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1 Details of bulk TM compounds

We have used L1 phase of bulk NiPt, FePt, FePd, MnPt, MnPd, CoPt and L1, phase of CoPt;, MnPt3,
FePt3, NiPt; and CosPt for calculating theoretical lattice parameter. The obtained optimized lattice pa-
rameters along with the available experimental and other theoretical values are reported in Table
We have constructed (111) surface from the optimized lattice parameters to calculate the adsorption
energy of adatoms.

2 Adsorption energy of magnetic bimetallic transition metal sur-
faces

The calculated adsorption energy for O and OH molecule in bimetallic magnetic transition metal (TM)
surface and the monometallic TM surface in close-packed structure is presented in Table

2.1 Parameters associated with scaling relation

Pearson correlation coefficient matrices are calculated for the bimetallic magnetic TM surfaces, which
is a measure of the linear association between two variables x and y, where x,y € {®;}. The parameters
of the set {®;} is presented in Table

3 DDECS6 charges of O and OH adatoms

We have reported the values calculated from DDEC6 analysis in Table For any electronic charge
partitioning scheme, the absolute magnitude of the charges in the particular system is of less impor-
tance than their relative charges.



Table S1 The theoretical lattice parameters for bimetallic TM magnetic compounds in bulk form along with
available experimental (in parentheses) and other theoretical values and the calculated magnetic moment for
bimetallic TM magnetic compounds with other available theoretical and experimental data (in parentheses).

Compounds ain A cinA Mag. mom in ug
MnPd 4.11, (3.820) 3.58, (3.687)  3.42,3.78" (4.4")
4.09, (4.0 3.62, (3.67°) .
FePd 3.84, (3.859) 3.77, (3.71¢)  3.25, (3.29)
3.87, (3.8529) 3.75, (3.713%), ,
FePt 3.838¢. 3.88/ 37394 3.78/ 3.32, 2.93(Fe),0.29(Pt)
CosPt 3.67, 3.66¢ - 5.75, 5.66
3.94, 3.91¢
MnPt; 3.03¢ - 4.2, 4.08',(4.04™)
3.92, (3.866%) l. l
FePt; 3.88¢. 3.914 - 4.39, 3.30¢, 4.454
CoPt 3.82, 3.79/ 3.70f 2.33, 1.6(Co)¥,0.3(Pt)*
3.27, 2.29¢
d _ ) -
CoPt; 3.89, 3.83 (2.437). 2.652!
NiPt 3.85, 3.814 3.63, 3.53¢ 2.15,1.035 ¢
NiPt; 3.89, 3.89" - 0.81
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Systems *A (])5 ads (e*\(/))H Systems fg“ds (e*\gH
MnPd |-6.18 -3.98 Fe -7.02  -3.83
MnPt -6 -3.66 Pd 4.6  -2.17
FePd -6.05 -3.75 Pt -4.53 -2.03
FePt -5.79 -3.47 Co -4.49 -2.66
CosPt -5.89 -3.56 Ni -3.43 -1.94
MnPt3 5.1 -2.89 Au -3.33 -1.49
FePt; | -5.01 2.8 | Ag | -3.73 -2.16
CoPt -5.37 -3.14 Cu -3.2  -2.23
CoPt; -4.96 -2.69
NiPt -4.84 -2.5
NiPt; | -4.84 -2.57

Table S2 Adsorption energy, AE,; for stable site (fcc site) of bimetallic TM magnetic systems and monometallic
TM (Top-ste) in close packed surface, for *O and *OH adsorbate.

Table S3 Average valence electron (NV,,), work function (¢), of clean slab as well as with the presence of
adsorbates, magnetic moment projected on surface, my,,r, net charge transfer 6~ with the presence of O and
OH molecule and the adsorption energy of O and OH adsorbate in magnetic bimetallic TM surface.

SyStemS NVyy (Psl ab | Msurf AEL% 5 50_ (DO AEL%[;I 80_]-] ¢0H
MnPd 85 | 447|205 |-6.18 | -0.36 | 5.37 | -3.98 | -0.2 | 4.17
MnPt 85 472197 | -6 -0.32 | 5.29 | -3.66 | -0.19 | 4.55
FePd 9 4.72 | 1.7 -6.05 | -0.36 | 5.42 | -3.75 | -0.17 | 3.26
FePt 9 485|173 |-5.79 | -0.34 | 5.48 | -3.47 | -0.16 | 3.43
CosPt 9.25 | 5.03 | 1.52 | -5.89 | -0.33 | 5.54 | -3.56 | -0.15 | 3.26
MnPt3 9.25 | 5.24 | 1.03 | -5.1 |-0.29 | 5.68 | -2.89 | -0.17 | 3.73
FePt; 95 |538|1.08 |-501]|-0.3 |575|-28 -0.17 | 3.674
CoPt 9.5 |5.11|1.20 | -5.37 | -0.31 | 5.69 | -3.14 | -0.14 | 3.52
CoPt3 9.75 | 5.33 | 0.74 | -4.96 | -0.27 | 5.78 | -2.69 | -0.13 | 3.65
NiPt 10 5.33 | 0.54 | -4.84 | -0.25 | 5.75 | -2.5 -0.15 | 3.62
NiPt; 10 5.51 | 0.29 | -4.84 | -0.25 | 5.86 | -2.57 | -0.11 | 3.69

Table S4 Correlation between selected variables, {®;} and the adsorption energy of O and OH adsorbate. The
slope and the intercept of adsorption energies as a function of work function of slab (¢y.»), average valence
electron (NV,,) for bimetallic magnetic TM surfaces with O and OH adsorption. All parameters are linearly
correlated with adsorption energy.

Plots O OH
slope | intercept | slope | intercept
Outap VS AEags | 1.52  -13.15 | 1.5 -10.79
NV, vs AE,4, | 0.91 -13.94 0.8 11.68
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Figure S1 Adsorption energies as a function of (a) work function of slab (¢y.»), (b) the average valence electron
(NV,,) of bimetallic magnetic TM surface. The adsorption energy scale linearly with all parameters in both O
and OH adsobate.

4 T L I =P 7 4 T T T
EF E,
— Fe-d
21 — Pt-d -
; — ~
3 —Hs |2
2 =
5"
N 2
§ :
4| |
PR IS SR S RN SR S AT SR R RS i
6 3 0 3 r 3 0 3
Energy (eV) Energy (eV)
(@ (b)

Figure S2 DOS for (a) FePt with *OH adsorption, (b) for Fe with *OH adsorption. The hybridization of Fe-d
with Pt-d states is significant in majority spin only for FePt, whereas charge transfer occurs from Fe to Pt in
the minority spin of FePt. It is the majority spin d-states which strongly hybridized with p-states of O-atoms in
FePt. The scenario is almost similar with the O adsorption. The DOS profile remains almost similar as FePt
for other bimetallic magnetic TM surface and for monometallic TM, it is similar with Fe.
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Figure S3 Iso-surface of differential charge density for (a, ¢) majority spin of Fe with *O and *OH adsorption,
respectively (b, d) minority spin of Fe with *O and *OH adsorption, respectively. The red and blue colors
represent the electron accumulation and depletion, respectively. Charge density isosurface was set to 0.005
e—3. The sphere in golden, red and white color represents Fe, O, H atoms respectively. The accumulated
charge in *O is more abundant than that in *OH, suggesting that the chemical bond for the *O adsorption is
more stable than that for “OH adsorption. A similar observation is also noticed for remaining materials under
study.



Table S5 Adsorption energy AE,;5,net DDEC6 charges of O and OH adatom in *O and *OH adsorption.

AE,z; (eV) DDEC6
O | *OH | 6,:0 | 6,,:0H
MnPd |-6.18 | -3.98 | -0.36 -0.2
MnPt -6 | -3.66|-0.32 | -0.19
FePd |-6.05|-3.75|-0.36 | -0.17
FePt -5.79 | -3.47 | -0.34 | -0.16
CosPt |-5.89 | -3.56 | -0.36 | -0.15
MnPt; | -5.1 |-2.89 | -0.29 | -0.17
FePt; |-5.01| -2.8 | -0.3 -0.17
CoPt |-5.37|-3.14|-031| -0.14
CoPt3 | -4.96 | -2.69 | -0.27 | -0.13
Nipt | -4.84| -2.5 | -0.25 | -0.15
NiPt3 | -4.84 | -2.57 | -0.25 | -0.11
Fe -7.02 | -3.83 | -0.32 | -0.24
Pd -4.6 |-2.17 | -0.36 | -0.34
Pt -4.53 | -2.03 | -0.29 | -0.29
Co -4.49 | -2.66 | -0.3 -0.26
Ni -3.43 | -1.94 | -0.3 -0.3
Au -3.33 | -1.49 | -0.37 | -0.37
Ag -3.73 | -2.16 | -0.47 | -0.43
Cu -3.2 | -2.23 | -0.42 | -0.37

Systems

Table S6 Adsorption energy, AE,;, for stable site of bimetallic TM magnetic systems for *CH, and *NH, adsor-
bate, where x=1,2.

AE 45 (eV)
*C *CH | *CH; | *N *NH | *NH,
MnPd -6.53 | -6.07 | -4.16 | -5.53 | -4.71 | -3.26
MnPt -6.51 | -6.11 | -4.11 | -5.4 | -4.72 | -2.46
FePd -6.64 | -6.14 | -4.07 | -5.26 | -4.66 | -2.78
FePt -6.24 | -6.25 | -4.16 | -5.16 | -4.55 | -2.72
CosPt -6.73 | -6.23 | -4.1 | -5.34 | -4.65 | -2.82
MnPt; -6.44 | -6.09 | -4.24 | -4.78 | -4.23 | -2.57
FePt3 -6.54 | -6.2 | -4.2 | -4.68 | -4.16 | -2.47

Systems

CoPt -6.7 |-6.2 |-41 |-5.01]-4.37|-2.63
CoPt3 -6.8 | -6.34|-3.78 | -4.84 | -4.2 | -2.56
NiPt -6.84 | -6.23 | -4.15 | -4.95 | -4.14 | -2.56

NiPt3 -6.88 | -6.43 | -4.22 | -4.85 | -4.21 | -2.57
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