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The adsorption of small Aun (n = 2–4) clusters on the h-BN/Rh(111) nanomesh is studied by means of density
functional theory calculations. We demonstrate that for these small gold clusters a linear geometry is most stable,
where all Au atoms bind to underlying B atoms in the pores of the 13×12 h-BN/Rh(111) nanomesh. However,
other geometries have similar adsorption energies of more than 2 eV/atom. All Au atoms in these clusters are
still negatively charged and thus might be catalytically active. Their partial density of states are signiﬁcantly
narrower and at smaller binding energies as compared to a Au(111) surface.
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I. INTRODUCTION

Although a perfect low-index gold surface is chemically
quite inactive, nanosized gold clusters are known for their
catalytic properties.1 Therefore it is not surprising that the
electronic and atomic structure of such clusters has attracted
increasing attention both in theory and experiment. So far
the chemical properties of nanostructured gold particles have
been related to the nature and pretreatment of the support, size,
and shape of the particles, as well as the charged state of the
nanoclusters.2,3 When molecules adsorb on such Au deposits
an excess charge facilitates the breaking of chemical bonds
since the activation barrier for various chemical reactions is
lowered.4,5 It was shown that Au clusters adsorbed on MgO
have much higher activity for the CO oxidation when they are
charged by a surface F center or an additional Na atom. One
of the key issues in Au catalysis that needs to be explored is
related to the deposition of small Au clusters on a support
surface and the related stabilization under harsh reaction
conditions without sintering. A promising solution for such
problems is offered by the conﬁning potential that is present
in the pores of the so-called h-BN/metal nanomesh.6–8 It was
found before9,10 that Au clusters are trapped in the pores of an
h-BN/Ru(001) nanomesh up to 900 K, and only above 1000 K
Au intercalates between h-BN and the underlying Ru metal.
In contrast, on the much weaker bound and commensurate
h-BN/Ni(111) system Au intercalates already at 770 ◦ C.11
Such a nanomesh was ﬁrst described by Corso et al.6 who
found that h-BN, which has a lattice mismatch of 8% with a
Rh(111) surface, self-assembles to form a nanostructure with
a periodicity of about 3.2 nm. Depending on the actual lattice
match or mismatch between h-BN and the underlying metal
substrate, either a rather simple 1×1 structure or a complicated
nanostructure may form.
For instance in the case of a Ni(111) substrate, which
matches the h-BN lattice constant quite well, a simple 1×1
structure is formed. Even there the h-BN monolayer is not
completely ﬂat, but a small buckling of the surface is observed
where the N atoms are pushed away from the surface by 0.1 Å
as compared to the B atoms.12 During the adsorption on a
transition metal the rigid sp2 bonds between N and B in the
hexagonal plane are not considerably weakened,13 although
the interaction between h-BN and the substrate is relatively
strong.14 Density functional theory (DFT) calculations have
conﬁrmed that in the case of commensurate interfaces the
1098-0121/2012/86(15)/155404(7)

energetically most stable structures have N atoms on top of
the metal atoms, while the B atoms can occupy the fcc or hcp
positions,12 leading eventually to two domains which have also
been observed experimentally.
On the other hand, the lattice constants of h-BN and
Rh(111) have a mismatch of about 8% and thus a nanomesh
is formed with a periodicity of 12×12 Rh(111) cells matching
13×13 h-BN cells. In this case the whole h-BN layer is highly
corrugated (by 1.5–2 Å) and two main regions are formed: the
“wires” and “pores”.7 In the “pores” h-BN is in a favorable
position with respect to Rh (N on top of Rh, B in the fcc or hcp
hollow sites) and thus is strongly bound to the substrate. In
the “wires,” however, BN is repelled from the surface since N
is located above the unfavorable hollow site and at best some
weak van der Waals interactions between Rh and BN exist.
The corrugation is a compromise of three effects, the tendency
to have a ﬂat h-BN, an attractive interaction (pores), and a
repulsion together with a weak interaction (wires).
Recently it has been shown by DFT calculations15 that
a single Au atom adsorbs in a selective way on the hBN/Rh(111) nanomesh. The adsorption occurs with strong
preference towards the “pore” region of the nanomesh, where
the adsorption energy is nearly 2 eV larger than on the
nanomesh “wires.” The preferential site for the Au atoms
in the “pores” is clearly on top of the B atom, whereas
in the “wires” region the N-top or B-top sites are nearly
equally favorable. However, as was demonstrated in Ref. 15 the
binding mechanism always involves a bond formation between
Au and B atoms. For the B-top site this is due to a covalent
bonding between the Au dz2 and B pz orbitals but in addition
a substantial charge transfer towards Au occurs.15
In this work we continue the investigations initiated in
Ref. 15 and consider larger gold clusters that are adsorbed
on the h-BN/Rh(111) nanomesh. The paper is organized
as follows: In the next section we describe our theoretical
approach as well as the structural models that are used in the
calculations. In the following section we discuss our results,
focusing on the adsorption energy and geometry of dimers,
trimers, and tetramers of Au on h-BN/Rh(111). In the ﬁnal
section we draw some conclusions.
II. STRUCTURE MODELS AND THEORETICAL METHOD

As mentioned before, the h-BN/Rh(111) nanomesh consists
of a lattice formed by 13×13 cells of h-BN on top of a 12×12
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FIG. 1. (Color online) The details of the studied surface (N: red;
B: blue; Rh ﬁrst and second layer: yellow and gray spheres). (a) The
full h-BN/Rh(111) nanomesh unit cell. The areas corresponding to
the wires and pores regions are indicated by circles. (b) The “wire”
region with BN(hcp, fcc) conﬁguration, weakly bound to Rh(111).
(c) The “pore” region with BN(fcc, top) conﬁguration, strongly
bound to Rh(111). (d) Another “wire” region with BN(top, hcp)
conﬁguration, weakly bound to Rh(111).

supercell of Rh(111).7,16,17 Even when the metal substrate is
simulated with just 3 layers this structure model contains more
than 1100 atoms/cell. Although nowadays such large systems
can be approached by DFT calculations, large computational
resources are required. However, as we have already shown
in the case of a single Au atom adsorbed on h-BN/Rh(111)15
it is not necessary to simulate the whole system at once. The
different regions of the unit cell (“pores” and “wires”) have
a relatively large size and thus can be modeled with simpler
calculations using smaller unit cells.
By now the mechanism leading to the stabilization and the
shape of the nanomesh is rather well understood.7 The fcc
metal has an (ABCABC. . .) stacking, where we label the ﬁrst
of these layers by A (top), B (hcp), and C (fcc). In the “pore”
regions [black circle in Fig. 1(a)] the h-BN layer is pinned
to the metal substrate, where the B atoms are nearly in an
fcc position above the metal atoms while the N atoms are on
top of the Rh atoms [see Fig. 1(c)]. For this arrangement the
repulsive interaction between N and the metal is minimized and
attractive forces on the B atoms dominate. We will refer to this
conﬁguration as BN(fcc, top). In both “wire” regions [marked
by light dashed and solid circles in Fig. 1(a)], the stronger
repulsion between the N atoms and the metal substrate cause
to move those h-BN areas further away from Rh(111) leading
to a strong corrugation. In the ﬁrst region, the B and N atoms are
close to the hcp and fcc positions, respectively [see Fig. 1(b)
and light dashed circle in Fig. 1(a)], whereas in the second
arrangement the B and N are close to the top and hcp positions

[see Fig. 1(d) and light solid circle in Fig. 1(a)]. In shorthand
notation we will refer to these arrangements as BN(hcp, fcc)
and BN(top, hcp), respectively. The transition between “wires”
and “pores” is rather sharp and occurs nearly within one or
two BN bond lengths. Therefore it is possible to model these
“wire” and “pore” regions by smaller fragments of the whole
unit cell. In the current work we use commensurate 5×5 cells
of h-BN and the underlying metal. In order to make the h-BN
and Rh lattices commensurate [there is an 8% lattice mismatch
between h-BN and Rh(111)], either we have to stretch h-BN
or to compress Rh(111). In this paper we used the second
possibility. Both approximations have been tested and were
already discussed in Ref. 15. Some quantitative differences
would be present, but the main conclusions do not depend
on this choice. In the present work we approximate the metal
substrate by 3 layers of Rh, while the h-BN layers cover the
metal slab on both sides in order to keep inversion symmetry.
The ﬁve layer slab is separated by a vacuum region of 15 Å.
DFT calculations are performed within the augmented
plane waves plus local orbitals method (APW + lo) as implemented in the WIEN2K package.18 We used the WuCohen (WC) version of the generalized gradient approximation (GGA) functional to describe the exchange-correlation
potential.19 This choice provides a compromise between the
more commonly used LDA and PBE functionals which are
known to be overbinding and underbinding, respectively.20,21
The Brillouin zone was sampled with a 2×2×1 k-point mesh.
The quality of the APW + lo basis set was determined by
RKmax equal to 5.0, where the mufﬁn-tin radii of 1.17, 0.61,
0.81, and 1.22 Å, were used for Rh, B, N, and Au, respectively.
There are several ways to obtain clusters of a certain size on
a substrate. For example a cluster with a certain predetermined
size can directly adsorb on the substrate by soft landing. In
another possible scenario we assume that single Au atoms
(or some smaller clusters) adsorb on the surface and then
form larger objects by diffusion. These two scenarios lead to
different expression for the adsorption energy. In the present
work we have chosen the second scenario, for which the
following formula is used to calculate the adsorption energy
(Eads ):
Eads =

nAu × EAu + Esub − EAun /sub
,
nAu

(1)

where EAu is the total energy of one (spin polarized) Au
atom multiplied by the number of Au atoms in the cluster
(nAu = 2, . . . ,4) and EAun /sub and Esub are the total energies
of h-BN/Rh with and without the gold cluster adsorbed,
respectively. A positive value means a favorable adsorption.
In order to get insight into the mechanism behind the
cluster growth on the surface, we have also calculated the
so-called “cluster association” energy,22 which is essentially
the difference in energy when an isolated Au atom is moved
from the substrate to the n − 1 atom cluster to form the ﬁnal
n atom cluster:


Easc = EAun /sub − EAun−1 /sub − EAu1 /sub − Esub .
(2)
A negative value means a favorable attachment.
In order to analyze the charge transfer in a more quantitative
way, we calculate the charges according to Bader’s atom in
molecules theory,23 where the electron density is integrated
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within an atomic basin that is deﬁned as a surface of zero ﬂux
around this speciﬁc atom.
III. RESULTS AND DISCUSSION

Several structure optimizations were carried out using the
5×5 supercells described above. We have tested the adsorption
of the gold clusters primarily in the h-BN(fcc, top)/Rh(111)
(the so-called “pores”) conﬁguration, but also a few involving
the “wire” conﬁgurations [h-B(top, hcp)/Rh(111) and hBN(fcc, hcp)/Rh(111)].
A. Au dimer on h-BN/Rh(111)

The most stable adsorption conﬁgurations of Au2 clusters
occur when Au atoms form bonds to boron. Figure 2 shows the
ﬁnal geometries of the two most stable Au2 cluster conﬁgurations. The Au2 cluster parallel to the surface has an adsorption
energy of 1.99 eV/atom, which is about 0.08 eV/atom
larger than in case of the perpendicular conﬁguration. Other
adsorption conﬁgurations including one or two Au-N bonds
were always at least 0.20 eV/atom lower in energy. The
h-BN/Rh(111) surface considerably inﬂuences the bonding
strength between the two Au atoms of the dimer. This can
be seen by comparing the distance between Au atoms in the
isolated dimer with the one found in the dimer adsorbed on
the nanomesh. The former turns out to be shorter and equal
to 2.49 Å (using the same exchange correlation functional).
Undoubtedly, the adsorption of the Au2 cluster on the surface
leads to a weakening of the interatomic bonding of the Au
atoms. In the most stable conﬁguration (Au2 parallel to the
surface), the interatomic Au distance is increased to 2.73 Å,
and in the less favorable case, where Au2 is perpendicular

FIG. 2. (Color online) Top and side view of the geometry of Au2
clusters on the h-BN(fcc, top)/Rh(111). Bader charges (Ref. 23) are
displayed on the corresponding atom (in |e| and distances in Å).
(Blue: B; red: N; yellow: Au; grey: Rh.)

FIG. 3. (Color online) Partial Au s DOS of the most stable Au
clusters on the h-BN(fcc, top)/Rh(111) surface (solid line: edge Au
atom; dashed blue line: center Au atom in case of the trimer and
tetramer). (a) Single Au atom. (b) Au dimer. (c) Au trimer. (d) Au
tetramer. Additionally the Au s partial DOS of the top layer of an
Au(111) surface slab is also shown for comparison (dotted red line).

to the surface, it is 2.56 Å. Such a difference in the Au-Au
distance is related to the larger Coulomb repulsion for the
parallel conﬁguration, where each Au atom is charged by
0.3 e, which is larger than 0.1 e (Au attached the B) and 0.2 e
(Au pointing towards vacuum) observed for the perpendicular
dimer. The sum of both atomic charges of the parallel cluster
(−0.3 e) is a bit smaller than that of a single adsorbed Au
atom (−0.7 e). This is also depicted in the partial Au s DOS
[Figs. 3(a) and 3(b)] which shows that in the case of the
Au dimer some s DOS is above the Fermi level [Fig. 3(b)]
indicating a smaller total Au charge as compared to the single
Au atom [solid line in Fig. 3(a)]. However, similar as for the
single Au atom adsorption,15 the charge on Au comes mainly
from the neighboring B and N atoms.
The total Au DOS (mostly Au d states) is rather narrow
[Fig. 4(a)] and has its main contributions between 3.8 and
1 eV below EF . Thus the states are about 1 eV higher than
in large clusters and the top layer of a Au(111) surface. In
particular, hardly any states are found below 5 eV.
Furthermore we have noticed that the adsorption of the Au
clusters affects the atomic position of the underlying h-BN
layer. The B atoms which are directly below the Au atoms
are poking out of the h-BN layer by as much as 0.44 Å (Au2
parallel to the surface) and 0.50 Å (Au2 perpendicular to the
surface), indicating the presence of a strong bond between B
and Au. Such bonds are clearly visualized in the charge density
plotted in Fig. 5(a). A similar situation has been observed
for a single Au atom adsorbed on the nanomesh surface.
Interestingly the Au-B bonds are also formed when the Au
atom occupies the N-top site, but in this case the bond distances
are larger leading to lower binding energies.
As the h-BN nanomesh consists not only of pores but also
of wires, we have also tested the adsorption properties of Au2
clusters on the wire conﬁgurations [h-BN(top, hcp)/Rh(111)
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FIG. 4. (Color online) Total DOS of most stable (a) Au2 , (b) Au3 ,
(c) Au4 cluster conﬁgurations (linear chains) adsorbed on h-BN(fcc,
top)/Rh(111) (solid line); DOS of the gas-phase-like clusters adsorbed
on h-BN(fcc, top)/Rh(111) (dashed red line); and the DOS of the top
layer of an Au(111) surface slab (blue dotted line).

and h-BN(hcp, fcc)/Rh(111)]. For example, the preferred
adsorption site of the Au2 cluster in the case of h-BN(top,
hcp)/Rh(111) is upright, perpendicular to the surface on top of
an N atom with an adsorption energy of 1.64 eV. The difference
to the next most stable adsorption conﬁguration (upright on top
of a B atom) is just 0.06 eV. In the case of the wire conﬁguration
the adsorption energies are similar to those on the pure h-BN
surface.24
B. Au trimer on h-BN/Rh(111)

Figure 6 presents the atomic conﬁgurations of the four
most stable Au3 clusters found on the h-BN(fcc, top)/Rh(111)
surface. The ﬁrst two conﬁgurations are a more or less linear
Au cluster, with an adsorption energy of about 2.20 and
2.16 eV/atom. In the two other conﬁgurations the Au atoms
form a triangle, which is attached to the h-BN layer by an edge
or lying ﬂat on it. In these cases adsorption energies are about
2.0 eV/atom. The main difference between the two linear
conﬁgurations [Figs. 6(a) and 6(b)] is the distance between
the B atoms involved in the bonding with the edge Au atoms,
which is equal to 4.97 Å and 4.32 Å, respectively. In both
cases the edge atoms of the clusters seem to bind stronger to
their nearest B atoms than the middle Au atom in the chain
which is lifted slightly above the line containing the Au edge
atoms. The effect is also visible on the charge density plots
Fig. 5(b), where the density in the bond region between Au
and B atoms is lower for the middle atom than for the two edge
Au atoms.
The edge atoms of the linear Au3 cluster have a larger
negative charge than the center atom [see Fig. 6(a)], showing

FIG. 5. (Color online) Charge density distribution (in e/bohr3 ) in
a plane through Au atoms and the nearest B (and Rh) atoms: (a) Au2 ,
(b) Au3 , and (c) Au4 chain. (Blue: B; yellow: Au; grey: Rh.)

the tendency to separate the additional charges as far as
possible. A broad s state above the Fermi level in the DOS
[see Fig. 3(c)] emphasizes that the sum of extra charges is
smaller than the charge of one single Au atom [Fig. 3(a)]
adsorbed on the h-BN(fcc, top)/Rh(111) surface.
The total Au DOS [Fig. 4(b)] is shifted by 1 eV to larger
binding energies as compared to the Au2 cluster. In addition
for the most stable linear Au3 cluster a prominent peak near
6 eV appears, which is due to the strong Au-B interactions.
This peak is not present in a triangular Au3 cluster [Fig. 6(c)
and dashed line in Fig. 4(b)] where only 2 Au atoms bind to B.
The geometry of the most stable Au3 cluster in the gas
phase is a triangle25 with a bond length of around 2.6 Å. Our
calculation shows that the distances between the Au atoms in
the two adsorbed triangle conﬁgurations [Figs. 6(c) and 6(d)]
are larger than this value, explaining the lower adsorption
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top)/Rh(111) surface. The adsorption energy was reduced
from 2.20 eV/atom and 2.16 eV/atom to 2.13 eV/atom
and 2.10 eV/atom. This reduction is caused by a marginally
stronger overlap between the orbitals of the Au atoms of the
cluster and those of the N atoms, indicating that the bonding is
not much inﬂuenced by the small changes in the bond distances
of the surface BN.
C. Au tetramer on h-BN/Rh(111)

FIG. 6. (Color online) Top and side view of the ﬁnal geometry of
Au3 clusters on the h-BN(fcc, top)/Rh(111). Bader charges (Ref. 23)
are displayed on the corresponding atom (in |e| and distances in Å).
(Blue: B; red: N; yellow: Au; grey: Rh.)

energy. Interestingly we ﬁnd that the ﬂat arrangement
[Fig. 6(d)] with an N atom in the center is considerably more
stable than the similar ﬂat conﬁguration with the h-BN hollow
site in the center of the triangle. Its adsorption energy is only
1.8 eV per Au.
The actual bond distance in h-BN in the center of the
nanomesh pores is about 2% larger than in bulk h-BN.26
We have tested the adsorption of the two most stable Au3
clusters [Figs. 6(a) and 6(b)] on a stretched h-BN(fcc,

Figure 7 depicts six stable cluster conﬁgurations of Au4 . As
in the Au3 case, the most stable Au4 conﬁguration is a linear
chain with an adsorption energy of 2.30 eV/atom [Fig. 7(a)].
However, the difference to the next two conﬁgurations is rather
small [Figs. 7(b) and 7(c)] with 2.25 and 2.24 eV/atom. It is
worth noticing that conﬁgurations shown in Figs. 7(b) and
7(c) are obtained from the most stable Au3 clusters shown in
Figs. 6(a) and 6(b) by adding the fourth Au atom on top of a
segment connecting the edge and middle Au atoms. Similarly
the less favorable conﬁgurations presented in Figs. 7(d)–7(f),
with adsorption energies varying between 2.18 and 2.01 eV,
evolve from Au3 triangular conﬁgurations. The one shown
in Fig. 7(d) originates from the ﬂat conﬁguration shown in
Fig. 6(d) by adding an extra Au to the corner of the triangle.
The less favorable conﬁguration from Fig. 7(f) results from
attaching an extra Au on top of the ﬂat triangle in Fig. 6(d),
and ﬁnally the conﬁguration from Fig. 7(e) is a result of adding
an Au atom to the edge of the triangle from Fig. 6(c). The
most stable gas phase cluster has a rhombohedral structure25,27
and hence we have also tested a conﬁguration where all AuAu bonds are parallel to the surface. This conﬁguration has
an adsorption energy of 2.12 eV/atom—slightly below the
upright conﬁguration depicted in Fig. 7(e).
The end atoms of the Au4 chain have larger negative
charges than the two central ones [see Fig. 7(a)]. This is a
consequence to the Coulomb repulsion which is minimized
in this conﬁguration as for the Au3 chain. The total charge
of the Au4 chain is again smaller as compared to the single
Au case and this is also clearly reﬂected by the partial s DOS
[Fig. 3(d)], where a signiﬁcant s DOS can be found above the
Fermi level.
The charging and the resulting Coulomb repulsion explains
why the other tetramer conﬁgurations [see Figs. 7(b)–7(f)] are
still less stable despite the fact that they have more Au-Au
bonds. In the case of the Au4 chain all Au atoms contribute
to the binding of the cluster to the h-BN(fcc, top) surface [see
Fig. 5(c)] in contrast to the Au3 chain.
The width of the total Au-DOS [Fig. 4(c)] has further
increased, but it is still very different from those of the top
layer of a Au(111) slab calculation. Interestingly the Au DOS
from the 2D cluster [Fig. 7(e)] has an onset very similar to the
Au(111) top layer, but its width is much smaller.
D. Formation and stability of clusters

Clusters on a surface are often formed via a single atom
diffusion, where the surface is ﬁrst exposed to a beam of gasphase atoms. In such a case the atoms adsorb on a surface, but
then diffuse to appropriate nucleation sites. We have previously
shown15 that the diffusion barrier from one nanomesh pore into
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FIG. 7. (Color online) Top and side view of the geometry of Au4 clusters on the h-BN(fcc, top)/Rh(111). Bader charges (Ref. 23) are
displayed on the corresponding atom (in |e| and distances in Å). (Blue: B; red: N; yellow: Au; grey: Rh.)

another one is quite large but within a single pore it is much
lower. Thus, several single Au atoms may adsorb within one
pore and the cluster may grow as more and more atoms diffuse
forming a bigger cluster. Two important quantities govern the
formation of clusters: (1) the adsorption energy to a nucleation
site and (2) the single atom association energy from a support to
an adsorbed cluster. We have calculated the association energy
that is required to move a gold atom from the surface to the
h-BN adsorbed clusters [Eq. (2)]. A negative value means that
the attachment of one single Au atom to form a bigger cluster
is favored.
Figure 8 presents the association energies, determined using
Eq. (2). The dashed red line is the association energy with
respect to the energetically most stable Au clusters (the linear
chains); the black continuous line belongs to the energetically
least favorable among those presented in this work. The
dotted line between the trimer and tetramer cluster belongs
to the second most stable Au4 (2D) cluster on the surface.
The formation of dimers is not much favored in comparison
to single atom adsorption. The corresponding association
energies are close to zero.
During the aggregation process the two negatively charged
Au atoms (−0.7 e− ; see Ref. 15) must overcome the strong
Coulomb repulsion and thus almost one electron has to be
transferred back to the substrate, which leads to an additional
barrier for the formation of a dimer.
Adding a third atom to the ﬂat dimer above the Au-Au bond
leads to the perpendicular triangular cluster, shown in Fig. 6(c)
with an association energy of −0.04 eV. However, a ﬂat lying

Au3 chain [Fig. 6(a)] is more stable with an adsorption energy
of 2.20 eV/atom and a corresponding association energy that
is far lower (−0.64 eV). Since the association energy is
negative, Au chains are expected to form spontaneously on
the h-BN(fcc, top)/Rh(111) surface in the center of the pores.
The formation of a Au4 chain is again most preferred in
the case of the tetramer, where the association energy is equal
to −0.62 eV. For comparison the most stable 2D Au4 gas

FIG. 8. (Color online) Association energy of Au clusters on the hBN/Rh(111) surface. The dashed red line represents the energetically
most stable Au clusters (the linear chains), the black continuous line
corresponds to the next stable (2D) conﬁgurations, and the dotted line
belongs to the 3D Au4 cluster.
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phase cluster has an association energy of −0.42 eV [see
Fig. 7(e)]. For the Y-shaped clusters [Figs. 7(b), 7(c), and
7(d)] the association energy is between the values observed
for the chain and the rhombohedral clusters. The formation
of a 3D cluster [see Fig. 7(f)] with an association energy of
+0.54 eV is, however, rather unlikely. It is rather clear that the
formation of bigger clusters (Au3 and Au4 ) is preferred over
smaller clusters (Au2 ) as the association energy decreases and
becomes negative. Additionally, the association energy of Au4
shows that at least for those small cluster sizes that a 1D or 2D
growth is favored over a 3D structure.
The formation of a linear Au cluster was already found
experimentally on thin alumina28 and MgO ﬁlms,29 where
a pronounced negative charging of the Au atoms has been
observed and seems responsible for the stabilization of this
particular geometry.
IV. CONCLUSIONS

We have shown that Aun (n = 2–4) clusters adsorb on the hBN/Rh nanomesh with adsorption energies above 2 eV/atom.
The most stable Au clusters are linear chains and Au is bound
strongly only to the underlying B atoms of the h-BN(fcc,
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P. Blaha, K. Schwarz, A. Goriachko, H. Over, S. Gsell et al.,
Angew. Chem., Int. Ed. Engl. 46, 5115 (2007).
9
A. Goriachko, Y. He, M. Knapp, and H. Over, Langmuir 23, 2928
(2007).
10
A. Goriachko, Y. He, and H. Over, J. Phys. Chem. C 112, 8147
(2008).
11
D. Usachov, V. K. Adamchuk, D. Haberer, A. Grüneis, H. Sachdev,
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