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Abstract

Reactivity of a surface depends strongly on the surface structure. To study the influence
of surface structure on H atom adsorption, we performed inelastic scattering experiments
and complementary electronically non-adiabatic molecular dynamics (MD) simulations for
H atoms colliding with the three low Miller index surface facets of silver. Experiment reveals
very similar energy loss distributions for all three investigated facets. However, for the (100)
facet a dependence on the surface orientation is observed that is absent for the other two
facets. The non-adiabatic MD simulations manage to describe the experiments well. Despite

the observed insignificant influence of the surface geometry on the energy loss distributions,
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our simulations predict that the capability of the H atoms to penetrate the surface critically
depends on the surface structure. The observed crystal orientation dependence of the energy
loss distributions in the experiment for Ag(100) cannot be explained with our simulations
and we provide a discussion for a better theoretical description of this system to stimulate

future computational investigations.

Introduction

Adsorption of atomic and molecular hydrogen on surfaces is the gateway to many important
chemical processes in nature. For example, it is well established that molecular hydrogen
formation in space cannot occur without the catalytic help of interstellar dust grain sur-
faces. Dissociative adsorption of molecular hydrogen on metal surfaces gives rise to many
hydrogenation reactions that are kinetically hindered in the gas phase. Common examples
are hydrogenation of olefines on Raney-Ni, Pd and Pt? or the Haber-Bosch process where
chemisorbed nitrogen reacts with chemisorbed hydrogen on an iron-based catalyst to form
ammonia.”

The reactivity of a surface is determined by its structure and in the last decades general
trends for the adsorption behaviour of atoms and molecules on metal surfaces have been
identified.#*% For example, dissociative adsorption of molecules preferably occurs on steps
rather than on terraces, because atoms have a lower coordination number which promotes
chemisorption. An increase of the sticking probability has been observed when replacing
a low Miller index fcc surface by a stepped surface for low-energy molecular beam exper-
iments ranging from simple diatomic molecules, such as Hy, to more complex molecules
like methane.”@? Ngrskov and Hammer quantified this trend by introducing the d-band

L34 stating that a reduced coordination number shifts the centre of the metal’s d-

model,
bands closer to the Fermi-level and thus promotes binding with atomic or molecular ad-

sorbates.t9% However, the capacity of a gaseous particle to remain at a surface strongly



depends on the initial kinetic energy and it is therefore not clear whether this quantita-
tive picture also holds for impinging atoms or molecules with incidence kinetic energies of
several eVs. Hence, further studies on the role of the surface structure in the equilibration
dynamics of such high-energetic particles are needed. A convenient strategy to scrutinise
how the energy flow is influenced by the surface structure is to analyse the energy transfer
which takes place during the collision between projectile and substrate. A series of scattering
experiments have been performed in which high energetic H atoms were shot onto fec(111)
metal surfaces. In combination with electronically non-adiabatic molecular dynamics (MD)
simulations it was demonstrated that the energy transfer from the projectile to the metallic
surface is dominated by electronic excitations.t”¥ When the metal surface is exchanged
with a noble gas surface, however, the excess energy is completely taken up by the lattice
and surface penetration was identified to be the first step in adsorption.** Regardless of the
recent advance on H atom scattering studies, the role of the surface structure has not been
the subject of investigation yet.

In this work, we present the first experimental energy loss distributions of high-energetic
H atoms inelastically scattered from three different silver surfaces; Ag(100), Ag(110), and
Ag(111). We further provide complementary MD with electronic friction (MDEF) simu-
lations performed on a potential energy surface (PES) based on Effective Medium Theory
(EMT).%"2% This PES, originally fitted to DFT data for H at Ag(111)," has proven its worth
by accurately reproducing experimental energy loss distribution (ELDs).*! We demonstrate
that this PES can also be applied for MDEF simulations for H/Ag(100) and H/Ag(110)
without refitting the parameter set. We find that energy loss distributions obtained for
H atom scattering from all three metal surfaces are broad and structureless and show no
significant dependence on the surface structure. Although the energy loss distributions ob-
tained for all three facets look very much alike we see that the possibility of subsurface
scattering is crucially dependent on the surface geometry. In contrast to the ELDs, we find

that the in-plane angular distributions (ADs), computed from simulations with and without



non-adiabatic effects, compare well with each other and to the experimental distributions.
Despite having achieved a good overall agreement between experiment and theory, we see
subtle differences for one facet and give a discussion of how the theoretical treatment can be

improved to achieve an even better agreement to experiment.

Methods

Experimental setup

The H atom scattering experiment is described in detail in Refs. 2829, Briefly, photodis-
sociation of hydrogen iodide molecules using an excimer laser operating at 248 nm produces
a hydrogen atom beam with an incidence translational energy of Eyn; = 1.92e¢V. The H
atoms first pass through two differential pumping chambers before they enter an ultra-high
vacuum scattering chamber and collide with a Ag crystal. The crystal is mounted on a 5-axis
manipulator allowing the variation of the polar incidence angle ¢; with respect to the surface
normal. The translational and angular distributions of the scattered H atoms are detected
by Rydberg-atom tagging time-of-flight (TOF), where two laser pulses excite the H atoms
to a long-lived Rydberg state just below the ionisation limit.%" The neutral atoms travel
250 mm before they are field-ionised and detected by a multichannel plate (MCP) assembly.
A multichannel scaler records the TOF distributions, which we convert to energy distribu-
tions applying the appropriate Jacobians. The detector is rotatable in the plane defined by
the surface normal and incident H atom beam making it possible to obtain TOF distribu-
tions at various final polar scattering angles 0;. The Ag surfaces were cleaned by cycles of
Ar™ ion sputtering and annealing at 873 K. Auger electron spectroscopy (AES) was used to
check the cleanliness of the surfaces and low-energy electron diffraction (LEED) validated
the correct alignment along the respective surface directions. A recently installed load lock
together with a transfer system allows a simple exchange of the different Ag samples on a

daily basis.



Potential energy surface

The potential energy surface used for the molecular dynamics simulations is based on Ef-
fective Medium Theory“*” and an optimal EMT-PES for H/Ag(111) with an RMSE of
147 meV has been published recently.™ Energy loss distributions calculated from molecular
dynamics simulations with electronic friction on this PES were found to be in very good
agreement with complementary experiments.*! Within the framework of EMT, the energy
formulae do not contain any surface specific terms which motivated us to test the trans-
ferability of the previously used H/Ag(111) PES. This was done by comparing EMT-based
interaction energies for H/Ag(100) and H/Ag(110) to energies for the same configurations
calculated self-consistently with DFT. This comparison was performed without readjusting

the EMT fitting parameters published in Ref. [19.

Electronic structure calculations.

In order to investigate the transferability of the EMT-PES, originally fitted to interaction
energies for atomic hydrogen on Ag(111) obtained with DFT ™ we conducted DFT calcu-
lations to acquire interaction energies for H at Ag(100) and Ag(110) for comparison. These
calculations were performed with VASP5.3.55%4 making use of the PBE functional 3% The
electron-core interactions were modelled within the framework of the projector-augmented
wave (PAW) approach.®” The cut-off energy for the plane-wave basis set was set to 400 eV and
the partial occupancies were modelled with the method of Methfessel and Paxton (N = 1).58
The smearing width ¢ was set to 0.1eV. Both surface facets were modelled as (2 x 2) slab
with six metal layers of which the bottom layer was kept fixed. Periodic boundary conditions
were employed in all directions. To prevent interactions between the slab and its periodic
images along the surface normal direction, a 15 A vacuum layer has been placed between the
metal slabs. The k-point grid of the Brillouin zone was sampled with a (4 x 4 x 1) mesh
with the sampling scheme of Monkhorst and Pack.” To account for the open-shell nature

of atomic hydrogen, spin-polarisation was turned on. A single interaction energy calculation



was considered to be converged when the energy difference between two optimisation steps
was smaller than 107° eV and a structure optimisation was stopped when forces < 1073 eV / A

were reached.

Figure 1: Cuts of the three low-index silver surfaces. The white, numbered spheres indi-
cate the points in the irreducible part of the surface Wigner-Seitz cell which were used for
the construction of the 3D grid of DFT energies. The arrows depict the crystallographic
directions used in experiment and simulation.

The interaction energies for validation can be categorised into two subsets of data: One
subset is a 3D-grid of ab-initio energies for H atoms located at the x and y coordinates de-
picted in Figure [I]and varying z coordinates. The silver atoms remained in their equilibrium
lattice positions. The second subset consists of configurations taken from ab-initio molecular
dynamics (AIMD) trajectories simulating H atom scattering from a 300 K silver surface. In
those trajectories, the H atom was placed 6 A above the surface with the lateral positions
chosen randomly. The initial velocities of the H atom are assigned in such a way that they
correspond to an initial kinetic energy of 5eV and a polar incidence angle 6; equal to 30°.
The time step was set to 0.1fs and the AIMD trajectory was stopped if the H atom was

located 6.05 A above the surface or the simulation time exceeded 1 ps.

Electronically non-adiabatic molecular dynamics simulations

The motion of the H atom is governed by a Langevin equation

mif = —W — i (r, B)i + Fu(). (1)



Here, m and r are the mass and position of the H atom, respectively. F(r, %) labels the
potential energy surface which not only depends on the projectile’s position, but also on
the positions of the metal atoms #Z. The drag force —mng(r, Z)r and the random force
Fi,(t) account for the electronically non-adiabatic effects in the MD simulations. 7 (7, %)
is the friction coefficient which is calculated from the background density provided by the
EMT-PES within the framework of the LDFA %42 The utilised mapping function between
background density ngyr(r, Z) and the friction coefficient nq(r, Z) is given elsewhere. 18
The importance of the random force Fy,(t) for molecular dynamics with electronic friction

has been demonstrated recently.“? Here, Fi,(t) is modelled as Gaussian white noise, i.e.

(Fi(t)) = 0, (2)

and the variance being characterised by the second fluctuation dissipation theorem*

(Fy,(t)FL(t)) = 2kgTmne(r, Z)6(t — t')1. (3)

1 represents the 3 x 3 unity matrix and 7" corresponds to the surface temperature. The used
EMT-PES and the Langevin propagator are implemented into our self-written program,
available at a public repository.4

In every MD trajectory, the H atom was placed 6 A above the surface with random lateral
positions. The initial velocity components of the H atom were chosen in such a way that
they correspond to a defined initial kinetic energy Eyn;, polar angle 8; and crystallographic
direction [hkl]. The time step At was set to 0.1fs and the trajectory was stopped if the
projectile was more than 6.05 A above the surface or the simulation time exceeded 1ps. The
initial positions and velocities of the silver atoms at a temperature of choice were acquired
in the following way: for 100 ps the silver slab was heated with an Anderson thermostat“®
to the chosen temperature and then propagated in an NV E ensemble making use of the

velocity-Verlet algorithm.#%4” Subsequently, an equilibrium trajectory was run for 1ns and



a snapshot was taken every 1 ps. These 1,000 snapshots contain the equilibrium geometries

of the metal atoms along with their velocities corresponding to the desired temperature.

Results and Discussion

Potential energy surfaces

Figure [2| shows the comparison of the EMT-based interaction energies with the DFT valida-
tion data. The EMT-PES, originally parameterised to H/Ag(111) DFT data, is capable of
describing 1D curves of interaction energies for H/Ag(100) and H/Ag(110) within a good ac-
curacy; the RMSE with respect to the static grid data of H at Ag(100) and Ag(110) is 0.25eV
and 0.27 eV, respectively. We further compare the EMT-PES’s capacity to reproduce inter-
action energies taken from AIMD trajectories of H atom scattering and absorption events
where the initial kinetic energy of the projectile was set to be 5eV. Again, the agreement
between the H/Ag EMT-PES and the validation data are good, which can be taken from
Figure |3l The overall RMSE with respect to the H/Ag(100) and H/Ag(110) data is 0.20 eV
and 0.24 eV, respectively. With 25 atoms in the simulation cell, this corresponds to RMSEs
of 8.0meV/atom and 9.6 meV /atom. Although it is nowadays possible to achieve RMSEs
< 1 meV /atom with Neural-Network potentials, it comes at the cost of complexity. A much
larger amount of input data is required to train a Neural-Network potential and it also needs
to be retrained for every individual metal facet. The EMT-PES does not suffer from these
shortcomings: it requires a much smaller number of input data and is transferable between
different surface facets. Also, in contrast to Neural-Network potentials, the EMT-PESs pro-

vides a full-dimensional background density for the computation of the friction coefficient.
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Figure 2: EMT energy dependence on z coordinate of the H-atom at Ag(100) (left panels) and
Ag(110) (right panels) shown for several high-symmetry sites—see Figure[l] The grey crosses
mark the corresponding DF'T energies. The numbers in the individual panels mark the labels
of the respective metal facet’s high-symmetry sites. Note, the EMT energy expression was
fitted to DFT energies for H at Ag(111).



4 [Ag100) ‘ ‘ DFT L agaio)” 1 4
> 9 EMT —— | 9
w O°F 10

-2t | } | | | 1 | | | | | )
% 421 \/‘/\J\/\N\/\/\M/\/\/\/\/\’\-/\\NJ\/\/\A/\/V\ 3
w 97 AWV T TV TN i
: 3\J\W WJ\A/W\JUW :
w 97 MMV P WWIRWWVERY 1%
: g\/\j\ﬁf M\JJV :
w 97 v TN TSI 1%
: gNJ\f ﬁ“ﬁ :
w 97 w— e 1%
: E‘W \Kﬁ 3
w g\ NMUWW PN 9

0 20 40 60 80 100 O 20 40 60 80 100 120
t/fs t/ fs

Figure 3: H/Ag(100) (left panels) and H/Ag(110) (right panels) interaction energies calcu-
lated for the configurations sampled from AIMD trajectories. The grey circles represent the
DFT energies. The black line stands for the EMT-PES.
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Figure 4: Experimental and theoretical energy loss distributions for H atoms scattered in-
plane from three different silver facets with a polar scattering angle 6y = 45°. The polar
incidence angle is 6; = 45° and the incidence energy Fiiy, ;i is 1.92eV. The surface temperature
is Ty = 300 K.

Energy loss distributions

shows the experimentally obtained energy loss distributions (filled circles) as well as
the results of adiabatic MD (dashed line) and non-adiabatic MDEF (solid line) simulations
for H atoms scattered from the three different low Miller index silver surface facets—Ag(100),
Ag(110), and Ag(111). The H atoms approached the surface with an incidence kinetic energy
Eyini of 1.92eV and a polar incidence angle of 45° with respect to the surface normal. All
measurements were performed at room temperature, i.e. 300K. The initial conditions of
the simulations were chosen to agree with the experiment. Calculation of the energy loss
distribution involved in-plane scattering trajectories at a final polar angle 6; = 45° with a
spherical tolerance of 5° to mimic the experimental conditions as accurate as possible. To
ensure proper statistical sampling for the energy loss distribution of specular scattered H
atoms we launched 1 - 10° trajectories.

The experimentally recorded energy loss distributions for all silver facets are broad and
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structureless. The influence of the surface structure on the experimental distributions is weak
which is confirmed by theory through the good agreement between the experimental and the
calculated energy loss distributions shown in [Figure 4 When electronically non-adiabatic
effects are omitted, the simulations fail to describe the experimental curves. However, the
intensity of the large peak varies from facet to facet, i.e. an influence of the surface structure

can be observed in the adiabatic calculations, which will be discussed further below.
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Figure 5: Experimental and theoretical energy loss distributions for H atoms scattered in-
plane from three different silver facets with a polar scattering angle 8y = 45° along various
crystallographic directions. The polar incidence angle is §; = 45° and the incidence energy
Eyin i is 1.92¢eV. The surface temperature is Ty = 300 K.

shows recorded and calculated energy loss distributions for various crystallo-
graphic directions. The other initial conditions are the same as in [Figure 4 The appearance
of the energy loss distribution is not affected by changing [hkl] for H atom scattering from

Ag(111) or Ag(110). Again, theory and experiment are in very good agreement with each
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other. For Ag(100), however, the situation is different. Although both theory and exper-
iment yield broad energy loss distributions, ranging from small energy gain up to energy
loss close to Ein i, theoretical simulations predict no influence on the crystallographic direc-
tion. In contrast, the experimental curves are slightly influenced by the initial choice of the
incidence direction—see panel a) of

We computed the relative mean energy loss (Eloss)/Ekin; from all acquired experimental
specular energy loss distribution and found that the scattered H atoms transfer between
35%-41% of their incidence kinetic energy to the metal, which is confirmed by our MDEF
simulations. We further see that the mean energy loss does not depend on the surface

structure and the crystallographic direction [hkl]—see Table S2 in the SI.

Angular distributions

shows the comparison between the measured and calculated angular distributions
(AD). The MDEF simulations manage to reproduce the experiment. The ADs of all three
Ag facets are broad and without any structure aside from one exception; when H atoms ap-
proach the Ag(110) surface along [112], the calculations predict a significant back-scattering
channel which is not present when the H atoms impinge along the other incidence directions.
Unfortunately, this scattering channel is not accessible through experiment as the geometry

of the set-up prevents a detection at such large backwards polar angles.

Surface penetration

Since the experiment can only detect the final energy of the scattered particles, we now
analyse the role of surface penetration which has recently been identified to result in higher
energy losses.?*2” The upper panels of show contour plots which provide the number
of specular scattering events as a function of energy loss and depth of penetration. A clear
correlation between the energy loss and the depth of penetration can be inferred. Note

that scattering signal from the third metal layer is negligibly small. The appearance of
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Figure 6: Experimental in-plane angular distributions (upper panels) and their theoretical
counterparts (lower panels) for H atoms scattered off Ag(100), Ag(110), and Ag(111). The
polar incidence angle corresponds to ¢; = —45°. The initial kinetic energy is Eyin; = 1.92eV
and the surface temperature T is 300 K. Note that positive and negative polar scattering
angles correspond to forward and backward scattering, respectively.
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Figure 7: Specular energy loss distributions from decomposed into events where
the H atoms scatter either from the first or the second silver layer. Upper panels show
2D histograms where the minimum altitude z,;, is plotted against the energy loss. The
numbers in the contour lines indicate the number of MD trajectories. The dash-dotted lines
indicate the location of the first two metal layers. The lower panels resolve the contribution
of scattering events of H atoms repelling from the first and second metal layer to the total
signal.
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the contour plots can be rationalised with the vertical distance d;s between surface and
subsurface. Smaller distances between the first two layers gives the penetrated projectile less
time to excite metal electrons. Ag(110) shows the smallest vertical distance between the first
two layers with dj» = 1.55 A. Tt is for this small vertical distances why H atoms that advance
to the second metal layer show almost the same range of energy losses than projectiles
which scatter directly from the top layer. The lower panels show the specular ELDs of
decomposed into scattering from the first and second metal layer. Despite the
similar appearance of the overall specular energy loss distributions, the underlying scattering
dynamics are drastically affected by the surface structure. The fcc(111) surface is a closed-
packed surface and thus the chance for H atoms to penetrate the surface twice is extremely
low. The contribution of surface penetration events to the ELDs is larger for the other two

facets reflecting their smaller planar packing factor ps values, which can be inferred from

Table S1 in the SI.

Adiabatic vs. non-adiabatic dynamics

By comparing electronically adiabatic and non-adiabatic simulations to the experiments in
Figure , we demonstrated that electron-hole pair (ehp) excitation are important for all
silver surface facets and that a promotion of surface penetration caused by a lower planar
packing factor does not alone give rise to broad energy loss distributions observed in the
experiment. However, an effect of the surface structure on the energy loss can still be
identified in the adiabatic calculations. Like for the energy loss distribution of high-energetic
H atoms scattered from Xe(111),%* the ELDs comprise a large peak, whose energy loss can

1,48 and a decaying tail towards higher energy

be well explained with a binary collision mode
losses. Subsurface scattering events contribute to this decaying tail and the lower the planar
packing factor of the facet is, the larger gets the contribution of the decaying tail to the

overall distribution, i.e. the maximum of the large peak reduces. This can also be inferred

from Table S1 in the SI. In fact, surface penetration is dominant, when electronic excitation

16



are omitted in the simulations for H/Ag(110). In contrast, to the electronically adiabatic
simulations, the surface structure only has a minor influence on the shape of the energy
loss distributions calculated from the MDEF simulation. This observation can be explained
with the large broadening effect the random force Fy (t) casts on the calculated energy loss
distributions.”? The occurrence of scattering from the second metal layer still correlates
inversely with the planar packing factor of the facet, but in a reduced manner compared to
their adiabatic counterparts, which can be attributed to an increased sticking coefficient Sy,

which will be elaborated in the next section.
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Figure 8: Angular distributions, computed from the same data sets that were used for the
calculation of the ELDs in [Figure 4} are compared to their experimental counterparts.

We also investigated the influence of non-adiabatic effects on the in-plane angular distri-
butions (AD), see . We conclude that ehp excitations, although defining the shape
of the ELDs, do not affect the appearance of the ADs. For all three facets, the electronically
adiabatic ADs have a more evenly distributed intensity compared to their non-adiabatic

counterparts, but the shape of the ADs is maintained and compare well to the experiment.

H atom adsorption

The possibility for the projectile to excite ehps also affects its likelihood to stick which
can be taken from [Table I MDEF simulations predict sticking probabilities larger than

60% and about twice as large as their adiabatic counterparts reflecting the importance of
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Table 1: Sticking probability Sy given in % for adiabatic molecular dynamics (MD) and
molecular dynamics with electronic friction (MDEF). The simulation conditions are the

same as in [Figure 4

Type  Ag(100) Ag(110) Ag(111)
MD 36.6 27.6 37.0
MDEF  70.8 63.1 71.3

ehp excitations in the sticking process. The sticking probability is reduced by ~10% when
H atoms impinge on the Ag(110) surface compared to the other two facets which can be
rationalised with the low values for py and d;s. We emphasise that this is the first prediction
for a surface geometry dependence in the adsorption dynamics of hyperthermal H atoms.
Janke et al’® reported that the majority of adsorbed H atoms on the Au(111) surface
underwent surface penetration and migrated back from the subsurface to the surface. We
investigate whether this picture holds for the silver surface facets by analysing the minimum
altitude of the adsorbed H atoms, see panels a)—c) of [Figure 9| For Ag(100) and Ag(110),
all adsorbed particles underwent surface penetration. The closed-packed Ag(111) surface,
however, shows also adsorption events where the H atoms always remained at the surface
layer. The panels d)—f) of compare the final z position zg, of the adsorbed particles
with their minimum altitude z,;, and we see that the H atoms preferably relocate to the
surface for all three facets. Therefore, we conclude that this resurfacing mechanism also holds
for the other two fcc surface facets, but in an exaggerated manner, as surface penetration

is here a prerequisite for adsorption.

Unresolved issues

While our MDEF simulation scheme at the LDFA level provided ELDs in excellent agreement
with the experiment for Ag(111) and Ag(110), it predicts a less sensitive dependence on
the crystallographic direction in comparison to the experiments done on H/Ag(100)—see
Figure 5. The computed in-plane angular distributions are completely characterised by the

shape of the PES though and the good agreement with the experiments let us draw the
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Figure 9: In panel a)—c), the minimum altitude locations z,;, of specular scattered and
adsorbed H atoms are compared. Panels d)—f) show the probability densities of the minimum
altitudes and the final altitudes of the adsorbed H atoms as a function of the z coordinate.
Note that z = 0 is the location of the surface layer. The initial conditions of the simulations

are the same as in [Figure 4}
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conclusion that the PES is of sufficient accuracy. This allows us to assert that ignoring the
tensorial character of the electronic friction in our MDEF simulations is responsible for the
absence of the azimuthal angle dependence in the simulations. Askerka et al.*” investigated
the diffusion of an adsorbed H atom on Pd(100) with a friction tensor. They found that the
individual, diagonal entries of the tensor are different and increase in value when the H atom
is located under the surface. Given the substantial contribution of subsurface scattering
to the specular energy loss for H/Ag(100), the tensorial treatment of the electronic friction
could affect the shape and might describe the azimuthal dependence better than the simple
LDFA approach.

In addition, the large broadening effect of the random force Fy,(t) disguises subtle dif-
ferences in the ELDs which may be caused by different travelling directions of the H atom.
Thus, to investigate the role of the direction dependence within the framework of LDFA,
measurements and calculations at low surface temperatures are required as the broadening
effect is predicted to be weak in the low temperature regime.“? However, at low tempera-
tures nuclear quantum effects might be important. A recently developed stochastic Multi
Configurational Time Dependent Hartree approach,”” which allows the connection of wave-
propagation with a bath, might be capable to elucidate the influence of nuclear quantum
effects on the scattering dynamics both at room temperature and low temperatures. Our
classical, non-adiabatic simulations are in that regard a useful benchmark for this kind of

investigation.

Conclusions

In summary, we have reported inelastic H atom scattering experiments from the three silver
surfaces Ag(100), Ag(110), and Ag(111) along with complementary molecular dynamics
simulations performed on an Effective Medium Theory based PES. The absence of surface

dependent terms in the energy expression of EMT allows us to directly use the same PES
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for the description of H at Ag(100) and Ag(110), even though the EMT parameters were
optimised to input data for H at Ag(111).

The experiments show a weak dependence on the surface geometry which is captured
by the MD simulations if electronically non-adiabatic effects are taken into account. This
demonstrates that the influence of the surface structure on the energy transfer during the
H atom collision with the substrate is of ancillary importance compared to the electronic
structure of the material. However, the presence of electronically non-adiabatic effects are
not critical for the computation of in-plane angular distributions which we conclude from
the good agreement of the MD and MDEF simulations with the experiment.

Similar to the energy loss distribution for the specular scattered H atoms, the sticking
probability is more affected by the electronic structure of the surface rather than its geometry.
In fact, the probability for an incident particle to stick to the surface decreases approximately
by the factor of 2, when ehp excitations are not included in the simulations. In comparison,
the sticking probability for Ag(110) is only about 10% smaller compared to the other two
facets, Ag(100) and Ag(111), for both MD and MDEF simulations. The details of the
adsorption picture, however, are influenced by the surface structure; all adsorbed H atoms
on the three silver surfaces follow the penetration-resurfacing mechanism reported by Janke
et al. in Ref [I8. For the more open facets, Ag(100) and Ag(110), adsorbed H atoms need to
penetrate the surface in order to stick to it, whereas this is not necessary for the closed-packed
Ag(111) facet.

Bottom line, our simulations provide a physical picture to interpret the measurements,
but we see a more pronounced dependence on the crystallographic orientation in the exper-
iments for Ag(100). We provided several suggestions to improve the theoretical description
to capture this orientation dependence and believe that our analysis of the discrepancies will

stimulate future theoretical investigations on this subject.
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Supporting Information

Surface Characterisation: Figure S1 shows the low energy electron diffraction (LEED) pat-
terns and Figure S2 the corresponding Auger electron spectra (AES) of the used silver
samples.

Planar Packing Factors: Definition of the planar packing factor and its calculation for
the three studied surface facets. Table S1 shows the correlation between the planar packing
factor and surface penetration observed in the simulations.

Mean energy loss: Table S2 summarises the mean energy losses calculated from the data

shown in
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