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Chemicals: All chemicals were purchased from Sigma Aldrich and used without further
purifications (United States, ACS reagents grades). Carbon cloth (CC) was purchased from

WizMAC Inc. (Republic of Korea, thickness: 0.6 mm, specific surface area: 800 m?/g).

Preparation of CC support: CC was cleaned in the mixture of nitric acid and DI water solution
with a volume ratio 3:1 for 1 h at 100°C. The solution was stirred at 100 rpm during 1 h. Then,
subsequent washing was followed using water and ethanol for several times. The cleaned CC

was dried at room temperature overnight.

Synthesis of Ni-LDHs: Typically, as-prepared CC was immersed in 100 ml of DI water. 1.141
g of Ni (I) chloride hexahydrate (NiCl,-6H,0) was dissolved in the solution at room
temperature, and then sonication was performed about 10 min in order to perfectly dissolve Ni
precursor. The resulting mixture was transferred to a 120-mL Teflon®-lined stainless-steel
autoclave and hydrothermally reacted at 120°C for 3 h. The resultant product was washed
several times using DI water and ethanol. Subsequently, the final product was dried under air

at room temperature for overnight.

Synthesis of NF-LDHs: Synthesis method for NF-LDHs was same as that of Ni-LDHs, except
that 0.298 g of iron (II) chloride tetrahydrate (FeCl,-4H,0) was added to the solution before

hydrothermal reaction.

Synthesis of NFA-LDHs: Synthesis method for NFA-LDHs was same as that of NF-LDHs,
except that 0.15 g of aluminum tetrachloride (AICl;) was added to the solution before

hydrothermal reaction.

Synthesis of NFAC-LDHs: 1.46 g of Co(NO3-6H,0O) and 5 mg of cetrimonium bromide

(CH3(CH;)15N(Br)(CHs3);, CTAB) were dissolved in a 100 ml of methanol. In addition, 3.28 g



of 2-methylimidazole was dissolved in a 100 ml of methanol by stirring about 10 min at 200
rpm. Same volume amount of each solutions were homogeneously mixed together, and then
the NFA-LDHs was placed at the middle of solution for aging 24 h at room temperature. During
aging process, ZIF-67 was homogeneously deposited onto the NFA-LDHs nanosheets. The
resulting NFAC-LDHs was washed with DI water and ethanol for several times. Subsequently,

the final product was dried under air at room temperature for over night

Synthesis of NFAC-MELDHs: NFAC-LDHs was electrochemically activated via a 50
continuous cyclic voltammetry (CV) cycles in an OER potential window (1.23 ~ 1.60 Vgyg) in
a 1.0 M KOH solution using a scan rate of 50 mV s!. During the CV cycling, the Co atoms in
ZIF-67 were incorporated into NFAC-LDHs with a homogeneous chemical blend of different

metals.

Synthesis of NFAC-MELDHs via one-step hydrothermal route: 1.141 g of Ni (II) chloride
hexahydrate (NiCl,-6H,0), 0.183 g of iron (II) chloride tetrahydrate (FeCl,-4H,0), 0.012 g of
aluminum tetrachloride (AICl;), and 0.027 g of Co(NO;-6H,0) were dissolved in 100 ml of DI
water at room temperature where the as-prepared CC was placed, and then sonication was
performed for about 10 min in order to perfectly dissolve Ni precursor. The resulting mixture
was transferred to a 120-mL Teflon®-lined stainless-steel autoclave and hydrothermally reacted
at 120°C for 3 h. The resultant product was washed several times using DI water and ethanol.

Subsequently, the final product was dried under air at room temperature for overnight.

Determination of Electrochemical Double Layer Capacitance (Cy): The CV test was
conducted in an O,-saturated 1 M KOH solution to estimate the Cgy at non-faradaic potentials
(1.1 Vgug ~ 1.2 Vrgge). CV measurements were performed at various scan rates (20, 40, 60, 80,

100, and 120 mV s™!). The difference in current density between the anodic and cathodic
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sweeps (JanodicJcathodic) at the middle of potential range was plotted as a function of the scan

rate, where the slope has a linear relationship with the Cy of the catalyst.

_ja_jc_ja+|jc|_ Aj
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dl
(1)

where j, and j. are the anodic and cathodic current density, respectively, recorded at the middle

of the selected potential range and V is the sweep rate.

Determination of Electrochemical Surface Area (ECSA): The ECSAs of samples have been
attained from the measured Cg. The current generated in the non-Faradaic region is due to
charging of double layer and shows linear relationship with the active surface area. Generally,
the specific capacitance of 1cm? flat surface area is equal to Cy value of 20 — 60 pF cm? with

an average value of 40 uF cm2.3 Hence, the Cy can be converted to the ECSA as below.
ECSA = Cy of catalyst (mF cm>2)/0.04 (mF cm™) 2)

Density Functional Theory Calculations: Density functional theory (DFT) calculations were
performed using the generalized gradient approximation (GGA) with Perdew—Burke—
Ernzerhof (PBE) parameterization and quantum espresso (QE) from Materialssquare Inc. To
investigate the catalytic mechanism of nickel-based LDHs more precisely, we did not use an
anhydrous B-NiOOH-type phase shown in several studies* but a y-NiOOH-type phase, in
which water and cations are intercalated between layers. For cell shape and volume relaxations
of (oxy)hydroxide compounds, we used 2 x 2 x 4 k-point grids and a 90 Ry energy cutoff of

the wave function, which ensured electronic and ionic convergence. The convergence criterions



of the structural relaxation and electronic self-consistency for energy and forces set were
chosen as 1078 Ry and 0.000038 Ry/bohr, respectively. To evaluate the solvation energy of
OER intermediates, an 20A thick vacuum-layer was placed within the periodic cells repeated
in the x-axis to obviate interactions. We also considered the van der Waals interactions using

DFT-D3(BJ) method. Note that all calculations were spin-polarised.

We calculated the reaction free energy diagram of oxygen evolution:

40H™ 4 % — 30H- + OH* + e~ — 20H ™ + 0%+ 120 1 2e— — OH™ 4 oom* + 120 1 3¢~

— 00% +2H20 1 4e— — 024 920 4 4o 1

A recent study showed that under OER conditions, the under-coordinated surface O in MFe-
OOH (M: transition metals) is expected to be saturated with hydrogen to form bridge OH
species. Simultaneously, under-coordinated metal sites become saturated with the atop OH
species when the surface approaches equilibrium in the electrolyte. Hence, we applied a Mars

van Krevelen-type mechanism to calculate the reaction free energy diagram.

In this model, the first reaction step starts from the deprotonation of surface OH taking place
at the in situ surface phase rather than initiating from OH adsorption. Accordingly, the binding
energies were calculated for O*, OOH*, and OO* intermediates at the most favorable
adsorption sites for each LDH system. The Gibbs free energy for absorption was computed by
a method proposed by Nerskov for each reaction step based on the four-electron reaction

pathway in alkaline media, which can be written as follows:

AG(0*)=G(0*)-G(OH™) + o.5y£2+AGU+AGpH G

AG(OOH™)=G(0OH™) = G(OH") + pyy =ty o+ AGy + AGy W
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AG(00™)=G(00") - G(OH™) + 1.5y,§’2 E “”(2)0 +AG, +AG,, )

where AG(O " )' AG(OOH *) and AG(OO *) are the absorption energies for intermediates (O,

0 0
U u
OOH, 0OO) adsorbed on the surface, H2 and "™2° chemical potential of Hy(g) and H,O(g),

AGy electron energy shift by bias, and AGPH the free energy of H*-ions. In this work, the

calculation condition was set to pH = 0, thus the correction value AGyh can be ignored. AGy i

-eU, where U was the potential of the electrode relative to the standard hydrogen electrode. G;

0
and #i can be expressed as follows:

G,=E,+ZPE,~TS, 1 =E{+ZPE,~TS, ©)

where E, is the energy of individual adsorbed intermediate (O, OOH, OO) obtained from DFT

calculations. E ? energy of H, and H,O molecules obtained from DFT calculations, ZPE zero-
point energy, S entropy. ZPE and S are shown in Table S1. RDS was determined as the reaction
step where the highest energy barrier (AGi— AGii i and ii are the initial and final reaction
steps, respectively) presents. Overpotential was calculated as the potential difference between
one that requires to induce down-hill energy landscapes for all reaction steps involved in OER

and the equilibrium potential of 1.23 V.

Table S1. ZPE corrections (T = 298 K) and entropy contributions for gaseous molecules and

reactants on LDH's surface.

System ZPE (eV) TS (eV)
H,0(g) 0.562 0.67%
H,(g) 0.272 0.412



O* 0.084° 0.05°

OH* 0.386° 0.07°
OOH* 0.457° 0.16°
00O* 0.155¢ 0.1¢

a P. W. Atkins, Physical Chemistry, sixth ed., Oxford University Press, Oxford (1998).
b M. Li et al., Journal of Catalysis 314 (2014) 66.

¢ Mean value among O, OH and OOH



Figure S1. SEM images of (a-c) bare CC and (d-f) Ni-LDHs.
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Figure S2. SEM images of Ni-LDHs with different amounts of Ni precursor. Percentage in the
labels means relative mass ratio of Ni (II) chloride hexahydrate (NiCl,-6H,0) compared to
2282 g.
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Figure S3. LSV curves for NF-LDHs with different molar ratios of Ni:Fe measured in 1.0

M KOH.
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Figure S4. SEM images of NF-LDHs with different Ni:Fe molar ratios.
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Figure SS. LSV curves for NFA-LDHs with different amounts of Al precursor measured in
1.0 M KOH.



Figure S6. SEM images of NFA-LDHs with the molar ratio of Ni:Fe:Al as 0.95:0.10:0.05.
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Flg . (a-c) SEM imFAC-LDHs and (d) the EDX mappin .} for the ZIF-
67 polyhedrons.
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HAADF

Figure S8. (a-b) HR-TEM images of Ni-LDHs where the inset shows corresponding SAED
pattern. (¢) EDX mapping images for Ni, O, and overlay.
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Figure S9. (a-b) HR-TEM images of NF-LDHs where the n
pattern. (¢) EDX mapping images for Ni, Fe, O, and overlay.

shows corresponding SAED
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Flgure S10. (a b) HR-TEM 1mages of NFA-LDHs where the inset shows correspondmg
SAED pattern. (¢) EDX mapping images for Ni, Fe, Al, O, and overlay.
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Figure-Sll. STEM EELS mapping results of NFAC-MELDHs for Ni, Fe, Ai, Co, and
overlay.
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Figure S12. XRD patterns of (a) NF-LDHs, NFA-LDHs, NFAC-LDHs, NFAC-MELDHs
and (b) Ni-LDHs.
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Figure S13. Ni 2p and Fe 2p XPS spectra for NF-LDHs, NFA-LDHs, NFAC-LDHs, and
NFAC-MELDHEs.
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Figure S14. Al 2p XPS spectra for NFA-LDHs, NFAC-LDHs, and NFAC-MELDHs.

21



o

a 60  Ni-LDHs q Before CV
g dor 1 £ £
S S S
< < <
E =} 1 E E
2 Z 2
] B G
2 of 4 c s
s 4 s
bl el b
g T 1 g &
5 5 3
O wi 4 o (5]
50| 1
1 125 130 136 140 145 150 155 160 13 14 15 16 13 14 15 16 17
Potential (V vs. RHE) Potential (V vs. RHE) Potential (V vs. RHE)
® NF-LDHs Before CV
E E E
5 4 s 5
< < <
E E E
Z
a » £ £
H 2 £
4 s 5
o b o
g’ & g
H 5 5
o 5] o
20
-40
120 125 130 135 140 145 150 155 160 1.5 13 1.4 15 18 13 14 15 18 17
Potential (V vs. RHE) Potential (V vs. RHE) - Potential (V vs, RHE)
120 — T T T T T T T T 100 T T T I T T T
00 NFA-LDHs Before CV
& Eay 5
E 8- E E
S s §
< e < <«
E E H
z 4ot 2 >
@ @ ﬁ
S | S H
el el °
e T g g
3 o 3 5
40t
50|
120 125 130 135 140 145 150 1.85 150 188 13 14 ) 1% 13 4 18 18 i3
L Potential (V vs. RHE) Potential (V vs. RHE) Potential (V vs. RHE)
150 100
NFAC-MELDHs o | Before CV After CV
o100 4 N &
£ E ¥ E
G S S
< < 70 < 70 E
E wp 1 E 60 £ 60 4
z z z
g g w g w ]
s of d - s
< T g T 4 4
£ £ £
g 0 0 i
5 sl g E 3
o o w o 1
00 b i 10 10 E
0 L] B
T T T T T T T T T T T T T T T
1.28 130 1.35 1.40 145 1.50 12 13 14 15 15 17 18 1.2 13 1.4 15 16 17 18

Potential (V vs. RHE) Potential (V vs. RHE) Potential (V vs. RHE)

Figure S15. LSV curves before and after CV cycling in 1.0 M KOH for (a-c) Ni-LDHs, (d-
f) NF-LDHs, (g-i) NFA-LDHs, and (j-1) NFAC-MELDHs.
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Figure S16. (a) CV cycling, (b) LSV curves, (c¢) EIS results measured in 1.0 KOH for NFAC-
LDHs prepared via one-step hydrothermal reaction. (d) SEM images, (¢) EDS spectra, and
(f) EDS mapping images for O, Al, Co, Fe, and Ni of the NFAC-LDHs prepared via one-
step synthesis.

The SEM and EDS results confirm that of the NFAC-LDHs prepared via one-step synthesis
have a morphology and chemical composition comparable to those of the NFAC-MELDHs.
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Figure S17. (a) CV cycling, (b) LSV curves, (¢) EIS results measured in 1.0 KOH for NFAC-
LDHs after a heat treatment at 300°C in an Ar atmosphere for 3 h. (d) XRD pattern of the
sample.

The heat treatment at 300 °C for 3 h in an Ar atmosphere induced the conversion of ZIF-67 to
the LDH phase with secondary phases of Co oxide and hydroxide which is comparable to the
NFAC-MELDHSs.

24



0.40

0.36

0.32

n (V)

0.28

0.24

0.20

Figure S18. Tafel plot of Ni-LDHs calculated from the LSV curve.

Ni-LDHs
208 mV dec™
0.4 0.6 0.8
Loglj(mA cm™)i

25

1.0



aQa

10 Ni-LDHs o 1
8l °
Q
—_
o T T
=
= =3
N 4+ 6004 no 7
o° 24 o
2t & eow“ J
ol i
2 4 6 8 10 12 14 16 18 20
Z ()

C — 2
30 , NFA-LDHs 1
25} -

0
20} - i
_
:Q:, 15} ° -
=]
N o o o0 o
1.0 o oco o, i
a
g 5 g
0.5} %&9 (% i
0.0} -
3 4 5 6 7 8 9 10

Z(Q)

o

-Z" (Q)

2" (Q)

3.0

25

2.0

1.5

1.0

0.5

0.0

1.6

1.2

0.8

0.4

@ NF-LDHs

(-]

o 00?®

Z(Q

10

NFAC-MELDH

S

=]

<
o
[}

Z'(Q)

10

Figure S19. EIS results measured in the frequency range of 0.1-100 kHz at 1.50 Vgyg with
a sinusoidal amplitude of 5 mV for (a) Ni-LDHs, (b) NF-LDHs, (¢c) NFA-LDHs, and (d)

NFAC-MELDHs.

26



Qe ‘ d...
%0 37°c MFeAl /
o g [—4TC -~ arc / _
[ A / E
[ 3T s / 1 ]
L
E e E f/ g,
% 50 | "E. 20 /,/ - %‘
5wl 3 1/ s
z r = / g
[ E ol / / 1 g
5 20f 3 / / 3
& I NF-LDHs NFA-LDHs /
/4
] oL 4
"“1 A AA " " " ot 120 425 130 135 140 145 150 2 T 1:4 s
Potential (V vs RHE) Potential (V vs RHE) Potential (V vs RHE)
b . e 30 h a0
3s5fF & 145V - 1375 Vg
& 1475V, _ = ‘:25\/5"5 35 T a
Ll & & 150V, | 251 - S 1425V e— .
30 TT—a & 1525 Ve o 2145 Ve - 30} = °
= TTTe— a T s <~ -
=1 —= s 20} T - -
= 25) 1 = — —— S
< £ s £® — .
= 150 m— e —
20} 1 . = 20 ——
b e - - 145V,
15} NF-LDHs ] M NFA-LDHs T 15 NFAC-MELDHs D e
0.5 = 1.0 . . . r
s Py o Py Py s 3.00 3.05 310 315 3.20 3.25 3.10 315 320 3.25 330 3.35
AT (K1*10%) AUT (K1*109) . T (K*109)
E,=95.26+1.23 sl E,=61484078 | . E, =55.11+15.05
40 4
~
z Taof $ T2
S 35 ] S T
£ E ol £
= ZHr =1 ¥
25 -| 9 15 =
NF-LDHs . [NFA-LDHs NFAG-MELDHs
L]
20 Ty 10t T T T T 10 - .
021 0.22 023 0.24 0.25 0.26 0.27 028 0.29 0.30 0.14 0.18 018 0.20 022 0.16 0.18 020 022
n(V) 1v) 7(V)

Figure S20. OER LSV curves measured at different electrolyte temperature, Arrhenius plots
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Figure S23. Chronopotentiometry test of (a) Ni-LDHs, (b) NF-LDHs, (c) NFA-LDHs, and
(d) NFAC-MELDHs at a constant current density of 10 mA ¢m2, in 1.0 M KOH solution.
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Figure S24. Chronopotentiometry test of (a) Ni-LDHs, (b) NF-LDHs, (c) NFA-LDHs, and
(d) NFAC-MELDHs at a constant current density of 100 mA c¢cm=2, in 1.0 M KOH solution.

31



a .

O

-
o
=3

@

-1

1

o
=
@
=1
1

Current density (mA cm?)
5

-50

Current density (mA cm?)

20 4
-100

n T T T T T T
1.2 1.3 1.4 1.5 1.6 1.7 1.8
Potential (V vs RHE)

1.‘25 1.I3I] 1.‘35 1.:"] 1.215 1.I5I]
Potential (V vs RHE)
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NFA-LDHs and (d-f) NFAC-MELDHs before OER.
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Figure S27. Computed models for unary, binary, ternary, and quaternary Ni-Fe-Al-Co
LDHs systems.
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Figure S28. (a-d) OER process on the Ni-Ni bridge site of Ni-LDHs, color — Ni(green), K(blue), O(gray), H(red), and (e) the corresponding
calculated free energy diagram for OER process of Ni-LDHs.
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Figure S29. (a-d) OER process on the Ni-Fe bridge site of NF-LDHs, color — Ni(green), Fe(sky blue), K(blue), O(gray), H(red), and (e) the
corresponding calculated free energy diagram for OER process of NF-LDHs.
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Figure S30. (a-d) OER process on the atop Al site of NA-LDHs, color — Ni(green), Al(yellow), K(blue), O(gray), H(red), and (e) the
corresponding calculated free energy diagram for OER process of NA-LDHs.
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Figure S31. (a-d) OER process on the Ni-Co bridge site of NC-LDHs, color — Ni(green), Co(pink), K(blue), O(gray), H(red), and (e) the
corresponding calculated free energy diagram for OER process of NC-LDHs.
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Figure S32. (a-d) OER process on the atop Fe site of NFA-LDHs, color — Ni(green), Fe(sky blue), Al(yellow), K(blue), O(gray), H(red), and
(e) the corresponding calculated free energy diagram for OER process of NFA-LDHs.
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Figure S33. (a-d) OER process on the atop Fe site of NFC-LDHs, color — Ni(green), Fe(sky blue), Co(pink), K(blue), O(gray), H(red), and
(e) the corresponding calculated free energy diagram for OER process of NFC-LDHs.
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Figure S34. (a-d) OER process on the atop Fe site of NFAC-MELDHs, color — Ni(green), Fe(sky blue), Al(yellow), Co(pink), K(blue),
O(gray), H(red), and (e) the corresponding calculated free energy diagram for OER process of NFAC-MELDHs.
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Figure S35. Local density of states of Ni 3d calculated for Ni-Fe-Al-Co LDHs systems.
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Figure S36. Top and side views for local charge density distributions on the Ni-LDHs for
the adsorptions of oxygen intermediates.
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Figure S37. Top and side views for local charge density distributions on the NF-LDHs for
the adsorptions of oxygen intermediates.
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Figure S38. Top and side views for local charge density distributions on the NFA-LDHs for
the adsorptions of oxygen intermediates.

45



Side view Side view Side view Side view
- - - el -
2817 0 -2.992 2612 0 -2676 2737 0 -2.747

p(0*) - p(OH™) p(OOH*) - p(OH*) p(00*) - p(OH*)

Figure S39. Top and side views for local charge density distributions on the NFAC-
MELDHs for the adsorptions of oxygen intermediates.
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Table S2. Relative atomic percent in the Ni-Fe-Al-Co LDHs calculated from the quantative
EDX and EELS results.

Ni Fe Al Co o)
Ni-LDHs 36.66 - - - 63.34
NF-LDHs 27.30 5.93 - - 66.78
NFA-LDHs 29.31 5.32 0.91 - 64.45
NFAC-LDHs 30.96 5.94 0.60 0.61 61.90
NFAC-MELDHs ¢ 55 4.35 0.60 1.23 67.47

(EELS)
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Table S3. A comparison of catalytic OER activity for NFAC-MELDHs with transition metal

based electrocatalysts in alkaline electrolyte.

10 100 Loading
Catalyst Electrolyte m o Tafel slo;_)le amount Reference
(mYV) (mYV) (mV dec?) 2
(mg cm?)
NFAC-MELDHs 1 M KOH 160 220 29 0.28 This work
Co,Fe-LDH 1 M KOH 420 - 83 0.20 S7
ZnCo-LDH 1 M KOH 340 - - 0.28 S8
CoMn-LDH 1 M KOH 350 - 43 0.22 S9
NiFe-LDH/CNT 1 M KOH 300 340 38 S10
Ni-Fe LDH-0.20M 1 M KOH 243 - 50 0.178 S11
pc-NiFe-LDH/NF 1 M KOH - 153 30 - S12
NiFeCr LDH/GC 1 M KOH 280 - 131 - S13
B-Co,Fe LDH/NF 1 M KOH 205 246 39.2 - S14
NiFe LDH 1 M KOH 202 237 32.8 - S15
Ni-B/NF 1 M KOH 360 - 76 12.3 S16
Co-Ni-B@NF-500 1M KOH 313 - 120 - S17
NiCoS/CC NSs 1 M KOH 330 - 109 - S18
NiCo,S4 NA/CC 1 M KOH 340 - 89 0.43 S19
NiFeLDH@Au/N1 1 M KOH - 235 48.4 - S20
foam
NiCoP/NF 1 M KOH 280 - 87 1.60 S21
NiNO/CC 1 M KOH - 390 54 0.38 S22
Ru 1 M KOH 205 - - 0.25 S23
Sas/AC-FeCoNi
Ni,P@NF-6 1 M KOH - 590 40 3.50 S24
Ni@Co-Ni-P 1 M KOH - 380 297 3.00 S25
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*Qverpotential for affording a current density of 10 mA c¢cm-2; **Qverpotential for affording a
current density of 100 mA cm2.

Table S4. A comparison of catalytic OER activity for NFAC-MELDHs with transition metal

based electrocatalysts in a simulated seawater electrolyte.

10 100 Loading
Catalyst Electrolyte (mV) (mV) (Iz:lmoun; Reference
gem?)
NFAC-MELDHs 1M KOH + 210 280 0.28 This work
0.5M NaCl
NiMoN@NiFeN 1M KOH + 286 S26
0.5M NaCl
Co-Fe-O-B* 1 M KOH + 294 434 0.1 S27
0.5M NaCl
CoCH 1 M KOH + 251 - - S28
0.5 M Na(Cl
NiFe-LDH/NFa 1 M KOH + - 227 0.32 S29
0.5 M Na(Cl

*Qverpotential for affording a current density of 10 mA cm2; **Qverpotential for affording a
current density of 100 mA cm™.
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Table S5. Free energy barriers and overpotentials for the formation of O*, OOH* and OO*for

all 7 LDH systems.
NFAC-
Absorption Ni- NF- NA- NC- NFA- NFC-
Pathway MELD
energy LDH LDH LDH LDH LDH LDH
H
AG(O%*), eV OH*—0O* 2217 1308 4218 1.157 1.044 1.546 -3.502
OH*—OOH
AG(OOH?*), eV 3.132 3286 5.101 2964 2318 2995 -2.521
k
AG(O0O*),eV  OH*—00* 4495 4546 6.642 4.487 4.038 4.173 -0.979
Nokr, V - 0987 0.747 2988 0.576 0.489 0.316 0.312
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Table S6. Bader charge analysis on NFA-LDHs for respective OER steps.

Atomic OH* o* OOH* 00*
Index
1 1431 14.30 14.34 14.36
2 6.98 6.62 6.34 6.22
3 i i 6.83 6.06
4 0.37 i 0.00 i

1="Fe, 2,3=0,4=H
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Table S7. Bader charge analysis on NFAC-MELDHs for respective OER steps.

Atomic OH* o* OOH* 00*
Index
1 1431 14.29 14.34 14.35
2 7.03 6.63 6.39 6.24
3 i i 6.53 6.13
4 0.38 i 0.32 -

OH* o

1 =Fe, 2,3=0,4=H
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