Hydrogen production rates as low as lelO”'
molecules per hour were readily measurable; rates one—quarter of this would have
been noticed. Technical difficulties placed-the-smallest.detectable oxygen
evolution rate above 1'01.7 molecules per_hour;_ One monolayer of product is defined
as 1x10'% molecules/cmz'of illuminated surface;‘ This 1s the’order.of magnitude
of the atomic density_on the SrTiOa(lll)vsurface.if,

Three‘series of experiments'were carriedrout.in two different reaction
4cells.v In thevfirst-serieS» - clean SrT103 crystals with or without platinum,
were illuminated in water vapor. ilnvthe-second_series_the.crystal and its

vycor glass mounting bracket were coated'With'a crhst'ofja(water soluble-ionic
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- compound,.saturated with water vapor;and illuminated. These two series of
-exheriments nere carried out dn a stainless steel gas. nhase-reaction cell., 1In
the third series of experlments the crystal rested in a2 10 m1 pool of thoroughly
OUtgassed aqueous electrolyte in a 25 ml pyrexflaSkthat was 1nserted into the

vacuum line.

Crystal preparatlon

Crystal wafers about 1 mm thlck were cut from 51ng1e crystal boules supplied
by NL Industries and Commercial CryStal Laboratories. The boules were doped to
about 100 ppm with tantalum.‘iWafers'were oriented to ﬁithin 1° of the (111) plane
hy Lau° back refection X-ray diffraction. Wafersvintended for surface studies. |
‘and some of the wafers for reaction experlments were polished to a mirror flnlsh
with 1 u.diamond paste.,'?re:ieducéd“;ystals were-treated in a hydrogen furnace
at lOOO;C for four‘hours and appeared blue—black and’almost opaque, “‘Stoichio-

v and colorless
metric'" crystals received no heat or hydrogen treatment and were clear \  when

polished.. The backs of "platlnized'? crystals were coated wtih platlnum metal

via the thermal decomposition of aqueous chloroplatinic acid.

Light source

A 500 W high pressure mercury lamp filtered through water to remove infrared
radiation was used'throughout; Cornlng 7 51 and 3 74 color glass filters allowed
only bandgap or sub—bandgap radlatlon to 1mpinge upon the crystals. The flux

of photons with greater than bandgap energles (>3 ,2eV) was in the range of 10"

» :1016 sec_l cmiz. e
‘ Photoelectron Spectroscopy :

. The photoelectron spectroscopy studles were carrled out in a commerc1a1 ultra—

high vacuum chamber with base pressure.in_the.low 10 10 torr-range.r.Thlf system

has been described in detail elsewhere?' Electron energy analysis was via a



double-pass cylindrical mirror énalyzer, Ultraviolet photoelectron spectroscopy

was carried out using the He I emission (21.2 eV). A Physical Electronics X-ray

source with a Mg anode provided photons for XPS measurements. Auger spectra
Pre-reduced

served to monitor surface cleanliness. A . crystals were routinely sputtered

with a 1.5 keV argon beam for about five minutes prior to experiments. The

ion beam current to the sample was a few yA.

Results

"~ T. Studies ofvhydrbgen~photébroductibn on-:SrTi0s crystals

We have pbserved-sustaiﬁed h&drogen photoproduétion on completely metal-free
as well as on platiniéed SrTiOs_crystals when covered with a water vapor‘saturated
film @f NaOH? KOH, CsOH or CSZCds, or wﬁen immersed in Anvalkaline aqueous
electfolyte. Figure 1 compéres hydrogen photoproductidn from platinized and
métal—free pre—reduced SrTi0s crystals. These crystals and théir vycor glass

' o . thickness _

mounting brackets were coated with NaOH crusts of " A greater than 30 .
Tﬁe crystals were inserted into_thg reaction céll,'satﬁrated with water vapor
and illuminated. Under these éonditions, hydrogen production rates of up to 1600
monolayers per houf could be obtaiﬁed on_platinized crystals. Metal-free crystals
Yielded hydrogen at rétes up to 100 layers per hour. Pre-reduced and stoichio—
metric metai—frée crystals yielded hydfogen at similar rétes. Similar results
- Table I shows maximum hydrogen production rates observed under a variety of conditions.
were obtained in bulk concentrated NaOH solutions./\In solution, these hydrogen -
evolﬁtioq rates coulq be -maintained for ;ens of hours. Experiments carfied out
in NaOH films exhiﬁited slowly decreasing hydrogen evolution rates, probably due
to loss of NaOHﬁfrom the crystal by gravity flow. No hydrogen production was
observed in the dark, under illumination'with photons of less than baﬂdgap 3.2

eV) energy, in the absence of water vapor or electrolyte solution, or in the

presence of water vapor when there was no film of a basic deliquescent compound



on the cryétel.suffece.vaigurevl'eleo shonsithetvno nydrogen was produced when a
piece'of platinizedlplatinum fOil.wee'mounted ln placefof thevérTiog:crystal; coated -
with NaOH, eeturatedlwith water vapor, and illumlnated, |

'FOn platinizedbcrystals, photoproduction of onygen was obeerved at ?etesnrelative .
to hydrogen~evolution soﬁewhat.lonef,then those expected from the'stoichiometric ratio
in water,-_If water st01ch1ometry were: followed, oxygen photonroductlon rates from
metal free crystals would be too slow to be readily detectable w1th our preeent
apparatus. Thus, wevshall d1sp1ay the exper1mental date by plottlng only the_defected”
hydrogen concentration as a function of differenﬁ enperimental}variables.

A. Studieslof the locus of hydrogen prodnction on
- -platinized and metal-free SrTiO, crystals

When a platinized nrereduced Srliog cryétal wesfplaced in a concentraten NeQHi
solution and illuminated, vieibleigas evolutlon occurred from both the;illnminated
érTiOa.surface and the non¥illuminafed’Pc Surfece.' Wnen.é metal-free crystal was
illuminated, gas bubbles forned only at the.illuminated surface, Sealing'off the
non-illuminaten Surfeces of metal—free'crystels‘With epdxy‘caused no diminntion of
hydrogen production. vBlank experiments showed that the epoxy was not a source of
Bydrogen. ThnS'nydfogen-productiOn on metal-free crystels‘occufs;on the illuminated
SrTi0s surface. Since stOichiometric metal—free cfyetalsvevolve'hydrOgen atvrates.
‘similar to those observed from prefreduced'crystals, good,elect:icel cOnducfivityils
not'a_avpreéconditlon_for.hydrogen production in the absence of platinum.. | |

v'Seellng off the metel;coaten snrfaces:of platinized erystals attenuated hydrogen
prodnction.to the_rateS'Seen from,metal—free'CryStels ;' Platinlzation of the backs
of étoichiometric crystals caused, at most;la;two—fOld.increaée in'hydrogen'evolution
rates. Platinum'foll in pressure contact with a metal-free renucedicry$talvdid not

‘increase hydrogen production‘rates'above those observed in experiments wehre no
platinum was present A good electrical contact Betweeen the SrTiOs and platinum 1s

'thus necessary for rate enhancement by the platinum.



'cPiatihiied c;ysfaig_do, theréfore; apﬁeérvto behéve:és short circﬁi;éd photq_
-eleéttochémical celis 5 | ’_-'whérein oxygen is prbduéed at the
'illuminaﬁed SrTiQ3 surface. and h&drbgen ié pfodﬁced primarily at fhe platinﬁm

sufface; " On the other hand,vhydrégen'productionlfrom metal-free SrTi0s,which takes
place at .the iliuminated suffaqé; appears to proceed'Gié.a mechanism.  ‘ _ distinct

from the major reaction path operating in photpelectrbdhemicai»¢elis.

B. Hydroxide cOnéentratiOn:depéndencevof'hzdrbgég phbto:production
‘Films of many watéf soluble ioﬁic cdﬁpoﬁnds'were tested-on platinized and
metal-free SrTiOa'crystals.- Upon saturation with water vapor and illuminatioh of
the crystal, only films of’éompounds wﬁichvégré'bbth,basic and deiiquescen;-(able
to extract enough water from moist aif'to.turﬁ the~powdér into an aqueous.solution)
gave.detectable hYdrogen_yields. iThé’reqﬁirememt of deliquescent'materiéls,
plus - the similérity of résults obtained with water safurated}films and in bulk_‘
aqueous electrolytes,.indicate that the films turn into;tﬁin layers of‘aqueous
electroiyte_upon saturation, | |
| The fequirement_of_the bresence;of_basic compounds.for-the‘hydrogen pho;o- .
produétidn led to tﬁe.experiménts summarized iniFigureVZ.; Here the ratéﬁof hydrogeﬁ
: prodgction'froﬁ a platinized; preproduCed SrT103 crysta1 is pléfﬁed'against.the'
(OH—) cdncénﬁratioﬁ in avNaOH electrolyte, - The hydroxidé éoncentration.deféndehcé
is father weak beloﬁvS:N, but Becomes~remafkably str6ng above this conéentration.
Hydrogén production from metal—freevcrysfﬁlénshowsisimilar;GOHf) céncentratiqﬂ
‘dependent rate beﬁavior; ‘No-hydtogeﬂ prédgctién ffom'plafinized crystéls was seen
in 1-10 N HC10,, 10 N H,50,, Mallinckrodt pH 4.01 BuffAR, 1 N NaF, '

or 10NLiCl. The observed éhange in hydrogen-produétion rate is therefore not



simply a matter of ronic strength cr anionic size,.itrseems quite specific to
hydrbxide, or:at least to a Base;
We thus have ev1dence for a hydrogen-— productlng photocatalytlc process 1n which
all chemistry eCCurS on the same rllumlnated metal free SrT103 surface We have
also shown that the reaction rate is dependent on the hydrOX1de concentration'of
 the electrolyte. We have then undertaken photoemlssion studles of ‘the chemisorptlon

and photochemlstry of Hz, O2 and H,0 on SrT103(111) surfaces in an attempt to better

understand the active surface species and the elementary steps involved 1n the

SrTiOslphotOChemistry.

II. Surface Studies of Sriioz,

Argon sputtering of SrT103 or T10; surfaces 1nduces oxygen vacanc1es and
produce T13+ ions ‘in thesurface.reglon. These defects profoundly ifluence the
reactivity'of the oxide surfaces._ We have studlea the adsorptlon of small
molecules'on-argcn sputterea hydrogen reduced.and thoroughly ‘annealed - stoichio-
metric SrTiOs(lli) surfaces and have.inyestigated the effects ofiligﬁt.on
these surfaces. | | |

A.: Argonvsputtered reauce& surfaces,

In the following'uescription ueirefer to a J" ) surface of
a hydrogen pre—reduced'SrT103(111) crystalithat has been argon sputtered;and
annealed atJaroUnd 200°C for a&few.minutesr’_UPS:and XPS ekperiﬁents nave'shonn
that there'is'apprcximately cne‘munpiayervof Ti3+_dn sucn surtaces;q -Figurev3

' L . 3+ - L o o R
shows changes in .the Ti concentration uponadsorption of 0;, H3;0 or H, in
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the dark' pumping to'UHV and illumination with bandgap radiation; Oqthe'verical
‘axis we show the 1ntensity of the UPS emiss1on ascrihed to Ti 3 ~On the horiaontal
axis we display first gas exposure in Langmuirs. (1 Lv= 10-6 torr—secD and the
illumination time in vacuum. Adsorption of oxygenwcauses.a SharpbdecreaSe in
the Ti 3 31gna1, with only 2 L of oxygen exposure the Ti 3-s_ignal drops to @50%
of its original value. ‘After 2000 L of oxygen the Ti +3 signal has dropped‘to 10%
of its initial value, Subsequent bandgap illumination inhvacuum:restores thed
'VTI+3 signal.to'ZOZ of its pre—adsorption:value.in 46_minutes, vMonitoring

' | ' +3

the concentration of surface oxygen by=U?S and XPS, we observed that the Ti

photogeneration was accompanied by a decrease in the surface oxygen content, .
+3.

indicating that oxygen photodesorption was taking place.-12 -The’Ti emission also

decreased but to a lesser extent when’Hzo or: Hy were‘adsorbed. Illumination.
partially regenerated the Ti-*-..3 initial concentration in the case of.the H;
exposed surface but-not in'the case of water, |

In Figure 4 we present UPS. studies of H,o adsorption on SrTiOs(lll)
The second curve is alsN(E\ difference spectrum (water covered surface - init1a1

clean surface ) shOwing the changes in UPSvemission»induced by‘exposure to

2000 L of water. This spectrum does not agree w1th Spectra of gas phase molecular

water. The top curve in Figure 3 whos the N(E) UPS spectrum of a thoroughly out-

gased Jn film of NaOH. sThe spectrum shows emission from OH~ alone, sincegelectrons

in Naf are too strongly bound to be exicted by HeI phOtons. The similarity of the

top and second spectra constitutes ev1dence that hydroxylation occurs when water

or bandgap illumination of the clean surface

‘is adsorbed on the reduced SrT103(111) surface. Hydrogen adsorption,\produces
similar spectra. This surface.»therefore,gis easily'hydroxylated in a variety.of
ways. Even the_'clean' reference surface appears to be slightly hydroxylated.
This agrees with electron~stimu1ated desorption studies reported byiKnotek in

which hydroxyl groups were'observed-on_clean argon—sputtered'Ti0§ surfaces.

R
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Anneallng a st01chiometric SrT103(111) crystal at around 700°C for a few
" minutes gave rise to a chemlcally inert surface. Th1s surface did not show the
presence of Ti 3 or hydroxyl photoelectron signals and did not adsorb oxygen oOr

- 4 5. v _ i3+ 1
hydrogen upon exposure to 10" - 10° L. Illumination»geuerated no T 51gna «

This’surface gave a tEED Patternvwith.a unitvmesh'consistent with the unrecon-

structed termiuation of the bulk,cryStal structure,

Discussion

Sustained By&rogen-production has been optained from platinized and metal-free |
SrTiOsncrystals‘illuminated-in water vapor saturated NaQH films_or”in couCentrated
aqueous NabH} While hyorogenvphoto‘production from platiniZed crystals‘appears
largely analogous to the operation of ppa photoelectrochemlcal cell w1th distinct
electrodes, hydrogen production from metal-free crystals appears to proceed by a
somewhat d1fferent mechanism. .ThlsbdlstInCtion bears further comsideration;

We observe hydrogen production. 'and infer the production of oxidized products
at;the illuminated.surface_of metai-free.SrTiOa_crystais. Active surface sites
for oxidation ano reductionvmay be interﬁdispersed on an atomic scale on the
same oxide>surface? This could prove.aduantageous to_gas_phase reactions since
it would obviate;tﬁe necessityIOf ion.transport over loug aistances, Howeﬁer;
we have observed oO’hydrogenvproduction upon illuminatiou of SrTiOs_in!room
temperature mater,Vapor in the‘absence of an ioniec compoundﬂfilm, .0ur hydroxide
dependence_data‘may'give‘a clue to a possiﬁle kinetic barrier'to Such gas—surface

- photocatlytic reactions. -
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' Schrauzer and Guth have reportéd photodissociation of water vapor on
Ti0, powders. However, the total hydtogen-production they'obséfved was oﬁ.thevérder
of a monolayér. Eoonstra.andMutéaers héve'observed hydrogenation of acetylene on
hydroxylated-TiOz; Only a ménblayer of hydrogenated products was observed and
dehydroxylated powders showed no hydrogenation activity. Van Damme and Hall
have proposed fﬁat fﬁe gas-solid photbv"‘catalytic" ‘réactions>reported to date:
havevactually been stoichiometriéVréactiohsAof surface hydrbxyl'groups. The&
believe tﬁat-immeasurably slow rates of surface rehydroxylation by water vapor have
preventea tfue'photocatalytic éctivity; Munuera has implicated surface hyaroxyl
groués in the oxygen béﬁavior of TiOz éowders} sting infrared spectroscopy,he.has
shown that certain hfdroxyl groﬁps are-more pﬁotoactive than others; After
thermal dehydroﬁyiationldf the sﬁrface: the most active hydroxyls cannot be
restoréd by fmmersion in wafer vapor or liquid water at room temperafure. Our
photoemission studiés haﬁé shown - that adsorption of either water vapor or hydrogen
on clean réauééd’SrTiO34iliD giﬁes~rise to a hyarexylated surface;ﬁ I1lumination
of the suffaée:e%poséd to hydfdgeﬁ incfeaées the Ti+3 gignal, while no photoeffects
were seeﬁ on the surfaée exposed to water. This agreés ﬁith Mungéra's observations
‘that different treatments lead to sﬁrface hydroxyl groups of vérying.photoactivity.

We have shown that the ratés'of hydrogen production from metal-free, as well
as from platinized crystals increase: with increased coﬁcentration of a NaOH
electrolyte. This increase may'be due to an increased rate of surface hydroxylétion.
A number of other‘explanatidns are possible, such as incfeased band—bending.or
stabilization of new oxidized-intermediatés or préducts in highly alkaline media.
These hypotheées will be discussed in more detail elsewhere. Here we can only note
that the equivalentrphotoéhemiéal behavior of stoichiometric and pre-reduced metal-
free crystals with increésing OH concentration argues‘against an explanation of the

hydroxide concentration dependence based entirely on changes in band-bending.
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Wé‘thﬁs have'evidengé fo;“a‘méchanism offﬁydrdgen‘bhﬁtoproductidn which
bcould'prqve td.be more.psefﬁl for the developméﬁt of_heterogeﬁeous sblid—gas
'photochémical'reactibpé th&n isu;he'majof réaéti;ﬁ”pathwgy opéréting in électro;‘
chemical>cgllsf Our reéuité and fhose'of othgfs shdw that'surface hydroiyiafibn"i

" may " be crucial to'thé‘kiﬁetics'OE gas-phase leterdgeheOus_}photpcatélysis. _ ,'

v Photoelettrén speétfosgoﬁic.técﬁniques can'idéﬁtify éﬁd ﬁbﬁitbr,ii3+'énd “
hydroxyllsurféce species oh‘SrTi03(111); FWe have sﬁown.fhét T13+ is ihvolQed
in oxygen adsofption-pﬁotodesorp;ion éhemiétry on reduced SrTiOs(111) surfaces.
Photodeéo:ptioﬁ of the éroduct éxygenvmayibe important to sustain water photolysis
on_semiconducﬁﬁr surfaces;: fi}+rmaY"be directl&.iﬁV°1V¢d in the fedﬁctive chemistry
vobservedvin'AQuéous electfol?té-atvthe illumiﬁated SrTiOa;.-

Local acfiyévsités.dé app;ar to‘be importanﬁ'to lérge#bond'gapvéemiconductor

photochemistry. ‘Continued pafallel reacti§n andfsurfaée"studies’may iead'to
beﬁter undérséanding of the mechanisms 6f'photocatalySis on ﬁﬁese and'oncther

materials.
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'HYdf ogen productron from SrT|03 crystals covered by""' o
. “thick (>30p) NaOH fllms saturated wnth water vapor

”',v-_'CrystaI T Monolayers H2/hr

I :Pre-reduced platlmzed o 1580
' Pre- reduced metal free ."-".>; » 5_100'

o ‘__‘"'St0|ch|ometr|c metal free 30 vv ;,‘v

- B. Hydrogen productlon from SrT|03 crystals rn 20 M NaOH

Crystal Monolayers H2/hr

Pre~reduced platlmzed 4500'
Stoichiometric, platlmzed 1200
Pre reduced metal free - 30

Stouchlometnc metal free : 50 :

RS mdnulayer = 1}("1015' mole"c'uvles/c'r'r\z,_il_lurhinaied surface
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Figure Captions

Figure 1

Figure 2.

Figure 3

Figure 4

Hydrogen prbduction from'plétinized and metal-free n—tjpe
SrTiOg(lll) cryétals; Both crystais wéfercpated'withv>30u ~of
NaOH and were illuminétéd‘inva'saturation pressure (c20 torr) of

of water vapor {1 mbnoléyei = 1015 moleCﬁles Hz/cmz'of illuminated

.surface).

Hydrogén_productioﬁ from a platinized, pre-reduced SrTi0s(111)"

'érystalvduring one hour of illumination as a function of NaOH

electrolyte concentration (1 monolayer £ 10'® molecules Hz/cm2

of illuminéted-sutfacé).

Intensity of the UPS Ti+3,emissioh as a functipn_of H20, O, and
H, exposures up to 2000 L in dark, and as a functidn of the irradia-
tion on the H,0, 0, and H, surfaces after_ha?ing pumped away

these gases.

Top curve-~UPS, N{E) spectrﬁm of a‘l micron'thick_NaOH film.oﬁ

the SrTi0; reduced crystal. -

Second curve--Difference sectrum due to 2000 L of water exposue.

Third curve--the same as second curve, but with H, rather than

H20.
Fourth cufve——difference spectrum due to the bandgap irradiation

of the clean surface..
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