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Step effects on surface diffusion of hydrogen on stepped Pts111d have been studied by linear optical
diffraction technique over a temperature range from 90 to 150 K. Diffusion anisotropy on stepped Pts111d
surfaces has been observed: the unexpected enhanced diffusionperpendicularto steps cannot be explained
within the lattice gas model on stepped substrates, indicating a nonlocal and directional step effect. The
coverage-dependent diffusion coefficient on flat Pts111d surface was also measured over a wide coverage range
from 0.1 to 0.8 ML. They were analyzed within the framework of the lattice gas model using quasichemical
approximation, indicating that H-H repulsive interaction can significantly affect the energy of saddle point as
well as that at the adsorption sites.
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I. INTRODUCTION

The interaction of hydrogen with transition metal sur-
faces, in particular, platinum, has received extensive
experimental1–17 and theoretical18–28 attention, primarily be-
cause platinum is an important heterogeneous catalyst in the
hydrogenation reactions, and the hydrogen atom is the sim-
plest chemisorption species which provides the ideal model
system for testing the theoretical models and dynamical con-
cepts. Hydrogen is also interesting due to its small mass that
opens the possibility of observation of crossover from clas-
sical dynamics to quantum dynamics.

Despite extensive investigations the properties of
H/Pts111d are still incompletely known and understood. For
surface diffusion of H/Pts111d, Grahamet al.1 recently ap-
plied the quasielastic helium atom scattering(QHAS) tech-
nique and observed an Arrhenius temperature dependence
with an activation energy and a prefactor of 68 meV and
1.1310−3 cm2/s, respectively, at a hydrogen coverage of
0.1 ML in the temperature range 140–250 K. An earlier
measurement2 which used laser induced thermal desorp-
tion (LITD ) technique in the temperature range 190–260 K
reported much higher diffusion activation energies of
500–300 meV for 0.001–0.33 ML hydrogen coverage.
Grahamet al.1 had tentatively attributed the difference to a
higher diffusion barrier in the vicinity of steps.

Images by scanning tunneling microscopy(STM) indi-
cated that the heat shock29 from high power laser pulses in
LITD technique could indeed have introduced a significant
amount of surface defects such as steps, due to creation of
stacking faults in the subsurface. For diffusion over a mac-
roscopic scale over 10mm, effects due to steps must be con-
sidered. Quantitative information on the steps such as their
density and orientation in the original LITD experiment was
unfortunately missing. It is generally believed that steps slow
down diffusion in its perpendicular direction, as shown di-
rectly by photoemission electron microscopy for potassium
on a Pds111d surface30,31 and by linearly optical diffraction
method for CO on Pts111d;32,33 yet H diffusion on stepped
Ws100d surface is hardly affected by the steps.34,35 Thus,
experiment on well characterized stepped Pts111d surfaces

for H diffusion should be performed to quantitatively under-
stand the influence of steps, and to experimentally test the
tentative conclusion of Grahamet al.1

In this paper, we present results of surface diffusion of H
on stepped Pts111d surfaces, using linear optical diffraction
(LOD), on vicinal Pts111d surface with specified miscuts. As
shown for CO/Pts111d,32,33,36,37the linear optical diffraction
technique38–40 can be employed to study the step effects in
both step-parallel and perpendicular directions. A number of
advantages make the LOD technique particularly suited to
study the step effects. First, with the LOD technique it is
straightforward to extract the diffusion coefficient from the
data without extensive modeling. Second, unlike the LITD
method there is no need to use high-power laser pulses to
repeatedly and completely remove the locally adsorbed H,
and avoid the possibility of introducing surface defects by
heat shocks. Instead, a shallows,0.02 MLd one-dimensional
hydrogen coverage grating is created by two interfering laser
pulses, and the subsequent diffusion is monitored using a low
power cw laser. Third, the LOD method has a large dynamic
range, which allows diffusivity measurement from 10−15 to
10−7 cm2/s, whereas, the QHAS technique is limited only to
high diffusivities sDù5310−6 cm2/sd. Last, since the pe-
riod of the coverage grating is on the micron scale, many
steps on a stepped surface are contained within each period,
and measurement of effectsdue to stepscan be isolated,
particularly with different miscut samples with a varying step
density in a controlled manner. By aligning the one-
dimensional adsorbate grating parallel or perpendicular to
the steps, diffusion anisotropy can be measured.

Our results reveal very interesting step effects for H dif-
fusion on Pts111d. While in the step-parallel direction the
diffusion was affected by steps only to a small extent, H
diffusion perpendicular to steps surprisingly becomesfaster
on 1° and 2° miscut samples. Slow-down of H diffusion
perpendicular to steps was observed only for a highs4°d
miscut surface. Our results on flat Pts111d surface are in
quantitative disagreement with the QHAS results. For com-
pleteness, we also include the coverage dependence of sur-
face diffusion of H on flat Pts111d over a coverage range
from 0.1 to 0.8 ML in this paper.
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II. EXPERIMENT

Five samples with different miscuts were used in the ex-
periment: one flat(miscut,0.1°) for terrace diffusion mea-
surement, one each with 2° or 4° miscut off the(111) plane

along f1̄1̄2g direction to provide A-type steps, and one each

with 1° or 2° miscut off the(111) plane alongf112̄g to pro-
vide B-type steps. The experiment was performed in an ul-
trahigh vacuum(UHV) chamber with a base pressure of
2.0310−10 Torr. Sample cleaning was performed by exten-
sive cycles of Ar+ sputtering, oxygen treatment at 1000 K
and high temperature annealing at 1200 K. The routine
cleaning procedure of the Pt surface was to Ar+ sputtering
the surface at room temperature for 30 min, followed by an-
nealing at 1200 K for 5 min. Cleanness and ordering of the
sample were checked by Auger electron spectroscopy(AES)
and low-energy electron diffraction. The sample temperature
was controlled by electron beam heating and liquid-nitrogen
cooling, and monitored by aK-type thermocouple spot-
welded at the side of the samples.

We use the linear optical diffraction technique for surface
diffusion measurement, which has been described in detail
previously.38–40 Here, we summarize the key points. First, a
uniform hydrogen layer with a prescribed coverage is depos-
ited at 100 K on a flat or a stepped Pts111d surface. Then a
one-dimension grating of adsorbates is created at a diffusion
temperature by interfering two laser beams(Nd: yttrium-
aluminum-garnet laser at 1.06mm, 10 ns) at the surface via
laser-induced thermal desorption. The depth of the grating is
about 0.02 ML. The smearing of the adsorbate grating via
surface diffusion can be detected by the decay of the first-
order linear diffraction signal of a He-Ne laser beam with
polarization modulation40

Sstd = Ss0dexps− t/td, with t = s2/8p2D, s1d

where D is the chemical diffusion coefficient ands is the
grating period. In the present study,D was measured as a
function of substrate temperature over a range 90–150 K.

In our experiment, the Pts111d surface was first dosed
with H2 gas at,100 K to the desired coverage by backfill-
ing the chamber through a leak valve. For a flat Pts111d
sample, coverage was controlled by exposure whose corre-
sponding coverageuH was evaluated from the thermal de-
sorption spectra(TDS),12,13with the absolute calibration per-
formed at 1 ML. For stepped Pts111d samples, coverage was
set to 0.4 ML by dosing the same amount of H2 gas as that
on flat Pts111d surface.41 The sample temperature was sub-
sequently raised or lowered to the diffusion temperature be-
fore creating the H grating by laser induced thermal desorp-
tion. Once the grating was created, the first order diffraction
signal from the grating was measured as a function of time as
discussed earlier. We kept the diffusion temperature below
the take-up desorption temperature to avoid the influence of
thermal desorption on our diffusion measurements. Figure 1
shows typical data, from which the decay timet, and, know-
ing s, the diffusion coefficientD can be readily obtained
without the need for modeling.

III. RESULTS AND DISCUSSION

A. Step effects on H diffusion on stepped Pt„111… surfaces

To evaluate the step effects on surface diffusion, H diffu-
sion on the stepped Pts111d surface in the direction perpen-
dicular (parallel) to steps was measured by aligning the cov-
erage grating parallel (perpendicular) to steps. The
experimental results at the coverage ofuH,0.4 ML for
B-type and A-type steps are shown in Figs. 2(a) and 2(b),
respectively. For comparison, the diffusion coefficient on flat
Pts111d surface at the coverage ofuH,0.4 ML is included.
These values of surface diffusion coefficient were deter-
mined by fitting the decay of the first order linear diffraction
signal as described earlier. The deduced diffusion activation
energies and prefactors are given in Table I, with their error
bars calculated from the standard errors of the corresponding
fitting parameters. It is clear that on a given stepped surface
diffusion perpendicular to stepssD'd is much faster than the
diffusion parallel to stepssDid for all the stepped surfaces
except the one with 4° miscut with A-type steps. Compared
with the flat Pts111d surface, diffusion in the direction paral-
lel to steps is enhanced for all stepped surfaces. Thus, in
contrast to the conventional view that steps hinder diffusion,
a small density of steps(1° or 2° miscut in current study)
enhances the diffusion rather than impedes the diffusion even
perpendicularto steps. The diffusion perpendicular to steps
is observed to speed up with step density for 1° or 2° miscut
samples(both A and B type) and to drop for a 4° miscut
sample.(We have data only for A type steps, experiment on
B type steps will be performed in the future to further check
this point.)

We now discuss the step effects within the framework of
lattice gas model on a stepped substrate.42 Independent
whether the adsorbate-adsorbate interaction can be neglected
or not, the total diffusion time over the surface in the step-
perpendicular direction is the sum of diffusion time across
terraces and diffusion time across steps. In spite of the de-

FIG. 1. Representative first-order diffraction signals vs time for
H diffusion on a,0.1° miscut surface foruH=0.4 ML at tempera-
tures of 118, 108, and 100 K, respectively. The solid lines are single
exponential fits. Data from the stepped surfaces are of similar
quality.
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tailed relation which is model dependent, the diffusion coef-
ficient is inversely proportional to the diffusion time for a
given system. The fact that most of the surface area on our
stepped samples remains to be terrace would imply that the
overall diffusion coefficient perpendicular to stepsD'd must
at most be comparable to terrace diffusion coefficientsDtd, if
not slower. Thus, one cannot account for the observed sig-
nificant fast diffusion(about one to two orders of magnitude

faster than that on a flat surface) perpendicular to steps on
vicinal Pts111d surfaces for 1° and 2° miscut samples(both
A and B types) if the terrace diffusion is not affected by the
steps.

To explain the faster diffusion perpendicular to steps than
that on a flat surface, diffusion across the step edge must take
a negligible amount of time compared to that over a terrace.
More importantly, the diffusion speed over the terrace must
be enhanced by the steps. Thus, the effect of steps must be
nonlocal and extends to the terrace sites. While the definite
mechanism has yet to be identified, we offer the following
possibilities. First, steps may have a nonlocal effect that al-
ters the potential energy surface or the dynamics for H on
terraces some distance away from the steps. Second, a strong
step-step interaction may exist. Since such interaction was
not found for CO on these surfaces, adsorption of H atoms
must participate in mediating this step-step interaction.
Third, the lateral interaction among hydrogen atoms may
have been significantly changed due to the presence of
steps.43 From contact potential measurement for H on
stepped Pts997d surface,13 it was found that H adsorbed on
step site has a negative polarization while H adsorbed on
terrace site has a positive polarization. These opposite polar-
izations of adsorbed H atom on a stepped surface will defi-
nitely alter the adsorbate-adsorbate interaction over a rela-
tively long range and undermine the validity of a local
diffusion model. All the earlier effects may manifest them-
selves in forms of nonuniform local H coverage as well as
inhomogeneous diffusion dynamics. Last, it is possible that
even at a low pressures,10−10 Torrd, CO could still adsorb
at steps from the residue gas of the UHV background as
found during Pts111d homoepitaxial growth.44 The adsorp-
tion of CO at steps might also affect H diffusion across the
steps. At this stage, we cannot explain why CO could en-
hance H diffusion perpendicular to steps with a nonlocal
effect. However, if CO did promote H diffusion perpendicu-
lar to steps, the disappearance of this enhancement effect on
a surface with a higher step density(4° A-type miscut) could
be due to insufficient CO to saturate all the step sites.

Any nonlocal effect of the steps will also affect diffusion
parallel to steps. The observed difference between the H dif-
fusion parallel to steps and perpendicular to steps then would
have to imply that the nonlocal step effect is also anisotropic,
consistent with the one-dimensional nature of steps.

B. Coverage dependence of H diffusion on flat Pt„111… surface

In Fig. 3, the diffusion coefficients for various H cover-
ages on a flat Pts111d surface are depicted as a function of
reciprocal temperature 1/T in an Arrhenius plot. As expected
for a flat surface, the results are independent of the directions
of diffusion. Over a dynamic range of about two to three
orders of magnitude, the measured diffusion coefficients can
be well fitted by an Arrhenius relation,D=D0exps−Ed/kTd.
The deduced diffusion activation energies and prefactors for
all the measured coverages are given in Table II. The activa-
tion energy values range about 5%–8% of the H-Pt interac-
tion energy(,2.5 eV),12 typical for gas adsorbate diffusion
on metal surfaces.45 As shown in Fig. 3, the coverage depen-

FIG. 2. Arrhenius plots of the diffusion coefficientD for H on
(a) 1° and 2° B-type miscut and(b) 2° and 4° A-type miscut
stepped Pts111d surfaces at a coverage ofuH,0.4 ML.

TABLE I. Deduced diffusion activation energies and prefactors
for H diffusion on stepped Pts111d surfaces with miscut 1° and 2°
for B-type step, and 2° and 4° for A-type step at the coverage of
uH,0.4.

B-type step A-type step

Di 1° 2° 2° 4°

Ed smeVd 189±16 177±17 213±32 209±17

D0 scm2/sd 10− s1.2±0.3d 10− s1.3±0.3d 100.67±0.36 100.21±0.33

D' 1° 2° 2° 4°

Ed smeVd 149±10 148±12 188±17 158±19

D0 scm2/sd 10− s2.3±0.5d 10−s1.3±0.4d 100.13±0.36 10−s3.1±0.3d
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dence over the coverage ranges from 0.1 to 0.4 ML and from
0.6 to 80 ML is weak, but the dependence is significant from
0.4 to 0.6 ML.

The coverage dependent diffusion is caused by adsorbate-
adsorbate interaction. An analysis on the coverage depen-
dence of activation energy and diffusion coefficient allows us
to obtain some information about this lateral interaction for
H on a flat Pts111d surface. Figure 4 shows that the activa-
tion energy increases slightly at low hydrogen coverage and
then decreases significantly at high hydrogen coverage. This
behavior is qualitatively consistent with a H-H repulsive in-
teraction leading to a decreased effective barrier to surface
diffusion at high coverage.45 Figure 5 also shows that the
surface diffusion coefficient at five different temperatures in-
creases monotonously with H coverage up touH=0.7 ML
and slightly decreases atuH=0.8 ML. This behavior is con-
sistent with a H-H repulsive interaction, leading to a mo-
notonously increasing diffusion coefficient with higher cov-
erage until site blocking becomes important.45 The coverage
dependence of the diffusion coefficientD and activation en-
ergy Ed can be modeled within the framework of the lattice
gas model using the quasichemical approximation.46–49 In
this model, only nearest neighbor lateral interaction is taken

into account, and diffusion of adsorbed particles occurs via
uncorrelated activated jumps to the nearest neighbor empty
sites. The diffusion coefficient is given by49

Dsud = S
] expsm/kTd

] u
Ds0d s2d

with

S= POOFPOO + 1/2PAO exps− v* /kTd
POO + 1/2PAO

G2z−2

, s3d

expsm/kTd =
u

1 − u
FPAA expsv/kTd + 1/2PAO

PAA + 1/2PAO
Gz

, s4d

where z is the coordination number of the lattice which
equals 6 in our case;m is the chemical potential of adsorbed
particles;POO, PAO, andPAA are the quasichemical probabil-
ity that two adjacent sites are occupied by zero, one, and two
particles, respectively. They can be obtained by solving the
combination of the quasichemical equationPAAPOO

FIG. 3. Arrhenius plots of the diffusion coefficientD for H on a
flat Pts111d surface over a coverage range from 0.1 to 0.8 ML as
indicated.

TABLE II. Deduced diffusion activation energies and prefactors
for H diffusion on a flat Pts111d (,0.10 miscut) surface for various
coverages.

,0.10 miscut Pts111d
usML d EdsmeVd D0scm2/sd

0.1 157±17 10−s3.1±0.3d

0.2 179±18 10−s2.0±0.3d

0.4 185±15 10−s1.3±0.2d

0.6 127±16 10−s3.1±0.3d

0.7 108±10 10−s3.7±0.2d

0.8 104±10 10−s3.9±0.2d

FIG. 4. Coverage dependence of diffusion activation energyEd

for H/Pts111d. The solid line represents a best fit based on the
quasichemical approximation.

FIG. 5. Coverage dependence of surface diffusion coefficientD
of H/Pts111d at five different temperatures. The solid lines repre-
sent best fits based on the quasichemical approximation.
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= 1
4PAO exps−v /kTd and two balance equationsPAA+PAO

+POO=1 and 2PAA+PAO=2u; the two parametersv andv*

are used to model the influence of H-H interactions on the
surface diffusion.v is the interaction energy between every
pair of adsorbed particles with other nearby sites empty, and
v* the interaction energy between the saddle point complex
and the nearest neighbor adsorbed particle. For each addi-
tional particle placed at any of the six nearest neighbor sites
surrounding the adsorbate, the energy of the adsorbate is
increased by an amount ofv, and for each additional particle
placed at any of the ten nearest neighbor sites surrounding
the adsorbate and the empty site that the adsorbate will jump
into, the energy of the saddle point is increased by an amount
v* . The diffusion activation energy is given byEdsT,ud
=f] ln Dsu ,Td /]s1/kTdg, where the effective temperature for
activation energy is set equal to 110 K in our case.

The solid lines in Fig. 5 show the best fits of the surface
diffusion coefficient which yield parametersv=30±3 meV,
andv* =11±2 meV. This is consistent with the fitting result
of the activation energy withEd=165±6 meV at coverage
uH→0, v=35±6 meV, andv* =11±3 meV as shown in
Fig. 4. The obtainedv value is about three times larger than
the value of 7.8 meV deduced by Grahamet al.1 using the
same quasichemical approximation to analyze their QHAS
experimental data. The difference is that they have setv*

=0 in addition to the experimentally obtained different dif-
fusion activation energies. Our results are consistent with the
TDS and contact potential measurements,12,15 from which
the coverage dependent desorption energy leads to an esti-
mate ofv -vd

* (vd
* is the H-H interaction energy at the saddle

point for desorption) to be in the range from 15 to 25 meV.

C. Comparison with previous results

We compare the magnitude of our diffusion activation en-
ergy at low H coverageuH=0.1 ML with previous results.
Our value of,157 meV is close to the 194 meV estimated
from field emitter measurement;3 but in between the
,500 meV measured by LITD2 and the,68 meV measured
by QHAS.1 The range of the calculated activation energy
from theoretical models is likewise rather broad, ranging
from 200 to,80 meV.19,26–28

The difference in the measured diffusion activation en-
ergy by LOD and by QHAS may come from the different
diffusion length scale involved in these techniques.50 Due to
the macroscopic diffusion length scale of,5 mm used in
LOD, the effect of surface steps on H diffusion is unavoid-
able. It would be reasonable to attribute1,50 the difference in
the reported activation energy to the possibly higher energy
barrier for diffusion across steps. Indeed, the present study is
to put this supposition to a quantitative experimental test by
direct measurement of diffusion parallel to and perpendicular
to steps: for this to hold, the energy barrier for crossing the
steps would have to be much higher than that on terrace. Our
results, shown in Fig. 2 and Table I, show conclusively that
for the case of H on Pts111d the energy barrier for motion
across steps isnot substantially higher. Thus, stepscannotbe
the cause for the difference in the reported values of activa-
tion energy.

Impurities or other point defects are the other candidates
that may hinder surface diffusion of adsorbates.51–54We note
that surface mobility of hydrogen can decrease by a factor of
,60 as the surface carbon coverage was increased fromuC
=0 to uC=0.42 ML atT=300 K.52 However, in our case, the
amount of impurities was below the AES sensitivity. Com-
paring our measured diffusion coefficientD with the ex-
trapolated value from QHAS results, we see a difference of
more than four orders of magnitude(see Fig. 6), which is
difficult to attribute to impurities below AES sensitivity. As
for point defects, with the samples well annealed at high
temperature, the concentration of point defects is not ex-
pected to be high. If these defects are trapping centers, a
small amount of H atoms may passivate them and the ob-
served H diffusion in our experiment should be the property
of those adsorbed on regular terrace sites. Thus the presence
of point defects is not likely to account for the difference.

Barth50 has provided an excellent review on the general
subject of transport of adsorbates at metal surfaces using
various techniques including field ion microscopy, STM,
LITD, QHAS, and LOD. The different techniques, probing
different physical quantities from which the diffusion coeffi-
cient D can be deduced, give information on length scales
from 10 Å to 1000mm, covering a range of values forD
from 10−16 to 10−5 cm2/s: each with its optimal range and
none can cover the entire range. In particular, LOD has been
shown to have excellent dynamic range as well as straight-
forward deduction of the diffusion coefficient. Of course, it
is essentially a macroscopic technique and possible effects
from steps and defects must be addressed appropriately. The
QHAS technique has the potential to provide trulymicro-
scopicscale information on the motion of the diffusing at-
oms. But there are a number of practical challenges to over-
come: First, this information is encoded into a broadened

FIG. 6. Comparison of H diffusion results on Pts111d. Diffusion
results from LITD atuH,0.33 ML and QHAS atuH,0.4 ML are
indicated by dash-dot line, and their extrapolations are indicated by
dotted lines. Diffusion data from the present study atuH,0.4 ML
on ,0.1° miscut surfaces, 2°, 4° miscut surfaces with A-type steps,
and 1°, 2° miscut surfaces with B-type steps in step-perpendicular
direction are all replotted and labeled.
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linewidth, G, of the “quasielastic” peak in reciprocal space,
and the broadening due to the diffusion process can be re-
covered by first subtraction from the background, and then
deconvoluted from the instrument response. This instrumen-
tal response, being about 300mV, limits the technique to fast
processes withD.10−6 cm2/s.55 Second, this deconvoluted
G is directly related to D through the expressionG
=2"DsDKd2 (DK is the momentum transfer) only in the limit
DK→0. Ge and King56 showed that in general it is by no
means straightforward to extract diffusion parameters from
QHAS linewidth measurement because this extraction pro-
cess is clearly “model dependent.” Recently, Jardineet al.57

provided a detailed review and critical analysis of QHAS
experiments and interpretations, pointing out the need for
molecular dynamics(MD) simulation to generate a correct
interpretation of QHAS results. Finally, the present instru-
mental limit in energy resolution discussed earlier severely
limits the dynamic range of QHAS: for H on Pts111d, this
was only about one order of magnitude(e.g., Fig. 11 in Ref.
1), with the lower limit of the deducedD being close to the
detection limit of 10−6 cm2/s. (This assumes the capability to
reliably obtain a deconvoluted width of only 1/100 of the
instrument width. Barth50 placed the detection limit to be 5
310−6 cm2/s.) The diffusion parameters reported in Ref. 1
should therefore be quoted with caution. In particular, it
would be highly desirable that a MD simulation be per-
formed for this case, similar to that in Jardineet al.,57 to
provide a further check on the reported diffusion parameters
in Ref. 1. It will be important to see whether future QHAS
experiments with improved resolution57 give the same higher
value of D and lower value ofEd for the present H on
Pts111d system, and in many other cases when comparisons
from other techniques are available.36,58–65

We also note the different temperature range used in the
two experiments. As shown by TDS of H/Pts111d,12 the
take-up desorption temperature of H is about 170 K at high
coverage and 200 K at low coverage, thus, the H atoms will
partially desorb from the Pts111d over the QHAS measure-
ment temperature range from 140 to 250 K. The partial de-
sorption of H will not only affect the coverage of H, but also
the H-H lateral interaction. In our LOD measurement, the
coverage dependence was measured over the temperature
range from 90 to 150 K, which is always below the take-up
desorption temperature and assures that the same coverage
was used in the diffusion measurements.

Our value for the activation energy is substantially less
than the 300–500 meV value from the LITD method. Based

on our observation that diffusion slows down only for high
step densities in our 4° miscut sample, the step densities in
the LITD experiment would have to be extremely high to
account for their data. A more likely scenario is the presence
of high densities of point defects, generated by the large
number of high energy laser pulses required in the LITD
experiment. These defects will act as traps for H atoms, and
particularly for very lows10−3 ML d coverage in the LITD
experiment, these trapped H will contribute significantly to
the measured diffusion, leading to high values of activation
energy.

IV. CONCLUSION

In conclusion, with the linear optical diffraction method
we have systematically studied the step effects on H diffu-
sion on stepped Pts111d, using a number of miscut samples.
On the 1°, 2° B-type miscut, and 2° A-type miscut samples,
surprisingly, diffusion perpendicular to steps was not im-
peded but rather enhanced compared to flat surface results.
Only on the high step density sample with 4° A-type miscut
a suppression of diffusion speed was measured. Diffusion
parallel to steps except for 4° A-type miscut samples were
found slower than that perpendicular to steps. Our observa-
tion cannot be explained within the framework of lattice gas
model and must require a non-local step effect, as opposed to
previous studies. Such a nonlocal effect remains as a topic
for future theoretical investigation.

We have also measured the coverage dependent H diffu-
sion on flat Pts111d over a wide temperature range from 90
to 150 K and over a wide range of coverage from 0.1 to
0.8 ML. The activation energy increases slightly from 157 to
185 meV for u=0.1 to 0.4 ML and drops from 127 to
104 meV for u=0.6 to 0.8 ML. The responsible repulsive
H-H interaction has been analyzed within quasi-chemical ap-
proximation, and we found that the H-H interaction affects
the adsorbed H atom energy at adsorption site as well as at
the saddle point.
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