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A combined use of low energy electron microscopy (LEEM) and microprobe LEED (m-LEED)

allows the in-situ observation of dynamical processes at the TiOx/Pt(111) interface. The

transformations between different surface-stabilized phases are investigated in the case of room

temperature TiOx reactive deposition with subsequent post-annealing. For a coverage of

0.6 MLeq, UHV annealing to 400 1C leads to the formation of the zigzag-like z-TiO1.33 layer. At

higher temperatures a rotated z-TiO1.33 phase is observed, its lateral distribution being strongly

influenced by surface morphology. Concurrently, the z-TiO1.33 layer partially transforms into a

kagomé-like TiO1.5 structure. The resulting oxygen enrichment of the interface is interpreted by

invoking Ti interdiffusion into the substrate. At a coverage of 0.45 MLeq, UHV annealing at

500 1C transforms the z-TiO1.33 layer into a different zigzag-like z0-TiO1.25 layer. Post-annealing in

oxygen of the reduced phases or direct reactive deposition at high temperature both produce the

rect-TiO2 stoichiometric phase, showing characteristic needle-like domains aligned according to

the rect-TiO2 unit cell orientation.

I. Introduction

Ultrathin titania (TiOx) films on Pt(111) show an extremely rich

variety of interface-stabilized phases presenting characteristic

morphology, crystal structure and chemical composition.1,2,3

Some of them display unique topography and physical

properties, which prompt for their potential use in key nano-

technology applications such as new functionalized materials or

templates for self-organized nanoparticle growth.4 Consider-

able effort has been put into the structural characterization of

the different phases, employing a full range of complementary

investigation tools such as scanning tunneling microscopy

(STM),1,3 low energy electron diffraction (LEED),1 core and

valence photoemission spectroscopy2 and density functional

theory (DFT).5,6 Part of this work was aimed at establishing

optimized procedures for the preparation and stabilization of

‘‘pure’’ single phases. By careful control of growth conditions,

i.e. temperature and oxygen background pressure during the

oxidative evaporation of Ti, pressure and temperature of the

post-deposition annealing, it has been shown that eight different

TiOx/Pt(111) phases could be obtained.1,2 It is to be emphasized

that the published recipes were obtained by ‘‘a trial and error’’

procedure aiming at obtaining the best conditions for obtaining

almost pure single phases, as judged by large area LEED

and STM.

In practice, the TiOx growth reveals a complex scenario

often involving the formation of heterogeneously developed

phases. Due to the very nature of the growth process, kinetic

effects during deposition and annealing can play an important

role in determining the pathway to the formation of the

desired phase. Similarly, they regulate the interplay and

subsequent evolution between different phases that are

simultaneously present under specific pressure and tempera-

ture conditions. A microscopic approach to monitor the

evolution of both surface morphology and structure during

their formation is therefore mandatory.

Low energy electron microscopy (LEEM)7 is a well-

established method to observe surface processes in real-time

with high structure sensitivity and lateral resolution of about

10 nm. In this work we show that a combined LEEM and

microprobe LEED (m-LEED) approach can offer a powerful

tool for the in-situ observation of the development of

TiOx/Pt(111) phases. We show that LEEM can provide direct

information on the interplay between the different phases

during the growth of TiOx/Pt(111) interfaces and other related

dynamic phenomena (e.g. phase transitions). In particular,

LEEM was useful to investigate the influence of sample

microtopography on the development of TiOx/Pt interfaces,

while m-LEED to probe their crystal structure. Interestingly,

strong kinetic effects are observed and the sequence of the

transformations is strongly dependent on the actual

experimental conditions, somewhat different from the ones

obtained in the previous investigations. In addition, we report

here direct evidence of a further TiOx/Pt(111) intermediate

phase which was not observed previously.

II. Experimental

All measurements were carried out using spectroscopic photo-

emission and low energy electron microscopy (SPELEEM) at

aDipartimento di Scienze Chimiche, Consorzio INSTM and Unità di
Ricerca INFM-CNR, Università di Padova, Via Marzolo,
I-35131, Padova, Italy. E-mail: gaetano.granozzi@unipd.it

b Sincrotrone Trieste S.C.p.A., S.S. 14 km 163.5 in AREA Science
Park, 34012 Basovizza, Trieste, Italy
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the Nanospectroscopy beamline at Elettra (Trieste).8 The

surface was probed using LEEM and m-LEED operation

modes. LEEM images the surface using low-energy elastically

backscattered electrons, which allows achieving high structural

sensitivity. When the specular beam is selected by means of an

appropriate contrast aperture, LEEM is operated in ‘‘bright-

field’’ mode (BF). If a fractional order beam is used instead,

LEEM is operated in ‘‘darkfield’’ mode (DF). The LEEM DF

image reflects the lateral extent of the surface phase contributing

the selected diffraction beam. Both methods were employed to

image the surface morphology and structure, following

in real-time the evolution of the interface during Ti reactive

deposition and subsequent annealing in ultra-high vacuum

(UHV) or oxygen ambient.

The SPELEEM utilizes a LaB6 electron source, which

illuminates a spot of 80 mm in diameter on the sample. Under

typical operating conditions, this produces a current density of

few pA mm�2. The use of appropriate illumination apertures

allows microprobe diffraction on smaller areas. Typically, an

area of approx. 3 m2 was probed. Specific strategies were

adopted to avoid electron beam stimulated desorption of

oxygen during irradiation: this was achieved either by using

low energy electrons below the damage threshold (30 eV), or

moving the electron beam to fresh, un-irradiated sampled

area, which was especially useful for m-LEED measurements.

Ti was evaporated in-situ using an e-beam evaporation

source. The evaporation rate was calibrated on the Pt(111)

substrate a posteriori according to the previously published

coverages expressed in MLeq (see ref. 1). The substrate has

been cleaned by several sputtering/annealing cycles following

the procedure already described,1–3 and the cleanness checked

by photoemission. Throughout the experiment, constant

evaporation rate was checked by a flux monitor integrated in

the evaporator. In the following, the Ti dose in different

experiments will be noted as a function of the Ti evaporation

time. The deposited rate is 0.05 MLeq per minute.

For the reactive deposition of Ti, a controlled (molecular)

oxygen background was achieved by a precision leak-valve

mounted on the microscope chamber.

III. Results and discussion

We conducted LEEM/m-LEED investigations specifically

concentrating on the following two routes for preparation of

TiOx ultrathin films:

(a) Ti reactive deposition at room temperature (RT) with

subsequent post-annealing;

(b) Ti reactive deposition at high temperature (HT).

Note that the deposition procedure at HT has been explored

for the first time during the present LEEM/m-LEED
experiments.

In order to be consistent with the literature, we maintain the

nomenclature already described in great details in the earlier

papers:1 in particular, both stoichiometric (rect-TiO2) and

reduced (k-TiOx, z-TiOx and z0-TiOx) phases were observed

in the herein reported experiments. The large area LEED

patterns of these phases were already discussed in detail1,2

and they will be taken as the fingerprint to detect the presence

of each phase in the following.

III.1 Room temperature Ti reactive deposition

Let us start with the lowest coverage experiment examined in

the present investigation. After Ti reactive deposition for 60

(roughly corresponding to a coverage of 0.3 MLeq) at RT and

PO2
= 10�5 Pa, we observe a strained 1 � 1 LEED pattern,

with the spots streaking toward the center of the Brillouin

Zone (BZ), as shown in Fig. 1a. After subsequent annealing in

UHV up to 500 1C, the LEED shows the quasi-(2 � 2)

structure illustrated in Fig. 1b). This is consistent with the

(2.15�2.15) LEED pattern of the kagomé-like reduced

phase (k-TiOx), which indeed has been previously obtained

at a coverage of about 0.4 MLeq after post-annealing in

PO2
= 10�5–10�6 Pa.1 This low coverage phase can be

described by a hexagonal unit cell containing two Ti atoms

forming a honeycomb lattice and three O atoms forming a

kagomé pattern; the stacking is such that O atoms are in the

top-most layer. The resulting structure is a rather open one

(i.e. with large holes) where the stoichiometry is TiO1.5, i.e. Ti

in the formal oxidation state of +3.9 A more detailed analysis

of the LEED pattern in Fig. 1b allows to distinguish a clear

splitting of the half integer reflections: the (0,0.465) spot of the

k-TiOx phase and a weaker (0,0.5) spot that could be attributed

to the presence in some areas of the sample of a Pt-Ti surface

alloy which is actually characterized by a p(2 � 2) super-

structure.10 However, we do not have any further evidence to

validate such an hypothesis, and it is not excluded that the

observed splitting could be due to multiple scattering (as a

matter of fact the LEED pattern may have a few percent

non-linearity).

Further deposition of Ti (60) at RT and PO2
= 10�5 Pa

(roughly corresponding to a total coverage of 0.6 MLeq),

results in the disruption of the LEED pattern of k-TiOx and in

the formation of diffuse rings around the LEED integer spots

(Fig. 2a). Such rings can be considered as a precursor (P) for

the formation of the reduced z-TiOx and z0-TiOx phases upon

UHV annealing. In fact, after annealing P to 400 1C in UHV,

we obtained the diffraction pattern of z-TiOx shown in Fig. 2b,

whose structure has been completely clarified by DFT calcula-

tions and a stoichiometry of TiO1.33 (formal Ti oxidation state

+2.7) has been assigned to it.5 The structure contains dense Ti

stripes separated by less dense regions (called troughs), with

the formation of dislocation lines within the stripes. Upon

Fig. 1 m-LEED patterns (40 eV) of a sample obtained (a) after Ti

reactive deposition for 60 (0.3 MLeq) at RT and PO2
= 10�5 Pa and

(b) after UHV annealing at 475 1C for 100. The hexagonal unit cell of

the k-TiOx phase has been outlined.
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further annealing to 500 1C the LEED pattern dramatically

changes, but it can be interpreted simply assuming a z-TiOx

phase whose unit cell is rotated by �4.51 with respect to the

substrate forming two sets (�) of three equivalent domains

(hereafter we label this phase as zR-TiOx (i.e. rotated z). The

kinematical simulation of the LEED pattern of the zR-TiOx

phase is reported in Fig. 2d. This transition of the z-TiOx

phase from aligned to rotated domains is accompanied by the

appearance of the quasi-(2 � 2) spots of the k-TiOx phase (see

in Fig. 2c the hexagonal unit cell outlined by broken lines).

LEEM images reveal the lateral distribution of zR-TiOx.

Note that the surface is covered with a few hundred nanometer

terraces separated by dense step-bunches, as seen in the BF

image of Fig. 3a. On the other hand, the extent of the zR-TiOx

phase can be imaged using DF LEEM. As an example, Fig. 3b

shows the DF LEEM image corresponding to one of the six

rotational domains. Interestingly, we can make the following

two observations: the step-bunches seen in Fig. 3a appear

always dark in all DF images, and each flat region (i.e. with

low step density) is fully covered with a single zR-TiOx

domain. The different zR-TiOx domains are always separated

by step-bunches. The first point suggests that the zR-TiOx

phase is only present on the flat regions; the second points to

the formation kinetics and the energy associated with the

creation of domain boundaries, indicating that the growth of

the different zR-TiOx domains is not diffusion limited within

the terrace size.

The fact that we detect the simultaneous formation of

k-TiOx as a consequence of a UHV annealing is quite

interesting since at first glance this observation seems to be

contrary to expectation: HT annealing in UHV should lower

the oxygen potential on the surface, so one would expect that

the TiOx film responds by lowering its oxygen content. On the

contrary, we observe a partial transformation from z-TiO1.33

to k-TiO1.5. We suggest that the partial formation of k-TiOx is

driven by the partial dissolution of Ti atoms into the substrate

bulk,11 with a concomitant rotation of the original z-TiOx.

The entire process would explain the observed oxygen relative

enrichment of the TiOx film. It is worth mentioning that

annealing in an oxygen atmosphere of a partially alloyed

Pt-Ti crystal leads to a reversed migration of Ti atoms form

the sub-surface layers to the interface. This backward diffusion

can be the driving force for the phase transition between low

and high coverage TiOx phase, and even for the formation of a

more reduced TiOx phase.

The second point to be answered is the reason of the origin

of rotation of the z-TiOx domains. One suggestion comes from

the published DFT model of the z-TiOx phase:5 even if the

oxide/Pt interaction is important in determining the actual

structure of the oxide film, this interaction is only weakly

directional, consistent with the incommensurate nature of the

film. Further hints come from the same mass transport

phenomena outlined above: the deposition procedure used in

this preparation (0.3 MLeq Ti dosing followed by annealing in

UHV, cycled two times) can determine a progressive Ti

enrichment of the Pt subsurface that might produce a change

in the Pt lattice constant of the topmost substrate layer, as well

as the formation of many defects that would disfavor the

epitaxial matching between z-TiOx and the substrate, thus

favoring the loss of the epitaxial matching along the [1�10]

direction by introducing a small rotation.

In order to get more information on the effect of the Ti dose

and oxygen pressure, a further experiment was undertaken: we

reactively deposited Ti (90, corresponding to 0.45 MLeq) at

RT and PO2
= 5 � 10�6 Pa (a factor of two lower than in the

previous experiment), obtaining the same precursor phase P as

shown in Fig. 2a. Post-annealing in UHV at about 400 1C

results in the appearance of a single z-TiOx phase (without

extra k-TiOx spots, see Fig. 4a).

According to previously published data, the single z-TiOx

phase is obtained at higher temperature (i.e. at 550 1C under

PO2
= 10�5 Pa) and at this coverage we expect the presence of

Fig. 2 m-LEED snapshots (30 eV) from a movie taken during the

UHV annealing of a sample obtained after reactive Ti deposition for

60+ 60 (0.6 MLeq) at RT and PO2
= 10�5 Pa: (a) precursor P phase at

rt; (b) z-TiOx phase at 400 1C; (c) zR-TiOx phase at the end of the

movie (500 1C) the rectangular unit cells of the zR-(continous) and of

the k-phase (broken line) are outlined (d) kinematic simulation of the

LEED pattern of the zR-TiOx phase.

Fig. 3 LEEM images (BF images at 19 eV, field of view 4 mm) upon

annealing in UHV at 500 1C of the zR-TiOx phase obtained after

reactive Ti deposition for 60+60 (0.6 MLeq) at RT and PO2
= 10�5 Pa:

(a) BF image at 19 eV; (b) DF image corresponding to one of the 6

rotational domains.
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k-TiOx.
1 The observed direct transition into z-TiOx is likely

connected to the presence of the precursor P. Most probably

islands of the P phase kinetically limit the formation of the

fully wetting k-TiOx phase. A critical amount of Ti atoms is

necessary to form small close-packed Ti islands which are the

building blocks of the compact stripes found in z-TiOx;
5 if the

dose of Ti is not sufficient a higher connectivity is achieved by

the formation of an open Ti–O network which is structurally at

the basis of k-TiOx.
9 Further UHV annealing to the final

temperature of 500 1C, produces z0-TiOx (Fig. 4b), at variance

with the previous experiment, but in agreement with the

already described z - z0 transformation.1 Most probably,

the kinetic conditions needed to transform the z - zR are not

met in the present experiment. The structure of z0-TiOx has

been fully described by DFT calculations, which assigned a

stoichiometry of TiO1.25.
6 Its peculiarity consists in having

larger compact Ti stripes and its formation from z-TiOx can be

easily pictured as a kind of condensation of the smaller stripes.

Once z0-TiOx has cooled down to rt, we made a further

post-annealing cycle up to 400–450 1C in PO2
= 5 � 10�5 Pa.

Under such conditions the z0-TiOx transforms into the

rect-TiO2 stoichiometric phase, which was already documented

and described as a lepidocrocite-like bilayer.12,13 Such phase

transition is driven by the oxygen chemical potential, which

determines a progressive oxygen uptake in the TiOx ultrathin

films. This phase transition has been followed by LEEM and

m-LEED. The disruption of z0-TiOx causes a steady decrease

of the backscattered intensity which start to rise quickly as

rect-TiO2 appears. The phase transition homogeneously takes

place all over the surface. According to the currently assessed

DFT models,6,12 the transformation requires a change of the

interfacial layer with the Pt substrate, i.e. from the Pt-Ti-O

stacking to the Pt-O-Ti-O one. Eventually, only the sharp

pattern of rect-TiO2 can be observed by m-LEED (Fig. 4c).

A slightly different behavior is observed during oxygen

annealing (PO2
= 5 � 10�5 Pa) to 450 1C of an incomplete

layer of z0-TiOx, i.e. consisting of patches of z0-TiOx and clean

Pt(111).

Here, z0-TiOx is firstly converted into k-TiOx and then

rect-TiO2 is formed. This corresponds to a transformation

along the following Ti oxidation states and stoichiometries:

z0-TiO1.25 (Ti
+2.5) - k-TiO1.5 (Ti

+3.0) - rect-TiO2 (Ti
+4.0).

The same transformation starting from a fully wetting z0-TiOx

phase would be inhibited by the steric requirements of the open

k-TiOx phase because the theoretical models predict that the

Ti surface density is higher for k-TiOx with respect to both

rect-TiO2 and z0-TiOx.

As evidenced by the LEEM images in Fig. 5, the growth

morphology of rect-TiO2 is characterized by very elongated

domains (needle-like) oriented along the substrate main

crystallographic directions. Six rotational domains are formed

because the unit cell axes of rect-TiO2 are rotated by an angle

of ca. 81 with respect to the principal directions of the Pt(111)

substrate. The direction of the elongated domains corresponds

to the short axis of the rectangular unit cell of the rect-TiO2

structure.

Fig. 4 LEED snapshots of a movie taken during the UHV annealing

of a sample obtained after reactive Ti deposition for 90 (0.45 MLeq) at

RT and PO2
= 5 � 10�6 Pa: (a) z-TiOx phase at 400 1C (40 eV);

(b) z0-TiOx phase at the end of the movie (500 1C) (30 eV). (c) LEED

pattern of the rect-TiO2 phase obtained after annealing the z0-TiOx

phase in a PO2
= 5 � 10�5 Pa at 400–450 1C (30 eV) (see text).

Fig. 5 LEEM images (BF images at 19 eV, field of view 6 mm) of the

rect-TiO2 phase obtained upon annealing an incomplete z0-TiOx layer

to 450 1C at PO2
= 5� 10�5 Pa. Upper left: BF LEEM image at 19 eV;

Upper right: LEED of the same phase; the panels below illustrate the

DF images for the six rect-TiO2 domains, labeled 1a–3a, 1b–3b. The

corresponding secondary diffracted beams are indicated in the LEED

image above.
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An important point to outline is that in the regions sub-

jected to electron irradiation, at the end of the post-annealing

cycle, only the LEED pattern typical of z-TiOx was detected

above a threshold energy of ca. 30 eV. This points to electron

beam-induced reduction, in line with previous studies on

titania.14,15 Thus, in order to observe by m-LEED the fully

oxidized phases, either the electron beam probe is to be

scanned in fresh regions or it has to be set at energy below

30 eV.

III.2 High temperature Ti reactive deposition

Using LEEM we have followed the morphology changes

during the reactive Ti deposition (PO2
= 5 � 10�5 Pa) on

the Pt(111) substrate held at high temperature (450 1C). In

Fig. 6 we report some snapshots taken from the corresponding

LEEM movie. Up to 170 (corresponding to 0.85 MLeq,

Fig. 6a–c) we observe a progressive decrease of the back-

scattered intensity at 19 eV, with the formation of small 2-D

islands (wetting layer) appearing dark. The islands do not wet

the entire surface, but are separated by ca. 300 nm. At this

stage the m-LEED shows a diffraction pattern characterized by

a diffuse background around the (1 � 1) reflections streaking

towards (00) spot (see Fig. 6c0). We speculate that in Fig. 6a–c

the dark areas correspond to nucleation of a TiO2 disordered

phase, while the bright areas correspond to the clean Pt(111)

surface. At 170 (0.85 MLeq) a phase transformation begins,

covering most of the surface within a few minutes (Fig. 6d–g)

while maintaining a sharp front during the expansion.

As shown by a corresponding m-LEED experiment, this is

the development of the rect-TiO2 phase. It is interesting to

observe that the newly developed rect-TiO2 phase assumes the

typical needle-like shape (Fig. 6g) already seen for the low

coverage rect-TiO2 phase (see Fig. 5). After a total of 220

(1.1 MLeq, Fig. 6g) the metal deposition is stopped. Note that

the growth of rect-TiO2 (bright areas) still continues. A large

part of the surface is covered by rect-TiO2, but not all,

especially where two distinct fronts collided. After this, no

further changes are observed, indicating that the phase is

stable and no other structure is formed on top of it. At this

stage the m-LEED pattern is rather sharp (see Fig. 6i0).

IV. Conclusions

For the first time, in-situ transformations in ultrathin oxide

films were followed by means of a combination of m-LEED and

LEEM. The actual description of the transformations has been

allowed by the detailed structural knowledge accumulated on

each of the studied phases.5,6,9,12,13

In Scheme 1 we summarize the results obtained in the

experiments where the Ti reactive deposition was carried out

at RT and the system was subsequently annealed. We have

observed footprints of a disordered precursor phase P obtained

at rt, which subsequently evolves toward reduced ordered

Fig. 6 LEEM (BF images at 19 eV, field of view is 6 mm) snapshots taken during a reactive deposition of Ti at PO2
= 5 � 10�5 Pa, on the Pt(111)

substrate taken at 450 1C: (a) 00 (0 MLeq), (b) 130 (0.65 MLeq), (c) 170 (0.85 MLeq), (d) 180 (0.9 MLeq), (e) 190 (0.95 MLeq); (f) 210 (1.05 MLeq),

(g) 220 (1.1 MLeq) STOP Ti deposition, (h) 10 after stopping Ti deposition, (i) 20 after stopping Ti deposition. m-LEED patterns are reported as

insert of (c0) and (i0).
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phases upon UHV annealing. Most of the data previously

reported1 have been confirmed, but a further reduced phase,

labeled as zR-TiOx, has been herein observed for the first time:

zR-TiOx is just a rotated z-TiOx phase obtained by UHV

annealing The formation of such rotated phase appears to be

strongly dependent on the actual kinetic path followed during

the Ti reactive deposition.

In the present study we have also monitored in situ for the

first time the preparation of fully oxidized titania films (namely

the lepidocrocite-like rect-TiO2 phase) by reactive evaporation

of Ti on a substrate held at high temperature. Using LEEM,

we have followed in real-time the evolution of the growth

morphology: elongated domains (needle-like) with a precise

orientation with the Pt substrate are observed both when the

rect-TiO2 phase is obtained by the HT deposition or by

oxidation of z0-TiOx. That suggests that this is the result of

an intrinsic thermodynamic anisotropy associated to the

different growth directions of the lepidocrocite-like phase.

DFT calculations are in progress to check such hypothesis.

As a general outcome of this study, we outline that kinetic

factors require to be taken into account in order to explain the

observed transformations. In particular, heat-induced mass

transport of Ti atoms in and out of the substrate bulk are to be

considered to clarify some observed coverage dependent

phenomena.

Finally, we suggest that using the methodology herein

exploited can be of relevance for understanding the nature

of the active phases present in real bimetallic catalysts after gas

exposure and annealing processes.

Acknowledgements

This work has been funded by the European Community

through two STRP projects: GSOMEN and NanoChemSens

within the SIXTH FRAMEWORK PROGRAMME, by the

Italian Ministry of Instruction, University and Research

(MIUR) through the fund PRIN-2005, project title: ‘‘Novel

electronic and chemical properties of metal oxides by doping

and nanostructuring’’ and by the University of Padova,

through grant CPDA071781.

References

1 F. Sedona, G. A. Rizzi, S. Agnoli, F. X. Llabrés i Xamena,
A. Papageorgiou, D. Ostermann, M. Sambi, P. Finetti,
K. Schierbaum and G. Granozzi, J. Phys. Chem. B, 2005, 109,
24411.

2 P. Finetti, F. Sedona, G. A. Rizzi, U. Mick, F. Sutara, M. Svec,
V. Matolin, K. Schierbaum and G. Granozzi, J. Phys. Chem. C,
2007, 111, 869.

3 F. Sedona, S. Agnoli and G. Granozzi, J. Phys. Chem. B, 2006,
110, 15359.

4 F. Sedona, S. Agnoli, M. Fanetti, I. Kholmanov, E. Cavaliere,
L. Gavioli and G. Granozzi, J. Phys. Chem. C, 2007, 111, 8024.

5 G. Barcaro, F. Sedona, A. Fortunelli and G. Granozzi, J. Phys.
Chem. C, 2007, 111, 6095.

6 F. Sedona, G. Granozzi, G. Barcaro and A. Fortunelli, Phys. Rev.
B, 2008, 77, 115417.

7 E. Bauer, Science of Microscopy, ed. P. W. Hawkes and
J. C. Spence, Springer, 2007, vol. 1, pp. 605.

8 A. Locatelli, L. Aballe, T. O. Mentes, M. Kiskinova and E. Bauer,
Surf. Interface Anal., 2006, 38, 1554.

9 G. Barcaro, S. Agnoli, F. Sedona, G. A. Rizzi, A. Fortunelli and
G. Granozzi, to be submitted.

10 S. Ringler, E. Janin, M. Boutonnet-Kizling and M. Goethelid,
Appl. Surf. Sci., 2000, 162–163, 190.

11 S. Hsieh, D. Beck, T. Matsumoto and B. E. Koel, Thin Solid Films,
2004, 466, 123.

12 Y. Zhang, L. Giordano, G. Pacchioni, A. Vittadini, F. Sedona,
P. Finetti and G. Granozzi, Surf. Sci., 2007, 601, 3488.

13 T. Orzali, M. Casarin, G. Granozzi, M. Sambi and A. Vittadini,
Phys. Rev. Lett., 2006, 97, 156101.

14 A. Locatelli, T. Pabisiak, A. Pavlovska, T. O. Mentes, L. Aballe,
A. Kiejna and E. Bauer, J. Phys.: Condens. Matter, 2007, 19,
082202.

15 T. O. Mentes, A. Locatelli, L. Aballe, A. Pavlovska, E. Bauer,
T. Pabisiak and A. Kiejna, Phys. Rev. B, 2007, 76, 155413.

Scheme 1 Summary of the data obtained for the experiments on the

TiOx/Pt(111) system when Ti reactive deposition is carried out at RT

and the deposit is post-annealed (see text).

3732 | Phys. Chem. Chem. Phys., 2009, 11, 3727–3732 This journal is �c the Owner Societies 2009

Pu
bl

is
he

d 
on

 1
1 

M
ar

ch
 2

00
9.

 D
ow

nl
oa

de
d 

by
 P

en
ns

yl
va

ni
a 

St
at

e 
U

ni
ve

rs
ity

 o
n 

17
/0

9/
20

16
 1

0:
08

:3
8.

 

View Article Online

http://dx.doi.org/10.1039/b821339a

