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The authors have used scanning tunneling microscopy 共STM兲, low energy electron diffraction
共LEED兲, and Auger electron spectroscopy 共AES兲 to study the nascent oxidation of an ordered
Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy exposed to oxygen 共O2兲 or nitrogen dioxide 共NO2兲 under ultrahigh
vacuum conditions. The Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy was formed by depositing an ultrathin Ti
film on Pt共111兲 and annealing to 1050 K. This produces an alloy film in which the surface layer is
pure Pt and the second layer contains Ti atoms in a 共2 ⫻ 2兲 structure, which causes the pattern
observed by STM and LEED. Real-time imaging of the surface at 300 K was carried out by
continuously scanning with the STM while either O2 or NO2 was introduced into the chamber. O2
exposures did not cause any gross structural changes; however oxygen was detected on the surface
afterward using AES. Annealing this surface to 950 K resulted in the formation of an ordered TiOx
overlayer as characterized by both LEED and STM. In contrast, NO2 exposures caused definite
changes in the surface morphology at 300 K, and the root-mean-square roughness increased from
3.5 to 7.1 Å after a large NO2 exposure. No ordered structures were produced by this treatment, but
annealing the surface to 950 K formed an ordered pattern in LEED and corresponding clear,
well-resolved structures in STM images. We account for these observations on the disruption or
reconstruction of the Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy by arguments recalling that Ti oxidation is an
activated process. The energetic barrier to TiOx formation cannot be surmounted at room
temperature at low oxygen coverages, and annealing the surface was necessary to initiate this
reaction. However, the higher oxygen coverages obtained using the more reactive oxidant NO2
lowered the chemical potential in the system sufficiently to overcome the activation barrier to
extract Ti from the alloy at room temperature and form a disordered TiOx film. These results
illustrate the importance of the surface oxygen coverage in nucleating the room temperature
oxidation of the Pt–Ti surface alloys and further show the ability of NO2 in ultrahigh vacuum studies
for probing the chemistry that will occur at higher O2 pressure. © 2008 American Vacuum Society.
关DOI: 10.1116/1.2969903兴

I. INTRODUCTION
Oxidation is an important process in many technologies,
including, for example, heterogeneous catalysis and semiconductor device manufacturing. The discovery that thermal
oxidation of silicon passivates the surface was a crucial step
in the development of semiconductor device technology,1
and oxidation at low temperatures plays an important role in
electronic components such as contacts2 and integrated
circuits.3
In addition, oxidation processes have been used extensively in fundamental studies to synthesize model systems
that can be utilized to investigate oxide surfaces. One such
approach is to grow ultrathin oxide films on a metal substrate. This has several experimental advantages over studying bulk oxide surfaces. For example, electrostatic charging
*
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of the sample during electron bombardment, electron spectroscopic measurements, or scanning tunneling microscopy
is completely avoided.4 The thickness of the oxide film can
be controlled over a wide range and this can provide models
for comparison to bulk materials.5 In addition, new materials
with novel properties may be discovered in the form of ultrathin films or nanostructures.6,7
Specifically, various technological applications provide
sufficient motivation for additional oxidation studies of Pt–Ti
alloys. For instance, Pt–Ti alloys have been used as thermal
and flow sensors8–11 and dynamic random access memory
devices,8,12–14 and have been implicated as important in understanding the strong metal-support interaction 共SMSI兲 phenomena in Pt/ TiO2 heterogeneous catalysts. For this latter
case, the unusual catalytic properties found for titaniasupported metal catalysts have prompted numerous studies
of the interactions between titanium dioxide and transition
metals. SMSI refers to the changes in catalytic activity that
occur when group VIII metals such as Pt supported on TiO2
or other reducible oxide substrates are reduced at elevated
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temperature.15,16 Note that the rote that alloy formation plays
in the SMSI changes has not been completely explained to
date, and additional information about these interfaces would
be helpful for a more complete understanding.
Our ability to study chemical reactions at the atomic level
is now greatly increased by technological advances in scanning probe microscopy 共SPM兲. For example, we note the
studies of Thurmer et al.17 of the oxidation of Pb crystallites
on Ru共0001兲 using time-lapse imaging with scanning tunneling microscopy 共STM兲, and other studies of the atomic-level
surface structure of ultrathin oxide films and some conducting bulk oxides.18–25 Thus, STM studies of the oxidation of
Pt–Ti alloys are expected to reveal new insights.
Oxidation of the 共111兲 and 共100兲 surfaces of a bulk Pt3Ti
alloy has been studied previously by Auger electron spectroscopy 共AES兲 and low energy electron diffraction
共LEED兲.26 Oxidation of the Pt3Ti共111兲 surface formed an
oxide layer with a stoichiometry close to TiO. Further oxidation under relatively extreme conditions of high pressure
and temperature formed a thick TiO2 共rutile兲 overlayer. In
addition, Boffa et al.27 studied titanium oxide films grown on
top of a Pt共111兲 substrate using LEED, XPS, ion scattering
spectroscopy, and STM. In studies of Diebold and coworkers, TiO1.1 films were formed on the flat 共111兲 tops of Pt
clusters formed after depositing Pt on a TiO2共110兲 crystal
and annealing in vacuum.20,28
Recently, Sedona et al.25 obtained six different long-range
ordered phases of TiOx on Pt共111兲 by varying the Ti dose and
the annealing conditions 共temperature and oxygen pressure兲.
All of the phases reported except the stoichiometric
rect-TiO2 were 1 ML thick and composed of a Ti–O bilayer
with interfacial Ti. At a low Ti dose 关0.4 ML equivalents
共MLE兲兴, a kagomelike low-density phase was observed. At a
higher Ti dose 共0.8 MLE兲, two zigzag-motif denser phases
were formed with distinct rectangular unit cells. One was
obtained by annealing in vacuum, and the other was obtained
by annealing in oxygen. After a high Ti dose 共1.2 MLE兲, two
wagon-wheel-like structures were also prepared by different
annealing conditions.
No attempt was made in these prior studies to observe the
oxidation process and monitor morphology changes in real
time using STM. One of the great advantages of in situ oxidation studies is the ability to directly observe how the surface morphology changes in time in order to obtain an improved atomic-level understanding of such model systems.
Herein, we present results from a study of the oxidation of
a Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy by in situ STM using both
O2 and nitrogen dioxide 共NO2兲, an aggressive oxidant that
can be used to achieve high effective O2 pressures. We obtained real-space and real-time images of the surface reconstruction that occurs during oxidation. No significant structural changes were observed during O2 exposure on the alloy
at 300 K, but annealing the sample to 950 K subsequently
formed an ordered oxide that we have characterized by both
STM and LEED. In contrast, exposing the alloy at 300 K to
NO2 resulted in a steady increase in the surface roughness
and the formation of a disordered oxide film. Subsequent
JVST A - Vacuum, Surfaces, and Films
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annealing of the sample formed an ordered oxide layer structure.
II. EXPERIMENTAL METHODS
All of the experiments described in this article were performed in an ultrahigh vacuum 共UHV兲 chamber29 equipped
with a STM, reverse-view LEED optics, cylindrical mirror
analyzer for AES, quadrupole mass spectrometer for residual
gas analysis, ion sputtering gun for sample cleaning, leak
valves and gas dosing lines, and an electron-beam-heated Ti
evaporation doser. The Pt共111兲 single crystal sample was
heated either radiatively or by electron bombardment using a
tungsten filament that was situated directly beneath the
sample. The base pressure in the system was 2 ⫻ 10−10 Torr.
The Pt共111兲 crystal was cleaned using standard procedures, consisting of cycles of 500 eV Ar+-ion sputtering, followed by annealing at 1000 K in a background pressure of
2 ⫻ 10−7 torr O2, with a final annealing in UHV at 1200 K.
The cleanliness of the sample was monitored by AES and
LEED, and the procedure was repeated until no contamination at the surface could be detected. The Ti doser consisted
of an electron-beam-heated titanium rod 共Vfil = 550 V and
Ifil = 6.5 A兲 with stainless steel shields to minimize Ti evaporation elsewhere in the chamber.
The STM was a home-built single piezotube design using
an RHK SPM100 controller. During scanning, the turbomolecular pumps and mechanical pumps were turned off to reduce vibrational noise coupling to the tip/sample junction.
Electrochemically etched polycrystalline tungsten tips were
used in all experiments. STM images were obtained in
constant-current mode exclusively with the bias voltage applied to the tip. In situ STM experiments were performed by
identifying a suitable region of the surface and then scanning
continuously while exposing the sample to either gaseous O2
or NO2.
III. RESULTS
A. Structure of a Ti/ Pt„111…-„2 Ã 2… alloy

A Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy was prepared in UHV
by depositing an ultrathin film of Ti 共4.5 ML, calibrated by
AES uptake measurements兲 onto a Pt共111兲 single crystal
sample at 300 K and then immediately annealing the crystal
to 1050 K for 10 s. After annealing, the Ti共387 eV兲 /
Pt共237 eV兲 peak-to-peak ratio in AES was 3.0 and LEED
showed a 共2 ⫻ 2兲 pattern. Figure 1 shows a LEED pattern as
routinely observed after performing this procedure. A STM
image of the 共2 ⫻ 2兲 surface alloy is shown in Fig. 2共a兲. The
scanned area shown is 122⫻ 129 Å2 and the image shows a
periodic structure with a spacing of 5.4 Å between protrusions.
A model for the structure and composition of this surface
is shown in Fig. 2共b兲 and is based on ion scattering studies
performed by our group30 and on several previous studies.
Paul et al.31 determined that a pure-Pt surface layer was
formed for a bulk Pt3Ti共111兲 sample by using angle resolved
x-ray photoelectron spectroscopy. The same conclusion was
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FIG. 1. LEED pattern 共Ei = 80 eV兲 of the 共2 ⫻ 2兲 structure produced by depositing a 4.5 ML Ti film on Pt共111兲 at room temperature and annealing to
1050 K.

FIG. 3. Topographical STM images 共121⫻ 122 Å2兲 of a Ti/ Pt共111兲-共2 ⫻ 2兲
surface alloy acquired before 共a兲 and after 共b兲 exposing the surface at
300 K to 1 ⫻ 10−8 torr O2. The circled region identifies areas of the surface
exhibiting 共2 ⫻ 2兲 periodicity in 共a兲 and 共b兲. For both images, Vb =
+ 139 mV and It = 1.98 nA.

reached in a separate study of core-level binding energy
shifts.32 In our model in Fig. 2共b兲, the surface layer is composed of pure Pt and the second layer contains 25% Ti atoms
that are ordered in a 共2 ⫻ 2兲 structure. We proposed that the
bright spots accounting for the 共2 ⫻ 2兲 structure in our STM
images are due to tunneling via Pt atoms sitting in different
types of sites, i.e., Pt atoms either bonded only to Pt neighbors or bonded to Pt and Ti neighbors.
B. Oxidation of a Ti/ Pt„111…-„2 Ã 2… alloy by O2

FIG. 2. 共a兲 Topographical STM image 共122⫻ 129 Å2兲 of a Ti/ Pt共111兲-共2
⫻ 2兲 surface alloy. The bright hexagonal protrusions exhibit a periodicity of
5.54 Å. The sample bias 共Vb兲 and tunneling current 共It兲 were −367 mV and
2.03 nA, respectively. 共b兲 Proposed model for the surface alloy. In this
model, the surface layer is pure Pt and the second layer is 25% Ti ordered in
a 共2 ⫻ 2兲 unit cell. The model is drawn with a reduced atomic size to make
it easier to see the second layer.
J. Vac. Sci. Technol. A, Vol. 26, No. 5, Sep/Oct 2008

The Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy was prepared as described above and then oxidation was carried out in an in situ
STM experiment in which the sample was imaged with the
STM while the sample at 300 K was exposed to 6 ⫻ 10−8 O2
for 15 min, for a total exposure of 52 L 共1 L = 10−6 torr s兲
O2. The STM image in Fig. 3共a兲 shows the initial periodic
ordering of the surface with a distance between depressions
of 5.4 Å. Figure 3共b兲 shows the same region of the surface
after a 52 L O2 exposure, and although the ordering was less
distinct than that in Fig. 3共a兲, the same periodicity was still
apparent. A hazy 共2 ⫻ 2兲 pattern 共not shown兲 was observed in
LEED for the surface imaged in Fig. 3共b兲. Thus, no signifi-
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FIG. 4. Topographical STM image 共133⫻ 130 Å2兲 of the 共2 ⫻ 2兲 alloy after
O2 exposure and annealing to 950 K 共Vb = + 105 mV and It = 1.0 nA兲. The
inset shows a LEED pattern 共Ei = 90.7 eV兲 from this surface.

cant morphological change occurred during this O2 exposure
at room temperature.
After completing of this O2 exposure and STM imaging
as described above, the sample was annealed to 950 K. A
STM image of this surface is shown in Fig. 4 and a photograph of the LEED pattern is shown in Fig. 4 as an inset. No
O2 desorption was observed during annealing. Annealing to
950 K formed an ordered, “oxidelike” structure combined
with a 共2 ⫻ 2兲 pattern. This indicates that the 共2 ⫻ 2兲 alloy
structure was not completely removed by this oxidation process.
Figure 5 provides AES spectra that characterize this oxidation. Figures 5共a兲 and 5共b兲 show AES spectra obtained
from the clean Pt共111兲 surface and Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy for reference. The spectrum in Fig. 5共c兲 was taken
immediately following the 52 L O2 exposure on the alloy at
300 K and indicates that some O2 dissociation occurred because oxygen was present at the surface. The Ti共387 eV兲 /
Pt共237 eV兲 peak-to-peak ratio in AES increased from 3.0 on
the clean alloy to 3.7 following O2 exposure. This change
can be accounted for by Ti of the surface after extraction
from the subsurface layer. Annealing to 950 K does not
cause a substantial change in these AES ratios and thus no
substantial change occurred in the surface composition during annealing. In Fig. 5共d兲, A O共510 eV兲 / Pt共237 eV兲 ratio of
1.0 can be obtained after annealing to 950 K.
C. Oxidation of a Ti/ Pt„111…-„2 Ã 2… alloy by NO2

NO2 is a much stronger oxidant than O2,33–36 and we expect to be able to cause a greater oxygen uptake and more
aggressive oxidation using NO2 and thus simulate the effects
of higher pressure O2 conditions. In these experiments,
we explored the effects of using NO2 to oxidize the
Ti/ Pt共111兲-共2 ⫻ 2兲 alloy. Figure 6 shows a sequence of largescale STM images of the same region of the surface taken
while exposing 1 ⫻ 10−8 torr NO2 to the sample at 300 K.
JVST A - Vacuum, Surfaces, and Films
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FIG. 5. AES spectra used to characterize the oxidation of a Ti/ Pt共111兲-共2
⫻ 2兲 surface alloy: 共a兲 clean Pt共111兲 surface, 共b兲 Ti/ Pt共111兲-共2 ⫻ 2兲 surface,
共c兲 surface in 共b兲 after a 52 L O2 exposure, and 共d兲 surface in 共c兲 after
annealing to 950 K. In 共c兲, the oxygen peak 共510 eV兲 indicates that some
oxygen is adsorbed on the surface at 300 K. The increase in the Ti共387兲/
Pt共237兲 ratio from 3 to 3.7 indicates that some Ti atoms have segregated to
the surface. Little change in the relative surface concentrations of Ti and O
species was observed due to annealing, as seen in 共d兲.

Prior to NO2 exposure, the alloy surface was very smooth
with an root-mean-square 共rms兲 roughness of 3.5 Å. Oxidation using NO2 increased the rms surface roughness to 5.3 Å
after a 34 L NO2 exposure and to 7.1 Å after a 93 L NO2
exposure.
No edge roughening or step migration was observed during this oxidation. Therefore, no large mass transfer occurred
involving the steps at 300 K. The roughness of the surface
occurred homogeneously, as evident from the STM images,
and oxidation appeared to exhibit no preference for step
edges and/or defects. LEED observations following this experiment showed no diffraction spots at all, indicating consistently that oxidation using NO2 caused a significant disruption in the long-range order of the 共2 ⫻ 2兲 alloy surface
layer.
Next, the oxidized sample was annealed to 950 K for
10 s. A STM image from this surface is shown in Fig. 7. This
procedure formed a uniform TiOx layer covering the whole
surface. A photograph of the LEED pattern from this surface
is provided in Fig. 8. By examining the spots in this LEED
pattern, one can calculate the unit cells in both reciprocal
space and real space. In reciprocal space, the unit cell is
given by

冋

0.18 − 0.015
0

0.15

册

.

In real space, the unit cell is given by

共1兲
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FIG. 7. STM image 共511⫻ 512 Å2兲 obtained after annealing the
NO2-exposed sample in Fig. 6共c兲 to 950 K for 10 s 共Vb = + 192 mV and It
= 0.367 nA兲. An ordered TiOx overlayer completely covers the surface.

FIG. 6. Sequence of STM images 共1149⫻ 1148 Å2兲 taken during oxidation
of a Ti/ Pt共111兲-共2 ⫻ 2兲 alloy at 300 K using 1 ⫻ 10−8 torr NO2 共Vb =
+ 207 mV and It = 0.285 nA兲. The image in 共a兲 is from the alloy prior to NO2
exposure. The total NO2 exposures for 共b兲 and 共c兲 were 34 and 93 L, respectively. The insets are higher resolution images 共21⫻ 22 Å2兲 showing
rms roughnesses of 3.5, 5.3, and 7.1 Å for 共a兲–共c兲, respectively.

冋

5.6 0.56
0

6.67

册

,

共2兲

which gives unit vectors of 15.7⫻ 18.1 Å2. In Wood notation, it is denoted by 共6 ⫻ 7兲. Rotating this unit cell by 60°
and 120° to account for three equivalent domains on the
surface reproduces all of the spots in the LEED pattern. Sedona et al.25 obtained a similar but different LEED pattern
from a uniform TiOx film on Pt共111兲 after a Ti dose close to
1 ML. Figure 9 shows an atomic resolution STM image obtained from the terrace in the center part of Fig. 7. The height
of the bright features with respect to the substrate is 0.7 Å,
which is consistent with a TiOx monolayer.25 A unit cell derived from LEED, with an angle of 60°, is drawn directly on
the STM image in Fig. 9.
Figure 10 shows AES data confirming that NO2 dissociation leads to extensive oxygen uptake on the surface alloy at
room temperature. The Ti共387 eV兲 / Pt共237 eV兲 peak-to-peak
J. Vac. Sci. Technol. A, Vol. 26, No. 5, Sep/Oct 2008

ratio in AES increased from 3.2 on the clean alloy to 5.1
following NO2 exposure. This change can be accounted for
by extensive Ti extraction from the subsurface layer, disrupting the alloy structure and forming TiOx on the surface during oxidation with NO2.
Annealing to 950 K did not significantly change the surface composition. The small increase in the O / Ti ratio could
arise from some change in surface structure by annealing.
However, it is possible that some additional oxygen uptake
occurred during annealing from residual NO2 in the chamber
following such large NO2 exposures. For the annealed surface probed in Fig. 10共d兲, a O共510 eV兲 / Pt共237 eV兲 ratio of
4.0 was obtained. Compared with Fig. 5共d兲, this confirms
that NO2 caused a much greater oxygen uptake 共roughly four
times兲 compared to O2, neglecting the error arising from different surface structures.
Semiquantitative results for the surface composition can
be derived from the AES data after correcting for sensitivity
factors.37 For the annealed surface in Fig. 10共d兲, the relative
concentrations of O, Ti, and Pt are CO = 0.13, CTi = 0.15, and

FIG. 8. LEED pattern 共Ei = 79.4 eV兲 from the surface in Fig. 7. One domain
of a 6 ⫻ 7 unit cell is drawn.
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FIG. 9. STM image 共86⫻ 68 Å2兲 obtained from the TiOx overlayer formed
on Pt共111兲 共Vb = + 115 mV and It = 0.93 nA兲. The unit cell drawn on the
image was calculated from LEED data.

CPt = 0.72, respectively. A Ti/ O ratio for the annealed surface
of 1.1 suggests a stoichiometry for the film of TiO. Thus, the
whole surface is covered by a uniform TiO film.
IV. DISCUSSION
These experiments reveal some important aspects of the
initial stages of oxidation of the Ti/ Pt共111兲-共2 ⫻ 2兲 alloy. O2
adsorbs dissociatively at the surface, and then titanium atoms
are extracted from the surface alloy positions and segregate
to the surface due to the thermodynamic driving force for
forming oxidized titanium species, e.g., TiO with a heat of
formation ⌬H0f 共TiO兲 = 125.9 kcal/ mol. These oxidized Ti
species form a well-ordered TiO film that wets the surface at
elevated temperatures, as observed at 950 K here. Covering
the Pt共111兲 surface with an oxide layer reduces the surface
free energy of the system.
At low coverages of adsorbed oxygen, e.g., those produced from O2 exposure under UHV conditions, absorbed
oxygen primarily resides at the surface and the surface alloy
is not substantially disrupted because the activation barrier
for Ti diffusion to the surface to form TiOx is too large for
this to happen extensively at 300 K. The system remains in a
kinetically “frozen” state with chemisorbed oxygen at the
surface and Ti primarily still located in the second layer of
the 2 ⫻ 2 alloy. Upon annealing, the activation barrier for Ti
diffusion and segregation at low oxygen coverage is overcome and a TiO overlayer is formed.
At the higher O coverages that occur when using NO2,
which is a much more reactive oxidizing agent than O2, the
chemical potential is altered and the activation barrier is lowered for Ti to diffuse to the surface to form TiO. We can see
from the AES results that at room temperature, there is a
much higher oxygen concentration on the surface following
NO2 exposures than after O2 exposures. These higher oxyJVST A - Vacuum, Surfaces, and Films

FIG. 10. AES spectra used to characterize the oxidation of a
Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy: 共a兲 clean Pt共111兲 surface, 共b兲
Ti/ Pt共111兲-共2 ⫻ 2兲 surface, 共c兲 surface in 共b兲 after an 81 L NO2 exposure,
and 共d兲 surface in 共c兲 after annealing to 950 K. In 共c兲, the oxygen peak
共510 eV兲 indicates the oxygen uptake at the surface at 300 K. The increase
in the Ti共387兲/Pt共237兲 ratio from 3.2 to 5.1 indicates that some Ti atoms
have segregated to the surface. An increase in the relative surface concentrations of Ti and O species was observed following annealing, as seen in
共d兲.

gen coverages on the surface lead to extensive alloy disruption, Ti segregation, oxide formation, and a change in surface
roughness.
Even though TiO2 formation is favored thermodynamically 关⌬H0f 共TiO2兲 = 225.8 kcal/ mol兴, it is commonly observed that a reduced oxide, TiOx, where x ⬍ 2, forms a “wetting layer” at metal-oxide interfaces. Ti atoms at the interface
have a strong interaction with Pt metal atoms in the substrate, and both Ti and O atoms at the interface are forced to
compromise between covalent bonding in the metal and
ionic bonding in the oxide. This boundary constraint destabilizes the high oxygen stoichiometry oxide, in this case
TiO2, at the metal-oxide interface. AES spectra from a fully
oxidized surface obtained by using NO2 lead us to conclude
that the surface concentration of Ti and O is ⬃1 : 1. Hence,
the stoichiometry of the wetting layer on Pt共111兲 is TiO. In
the case of the surface oxidized by UHV exposure of O2, we
propose that the same TiO oxide layer is formed, but that it
only covers part of the surface. This accounts for the larger
Ti:O AES ratio and the persistence of 共2 ⫻ 2兲 spots in the
LEED pattern.
The surface formed by the oxidation of the
Ti/ Pt共111兲-共2 ⫻ 2兲 alloy using NO2 is covered by a complete
oxide film that wets the surface. No three-dimensional oxide
islands were formed after annealing to 950 K. From a materials synthesis perspective, a titanium oxide layer that is ei-
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ther a continuous amorphous film or a well-defined ordered
two-dimensional structure has potentially useful properties.
V. SUMMARY
We report real-time STM imaging of the oxidation of a
Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy at 300 K under UHV conditions using O2 and NO2 and additional characterization by
AES and LEED. O2 exposures on the alloy at 300 K led to
only a small oxygen uptake and produced no significant
structural or morphological changes at the surface. Subsequent annealing of the sample to 950 K induced the formation of an ordered oxide structure, proposed to be TiO, partially covering the surface. NO2 exposures resulted in much
higher initial oxygen coverages. Exposing the alloy at 300 K
to NO2 caused a steady increase in the surface roughness and
formation of disordered oxide structures. The oxide film became ordered by annealing the sample to 950 K. We conclude that O2 exposures of 52 L on the surface at 300 K do
not form a sufficient amount of surface oxygen to enable the
system to overcome the activation barrier for disrupting the
alloy structure, pulling Ti to the surface and forming a TiO
film. NO2 exposures of 81 L generate higher oxygen coverages with increased chemical potential, and this reduces the
activation energy for Ti extraction and formation of a disordered TiOx layer such that this process occurs readily at
300 K. This article illustrates the important role that surface
oxygen coverage plays in nucleating the room temperature
oxidation of the Ti/ Pt共111兲-共2 ⫻ 2兲 surface alloy.
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