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I. CONVERGENCE STUDY

We perform convergence study of adsorption wells properties for several DFT calculation parameters. The properties
we investigate are: adsorption energy (Ea), interatomic distance in the molecule (rO−O), vertical distance of the
molecular center of mass to the surface (ZO−Ag), and spin polarisation (Sp). We define Ea as a difference between
energy of the system with the molecule in the well and the energy of the system with molecule in the middle of
vacuum region (ZO−Ag ≈ 9 Å). This contrasts with the definition we used in the article, where zero potential energy
was defined at ZO−Ag = 6 Å. Due to this, one may notice small (0.02 eV) difference in corresponding adsorption
energies.

The convergence study provides insight in the precision one should expect from the calculations. It also helps
to resolve the differences between previously published DFT results [1–9]. For most of the calculations presented
here we use VASP code [10, 11] which includes a set of projector augmented wave method (PAW) pseudopotentials
(PP) [12, 13]. For oxygen there are two types, soft PP with suggested plane-wave basis set cutoff of Ecut−off = 400 eV
and hard PP with suggested Ecut−off = 700 eV. In addition to PP, we study the convergence in respect to the k-
point mesh, cell size, and number of Ag layers. In all cases two uttermost surface layer atoms and O2 atoms are
relaxed until force on them was lower than 0.01 eV/Å. Additionally, for the sake of comparison we performed some
calculations with Quantum ESPRESSO code [14] using GBRV [15] PP with Ecut−off = 680 eV, which is above
suggested Ecut−off = 540 eV [15].

Our results are presented in Tables I-VI. In general, differences in rO−O, ZO−Ag, and Sp are very small regardless
of the calculation parameters. Regarding the Sp we found that additional care has to be taken when obtaining the
lowest energy state for the bridge wells. In practice we had to perform constrained spin calculation (we set spin to 2
Bohr magnetons µB) to obtain initial wavefunctions for the unconstrained calculation. If one proceeds with default
VASP calculation in our experience results such as those denoted SBnsp and LBnsp in Table III are obtained. These
results reproduce values obtained in Ref. [9].

Differences between calculation parameters are more pronounced for Ea. Regarding the k-point mesh, in most
of the cases already 4 × 4 mesh suffices. The largest differences are due to the different PP. Harder VASP PP and
GBRV PP generally reduce Ea in comparison to the softer VASP PP. This reduction is somewhat larger in the case
of the hollow wells. Such results further increase the difficulty in explaining why the bridge wells are not observed in
experiments. Unit cell parameters do not change results significantly.
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TABLE I. Convergence study of adsorption wells properties in respect to the k-point sampling for soft VASP PP and 2 × 3
unit cell with 5 Ag layers.

site slab PP k-point mesh Ea(eV) rO−O(Å) ZO−Ag(Å) Sp(µB)

H110 2 × 3 × 5 soft 4 × 4 -0.38 1.45 1.03 0.00

H001 2 × 3 × 5 soft 4 × 4 -0.38 1.42 1.21 0.00

SB 2 × 3 × 5 soft 4 × 4 -0.36 1.31 2.16 1.24

LB 2 × 3 × 5 soft 4 × 4 -0.27 1.30 1.96 1.21

O2 2 × 3 × 5 soft 4 × 4 - 1.24 9.65 -1.95

H110 2 × 3 × 5 soft 5 × 5 -0.42 1.46 1.00 0.00

H001 2 × 3 × 5 soft 5 × 5 -0.38 1.42 1.21 0.00

SB 2 × 3 × 5 soft 5 × 5 -0.35 1.31 2.15 1.20

LB 2 × 3 × 5 soft 5 × 5 -0.29 1.30 1.94 1.17

O2 2 × 3 × 5 soft 5 × 5 - 1.24 9.65 -1.95

H110 2 × 3 × 5 soft 8 × 8 -0.38 1.46 1.01 0.00

H001 2 × 3 × 5 soft 8 × 8 -0.37 1.42 1.21 0.00

SB 2 × 3 × 5 soft 8 × 8 -0.34 1.31 2.16 1.26

LB 2 × 3 × 5 soft 8 × 8 -0.29 1.30 1.96 1.22

O2 2 × 3 × 5 soft 8 × 8 - 1.24 9.65 -1.95

H110 2 × 3 × 5 soft 12 × 12 -0.39 1.46 1.00 0.00

H001 2 × 3 × 5 soft 12 × 12 -0.39 1.42 1.22 0.00

SB 2 × 3 × 5 soft 12 × 12 -0.35 1.31 2.16 1.25

LB 2 × 3 × 5 soft 12 × 12 -0.29 1.30 1.95 1.21

O2 2 × 3 × 5 soft 12 × 12 - 1.24 9.65 1.95

TABLE II. Convergence study of adsorption wells properties in respect to the k-point sampling for hard VASP PP and 2 × 3
unit cell with 5 Ag layers.

site slab PP k-point mesh Ea(eV) rO−O(Å) ZO−Ag(Å) Sp(µB)

H110 2 × 3 × 5 hard 4 × 4 -0.26 1.45 1.00 0.00

H001 2 × 3 × 5 hard 4 × 4 -0.26 1.41 1.24 0.00

SB 2 × 3 × 5 hard 4 × 4 -0.29 1.30 2.18 1.28

LB 2 × 3 × 5 hard 4 × 4 -0.20 1.29 1.96 -1.24

O2 2 × 3 × 5 hard 4 × 4 - 1.22 9.65 -1.96

H110 2 × 3 × 5 hard 5 × 5 -0.30 1.45 1.00 0.09

H001 2 × 3 × 5 hard 5 × 5 -0.27 1.41 1.24 0.00

SB 2 × 3 × 5 hard 5 × 5 -0.28 1.30 2.17 -1.24

LB 2 × 3 × 5 hard 5 × 5 -0.22 1.29 1.95 1.21

O2 2 × 3 × 5 hard 5 × 5 - 1.22 9.65 -1.94

H110 2 × 3 × 5 hard 8 × 8 -0.26 1.45 1.01 0.02

H001 2 × 3 × 5 hard 8 × 8 -0.26 1.41 1.24 0.00

SB 2 × 3 × 5 hard 8 × 8 -0.28 1.30 2.18 -1.29

LB 2 × 3 × 5 hard 8 × 8 -0.22 1.29 1.94 1.24

O2 2 × 3 × 5 hard 8 × 8 - 1.22 9.65 -1.94
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TABLE III. Convergence study of adsorption wells properties in respect to the k-point sampling for soft VASP PP and 3 × 4
unit cell with 5 Ag layers.

site slab PP k-point mesh Ea(eV) rO−O(Å) ZO−Ag(Å) Sp(µB)

H110 3 × 4 × 5 soft 4 × 4 -0.40 1.46 1.04 0.00

H001 3 × 4 × 5 soft 4 × 4 -0.38 1.42 1.26 0.00

SB 3 × 4 × 5 soft 4 × 4 -0.35 1.31 2.20 1.25

LB 3 × 4 × 5 soft 4 × 4 -0.29 1.30 2.01 1.25

O2 3 × 4 × 5 soft 4 × 4 - 1.24 9.09 -1.93

H110 3 × 4 × 5 soft 5 × 5 -0.39 1.46 1.05 0.00

H001 3 × 4 × 5 soft 5 × 5 -0.38 1.42 1.26 0.00

SB 3 × 4 × 5 soft 5 × 5 -0.36 1.31 2.20 1.19

LB 3 × 4 × 5 soft 5 × 5 -0.30 1.30 2.01 1.24

O2 3 × 4 × 5 soft 5 × 5 - 1.24 9.10 -1.93

SBnsp 3 × 4 × 5 soft 5 × 5 -0.10 1.34 2.06 -0.07

LBnsp 3 × 4 × 5 soft 5 × 5 -0.11 1.33 1.84 0.01

H110 3 × 4 × 5 soft 8 × 8 -0.41 1.46 1.04 0.00

H001 3 × 4 × 5 soft 8 × 8 -0.38 1.42 1.25 0.00

SB 3 × 4 × 5 soft 8 × 8 -0.36 1.31 2.20 1.21

LB 3 × 4 × 5 soft 8 × 8 -0.30 1.30 2.01 1.23

O2 3 × 4 × 5 soft 8 × 8 - 1.24 9.10 -1.93

TABLE IV. Convergence study of adsorption wells properties in respect to the k-point sampling for hard VASP PP and 2 × 3
unit cell with 5 Ag layers.

site slab PP k-point mesh Ea(eV) rO−O(Å) ZO−Ag(Å) Sp(µB)

H110 3 × 4 × 5 hard 4 × 4 -0.29 1.45 1.00 0.00

H001 3 × 4 × 5 hard 4 × 4 -0.27 1.41 1.25 0.00

SB 3 × 4 × 5 hard 4 × 4 -0.28 1.30 2.18 -1.28

LB 3 × 4 × 5 hard 4 × 4 -0.22 1.29 2.00 -1.27

O2 3 × 4 × 5 hard 4 × 4 - 1.23 9.10 1.95

H110 3 × 4 × 5 hard 5 × 5 -0.28 1.45 1.01 0.00

H001 3 × 4 × 5 hard 5 × 5 -0.28 1.41 1.25 0.00

SB 3 × 4 × 5 hard 5 × 5 -0.29 1.30 2.17 -1.23

LB 3 × 4 × 5 hard 5 × 5 -0.24 1.29 2.01 -1.31

O2 3 × 4 × 5 hard 5 × 5 -1.23 9.10 1.95

H110 3 × 4 × 5 hard 8 × 8 -0.30 1.45 1.01 0.00

H001 3 × 4 × 5 hard 8 × 8 -0.28 1.41 1.25 0.00

SB 3 × 4 × 5 hard 8 × 8 -0.29 1.30 2.17 -1.24

LB 3 × 4 × 5 hard 8 × 8 -0.23 1.29 1.96 -1.26

O2 3 × 4 × 5 hard 8 × 8 1.23 9.10 1.95
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TABLE V. Convergence study of adsorption wells properties in respect to the k-point sampling for soft VASP PP and 2 × 3
unit cell with 10 Ag layers.

site slab PP k-point mesh Ea(eV) rO−O(Å) ZO−Ag(Å) Sp(µB)

H110 2 × 3 × 10 soft 4 × 4 -0.35 1.45 1.05 0.22

H001 2 × 3 × 10 soft 4 × 4 -0.38 1.42 1.24 0.00

SB 2 × 3 × 10 soft 4 × 4 -0.38 1.31 2.14 1.23

LB 2 × 3 × 10 soft 4 × 4 -0.31 1.30 1.96 1.24

O2 2 × 3 × 10 soft 4 × 4 - 1.24 9.09 -1.95

H110 2 × 3 × 10 soft 5 × 5 -0.42 1.45 1.05 0.01

H001 2 × 3 × 10 soft 5 × 5 -0.42 1.42 1.24 0.00

SB 2 × 3 × 10 soft 5 × 5 -0.37 1.31 2.14 1.21

LB 2 × 3 × 10 soft 5 × 5 -0.33 1.30 1.95 1.22

O2 2 × 3 × 10 soft 5 × 5 - 1.24 9.10 -1.95

H110 2 × 3 × 10 soft 8 × 8 -0.42 1.45 1.05 0.00

H001 2 × 3 × 10 soft 8 × 8 -0.43 1.42 1.24 0.00

SB 2 × 3 × 10 soft 8 × 8 -0.38 1.31 2.14 1.19

LB 2 × 3 × 10 soft 8 × 8 -0.33 1.30 1.95 1.23

O2 2 × 3 × 10 soft 8 × 8 - 1.24 9.13 -1.95

TABLE VI. Convergence study of adsorption wells properties in respect to the k-point sampling for GBRV [15] PP and 2 × 3
unit cell with 5 Ag layers calculated with Quantum ESPRESSO code [14].

site slab PP k-point mesh Ea(eV) rO−O(Å) ZO−Ag(Å) Sp(µB)

H110 2 × 3 × 5 GBRV 4 × 4 -0.22 1.45 1.02 0.00

H001 2 × 3 × 5 GBRV 4 × 4 -0.21 1.42 1.21 0.00

SB 2 × 3 × 5 GBRV 4 × 4 -0.27 1.30 2.18 1.30

LB 2 × 3 × 5 GBRV 4 × 4 -0.20 1.29 2.01 1.32

O2 2 × 3 × 5 GBRV 4 × 4 - 1.23 9.00 1.96

H110 2 × 3 × 5 GBRV 5 × 5 -0.26 1.45 1.00 0.00

H001 2 × 3 × 5 GBRV 5 × 5 -0.26 1.42 1.22 0.00

SB 2 × 3 × 5 GBRV 5 × 5 -0.27 1.30 2.18 1.30

LB 2 × 3 × 5 GBRV 5 × 5 -0.22 1.29 2.01 1.30

O2 2 × 3 × 5 GBRV 5 × 5 - 1.23 9.00 1.96

H110 2 × 3 × 5 GBRV 8 × 8 -0.23 1.45 1.00 0.00

H001 2 × 3 × 5 GBRV 8 × 8 -0.23 1.42 1.22 0.00

SB 2 × 3 × 5 GBRV 8 × 8 -0.26 1.30 2.18 1.31

LB 2 × 3 × 5 GBRV 8 × 8 -0.21 1.29 2.01 1.31

O2 2 × 3 × 5 GBRV 8 × 8 - 1.23 9.00 1.96

H110 2 × 3 × 5 GBRV 12 × 12 -0.24 1.45 1.00 0.00

H001 2 × 3 × 5 GBRV 12 × 12 -0.23 1.42 1.22 0.00

SB 2 × 3 × 5 GBRV 12 × 12 -0.26 1.30 2.18 1.30

LB 2 × 3 × 5 GBRV 12 × 12 -0.21 1.29 2.01 1.31

O2 2 × 3 × 5 GBRV 12 × 12 - 1.23 9.00 1.96
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II. BARRIERS BETWEEN THE ADSORPTION WELLS

Figs. 1-6 show results of climbing image nudged elastic band (CI-NEB) method for finding transition barriers
between the four wells. In all cases we use 5 images between initial and final state. The results from the 6D PES [8]
are obtained using the Atomic Simulation Environment (ASE) [16] with force convergence criteria set to 0.005 eV/Å.
The results in which the two uppermost silver layers are allowed to relax are obtained using the VASP code extended
with Transition State Tools for VASP code [17–20]. Force convergence criteria is set to 0.05 eV/Å. All other DFT
parameters are the same as those used in the construction of 6D PES [8].
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FIG. 1. Climbing image nudged elastic band method results for transition from the SB well to the H110 well. Black line
represent results for frozen surface (energy and forces are given by PES). Red line represents moving surface results (energy
and forces from VASP).
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FIG. 2. Same as Fig. 1 for transition from the SB well to the H001 well.

-0.40
-0.35
-0.30
-0.25
-0.20
-0.15
-0.10
-0.05
0.00
0.05

0 1 2 3 4 5 6

E
n
er
gy

(e
V
)

Image number

SB → LB

relaxed surface
PES

FIG. 3. Same as Fig. 1 for transition from the SB well to the LB well.
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FIG. 4. Same as Fig. 1 for transition from the LB well to the H110 well.
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FIG. 5. Same as Fig. 1 for transition from the LB well to the H001 well.
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FIG. 6. Same as Fig. 1 for transition from the H110 well to the H001 well.
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