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The adsorption of lithium atoms on rutile TiO,(110) single crystals was studied with metastable-induced
electron spectroscopy (MIES) and ultraviolet photoelectron spectroscopy (UPS(Hel)) between 130 K and
room temperature. Some auxiliary measurements on W(110) required for data interpretation are also
reported. At 130 K ionic adsorption at titania prevails up to 0.3 monolayer equivalents (MLE) as judged
from the weak Li(2s) emission in MIES for these exposures. The reduction of the Ti** cation is manifested
by the growth of an occupied bandgap state in UPS: the alkali s-electron is transferred to a near-surface
cation, thereby reducing it to Ti** 3d. The transfer of the s-electron is responsible for the observed work
function decrease up to ~0.5 MLE coverage. From the analysis of the UPS Ti** 3d signal, as well as from
the Li(2s) emission, it is concluded that the degree of ionicity of the adsorbed Li decreases from 100% at
0.3 MLE to 40% at 0.7 MLE. Above 0.5 MLE the MIES spectra are dominated by an Li(2s)-induced peak
indicating the presence of Li with an at least partially filled 2s orbital. At temperatures above 160 K this
peak is almost absent. Excluding Li desorption at these temperatures, we suggest that Li moves into or
below the rutile TiO,(110) surface above 160 K. Lithium insertion into the surface and intercalation are
discussed. Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Metal particles and films on oxide surfaces are relevant
to crystal growth, catalysis, gas sensor operation, bonding
in composites, etc.'> Moreover, when metal particles are
deposited on reducible metal oxides, interesting surface
chemistry can take place. Usually, the metal adsorbate atoms
are different from the metal cations of the oxide. Thus,
there is interest in the properties of isolated metal adsorbate
atoms on oxides that represent the initial stage of interface
formation.

Alkali and alkaline-earth metals are known to readily
donate electrons to transition-metal oxide substrates upon
adsorption. Thus, their bonding to the surface possesses
a strong ionic component. However, the idea that metal
atoms interact only by electron transfer with the surface
is too simplistic in general. The adsorption of metals may
even disrupt the surface structure of the oxide, whereby
considerable oxygen rearrangement can take place.

For alkali adsorption on titania, broad consensus exists
that atlow alkali exposures a complete transfer of the valence
electron to the substrate takes place. However, although of
technological importance, studies of Li adsorption on titania
are rare (a recent summary can be found elsewhere?®). No
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studies with photoelectron spectroscopy on the Li/titania
system are known to the authors. Numerous photoemission
studies with Na, K and Cs have shown that alkali metal
adsorption induces a reduction of Ti*" cations to Ti*" 3d.4~°
For brevity we have mentioned only studies on TiO,(110),
although the same behaviour is found for adsorption on
TiO,(100) as well.!' This has been interpreted as a charge
flow from the adsorbate to Ti cations mediated by surface
oxygen. In the photoemission spectra, the occurrence of the
charge transfer is manifested by the presence of an occupied
gap state with Ti 3d character and a significant decrease
of the surface work function similar to that observed for
alkali adsorption on metals. Consequently, one aspect of this
work is the study of the charge transfer as a function of
Li exposure. The UPS(Hel) technique is insensitive to the
amount of charge of 2s character remaining at the adsorbate.
However, for Cs and K/TiO,(110)!%'? metastable-induced
electron spectroscopy (MIES) has been demonstrated to be
well suited to study this topic. In particular, MIES is rather
sensitive to the presence of s-electrons at the adsorbate
core.

Some evidence exists that the titania surface reconstructs
when it becomes covered with more than a monolayer of
alkali atoms.!® Oxygen extraction from the substrate by the
adsorbate atoms may take place, just as for the adsorption
of V on titania®® and Ba on SrTiO;.1* In this way a surface
layer may form in which the adsorbate atoms are oxidized.
The MIES technique has been demonstrated to be rather
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sensitive to the detection of small amounts of oxygen-
containing molecules, in particular the chemisorption of CO,
on alkaline-earth oxides.'®

Furthermore, Li intercalation is extremely interesting.
For the rutile TiO, surface, small diffusion coefficients
were reported for Li'® and insertion into the surface was
suggested,>!718 whereas intercalation into anatase is known
to be easier.!®181? With our surface-sensitive techniques the
disappearance of Li from the surface will be easy to monitor;
measurements versus the substrate temperature give some
insight into the temperature dependence of an eventual
insertion or intercalation.

In the present study we report MIES and UPS spectra
for TiO,(110) as a function of Li coverage starting from the
clean titania substrate at 300 and 130 K in order to obtain
information concerning the above-mentioned issues. We
compare our results with corresponding results for tungsten,
which are presented in this paper.

EXPERIMENTAL

The experiments were carried out in an ultrahigh vacuum
(UHV) system (base pressure <3 x 1078 Pa) equipped with
low-energy electron diffraction (LEED), x-ray and ultraviolet
photoelectron spectroscopy (XPS and UPS(Hel, II)), Auger
electron spectroscopy (AES) and metastable-induced elec-
tron spectroscopy (MIES). The system is described in detail
elsewhere. 202

A cold-cathode helium-gas discharge source serves both
as the source for an intense metastable helium beam for
MIES (He*23S/2!S) with 19.8/20.6 eV excitation energy and
as an Hel photon source for UPS (Hel with 21.2 eV). The
metastable atoms and Hel photons eject electrons from the
substrate surface. The contributions to the electron spectra
from metastables and photons within the beam are separated
by means of a time-of-flight technique. The incidence angle
of metastables and photons is 45° with respect to the
surface; electrons emitted in the direction normal to the
surface are analysed. In MIES, the emitted electrons can
stem from various Auger processes: Auger neutralization,
Auger de-excitation of He* and autodetachment of He™
(1s 25%). Provided that the electrons are due to Auger de-
excitation, the spectra can, as in photoelectron spectroscopy,
be presented as a function of the binding energy Eg of the
ejected electron with respect to the Fermi energy (labelled Eg).
The maximum binding energy with respect to the vacuum
level probed by the He* atom equals its excitation energy,
which is 19.8 eV for He*(23S). A more detailed introduction
to MIES and its numerous applications in molecular and
surface spectroscopy can be found in recent reviews. >

The particular processes taking place on titania pre-
covered by >0.5ML of K and Cs have been identified
previously.!!? In that work it has been established that
the He" interaction with the alkali adsorbates causes a pro-
nounced structure due to auto detachment. The energy scales
in the figures are adjusted in such a way that electrons emit-
ted from the Fermi level (denoted by Ep), i.e. electrons with
the maximum kinetic energy appear at Eg = 0 eV. The posi-
tion of Er is determined from UPS spectra of a tungsten
surface.
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The maximum binding energy with respect to Er (probed
by the He* atom) equals its excitation energy (19.8 eV for
He*(23S)) minus the work function. Thus, the low-kinetic-
energy cut-off in the spectra gives the surface work function
directly, irrespective of the actual interaction process that
produces the electrons. Evaluation of the work function was
done by a linear fit of the onset of the spectra on the left side.
The UPS spectra presented in this work were collected with a
separate UV source (HIS 13, Omicron). This source provides
higher Hel intensities compared with our MIES/UPS source
and allows the collection of UPS(Hell) spectra, which is not
possible with the combined MIES/UPS source. The energy
resolution for both UPS and MIES is ~0.3 eV. The energy
scale of the UPS spectra was adjusted in the same way as
described above.

Lithium atoms were dosed by employing carefully
outgassed commercial dispenser sources (SAES getters).
The following procedure was used for calibrating the Li
exposure: a W(110) single crystal, held at room temperature,
was exposed to Li using the outgassed Li dispenser
and the work function was monitored. The coverage at
which the work function minimum is observed is at
5 x 10'° Li atoms cm >.2>? For all measurements the Li
doser was operated under the same conditions, therefore
all exposures can be given in monolayer equivalents (MLE)
in all cases (0.5 MLE is defined as the exposure that leads
to a coverage of 5 x 10'° atoms cm™ in the case of W(110)).
We chose this calibration because the TiO,(110) surface has
5 x 10" fivefold-coordinated Ti atoms per cm? as well as
5 x 10" bridging oxygen atoms per cm?. The dispensers
typically operate at a rate of 0.05 MLE min~". The sample can
be cooled by liquid nitrogen to 130 K and heated by electron
bombardment to 2000 K. The temperature was measured by
a thermocouple in direct contact with the front of the single
crystal.

Polished TiO,(110) single crystals were annealed at
~800K for several hours. This procedure was used
previously?” and produces a (1 x 1) LEED pattern; further-
more, a small amount of carbon contamination was indicated
by AES. Remaining contaminations were removed by Ar
sputtering under grazing incidence. However, the sputter
time was minimized to avoid the introduction of defects as
much as possible. Additionally, some experiments were car-
ried out on samples without previous exposure to Ar* ions.

RESULTS

In this section the MIES and UPS results for Li-exposed TiO,
surfaces are presented and compared with those from the
Li/W(110) system. Primarily, the spectra are recorded as a
function of alkali exposure.

The UPS and MIES spectra for the clean and Li-
exposed (at 130 K) TiO, surface are shown in Fig. 1. The
UPS spectra for clean TiO,(110) are compatible with earlier
investigations*™® (see introduction) and display emission
mainly from ionization of valence band states (with O(2p)
character mainly) between binding energies of 3.5and ~9 eV.
The peak at Eg = 1 eV is known to originate from reduced
Ti®* states, which can be produced by ion bombardment,
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Figure 1. Lithium adsorption on TiO»(110) at 130 K:
(@) UPS(Hel) spectra; (b) MIES spectra.

heating and reducing adsorbates (see Introduction). For
binding energies larger than ~12 eV (kinetic energies below
~6 eV) the UPS and MIES, spectra are influenced to some
extent by secondary and scattered electrons. The onset of the
spectra on the left side (highest observed binding energy)
in Fig.1 is directly related to the surface work function
(excitation energy minus work function), as already pointed
out in the previous section.

The MIES results for the clean TiO, surface are in
reasonable agreement with our previous results? and those

Copyright © 2004 John Wiley & Sons, Ltd.
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obtained when a polycrystalline Ti surface is exposed to
110 L (Langmuir) of oxygen.?® Briefly, the structures seen for
binding energies between 4.3 and ~9 eV (O(2p)) are due to
valence band emission in an Auger neutralization process
that involves the He*-induced reduced Ti** 3d species.
The resulting spectra are Auger de-excitation-like but are
broadened and shifted by ~1eV towards smaller kinetic
energies than with a true Auger de-excitation process. At a
work function of <3.5eV the Auger de-excitation process
involving O(2p) states becomes dominating; this change
in the interaction process is responsible, in particular, for
the change in shape of the O(2p) peak with decreasing
work function under Li exposure. The feature at low kinetic
energies is also due to the ionization of valence band states,
but in an Auger neutralization process involving two O
2p electrons from the surface.!! A detailed discussion of
the above-mentioned Auger processes was made for the
interaction between He* and a strontium titanate surface,
backed up by first-principles results with density functional
theory (see Ref. 29). It is believed to be valid for titania
surfaces as well.

For Li exposures up to ~0.5 MLE the onset on the left side
of both the UPS and MIES spectra moves to higher binding
(lower kinetic) energy due to a strong decrease of the work
function. For exposures above 0.3 MLE a new peak close
to Er emerges in MIES. This peak, Li(2s), originates from
interaction of the excited He atoms with the 2s electron of
adsorbed Li atoms via Auger de-excitation.?! Contributions
from the Auger autodetachment-process, efficient at work
function <2.5eV, are small because the work function
remains larger than 2.9 eV.

For larger exposures, some small contributions by peaks
OH 30 and 1x (at7.5and 11.7 eV, respectively) become visible
in the MIES spectra. From earlier studies of the interaction of
water with an alkali-precovered surface? these contributions
can be attributed to OH groups formed by the interaction of
residual water molecules (coverage remains below ~0.1 ML
coverage) with the Li-covered surface. In the UPS spectra the
hydroxyl contamination is barely visible for all Li exposures
due to the lower surface sensitivity of this technique.

The exposure dependence of Li(2s) in MIES and of Ti*"
observed in UPS is displayed in Fig. 2(a). The O 2p intensity
observed by UPS (also shown in this figure) proves the
stability of the UV-light intensity provided by the source.
The observed change in work function under Li exposure is
shown in Fig. 2(b). For the bare titania surface we observe
a work function of 4.8eV, in agreement with previous
studies.'?? The work function of the Li-covered titania
surface is ~3.0 eV and is higher than the expected value
for bulk Li (2.4 eV).* The exposure dependence of the Li(2s)
and Ti*" signals is rather different; although Ti*" shows a
maximum close to the minimum of the work function, Li 2s
shows a strong rise in this region.

The interaction of Li with TiO,(110) at room temperature
was studied on samples prepared with and without Ar*
bombardment (in Fig. 3, MIES results for a sample prepared
without Ar* bombardment are shown). Both sets of spectra
give the same results, which are different from those at 130 K
(Fig. 1), especially at high exposures. As at 130 K, an initial
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Figure 3. The MIES spectra for Li adsorption on TiO2(110) at
room temperature.

decrease of the work function and similar changes in O(2p)
are observed. However, for exposures above 0.5 MLE the
behaviour for 130 and 300 K differs significantly. The Li(2s)
signal remains very weak under further Li exposure. The
accumulation of hydroxyl species at the surface is stronger
at 300 K but is still <0.1 ML; therefore it can be ruled out
that the observed weak Li(2s) signal is due to the reaction
of the supplied Li atoms with residual gas species (as f.i.
water desorbing from the warm dispenser). However, it is
important to note that the work function decreases further
under Li exposure, reaching a value of ~1.9 eV at 0.8 MLE.
In Fig. 4(a) MIES spectra for W(110) exposed to Li at

Copyright © 2004 John Wiley & Sons, Ltd.

1; (b) the work function (WF); (c) the ionicity of the adsorbed Li.

room temperature are shown for comparison with those for
TiO,(110) (Fig. 4(b)). We will restrict ourself on the discussion
of the behaviour of the Li(2s) emission, whereby the 2s orbital
is at least partially filled, as evidence for the presence of Li at
the surface. For both Li adsorption on tungsten at 300 K and
Li adsorption on titania at 130 K, the MIES spectra for high
exposures are dominated by the Li(2s) signal, in contrast to
the Li-exposed TiO,(110) surface at 300 K where only a weak
Li(2s) signal is observed. Figures 4(a) and 4(b) compare MIES
spectra for the annealing of a tungsten surface precovered
by 0.9 MLE Li (at 300 K) from 300 to 620 K (a) and a titania
surface precovered by 1.4 MLE Li (at 130 K) from 130 to
290 K (b). For tungsten Li(2s) disappears between 400 and
500 K (Fig. 4(a)), whereas for Li-precovered titania Li(2s)
starts to disappear at ~160 K. In parallel, the work function
decreases to values of ~2.1eV in this temperature range.
As the work function behaviour and the comparison with
tungsten show, this cannot be due to desorption into the
vacuum. A weak signal at ~4.8 eV(O?) is observed in the
case of the tungsten surface; the identification of this spectral
feature as O*~ follows from earlier studies investigating the
interaction of Li with oxygen on W(110).2"-3 Because no O*~
signal is observed for the titania surface, Li oxide formation
involving oxygen from the TiO,(110) surface is insignificant
under the present conditions.

DISCUSSION

For the following discussion we assume a linear relation
between exposure and the number of adsorbed alkali atoms
for all cases (130K and 300K, as well as on W(110) and
TiO,(110)), which implies a constant sticking coefficient.
Furthermore, we assume that the sticking coefficient is equal
for both surfaces. These assumptions are supported by the
similar behaviour of the work function with respect to the
Li exposure and the fact that the multilayer desorption
temperature of Li is well above room temperature.

Surf. Interface Anal. 2004; 36: 83—89
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Figure 4. The MIES spectra recorded during the annealing of:
(@) 0.9 MLE Li on W(110); (b) 1.4 MLE Li on TiO2(110) as
prepared in Fig. 1.

Lithium adsorption at 130 K

In UPS the feature Ti** close to Er appears under exposure to
Li, which is due to the reduction of Ti*" to Ti*". Obviously, the
Ti*" 3d signal is proportional to the number of adsorbates
multiplied by the fraction of transferred charge to Ti per
adatom (divided by the intensity loss due to the overlayer).
As shown in Fig. 2, the Ti*" 3d signal is proportional to the
exposure for coverages © up to 0.3 MLE. For higher coverages
the Ti** 3d signal deviates from a linear relationship with

Copyright © 2004 John Wiley & Sons, Ltd.
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respect to the exposure and saturates at ~0.5 MLE. Finally,
the signal decreases towards higher coverages. This implies
that for ® > 0.3 MLE the charge transfer to the substrate
per adsorbate atom must deviate from its original value. The
MIES spectra (Fig. 1(b)) suggest an initial adsorption of Li
as Li" (see discussion below) and this leads to the reduction
of Ti cations. In this case a more quantitative analysis is
possible and the degree of ionization of the adsorbates can
be deduced from the Ti*" 3d peak area at a given coverage.
The expected area for a complete ionization of the outer shell
(Li + Ti*" — Li* + Ti’") can be estimated by a linear fit of
the Ti*" 3d peak area for low exposures observed in UPS
(see Fig. 2(a)). The stable intensity provided by the source is
evident from the almost constant O(2p) intensity in the UPS
spectra. The slight decrease of intensity seen in Fig. 2(a) can
be explained by shielding of the underlying titania due to
the adsorbed Li layer. However, this effect is rather small.
Neglecting this effect, the observed Li-induced Ti*" 3d peak
area divided by the fitted peak area for complete ionization
of the outer shell gives us the degree of ionization (Fig. 2(c)).
We find that Li is adsorbed as Li’" with § equal to 1.0, 0.7
and 0.4 for ©® = 0.3, 0.5 and 0.7 MLE, respectively.

The MIES results (Fig. 1(b)) support predominant ionic
adsorption for ® < 0.3 MLE because the Li(2s) signal is
small. Under the assumption that the Li(2s) signal is entirely
due to Auger de-excitation, evaluation of the Li(2s) peak area
(Fig. 2) leads to similar results. An ionic-to-neutral transition
around ©® = 0.5 ML was also postulated on the basis of ISS
results for Cs-covered titania.’

Lithium adsorption at 300 K

The most striking differences from the 130 K results are the
very weak Li(2s) signal for all coverages (indicating that no
metallic Li overlayer is formed) and the low work function
observed at higher exposures. We have already pointed
out that an eventual accumulation of hydroxyl species at
the surface (which is <0.1 ML for all coverages) cannot be
responsible for such behaviour.

Furthermore, as was discussed above, the weak Li(2s)
signal in the case of titania is not due to reactions with surface
oxygen leading to O*~ formation. Additional support that
neither OH formation by interaction with the residual gas
nor oxygen extraction from titania lattice occurs is provided
by the results for K(Cs)/TiO,(110).1"!2 In these cases, the
features K(4s) and Cs(6s) (corresponding to Li(2s)) persist up
to saturation coverage at room temperature. This rules out
consumption of the valence electrons 4s and 6s, respectively,
by the formation of alkali-oxygen complexes, as well as by
surface reactions with residual gas in these cases.

Lithium desorption into the vacuum at 160 K can be
excluded in the case of the Li/titania system by comparison
with the data for Li/W (see Fig. 4). Moreover, at >160 K the
onset of the spectra moves towards higher binding energies,
indicating a work function decrease to ~2.1 eV, which is
close to the observed value for titania exposed to Li at
300 K (see Fig. 3). Such values are not observed during the
deposition at 130 K (Fig. 1(a)). Additional evidence against
desorption comes from the fact that for heavier alkali atoms
(K, Cs), where a lower desorption temperature is expected,
the corresponding s-emission is observed in MIES at 300 K.

Surf. Interface Anal. 2004; 36: 83—89
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Because the absence of Li(2s) emission in MIES for
temperatures of >160 K cannot be attributed to a chemical
reaction at the surface or to Li desorption, we conclude
that the Li is inserted into the surface or migrates into the
bulk, lowering the surface work function. In the following
we summarize some studies that provide a more detailed
interpretation of the data presented here.

For the rutile surface very small diffusion coefficients
have been observed experimentally,® as well as theoretically
predicted.’”¥ It has been shown that Li intercalation is
favourable thermodynamically but that kinetic restrictions
are important at room temperature.”” According to Stashans
et al.’® the equilibrium position of the Li at room temperature
is between two bridging oxygen atoms. The Li(2s) electron is
transferred to the underlying Ti cation. An occupied bandgap
state is produced, situated 0.7 eV above the valence band
maximum and composed of the 3d and 4s Ti atomic orbitals.
It was pointed out that, although Li bulk intercalation into
anatase is easy, this is not the case for rutile. This was
traced back to the much larger distortion of the lattice as a
consequence of Li intercalation into rutile.

In the most recent theoretical work the diffusion of Lit
ions into the rutile host lattice and the lattice’s role as a
kinematic constraint were discussed.”” In agreement with
previous work," they report that intercalation into rutile at
room temperature is not significant (the diffusion coefficients
are of the order of 107° or 10~ cm?s™!, dependent on
the direction). However, it is important to note that in
our experimental study low Li fluxes are used and the
overall exposure is very low. Therefore, even low diffusion
coefficients of the order of 10~ cm? 5!
considerable diffusion in our case. Moreover, electrochemical
Li intercalation has been observed by EXAFS* and analysis
of the results shows that a thin surface layer of the titania

can be sufficient for

(a few nanometres in thickness) is changed by lithiation.
At 120°C Li intercalation is observed up to full loading.
The intercalation influences the electronic structure of the
rutile lattice, as demonstrated for Li;;TiO,. Important
consequences are: although the upper valence band of pure
rutile consists of a two-peaked structure, a three-peaked
structure is seen in the density of states of Li;,,TiO,; and a
narrowing of the valence band occurs due to the Li-induced
volume expansion, which causes a decrease of the valence
band width by ~1eV. An immediate consequence of this
narrowing is a widening of the bandgap by ~0.6 eV.

Based on these results, we propose the following model
for Li adsorption. At 130K Li species adsorb above the
rutile (110) surface, presumably on top or close to the oxygen
bridges.®>% Initially there is ionic adsorption whereas at
larger exposures the adsorbed Li species are partially neutral
in order to minimize their mutual repulsion. Above 160 K the
Li species disappear from the surface. Excluding desorption
into the vacuum, they most likely become, as proposed by
Stashans et al.,’® inserted into the (110) surface between two
bridging oxygen atoms. The model of Li insertion into the
(110) surface is supported by two observations: the presence
of a small Li(2s)-related peak in MIES above 160 K (Figs 3
and 4(b)) indicates the presence of a considerable amount of
Li in the surface (note that the Li(2s) signal becomes visible in

Copyright © 2004 John Wiley & Sons, Ltd.

the case of Li adsorption at 130 K for coverages of ~0.3 MLE);
and the observed spectral features of the surface observed
by MIES are in agreement with theoretical predictions. As a
comparison of Fig. 1 and Fig. 3 shows, the Liinsertion atroom
temperature leads to a valence band contraction of ~1eV.
This is consistent with the prediction that Li intercalation
into rutile leads to valence band narrowing caused by the
Li-induced volume expansion.

However, insertion into the surface alone cannot explain
all of our experimental observations. By the proposed model
only ~0.5 MLE Li can be inserted. However, in Fig. 4 we
start from a nominal coverage of ~1.4 MLE. Consequently,
insertion between the bridging oxygen is not the only active
channel. This observation is strong evidence that part of the
adsorbed Li atoms reach regions underneath the surface due
to diffusion.

SUMMARY

Electron spectroscopy results for the interaction of Li with
TiO,(110) are presented for the first time. Measurements
were performed at 130 K and at 300 K and compared with
those on tungsten. The present investigation is focused on
two subjects: the change from ionic adsorption leading to
a reduction of Ti*" to neutral adsorption as a function of
coverage; and the insertion and/or intercalation of Li at
higher temperatures.

At 130K Li is adsorbed ionically up to a coverage of
0.3 MLE onto the titania surface. Ionic adsorption leads
to a reduction of Ti cations to Ti®*, as manifested by the
appearance of a bandgap state at Eg = 1 eV. For coverages
above 0.3 MLE the transfer of the s-electron to the substrate
is not complete anymore, and becomes increasingly less
likely with increasing coverage. This leads to the following
consequences: a strong signal occurs in the MIES spectra close
to Er due to Auger de-excitation involving the Li(2s) electron;
and the surface dipole induced by the alkali adsorption
becomes smaller as a consequence of the interaction between
neighbouring surface dipoles, explaining the saturation of
the work function. From analysis of the UPS Ti*" 3d signal,
as well as from the Li(2s) emission, we have concluded that
the degree of ionicity of the adsorbed Li decreases from Li*
at 0.3 MLE to Li**" at 0.7 MLE.

At 300 K, the initial (low coverage) adsorption state is
similar to that at 130 K. However, for coverages above 0.5
MLE the adsorption differs significantly from that at 130 K.
Upon annealing, the Li(2s) signal in MIES disappears at
~160 K for Li/TiO,(110), whereas it persists up to 400 K on
W(110). We conclude that above 160 K Li becomes inserted
into the rutile (110) surface. Part of the Li most likely migrates
underneath the rutile TiO,(110) surface.
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