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Abstract

An extensive study of adsorption and diffusion of hydrogen atoms
on (100) surfaces of fcc Au, Cu, Ag and Pt was performed by means
of DFT calculations. Bulk properties of those metals were calculated
and compared with previous results. The adsorption distances and
energies of the hydrogen atom on top, hollow and bridge sites of the
(100) surfaces were calculated in order to elucidate preferential ad-
sorption sites of hydrogen on each metal. All these calculations were
done in conjunction with a study of charge distribution. Finally, diffu-
sion of the H atom from the most stable adsorption site to the nearest
neighbouring site was studied in order to obtain diffusion barrier and
diffusion velocity values. The highest diffusion velocity was found to
be v = 6.44 × 1011s−1 for the case of Ag, whereas the lowest was
v = 1.13 × 107s−1 for Au.
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1 Introduction

As the study of adsorbed hydrogen on metal surfaces has long been a topic
of interest for science and engineering, it has been investigated both through
experimental [1, 2] and theoretical [3, 4] methods.

Its importance lies in the properties and current applications [5] of hy-
drogen, which is abundant, renewable and non-polluting. Given the scarcity
of fossil fuels, hydrogen is considered as the energy source of the future [6, 7].
In this sense, fuel cells play an important role in obtaining and storing these
energies, since they can generate electricity by electrochemically combining
hydrogen and oxygen, without any combustion.

Fuel cells are normally made by metal surfaces which are used as cat-
alysts where adsorption, diffusion and chemical reactions of the involved
components occur [8, 9]. In this way, the interaction between hydrogen and
metallic surfaces is an interesting and relevant subject to be studied [3, 10, 4].

Experimental study of hydrogen adsorption and diffusion on the surfaces
of transition metals with a (100) orientation can be found in several reports.

Experimentally ordered hydrogen phases were measured as a function
of temperature for different transition metals and the adsorption sites were
determined [11, 12]. Lauhon et al studied diffusion of hydrogen atoms on
Cu(001) by STM measurements. The H atom diffusion was measured as a
function of temperature and showed a transition from thermally activated
diffusion to quantum tunneling at 60 K [13]. Dissociation, adsorption, and
diffusion of hydrogen on a Pd(111) surface have been studied within a 37 −
90K temperature range, where the diffusion parameters were determined
from a statistical analysis [14]. For hydrogen vacancy diffusion in a (1x1)
phase a hopping rate of 4 × 10−4s−1 at 65K was obtained by these authors.

Although the present subject has been extensively studied regarding the-
oretical research, there are technical differences in all cases. We can mention
unit cell size, coverage, slab thickness among other parameters that influence
the obtained results. Systematic studies carried out in the last years [3, 4]
show that the approximation level of the results depends to a considerable
extent on the exchange-correlation functional used to investigate the faces of
the metals studied.

Ferrin et al [3] have investigated diffusion of hydrogen from the surface to
the bulk using the PW91 density functional [15], whereas Kristinsdóttir et al
[4], have studied surface diffusion on several metals by means of RPBE [16].
In addition, the calculations performed with GGA-PBE functionals, have
been widely accepted in the scientific community and have been extensively
used in systems with periodic boundary conditions [17, 18, 19, 20, 21]. Even
with the mentioned references, the fcc (100) surfaces of Au, Cu, Ag and Pt,
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still present wide interest due to its application and future role in energy
consumption of the population.

In the present work, we have carried out comprehensive calculations
within the frame of the density functional theory (DFT), and we have em-
ployed the commonly used Perdew-Burke-Ernzerhof (PBE) version of the
generalized gradient approximation (GGA), since there are a lot of tests that
show that it gives total-energy-dependent properties in good agreement with
experiment [22, 23, 24]. With this method we have calculated the adsorption
energies of atomic hydrogen on the fcc (100) surfaces of Au, Cu, Ag and Pt.
In addition, diffusion velocities were calculated in order to understand the
microscopic mechanism of diffusion on surfaces.

Our main goal is to further understand the influence of several metal
surfaces on the diffusion velocity of atomic hydrogen. This study has an
important application for a deeper understanding of the basic mechanism
involved in fuel cells hydrogen in the context of renewable energies.

2 Computational methods

All DFT calculations were done using the Quantum Espresso package [25].
The electron-ion interaction was described by Ultra-Soft pseudopotentials
with scalar relativistic correction generated by Rappe-Rabe-Kaxiras-Joannopoulos
method (RRKJUS) [26]. The generalized gradient approximation (GGA) for
the exchange/correlation density functional PerdewBurkeErnzerhof (PBE)
was used [27]. The chosen cutoff energies were 80 for Pt, 60 for Cu and 70
Ry for Ag and Au. The threshold for self-consistency was 1 × 106 eV .

Brillouin zone integration was approximated using the MonkhorstPack
scheme [28] with 12 × 12 × 12 k-point sampling in bulk calculations and
4× 4× 1 k-point sampling in slab calculations. The energy cutoff and k-grid
points used in this work allow to calculate total energy with an error lower
than 10−3Ry as compared with larger grids and energy cutoffs (see Figs. S1
and S2 in the support information).

The calculated lattice parameters of Pt, Cu, Ag and Au were 4.00 Å,
3.67 Å, 4.16 Å and 4.18 Å respectively (see Fig. S3 in support information).
All those values are consistent, have been compared with experimental ones
which have been previously reported and are well explained in the next sec-
tion.

The vacuum between the slabs was set at 10 Å thick along the [100] di-
rection. The adsorption energies of hydrogen in different slab models are
shown at Table ST1 (support information). A p(2x2) supercell with five-
metal layers was used (See Fig. 1). The chosen size is enough to describe
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adsorption energy with and accuracy of 0.01 eV . The first three layers were
fixed at the bulk position and the other two were allowed to relax describ-
ing the (100) surface where H is adsorbed. Hydrogen-adsorption energy is
converged for a p(2x2) model in good agreement with calculations of H ad-
sorption on Fe(100) performed by Amaya et al [19, 20, 21] and by Sorescu
[29].

The geometry relaxation was done using BFGS quasi-Newton algorithm
until the forces on each atom were less than 10−5 eV/Å and the energy
difference of consecutive steps was less than 10−5 eV . Study of the minimum
energy paths was undertaken using the Nudged Elastic Band Method (NEB)
[30] and the local minima were found through the conjugate gradient (CG)
technique. All molecular and density plots were made using the XCrySDen
package [31].

3 Results and discussion

3.1 Bulk properties

Bulk properties were studied in order to corroborate the accuracy of the
method employed in this work. Lattice parameters, bulk modulus and co-
hesion energies (or vaporization energy) were calculated for Pt, Cu, Ag and
Au.

Table 1 shows the values obtained, all of which seem to be in good agree-
ment with both experimental data [32] and other theoretical works reported
[33, 24].

The lattice parameter for Pt, Cu, Ag and Au bulk was obtained by self-
consistency calculations of the total energy whithin a certain range around
the experimental value (with a variation step of 0.01Å) and finding the min-
imum of the curve (Table 1 and Figure S3 in supporting information).

In the case of the bulk modulus, an energy versus volume curve was fitted
with the Murnaghan state equation [34].

The bulk modulus is defined by the following equation:

B0 = −V ∆P

∆V
(1)

where V represents the volume of the solid and P an external pressure. In
practice, it was obtained by adjusting the energy data as a function of volume
according to Murnaghan’s equation of state [34]:

E(V ) = E0 +
B0V

B′0

(
(V0/V )

B′0 − 1
+ 1

)
− B0V0
B′0 − 1

(2)
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The latter relates the energy E of the unit with the volume V cell and
with structural parameters such as the volume of the cell that minimizes
the energy of the system, V0, the Young modulus, B0, B

′
0 and the minimum

system energy E0.
On the other hand, cohesion energy was calculated according to:

Ecoh = Eat − Ebulk/N (3)

where Eat is the energy of the atom isolated in vacuum and Ebulk denotes
the energy of the crystal unit cell containing N atoms. According to this
definition, a more positive value in the cohesion energy indicates stronger
interatomic interactions (see Table 1).

3.2 Hydrogen adsorption

The adsorption energies and diffusion pathway were calculated for hydrogen
atoms on (100) surfaces of representative metals: Au, Cu, Ag and Pt. First,
the adsorption energies of the hydrogen atom on the three different adsorp-
tion sites (hollow, bridge and top) were calculated and the obtained values
were compared with previous reports [3, 17, 18, 35, 36, 37, 38, 39, 40]. In
some of that works, Moussounda et al [35] and Nave et al [17] have studied
the adsorption energy for a single H atom and then for a single CH3 on
Pt(100) in order to find the dissociation pathway of CH4 on this surface.
The results for the adsorption of H computed by them in reference are in
good agreement with those obtained in the present work.

As the first step in the study of the mechanisms of H diffusion on the
(100) surface of Pt, Cu, Ag and Au, it was necessary to calculate the adsorp-
tion energies of the hydrogen atom on the different sites already mentioned.
The adsorption energies (Eads) were calculated according to the following
equation:

Eads = EH/slab − (Eslab + EH) (4)

where EH/slab is the energy of the whole system (hydrogen adsorbed on the
surface), Eslab denotes the energy of the clean surface and EH is the energy
of an hydrogen atom in the vacuum. Both the energies and the equilibrium
distances obtained are shown in Table 2.

According to the values in Table 2 it can be noticed that the bridge site
proved to be the most favorable for H adsorption on the Pt(100) surface.
This is in agreement with previous studies [17, 35, 36], where this trend is
reported.
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The obtained energies were −3.96eV , −3.74eV and −3.62eV for bridge,
top and hollow sites respectively. Meanwhile, the bond lengths were 1.02
Å, 1.57 Å and 0.57 Å, values that agree quite well with those reported by
Nave et al. [17] for the same sites (1.06 Å, 1.57 Å and 0.59 Å). In the same
way, the reported adsorption energies are in good agreement with the ones
we obtained, in spite of the fact that four atomic layers were used in the
previously mentioned work [17].

In the case of the Cu(100) surface, energies of −3.42 eV and −3.27 eV
were found for the hollow and bridge sites, respectively (see Table 2). It
should be noted that hydrogen adsorbs only on these sites and not on top
site. When a hydrogen atom is initially located on a top site, it relaxes to an
adjacent hollow site during the geometry-optimization. However, the hollow
site proved to be the most stable for adsorption of the atomic hydrogen in
agreement with previous works [18, 3].

According to the results obtained, the most stable site for H adsorption
on the Ag(100) surface was the hollow site, whose energy value was −3.00 eV .
Meanwhile, bridge and top sites were found to be less stable with energies
of −2.95eV and −2.44eV , respectively. Even though there are precedents of
this trend [37, 38], Ferrin et al [3] and Eichler et al [39] reported the bridge
site as the preferential one for H adsorption, although the energy difference
between these sites was less than 0.06 eV . Particularly, in the present study,
an energy difference of 0.05 eV was recorded for the aforementioned sites,
but the hollow site was favored (see Table 2).

As regards the Au(100) surface, only H adsorption on the bridge and top
sites was considered, since the hydrogen atom in hollow position, tended to
move to the adjacent bridge site during geometry optimization. This behavior
had been previously observed by N’Dollo et al [40]. Thus, the lowest recorded
energy was the one for the bridge site, with a value of −3.27 eV , resulting
in the most stable site for adsorption. This behavior is in agreement with
previous studies [3, 40]. On the other hand, the energy recorded on the top
site was −2.87 eV .

The equilibrium distances for the most adsorptive sites are comparable in
all cases with those reported by [3] who reported distances of 1.02 Å (bridge);
0.56 Å (hollow); 1.04 Å (hollow) and 0.93 Å (bridge) for Pt, Cu, Ag and Au
respectively.
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3.3 Charge distribution and LDOS of adsorbed hydro-
gen on metal surfaces

With the aim of understanding electron interaction of the adsorbed hydrogen
with the several metal surfaces, we have evaluated the pseudo-difference of
the electronic charge density for the adatom and each adsorption site of the
studied metals. The pseudo-difference of the electronic charge density ∆ρ
was calculated using Equation 5, as proposed by Dal Corso et al [26]:

∆ρ = ρH/slab − (ρslab + ρH) (5)

where ρ is the electronic charge density and the subscriptsH/slab, slab andH
refer to the hydrogen/slab, isolated slab and isolated hydrogen, respectively.

The pseudo charge electronic density calculations obtained from Equation
5 on each adsorption site, are shown in Figs. 2 − 5, where the accumulation
lobes of charge density are observed around H in each case with the metal
surfaces. This fact reveals the covalent nature of the bonding with the metal
atoms. Similarly, a depletion of charge density was observed on all metal
surfaces studied, indicating that the surfaces are making up for the lack of
electron density of the adsorbed hydrogen and shown the behavior of the
several metals as catalysts. The electronic density results are complemented
by calculation of the local density of states (LDOS) for the atoms involved
in the preferential adsorption sites for each case.

Although the resulting charge density calculations are similar for all the
metals studied, the mentioned electron density transfer strongly depends on
the adsorption site. Accordingly, in the case of H/Pt(100), where the bridge
site was found to be the preferential adsorption site, the accumulation of
electron density is higher than that of the same atom adsorbed on the hollow
and top sites (see Fig. 2). In the case of adsorption on the bridge site, an
accumulation of charge density can be observed near the H atom. This fact
is supported by the LDOS calculation, where the states of Pt present a shift
towards the state of the adsorbed H in comparison with the clean metal (Fig.
2d).

In the case of H/Cu(100), the calculations present an accumulation of
charge density around the hydrogen adsorbed on the hollow and bridge sites,
and a depletion of charge between the first and the second layer of the Cu
surface, as shown in Fig. 3. Observation of the depletion agrees with the
nature of the metal surfaces as a charge reservoir. The main depletion be-
tween the two adsorption sites is observed in hollow which agrees with the
adsorption energy and the LDOS calculations. The states of Cu are modified
by the presence of H indicating a covalent nature of adsorption (Fig. 3c).
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For the H/Ag(100) system, charge depletion generated on the Ag surface
as an effect of the presence of the adsorbed hydrogen, was observed in a
larger amount than for the other studied metals, as it can be seen in Fig. 4.
In this metal the hollow and bridge sites present similar adsorption energies,
and the accumulation lobes are located between H and Ag atoms (Figs. 4a
and b). In LDOS calculation (Fig. 4d) the behavior of states is similar to
the previous cases in the sense that the states of the metal shift towards the
state of H.

Finally, for the H/Au(100) system, hydrogen presents a charge accumula-
tion/depletion similar to that of the previous cases on its preferential adsorp-
tion site. In the case of hydrogen adsorbed on the bridge site for Au(100),
even when depletion is easily observable, it does not present the charge den-
sity as the previous cases (see Fig. 5a). For hydrogen adsorbed on the top
site of Au(100), an accumulation of charge around the adsorbed hydrogen
can be seen as shown in Fig. 5b. This fact suggests that adsorbed hydrogen
can easily diffuse through these sites. The accumulation lobes shown on the
bridge site (Fig. 5a) explain the difference between the adsorption energies
in the different sites. The LDOS calculation (Fig. 5c) support the preference
of the H atom to be adsorbed in bridge site, where the d-states of Au are
strongly modified by the presence of the hydrogen atom.

3.4 Difussion Pathway for Hydrogen on metal surfaces

In order to clarify the diffusion pathway of the atomic hydrogen on the ana-
lyzed surfaces Pt(100), Cu(100), Ag(100) and Au(100), the minimum energy
path of diffusion was studied on each metal surface. For this purpose, the
most stable site for hydrogen adsorption was taken into account, and calcula-
tions were carried out from this site to the most stable near neighboring site.
As can be observed in Table 2, the most stable adsorption sites are bridge
for the case of Au and Pt and hollow for the case of Cu and Ag (the ones
that present the minimum adsorption energy). The path for the diffusion
between the neighbouring most stable adsorption sites occurs through the
second most stable adsorption site (top for the two first cases and brigde for
the two last cases).

For the case of Pt(100), hydrogen diffusion was performed from a bridge
site to the next bridge site as shown in Fig. 6. Here, the atomic hydrogen
adsorbed on the bridge site (Fig. 6a), is promoted to the neighbor top site, as
shown in Fig. 6b. The energy required for hydrogen diffusion from a bridge
to an adjacent top site was estimated at 0.20eV (see Table 3). From this top
site, where an adsorption state was observed (Fig. 6b), hydrogen is promoted
to the near bridge (Fig. 6c) with a diffusion barrier calculated at 0.02eV (see

8
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Fig. 6 and Table 3).
In the case of Cu(100), diffusion was performed from a hollow site to the

near hollow site as shown in Fig. 7a. Here, the minimum energy path for
diffusion is found to passing through the adjacent bridge site as depicted in
Fig. 7b. Here, the bridge site does not show an adsorption behavior and the
energy required for diffusion in the present case was 0.18eV (see Table 3).

For hydrogen diffusion on Ag(100) (Fig. 8), the initial configuration
adopted was hydrogen adsorbed on a hollow site. Even if the behavior ob-
served here is similar to that of Cu, the diffusion energy for the Ag system
was calculated in 0.10eV as shown in Table 3 and Fig. 8. In this case hydro-
gen diffusion presents its highest value on the bridge site (Fig. 8b and Table
3).

For Au(100), the diffusion pathway of adsorbed hydrogen presents a dif-
fusion barrier calculated at 0.40eV (see Fig. 9 and Table 3). Both the
initial and final configuration obtained in our calculations are bridge sites
since these are the most stable adsorption sites. The value of diffusion ve-
locity was calculated passing through a top site and it is consistent with our
previous calculations of adsorption sites.

In the present section, we can observe the energy of the diffusion barrier
of atomic hydrogen calculated for the metals studied to go from 0.10eV to
0.40eV . These values show that hydrogen diffusion is relevant to the studied
metals and that it is viable under experimental conditions as reported in [14].

3.5 Calculation of Diffusion Velocities of Hydrogen on
Metal Surfaces

For the calculation of diffusion rates, the vibrational frequencies were esti-
mated at the starting point, and the theory of absolute velocities was used
based on the formula:

v = ν × exp(−Ea/(kBT )) (6)

where ν is the vibrational frequency, Ea denotes the activation energy (i.e.
the difference between the maximum and the minimum), kB is the Boltzmann
constant and T is the temperature (considered in this case as T = 300K). In
order to calculate the vibrational frequency, some points were added in the
reaction path, assuming that it is symmetric around the minimum and the
curve was fitted around it with a parabola. The elastic spring constant was
obtained from the coefficient of the quadratic term , assuming a harmonic
movement, and then the frequency was calculated as:

9
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ν =
1

2Π
×
√

k

mH

(7)

where k is the elastic spring constant and mH denotes the atomic mass of
hydrogen.

Figure 10 shows the diffusion velocity of the hydrogen atom as a function
of temperature for the four metals studied. For calculating velocity as a
function of temperature, the formula 6 and the activation frequencies and
energies of Table 3 were used. As it can be observed, the velocity is kept at
relatively low values up to a certain temperature threshold value, where it
abruptly rises. Taking as a criterion that speed exceeds the value of 1×107s−1

the threshold temperatures found are: T = 300K for Au, T = 160K for Pt,
T = 140K for Cu and T = 80K for Ag .

4 Conclusions

The present work provides important insights into hydrogen diffusion on
metal surfaces, where this topic has a wide use nowadays as catalysts of
fuel cells energy production. DFT calculations were done with the aim of
understanding microscopic diffusion velocities of the hydrogen atom on the
(100) surfaces of Pt, Cu, Ag and Au.

Some bulk properties of the fcc P t, Cu, Ag and Au were previously cal-
culated and compared with those reported in the references. The adsorption
energies of the hydrogen atom on the different adsorption sites of the (100)
surfaces was calculated, and it was found that the most stable adsorption
sites were hollow for Ag and Cu and bridge for Au and Pt. The pseudo
charge difference calculated for each the systems studied shows that in all
cases hydrogen takes charge from the surfaces generating a strong covalent
interaction, but in the same line, electron interaction allows hydrogen to
move on metal surfaces in each case.

The diffusion studied through calculation of the minimum energy paths on
the several metal surfaces reveals that the diffusion barriers on the mentioned
metal surfaces are 0.20eV , 0.18eV , 0.10eV and 0.40 eV for Pt, Cu, Ag and Au
respectively. The obtained results make us conclude that the high adsorption
energy of the hydrogen atoms keeps hydrogen on the metal surfaces but does
not affect the mobility of the adsorbed atom through the surface.

The absolute rate theory was employed to calculate diffusion velocities for
the hydrogen atom from one adsorbing site to the near neighbor site. It was
found that at T = 300K the diffusion rate was calculated to be 1.13×107s−1

for H/Au(100), 2.31× 1010s−1 for H/Pt(100), 4.93× 1010s−1 for H/Cu(100)
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and 6.44 × 1011s−1 for H/Ag(100). Finally, it can be concluded that the
hydrogen atom diffuses faster on Ag, with a velocity one order of magnitude
greater than that on Pt and Cu, and four orders of magnitude greater than
that on Au.
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Figure Captions:

Figure 1. Schematic representation of the slab used in this work. a)
Top view showing the three characteristic adsorption sites (top, bridge and
hollow). b) Side view of the slab, showing the five layers employed.

Figure 2. Charge density isosurface for the hydrogen atom adsorbed on
Pt(100) on: (a) hollow, (b) bridge and (c) top sites, for a density of 0.002
eV/Å3. Regions with charge accumulation are shown in red, while those with
charge depletion are shown in blue. d) Ldos of H atom adsorbed on a bridge
site of Pt(100). 1s-orbital for H (black), d-orbitals of the clean metal surface
(red) and the complete system (green).

Figure 3. Charge density isosurface for the hydrogen atom adsorbed
on Cu(100): (a) hollow and (b) bridge sites, for a density of 0.002 eV/Å3.
Regions with charge accumulation are shown in red, while those with charge
depletion are shown in blue. c) Ldos of H atom adsorbed on a hollow site of
Cu(100). 1s-orbital for H (black), d-orbitals of the clean metal surface (red)
and the complete system (green).

Figure 4. Charge density isosurface for the hydrogen atom adsorbed
on Ag(100): (a) hollow, (b) bridge and (c) top sites, for a density of 0.002
eV/Å3. The regions with charge accumulation are shown in red, while those
with charge depletion are shown in blue. d) Ldos of H atom adsorbed on a
hollow site of Ag(100). 1s-orbital for H (black), d-orbitals of the clean metal
surface (red) and the complete system (green).

Figure 5. Charge density isosurface for the hydrogen atom adsorbed on
Au(100) on: (a) bridge and (b) top sites, for a density of0.002 eV/Å3. The
regions with charge accumulation are shown in red, while those with charge
depletion are shown in blue. c) Ldos of H atom adsorbed on a bridge site of
Au(100). 1s-orbital for H (black), d-orbitals of the clean metal surface (red)
and the complete system (green).

Figure 6. a) Energy of the system as a function of the diffusion pathway
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for a H atom on a Pt(100) surface, from a bridge site to another bridge site
passing through a top site. b) initial state, c) transition state and d) final
state. Points, calculated states from NEB. Solid line, extrapolation of the
energy surface.

Figure 7. a) Energy of the system as a function of the diffusion pathway
for a H atom on a Cu(100) surface, from a hollow site to another hollow site
passing through a bridge site. b) initial state, c) transition state and d) final
state. Points, calculated states from NEB. Solid line, extrapolation of the
energy surface.

Figure 8. a) Energy of the system as a function of the diffusion pathway
for a H atom on a Ag(100) surface, from a hollow site to another hollow
site passing through a bridge site. b) initial state, c) transition state and d)
final state Points, calculated states from NEB. Solid line, extrapolation of
the energy surface.

Figure 9. a) Energy of the system as a function of the diffusion pathway
for a H atom on a Au(100) surface, from a bridge site to another bridge site
passing through a top site. b) initial state, c) transition state and d) final
state. Points, calculated states from NEB. Solid line, extrapolation of the
energy surface.

Figure 10. Diffusion velocity as a function of the temperature for a H
atom on (100) surfaces of the four studied metals (Ag, Cu, Pt, and Au). The
velocity was calculated between adjacent (more stable) adsorption sites.
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6 Tables

Calculations
Metal Property Actual Previous Exp.c

Pt
A0(Å) 4.00 3.985a 3.92
B0 (GPa) 238.7 250.9 b 278.3
Ecoh (eV ) 5.71 5.50 b 5.84

Cu
A0(Å) 3.67 3.632 a 3.61
B0 (GPa) 126.3 146.9 b 137
Ecoh (eV ) 3.46 3.48 b 3.49

Ag
A0(Å) 4.16 4.152 a 4.09
B0 (GPa) 89.6 83.3 b 100.7
Ecoh (eV ) 2.61 2.49 b 2.95

Au
A0(Å) 4.18 4.154 a 4.08
B0 (GPa) 133.1 138.4 b 173.2
Ecoh (eV ) 3.07 2.99 b 3.81

a Referencia [33].
b Referencia [24].
c Referencia [32].

Table 1: Structural parameters obtained in the present study, compared
to the experimental values [32] and those obtained by Hass et al [33] and
Janthon et al [24].
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Metal Hollow Bridge Top Hollow Bridge Top

Pt -3.62 -3.96 -3.74 0.57 1.02 1.57

Cu -3.42 -3.27 * 0.45 1.03 *

Ag -3.00 -2.95 -2.44 0.33 1.03 1.67

Au * -3.27 -2.87 * 0.89 1.60

Table 2: H adsorption energies on different adsorption sites (Eads) and dis-
tances from H to the surface plane (dH−Sup).

System ν (s−1) Ea(eV ) v (s−1)

H/Pt 6.60x1013 0.21 2.31x1010

H/Cu 3.99x1013 0.17 4.93x1010

H/Ag 2.35x1013 0.09 6.44x1011

H/Au 5.41x1013 0.40 1.13x1007

Table 3: Vibrational frequencies around the minimum (ν); Activation ener-
gies (Ea) and diffusion rates (v) for the systems under study, for a tempera-
ture of T = 300K.
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A study of adsorption and diffusion of hydrogen atoms on (100) surfaces of fcc Au, Cu, Ag and Pt, 
which was performed by means of DFT calculations.

Bulk properties of those metals were calculated and compared with previous results.

The distances and energies of the hydrogen atom on the different adsorption sites of the (100) 
surfaces were calculated.

Velocity values for the diffusion of hydrogen on the different surfaces were calculated.

*Highlights (for review)
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Figure
Click here to download Figure: fig01.pdf

http://ees.elsevier.com/apsusc/download.aspx?id=2225867&guid=ac76e20d-ec13-4e46-a662-a5f703903a54&scheme=1
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Figure
Click here to download Figure: fig02-HPt.pdf

http://ees.elsevier.com/apsusc/download.aspx?id=2225868&guid=c551e0b3-8172-4a5b-96ba-8febeebfa336&scheme=1
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Figure
Click here to download Figure: fig03-HCu.pdf

http://ees.elsevier.com/apsusc/download.aspx?id=2225869&guid=d2353d37-e6f6-4cd8-ad44-b2cd9afd1e22&scheme=1
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Figure
Click here to download Figure: fig04-HAg.pdf

http://ees.elsevier.com/apsusc/download.aspx?id=2225870&guid=20da4b60-6fe2-490f-87fa-802e0724a2d8&scheme=1
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Figure
Click here to download Figure: fig05-HAu.pdf
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Figure
Click here to download Figure: fig06-NEB-Pt.pdf
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Figure
Click here to download Figure: fig08-NEB-Ag.pdf
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Figure
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