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Fig. S1. Initial arrangement of the seven considered sites for the CO, molecule adsorption (a); the 1 to 5
CO, molecules considered adsorption sites (b); the isolated CO, molecule properties after optimization
(c); the Co SAC studied sites (d); the Co clusterization atoms sites and order (e); and the Co layer growing
disposition (f) on the MgH, clean slab. Atom color code: (white) hydrogen, (pink) magnesium, (green)

cobalt.
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Fig. S2. Top- and side-view of the 1 to 5 CO, adsorption structures. Atom color code: (white) hydrogen,

(pink) magnesium, (red) oxygen, (blue) carbon.



Table S1. MgH; first layer bond distances (A) and angles (deg.) deformation after geometric optimization
for the most stable studied structures.

® / degree r/A
System (Dl (02 0)3 0)4 rH4—H5 rHA-MgZ rHS-MgS rH4-Mg8 rHS-MgS rH4-Mg1 rHS-Mgl rH4-MgA rHs-Mga
MgH, Slab 157.78 270 182 182 202 202 344 344 344 344

co, P2 159.78 157.06 156.97 159.53 2.67 1.82 182 203 204 336 339 339 335
o, p7 156.42 157.09 163.08 156.41 2.62 1.81 182 2.02 196 342 349 336 3.26
4co, 160.46 149.94 17435 16826 262 231 181 270 182 3.02 335 335 291
CoSAC/C2 157.78 133.91 13237 159.04 3.10 1.8 1.86 3.15 321 346 356 349 3.42
CoSAC/C1 164.15 158.00 160.82 163.94 2.41 190 1.84 211 211 321 323 323 322

7 Co 128.04 123.71 147.37 157.59 2.77 2.05 2.51 2.36 231 4.38 2.68 271 4.04
4/4 Co 108.90 140.01 133.06 122.26 2.13 2.18 2.05 2.22 2.24 3.45 3.62 3.70 3.25

C3CO I 14795 153.42 15127 49.84 253 183 193 208 208 224 332 503 3.99
2CoCO I 16223 157.13 16892 14947 249 195 213 228 205 3.60 295 290 3.74
C2CO,+4H 169.00 15671 15422 157.53 238 271 184 212 244 410 380 238 226
2CoCO +4H 16091 160.61 158.65 161.06 2.31 209 198 224 194 330 325 303 341

Table S2 Adsorption energy (per atom) for n Co atoms clusterization (1 to 9 atoms) on MgH, surface. The

value for the configuration with the highest energy (7 Co) is reported in bold.

ClusterCo  E_,_(eV)

1Co -7.93
2Co -8.16
3Co -9.70
4 Co -9.43
5Co -3.09
6 Co -5.24
7 Co -10.55
8 Co -8.75

9 Co -8.80




Table S3 Adsorption energy (per atom) for n Co atoms MgH, surface coverage (1/4 to 4/4 coverage). The

value for the configuration with the highest energy (4/4 Co coverage) is reported in bold.

LayerCo  E_, (eV)

1/4 -7.18
2/4 -7.78
3/4 -8.98

4/4 -9.43




Table S4. Interatomic distances in A, between cobalt atoms for the 1 to 9 atoms cluster formation
structures. Subscripts indicate Co atom number, as well as the addition order. Atom color code: (white)
hydrogen, (pink) magnesium, (green) cobalt.

Cluster Co

1Co 2 Co 3 Co 4 Co 5Co 6 Co 7 Co 8 Co 9 Co

r, /A - 217 225 228 225 246 389 376  3.60
r /A - - 226 220 225 219 273 340 259
r /A - - - 228 223 229 223 231 255
r /A - - - - 222 230 284 265  3.65
r A - - - - - 226 225 226 232
A - - - - . 227 230 228
re/A - - - . . . : 224 223
/A - - . - - . . : 2.28
r,/A - - 229 238 346 225 - - -

r /A - - - - - 2.21 2.25 221 240
/A - - - - - - 270 266 228
r,/A - - - 26 277 383 423 - -

r,, /A - - - - - ; 222 229 236
ro/ A - - - - 358 230 338  3.99 -

e/ A - - - - - - - 232 226
r., /A - - - - 2.73 - - - -

ro. /A - - - - - 224 239 225 231
oA - : - - - - . . 2.57




Table S5. Interatomic distances in /3\, between cobalt atoms of the 1/4 to 4/4 coverage layer of Co
structures. Numbers indicate Co atom number, as well as the addition order, where 1/4 coverage
corresponds to 1-4 atoms, 2/4 coverage to 1-6 atoms, 3/4 coverage to 1-8 atoms and 4/4 coverage to 1-9
atoms. Atom color code: (white) hydrogen, (pink) magnesium, (green) cobalt.

rCo-Co/ A 1 2 3 4
4 Co 4 Co 4 Co 4 Co
rl_2 2.40 2.31 2.41 2.29
r1_3 2.32 2.32 2.83 2.28
r1_4 2.20 2.43 2.21 2.81
rl_s - 2.32 2.56 2.41
r - - 2.25 2.61
1-7
r - - 2.27 2.27
1-8
r2_4 2.27 2.16 2.30 2.45
r - 2.26 2.30 2.31
2-5
r - 2.19 2.24 4.15
2-6
r3_4 2.28 2.20 2.26 2.38
r - - 4.03 3.05
3-8
r - - - 2.17
39
' i . 2.34 2.64
5-7
r - - 2.21 2.60
7-8
- - - 2.26

r
8-9




Fig. S3. Top- and side-view of the Co clusterization (1 to 9 atoms) structures. Atom color code: (white)

hydrogen, (pink) magnesium, (green) cobalt.
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Fig. S4. Top- and side-view of the Co coverage (1/4 to 4/4 slab coverage) structures. Atom color code:

(white) hydrogen, (pink) magnesium, (green) cobalt.

Fig. S5. Detail of the of the geometric parameters related to 7 Co on MgH, structure.
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Fig. S6. Top- and side-view of the CO, adsorption on Co SAC structures for the C2 — C5 sites and considering
parallel (a) and perpendicular (b) CO, orientation with respect to slab surface. Atom color code: (white)

hydrogen, (pink) magnesium, (green) cobalt, (red) oxygen, (blue) carbon.
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Fig. S7. Top- and -side view of the CO, adsorption on C3 Co SAC and 2 Co doped structures considering
parallel (a) and perpendicular (b) CO, disposition with respect to slab surface. Atom color code: (white)

hydrogen, (pink) magnesium, (green) cobalt, (red) oxygen, (blue) carbon.
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Fig. S8. Top- and -side view of 1 CO, + 2 (a) and 4 (b) H, adsorption on C2 Co SAC and 2 Co doped structures.

Atom color code: (white) hydrogen, (pink) magnesium, (green) cobalt, (red) oxygen, (blue) carbon.



Table S6. Bader ionic charges for CO, (C;, O, and O,) and surface (first and second MgH, layer, H; — Hg
and Mg, — Mgg) atoms after CO, adsorption on MgH, for configuration P2, P7 and 4 CO,.

MgH, Slab

Atomn MgH,Slab  co, 1CO,P2  1CO,P7 4co,
lonic charges
. -0.76 - -0.76 -0.76 -0.74
R -0.75 - -0.76 -0.76 -0.74
Mg,  +1.55 - +1.56 +1.53 +1.60
Mg,  +1.55 - +1.55 +1.54 +1.57
H, -0.78 - -0.76 -0.75 -0.76
First layer  H, -0.76 - -0.74 -0.76 -0.16
(MgH,) . 076 - -0.75 0.76 0.74
H, -0.76 - -0.76 -0.75 -0.74
Mg,  +1.55 - +1.55 +1.57 +1.59
Mg,  +1.55 - +1.56 +1.54 +1.58
H, -0.75 - -0.76 -0.76 -0.75
H, -0.76 - -0.76 -0.76 -0.74
second layer Mg +1.56 - +1.57 +1.57 +1.58
(MgH,) 8
0,(1) - +0.22 -1.02 -1.07 -1.07
0,(1) - +0.22 -0.99 -1.01 -0.95
C,(1) - -0.44 +1.95 +2.11 +1.98
0,(2) - - - - -1.12
0,(2) - - - - -1.22
o, C,(2) - - - - +1.56
0,(3) - - - - -1.01
0,(3) - - - - -1.10
c,3) - - - - +2.07
0,(4) - - - - -1.02
0,(4) - - - - -1.07

C,(4) - - - - +2.05




Table S7. Bader ionic charges for Co (Co, - Cy) and surface (first and second MgH, layer, H, — Hg and Mg,

— Mg;g) atoms after Co adsorption in configuration C2, 4/4 Co and 7 Co.

MgH, Slab

MgH, Slab Co 1Co C2 4/4 Co 7 Co
Atom lonic charge
H, -0.76 - -0.76 -0.43 -0.50
H, -0.75 - -0.76 -0.80 -0.77
Mg, +1.55 - +1.52 +1.52 +1.49
Mg, +1.55 - +1.56 +1.48 +1.50
H, -0.76 - -0.76 -0.53 -0.51
Firstlayer ~ H, -0.76 - -0.56 -0.26 -0.35
(MgH,) H, -0.76 - 0.56 -0.36 -0.28
H, -0.76 - -0.75 -0.32 -0.48
Mg, +1.55 - +1.56 +1.53 +1.50
Mg, +1.55 - +1.53 +1.50 +1.55
H, -0.75 - -0.76 -0.48 -0.76
H, -0.76 - -0.75 -0.53 -0.54
Second layer Mg +1.56 - +1.58 +1.55 +1.55
(MgH,) 8

Co - -4.60 x 10 -0.32 -0.05 -0.26
Co, - - - -0.30 -0.04
Co, . - - -0.21 -0.03
Co, - - - -0.43 -0.49
Co Co, - - - -0.37 -0.32
Co, - - - -0.23 -0.31
Co, - - - -0.12 -0.24

Co, - - - -0.20 -

Co, - - - -0.38 -

Table S8. Bader ionic charges for CO, (C,, O, and 0,), H, (H; and H;), Co (Co, — C,) and surface (first and

second MgH, layer, H, — Hg and Mg, — Mgs) atoms after CO, / H, adsorption in configuration C3 CO2 I,2

Co COz Il, C2 COz +4H,and 2 Co CO2 +4 Hz.



MgH, Slab 2CoCO, I C2C0,+4H, 2CoCO,+4H,

MgH, Slab H, €3CO,ll 2CoCO,ll C2CO,+4H, 2CoCO, +4H,

Atom
lonic charge
, 076 - -0.78 -0.63 -0.75 -0.60
, 075 - 079 -0.75 -0.76 -0.75
Mg,  +1.55 - +1.56 +1.55 +1.59 +1.57
Mg,  +1.55 - +1.55 +1.55 +1.61 +1.58
H,  -0.76 - -0.76 -0.75 -0.75 -0.75
First layer  H, -0.76 - -0.79 -0.64 -0.40 -0.61
(MgH)  H. 076 -  -0.65 051 -0.59 -0.55
s 076 - -0.36 -0.77 -0.75 -0.75
Mg,  +1.55 - 4151 +1.60 +1.56 +1.55
Mg,  +1.55 - +1.60 +1.53 +1.55 +1.55
H,  -0.75 - -0.79 -0.75 -0.76 -0.75
s 076 - -0.50 -0.50 -0.75 -0.55
second layer Mg,  +1.56 - +1.59 +1.57 +1.57 +1.57
(MgH,) 8
0, - - -0.99 -1.14 -1.14 -1.01
co, 0, - - -1.16 -1.03 -1.15 -1.02
o) - - 4122 +1.11 +1.21 +1.06
o Co, - - +0.20 -0.03 +0.43 +0.06
Co, - - - +0.19 - +0.10
H, (1) - +0.97 - - +1.00 +0.97
H,(1) - +1.03 - - +1.01 +1.04
H, (2) - - - - +0.95 +0.94
H H,(2) - - - - +1.06 +1.08
2 H,(3) - - - - +1.06 +1.01
H,(3) - - - - +0.97 +1.01
H, (4) - - - - +0.99 +1.03
H, (4) - - - - +1.02 +1.00

Table S9 Valence Bader charges difference (charge before adsorption — charge after adsorption) for the
CO, (C4, 01 and 0,) and the surface (first and second MgH, layer, H, — Hg and Mg, — Mgg) atoms after the
CO, adsorption in configuration P2, P7 and 4 CO,.



MgH, Slab

ico,p2 1CO,P7 4CO,

Atom
Charge difference
H, 0.00 0.00 -0.01
R 0.00 0.00 -0.01
Mg, -0.01 +0.01 -0.05
Mg, 0.00 0.00 -0.02
H, 0.00 -0.01 +0.01
First layer H, -0.01 0.00 -0.60
(MgH,) . -001 000  -0.02
H, 0.00 0.00 -0.02
Mg, 0.00 -0.02 -0.04
Mg, -0.01 +0.01 -0.03
H, 0.00 0.00 0.00
H, 0.00 +0.01 -0.01
second layer Mg -0.01 -0.01 -0.01
(MgH,) 8
0,(1)  +0.80 +0.85 +0.85
0,(1)  +0.76 +0.79 +0.73
c(1)  -1m:1 -1.67 -1.54
01(2) - - +0.90
0,(2) - - +1.00
o, C,(2) - - -1.12
0,(3) - - +0.79
02(3) - - +0.87
c,3) - - -1.63
0,(4) - - +0.80
0,(4) - - +0.84
C.(4) - - -1.61

Table S10 Valence Bader charges difference (charge before adsorption — charge after adsorption) for the
Co (Co; - Co) and the surface (first and second MgH, layer, H; — Hg and Mg, — Mgs) atoms after the Co

adsorption in configuration C2, 4/4 Co and 7 Co.



MgH, Slab

Atom 1CoC2 4/l.l Co 7 Co
Charge difference
H, 0.00 -0.33 -0.26
H, +0.01 +0.05 +0.01
Mg, +0.02 +0.02 +0.06
Mg, -0.01 +0.07 +0.04
H, 0.00 -0.23 -0.25
Firstlayer ~ H, -0.20 -0.50 -0.41
(MgH,) H, -0.20 -0.40 -0.47
H, 0.00 -0.43 -0.28
Mg, -0.01 +0.02 +0.05
Mg, +0.02 +0.05 0.00
H, +0.01 -0.28 0.00
H, 0.00 -0.22 -0.22
Second layer Mg -0.02 +0.02 +0.01
(MgH,) 8

Co, +0.32 +0.05 +0.26
Co, - +0.30 +0.04
Co, - +0.21 +0.03
Co, - +0.43 +0.49
Co Co, - +0.37 +0.32
Co, - +0.23 +0.31
Co, - +0.12 +0.24

Co, - +0.20 -

Co, - +0.38 -

Table S11 Valence Bader charges difference (charge before adsorption — charge after adsorption) for the
CO; (C4, Oy and 0,), the H, (H; and H,), the Co (Co; — Cg) and the surface (first and second MgH, layer, H;
— Hg and Mgy — Mgg) atoms after the CO, / H, adsorption in configuration C3 CO2 II,2 Co CO2 Il, C2 CO2 +4

H, and 2 Co CO2 +4 Hz'



MgH, Slab 2CoCO, |l C2C0,+4H, 2CoCO,+4H, 1

atom 20 I 2CoCO,lI €2CO,+4H,2C0CO,+4H,
Charge difference
. +0.02 -0.13 -0.01 -0.16
, +0.04 -0.01 0.00 -0.01
Mg, -0.01 0.00 -0.04 -0.03
Mg, -0.01 0.00 -0.06 -0.03
H, 0.00 0.00 -0.01 0.00
First layer H, +0.04 -0.12 -0.36 -0.15
(MeH,) H, 011 -0.25 -0.17 021
. -0.39 +0.01 0.00 0.00
Mg,  +0.04 -0.05 -0.01 0.00
Mg, -0.06 +0.02 0.00 -0.01
H, +0.03 -0.01 0.00 0.00
. -0.26 -0.25 0.00 -0.20
second layer Mg -0.03 -0.01 -0.01 -0.01
(MgH,) 8
0, +0.77 +0.93 +0.92 +0.79
Co, 0o, +0.94 +0.81 +0.93 +0.79
C, -0.78 -0.67 -0.77 -0.62
o Co, -0.20 +0.03 -0.43 -0.06
Co, - -0.19 - -0.10
H, (1) - - +0.03 0.00
H, (1) - - -0.02 +0.02
H,(2) - - -0.02 -0.03
H H,(2) - - +0.03 +0.05
2 H,(3) - - +0.09 +0.03
H,(3) - - -0.06 -0.02
H, (4) - - +0.01 +0.05
H,(4) - - -0.01 -0.03

Table S12: k-points grid convergence set for MgH, clean systems. For this test, a 2x2 supercell has been
employed.

k-points grid E, (Ry)




-71.9781

4x4x4
5x5x5 -71.9797
6x6x%6 -71.9801
8x8x8 -71.9800
12x12x12 -71.9800
16x16x16 -71.9800
20x20x20 -71.9800
24x24x24 -71.9800
28x28x28 -71.9800
-71.9780
-71.9785
-71.9790 +
>
o
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Figure S9. Surface energy for MgH2 clean structure as a function of the k-points grid



