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1. Electronic Properties of the ALCO, SiC, and AlLCO/SiC with different

functionals.
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Fig. S1. The calculated band structure and DOS of Al,CO (a, b, ¢) SiC (d, e, f), and AL,CO/SiC
(g, h, 1) with different functionals such as GGA-PBED3, GLLB-SC, and TASKCC.

2. Hirshfeld Charge Analysis of interface

The value of Hirshfeld charges on the Al,CO/SiC interface as indicated in Fig. 6(c) are O(1) =
0(2)=0(3)=0(4),0(32) =0(33) =0(34) = 0(35) = 0(36) =-0.231 e, Al(5) = Al(6) = AL(7)
= AI(8), Al(10) = Al(11) = AI(13) = 0.390 e, Al(9) = Al(12) = 0.391 e, Al(14) = Al(15) =
Al(17) = Al(19) = Al(20) = Al(21) = 0.324 e, Al(16) = Al(22) = 0.323 ¢, Al(18) = 0.325, C(23)
=C(24)=C(26)=C(27)=C(29)=C(30)=-0.470 ¢, C(25)=C(28)=C(31)=-0.471 ¢, C(37)
= (C(52) =-0.339 e, C(38) = -0.340 e, Si(39) = Si(40) = Si(41) = Si(42) = Si(43) = Si(44) =
Si(45) = Si(46) = Si(47) = 0.327 e, C(48) = C(49) = C(50) = C(51) = -0.340 e, C(53) = C(54)

=-0.340 e. This indicates that Al and Si atoms have more positive charge behaves as a donor



while O and C atoms have more negative charge behaves as an acceptor so, the overall values

of Hirshfeld charge are Al (0.391 e), Si (0.327 ¢), O (-0.231 e) and C (-0.471 e).

3. PEDA Analysis

The value of ionization energies (IE) was calculated using PEDA analysis to investigate the
type of interaction between interface and water molecule. Lower total energy values or more
favourable energy components (e.g., larger negative Egiecyrostatics Eorbital, and smaller positive
Eeric values) indicate greater stability in PEDA analysis. From Table S1 it can be seen that AD
site forms the most stable structure and this illustrates that magnitude of IE in interface is higher
than all other sites. These results are consistent with previous results such as adsorption
energies and Hirshfeld charge analysis.

Table. S1. The calculated values of Epayli, Eclectrostatic, Esteric,
Eowital, and IE per PEDA energy terms (in eV)

Site EPauli Eelectrostati Esteric Eorbital IE

C

AA 280 -2.24 056 -1.14 -0.58
AB 322 -2.49 0.73 -1.38 -0.65
AC  3.09 -2.39 069 -129 -0.61
AD  9.96 -6.16 3.81 -11.22 -7.42

4. Calculation method to find Gibbs free energy for HER and OER

The value of AG can be calculated by using equation (1):

AG , = AE, + AE —TAS
u H ZPE(H) H 1)

Where AEy represents the E,q of H atom and can be calculated using equation (2),

1
AE,=F _—E —-F
H H* * 2 H2 (2)

E *
H* and £+ represent E,4 of the interface with and without the adsorbed hydrogen atom. The

difference in zero-point energies and entropies of adsorbed H atom and '2(H) in the gas phase



AE AE

is represented by ~ZPE(H) and ASy at temperature 298.15 K. The =~ ZPE(H) can be calculated

using equation (3).

1

AEzppyy = EZPE(H * )_ Ezppcsy™ 2 EZPE(HZ) 3)

1

E,opcey —E
ZPE()andz

E .o
Where ZPE(H") ZPE(H2) are zero-point energy of the adsorbed H atom on
the catalyst, zero-point energy of the catalyst, and gas phase H,.
To identify the potential determining steps (PDS) of the OER Gibbs free energy differences
(AG) for every elementary reaction step were determined by using the formulas (4) to (8) [1,

2]:

AG; = G(HO *) (4)
AG,=G(0™)~G(HO™) 5)
AG;=G(HO0™)-G(0™) (6)
AG,=4.92—G(HOO™) (7

1
G(HY" + e)=G(—H
( e) (2 2) ®)

The E,q of the intermediates such as HO*, O*, and HOO" can be calculated using equations (9)
to (11) [3]:

AE = E(Ho*)_E(*)—(EHZO—l/ZEHZ) o
AE . = E(O*)-E(*)-(E, -E
’ (0 )-E(*) (HZO Hz) 10)
AE = E(HOO™ E 2E 3E
HOO® ( )- (*)_( Hzo_z Hz) (an

Table. S2. The calculated adsorption energy (E.q), zero-point
energy (ZPE), entropic corrections (TS), Gibbs free energy change



of different intermediate adsorbed on Al,CO/SiC surface such as
HO", 0%, HOO".

ALCO/SiC E. (eV) ZPE (eV) TS (eV) AG (eV)

HO" -1.27 2.53 -0.38 1.64
o -0.43 2.49 -0.18 2.24
HOO* -0.26 2.49 -0.52 2.75
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