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Figure S1: Cluster height distribution for the STM topograph shown in the main manuscript
in Figure 1a, representing 0.57 ML Ir deposited at 250 K and imaged at 300 K. Dashed lines
indicate integer multiples of the Ir(111) inter-layer distance 0.22 nm.
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Figure S2: (a)-(d) STM topographs of 0.57 ML Ir deposited at 250 K and imaged at 300 K.
(e)-(g) STM topographs of 0.34 ML Ir deposited at 350 K. The inset in (f) displays a
magni�ed detail from the main image. Image sizes are (a)-(c) 80 nm × 80 nm, (d) 320 nm
× 115 nm, (e)-(g) 133 nm × 133 nm, and for the inset in (f) 26 nm × 26 nm. Tunneling
parameters are (a)-(c) Ubias = −2.4 V and It = 58 pA, (d) Ubias = −2.7 V and It = 64 pA,
(e)-(g) Ubias = −1.7 V and It = 59 pA.
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Figure S4: The projected density of states (PDOS) for (a) a B atom beneath an Ircluster
cluster atom, (b) the same B atom in a hollow site of the clean h-BN on Ir(111), (c) an N
atom above an Irsurf surface atom with adsorbed Ir cluster on top and (d) the same atom
in the case of the pristine h-BN/Ir(111) system. Additionally, the PDOS of an Irsurf atom
below the N atom in the hybrid system (e) with and (f) without the Ir cluster as well as
(g) that of an Ircluster atom above the B atom are also shown. For comparison, in (h) the
PDOS of the clean surface Ircssurf atom with a substantial dz2 contribution at EF is depicted
too. Then, as a key feature, note that at the Fermi energy EF the electronic states of the
h-BN on Ir(111) with and without the Ir cluster system are dominated by the out-of-plane
dxz + dyz states of the Ircluster and Irsurf atoms. On the other hand, the dz2 orbitals of Irsurf
are split into bonding (below EF) and anti-bonding (above EF) states hybridized with the
pz ones of the N atoms located directly above them [see also Fig. 2(g) and (j) in the main
text].

We note that the PDOS evaluated for a boron atom beneath an Ircluster cluster one (see
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Fig. S4a) exhibits a di�erent peak structure as compared with the PDOS calculated for the

same atom in a hollow site of the clean h-BN on Ir(111) (see Fig. S4b). This observation

agrees well with a predominantly sp3 hybridization of the h-BN in the valley region upon the

adsorption of the Ir cluster while it is characterized by a sp2 one in the case of the pristine

h-BN/Ir(111) system.

Then, as discussed in the main text, the analysis of the PDOS for the Ir heptamer/h-

BN/Ir(111) system revealed that at the h-BN/Ir(111) interface the surface Ir atoms form

bonding and anti-bonding combinations with the pz ones of the corresponding on-top N

atoms (see Fig. S4c and e). A similar physical picture emerges for the clean h-BN on Ir(111)

as depicted in Fig. S4d and f. However, the magnitude of this bonding-antibonding splitting

of the Ir dz2- N pz hybrid electronic states is signi�cantly larger (by ≈ 0.8 eV) in the presence

of the Ir cluster as compared to the clean h-BN/Ir(111) system, which clearly indicates a

stronger local N-Ir interaction in the former case.
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Figure S5: (a) Top view of a freestanding h-BN monolayer with a perpendicular plane
crossing through the B-N bonds. (b) A charge density plot in the plane drawn in (a) for the
highest occupied h-BN π-electronic states with a pz character at the B and N atomic sites.
Since N has a higher electronegativity as B, these π electronic states are mostly located at
the N atoms with a large extension in space. (c) On the other hand, the lowest unoccupied
π states of h-BN are predominantly located at the B atoms and exhibit also a substantial
spatial extension.
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Figure S6: STM topographs of 0.05 ML Ir on h-BN/Ir(111), deposited at di�erent temper-
atures. Deposition temperatures are: (a) 60 K, (b) 150 K, (c) 250 K, (d) 350 K. The image
size is always 80 nm × 80 nm for the main images and 23 nm × 23 nm for the insets. All
images were taken at temperatures lower than or equal to the indicated deposition temper-
ature. (e) Cluster number density for the di�erent deposition temperatures. Blue squares
represent the number density of clusters in the valley nvalley, while pink dots are the cluster
number density of center region clusters ncenter (for the de�nition of the three regions in
the moiré supercell, refer to Figure 2a in the main manuscript). Black triangles indicate
the total cluster number density n = nvalley + ncenter. Lines to guide the eye. Tunneling
parameters are (a) Ubias = −2.4 V and It = 84 pA, (b) Ubias = −2.4 V and It = 80 pA, (c)
Ubias = −2.6 V and It = 50 pA, (d) Ubias = −2.9 V and It = 100 pA.

S-8



(c)(b)(a)

(e)(d) (f)

0 0.2 0.4 0.6 0.8 1.0 1.2

 

 

0.11 ML

0.34 ML

a
b

u
n

d
a

n
c
e

 (
a

rb
.u

.)
cluster height (nm)

0.91 ML

Figure S7: (a)�(e) STM topographs of h-BN/Ir(111) after deposition of an amount θ of Ir
at 350 K. (a) θ = 0.05 ML, average cluster size in atoms sav = 6. (b) θ = 0.11 ML, sav = 13.
(c) θ = 0.34 ML, sav = 39. (d) θ = 0.91 ML, sav = 104. (e) θ = 1.5 ML, sav = 195. The
image size is always 80 nm × 45 nm. (f) Cluster height distribution for di�erent coverages.
Note that low cluster numbers are di�cult to see in the distribution due to their �uctuating
heights. This becomes apparent for two-layer clusters in the case of 0.11 ML and 0.34 ML
Ir, or �ve-layer clusters for 0.91 ML Ir. Dashed lines indicate integer multiples of the Ir(111)
inter-layer distance 0.22 nm. Tunneling parameters are (a) Ubias = −2.9 V and It = 100 pA,
(b) Ubias = −1.8 V and It = 65 pA, (c) Ubias = −1.7 V and It = 59 pA, (d) Ubias = −1.6 V
and It = 64 pA, (e) Ubias = −1.7 V and It = 140 pA.
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