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Figure S1: Figure (a)-(c) show the layer-wise averaged density of states of Cd-atoms, where I refers
to the topmost layer and BL refers to the bilayers comprising the slab. All the energies are referenced
from the respective Fermi energies of the calculations. Panel (a) and (b) correspond to unpassivated
(1010) surface unit slabs of thickness 4BL and 16BL, respectively. Panel (c) corresponds to a
pseudohydrogen passivated 5BL slab (5BL-wPH, shown in the schematic on the right) which is
used in our study for the deposition of single-atom and clusters. A comparison of (c) with (b)
shows that for 5BL-wPH slab, all the layers resemble the valence band region of the 16BL model,
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except from the bottom-most layer, where the explicit passivation occurs.
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Figure S2: Metastable sites for Ni; in the decreasing order of E,q, from left to right
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Figure S3: (A), (B) and (C) represent the metastable single-atom adsorption geometries over CdS
(1010). The panels below show their respective density of states for different metal-atoms. The
insets show the partial charge density of the bonding/antibonding states indicated in the figure.
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Figure S4: The bar plots shows the bader charge on the single-atom adsorption cases of Ni, with
and without DFT+U scheme. The Uy; = 3.5 eV was taken from the literature. The GS-i (i =
1— 3) refers to the metal-stable sites with decreasing adhesion energy from the ground state (GS).
The inset shows the magnitude of sum of bader charges on the surface Cd and S, and compared
with the magnitude of Bader charge on the Ni atom.
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Figure S5: (a) and (b) show the PDOS of the adsorbed Au; for GS and GS — 1 configurations,
respectively.
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Figure S6: Figures shows all the isolated gas-phase clusters studied, before making a selection for
CdS-deposition. The clusters are arranged (left to right) in the decreasing order of ECN, written
below them. The underlined clusters were deposited over CdS surface in this study. These clusters
have been adopted from the literature, as follows:

Ni: (a) ICO55 (Icosahedron), (b) FCC55; Pd FCC-fragment reported by Da Silva et. al.,! (c)
Cuboctahedron55, (d) CCD55; Cd geometry for Gupta potential reported by Doye et. al.,? (e)
DRC55; Pt distorted reduced core geometry reported by Da Silva et. al.,»3 (f) ICO13, (g) GS13,
Ni geometry reported by Chou et. al.* (h) Cubocahedron13, (i) Nil3 geometry from Da Silva et.
al.,% (j) PLA13; Au geometry reported by Chou et. al.4

Pd: (a)-(f) same references as mentioned for Ni clusters, (h) GS13; Pd bilayer geometry reported
by Pelzer et. al.,® (i) Cubocahedron13, (j) PLA13; Au geometry reported by Chou et. al.*

Pt: (a)ICO55 (b) FCC55; Pd FCC-fragment reported by Da Silva et. al.,! (¢) Cuboctahedron5,
(d) CCD55; Cd geometry for Gupta potential reported by Doye et. al.? (e) DRC55; Pt distorted
reduced core geometry reported by Da Silva et. al.,!® (f) ICO13, (g) Cubocahedron13, (h) GS13:
Pt geometry reported by Sun et. al.,” (i) Pt geometry reported by Chou et. al.,* (j) PLA13; Au
geometry reported by Chou et. al.*

Au: (a)ICO55 (b) Cuboctahedron55, (¢) FCC55; Pd FCC-fragment reported by Da Silva et. al.!
(d) CCD55; Cd geometry for Gupta potential reported by Doye et. al.? (e) DRC55; Pt distorted
reduced core geometry reported by Da Silva et. al.,? (f) ICO13, (g) 13Cubocahedron, (h)-(i) Auys-1,
Auys-IT geometries reported by Furche et. al.,® (j) 3D structure reported by Da Silva et. al.,® (k)
GS13; 3D structure, Auys-III, reported by Furche et. al.® (1) Au geometry reported by Munoz et.
al.? (m) PLA13; Au geometry reported by Chou et. al.*
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Figure S7: Above are the spin-densities of the gas-phase clusters selected for deposition, with
isosurface 3x1073¢/A3. The gas-phase magnetic moments are shown below the respective clusters.
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Figure S8: Figure (a) shows the variation of BE for all the isolated Au-clusters for the spin-polarised
PBE calculations, SOC-static calculation with the PBE geometry and the relaxed SOC geometry.
The inset shows the correlation of ECNpgp and after relaxing with SOC (ECNgpe) on y=x line.
Panel (b) and (c¢) show the PDOS of Au-ICO;3 cluster for SOC and spin-polarized calculation

respectively.
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Figure S9: Ni-PLA - stretched input case

Figure S10: Ni-ICOs55 and Pd-ICOs55 cases derived from a relaxed deposited Pt-ICOs5 configuration.
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Figure S11: Bader charge difference for metal atom of the clusters, Qu (i), as a function of z-
coordinate of the cell. The dashed line, marks the z-coordinate of top-layer of the the pristine CdS
surface.
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