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1. Materials and Corresponding Figures
1.1 Materials

RuO, is synthesized from ruthenium chloride hydrate (RuCl;-xH,0) purchased from

Aladdin Ltd. (Shanghai, China).l! Pt/C (20 wt%) is obtained from Macklin Ltd.

(Shanghai, China), nickel foam (NF) is provided by the Li Yuan Technology Co. Ltd.

(Shanxi, China). KOH, Fe(NO3)3:9H,0, HCl and other chemicals are supplied by the

Beijing Chemical Reagents Company. All the chemicals are analytical pure and do not

needed further purification.

1.2 Supplementary Figures
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Fig. S1. The XPS results of (a) K 2p, (b) Fe 2p and (c) O 1s in Nano-KFO/NF and

PKFO/NF, respectively.
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Fig. S2. The (a) XRD, (b) SEM results of Nano-KFO/NF after HER, and (c, d) the
corresponding XPS results of Nano-KFO/NF that before and after the HER.
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Fig. S3. The (a) XRD, (b) SEM results of Nano-KFO/NF after OER, and (c, d) the
corresponding XPS results of Nano-KFO/NF that before and after the OER.
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Fig. S4. The CV curves of Nano-KFO/NF and Aged-NF, illustration is an enlarged photo
in the dotted box.
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Fig. S5. The CV curves (in the range of non-Faraday potential) of the as synthesized
samples, (a) Nano-KFO/NF and (b) PKFO/NF, respectively.

2. Theoretical Section

2.1 Computation Details

The generalized gradient approximation (GGA) with the Perdew-Burke-Ernzerhof
exchange-correlation functional is used to perform all the density functional theory
(DFT) computations within the frame of Vienna ab initio simulation package (VASP).123

4l The projector-augmented plane wave (PAW) is employed to describe the electron-
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ion interactions,>® and a 450-eV cutoff for the plane-wave basis set. Moreover, the
dispersion interactions are considered by using a semi-empirical van der Waals (vdW)
correction proposed by Grimme (DFT-D2).17.8! Here, 5x5x5 and 3x3x1 Monkhorst-Pack
grid k-points are adopted to optimize the powder and slab structures of KFO,
respectively. In this work, the convergence threshold is set as 10 eV in energy and
0.02 eV/A in force. For all the calculations of slab models, the symmetrization is

switched off and the dipolar correction is included.

2.2 The Powder and Slab Structures for the KFO System

The KFO is a new 3D open-framework ferrite (Fig. S6), which belongs to the
trigonal space group P31m, and the optimized unit cell parameters are a = b = 5.006 A
and c = 6.633 A, all of which are very close to the corresponding experimental values
(a=b=5.155and c = 6.902 A).% Furthermore, we have performed the correlative DFT
computations by constructing the theoretical model to simulate the Fe-O surface,
which corresponds to the index (001) surface realized by our experiment. Specifically,
the exposed surface of Fe-O layer can be obtained by cleaving the powder structure
through the corresponding (001) plane, and can be modeled by the corresponding slab
(Fig. S6b). During the computational process, the outermost Fe-O layer in the
theoretical slab model is fully relaxed without any symmetry or direction restrictions,

while the remaining atoms are kept frozen.
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Fig. S6. The top and side views of the (a) powder structure and (b) slab model

corresponding to the (001) surface for the KFO system.

2.3 The Theoretical Evaluation of Catalytic Activity for the Hydrogen Evolution
Reaction (HER) and Oxygen Evolution Reaction (OER) on the KFO System

In the water splitting process, the dissociation of water may lead to several
surface intermediates including OH, O, and H species. The reactions connecting the
different states of the surface can be written such as:

H,O + * > OH* + e + H* (1)
OH* +* <> O0* +e +H* (2)
*+e +H" <> H* (3)

Where * denotes a free site on the surface, e is an electron in the electrode, and
H* denotes a proton.

In this study we initially explore the adsorption of OH, O, and H species to get the
stable surface phase by using the following correlative formulas. The adsorption free
energy for OH, O and H is calculated by the following equation:

AG = AE + AZPE - TAS+AG,,  (4)
Where the reaction energy, AE, which refers here to the change in the electronic

energy between the products and the reactants, is calculated directly from the DFT
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results. For the egns (1) and (2), AE can be computed via the formula AE = E 45 + n/2

E E
Ha - "H2% \where nis 1 and 2 for eqn (1) and eqn (2), respectively. For eqn (3), AE can

be computed by the formula AE = E,qs - 1/2EH2.Note that H,0 in the gas phase is also
used as reference state, where the entropy for gas phase water is computed at 0.035
bars, since it is the equilibrium pressure in contact with liquid water at 298 K. The
difference in zero-point energies, AZPE, and the change in entropy AS are determined
by using DFT-calculated vibrational frequencies and standard tables for the gas-phase
molecule. Note that for all the above details, we follow the schemes proposed by
Ngrskov et al.l!% AG,y, = -kTIn10xpH is the contribution of the pH in solutions different

from 0.111]

2.3.1 Computational Details on HER

Hydrogen evolution reaction (HER) is one of the half reactions involved in the
water-splitting reaction. Subsequently, we construct the structuralmodel of OH-
covered (001) surface with the adsorption of OH at the Fe atom of the outmost layer
to further investigate the HER catalytic activity of KFO in alkaline condition. The HER
catalytic activities for the OH-covered (001) surface areevaluated by computing the
AGy+ values of possible catalytic sites according to the equation AGy+ = AEy« + AZPE -
TAS + kTIn10 x pH. Our computed results reveal that on the OH-covered KFO surface,
the obtained AGy~ values at the Fe site (Tr.) and O site (Tg) in OH group are 0.37 and
2.12 eV, respectively (Figure 4a). Clearly, the O site can serve as the most active site,

and the (001) surface of KFO can exhibit high HER catalytic activity.

2.3.2 Computational Details on OER

The oxygen evolution reaction (OER) is another half-reaction of the
electrocatalystic water splitting. Usually, the scheme developed by Ngrskovet al. can
be employed to gain an insight into the OER, where the OER is assumed to involve four
elementary reaction steps and each step involves electron transfer accompanied by

proton expulsion.l1213.14] For the total reaction H,0 = 1/20, + H,, the free-energy
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change is fixed at the experimental value of 2.46 eV per water molecule. When
forming one molecule of O, in the reaction step, the reaction free energy can be
expressed as AGpn20502+2+2) = 4.92 €V = Egy + 2Ey; - 2Epy0 + (AZPE - TAS) 2120502+2H2)-
In view of the effect of pH value, the free energy of the OER is computed by the
equation AG = AE + AZPE — TAS + AGpy. The contribution of pH value in solutions
different from 0 can be considered by using AG,y, = -kTIn10-pH term, where T is the
temperature and k is the Boltzmann constant. The value of AE is obtained by the
computation of geometrical structures. The values of AZPE and AS are determined by
employing the computed vibrational frequencies and standard tables for the reactants
and products in the gas phase.l** The entropy for the adsorbed atoms/molecules at
the surface-active site are assumed to be zero. The temperature dependence of the
enthalpy is neglected in the calculations. Moreover, an external bias U is imposed on
each step by including a -eU term in the computation of reaction free energy.
Consequently, the reaction free energy of each step can be expressed as follows:
AGp = E(HO*) - E(*) - Evyo + 1/2Eny + (AZPE - TAS)a - kTIN10-pH - eU (5)
AGg = E(O*) - E(HO*) + 1/2E, + (AZPE - TAS)g - kTIn10-pH - eU (6)
AG¢ = E(HOO*) - E(O*) - Eppo + 1/2Ewy + (AZPE - TAS)c - kTIn10-pH - eU (7)
AGp = E(*) - E(HOO*) + Eg, + 1/2Ey; + (AZPE - TAS)p - kTIn10-pH — eU (8)
Here E(*), E(HO*), E(O*), and E(HOO*) are the computed DFT energies of the pure
surface and the adsorbed surfaces with HO*, O*,and HOO*, respectively. 0, Exz and
Eo, are the computed energies for the sole H,0, H, and O, molecules, respectively. As
a result, the reaction overpotential can be obtained by evaluating the difference
between the minimum voltage needed for the OER and the corresponding voltage

needed for changing all the free-energy steps into downhill.
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Table S1. A properties comparison of various electrocatalysts for hydrogen evolution

reaction (HER).

Nano-KFO/NF 109 208 302 343 ; This work
Pt/C/NF 67 225 739 (500 mA —— This work
cm?)
Co/CNFs 190 — —_ —_ [15]
CoFeZr oxides/NF 104 =230 —— o [16]
CoFe@NiFe/NF 240 =340 — —— [17]
MoS,-NiS,/NGF 172 — — —_ [19]
Ni doped graphitic 220 =580 —— — [20]
carbon (NGC)
NiOOH/Ni(OH), 147 —— —— — [21]
CoMoP nanosheet 173 =305 —— — [22]
arrays@NF
NisFeN/r-GO 94 =200 — —— [23]
P-C030,/NF 97 — — — [24]
CoP@3D TisC,- 168 —— —— e [25]
MXene
Co/Co,Mo0304/NF 25 =210 —— — [26]
P-doped CoNiS/NF 187.4 =220 =240 (500 —= [27]
mAcm=2)
N-doped NisS, 155 =320 —— —_ [28]
nanosheets
RuO,/NiO/NF 22 =100 e —_— [29]
Ni,P-NisS, HNAs/NF 80 =180 — —— [30]
Sn-NisS,/NF 35 170 570 —_ [1]
Fe-Ni,P 214 (50 mA =260 — — [31]
cm)
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NisS,-NGQDs/NF 218 — [32]
NiFe/Ni(OH),/NiAl 78 —— [33]
MoP/Ni,P/NF 75 —— (34]
Mo-Ni3S; nano-rods —— 278 [35]
g-CN@G MMs 219 — [36]
Chemicallyexfoliated 191 —— [37]
MoS,/carbon cloth
1T-2H N- 98 - [38]
MoSe,/graphene
N(P)-doped 304-type 230 —— [39]
stainless steel mesh
Cu@CoS,/Cu Foam 134 267 [40]
CoFePO/NF 87.5 =250 [41]
N-NisS,/ NF 110 =250 [42]
W(CO)s@MAF-6 51 == [43]
NiCo,S; nanowire 210 —_ [44]

arrays
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Table S2. A properties comparison of various electrocatalysts for oxygen evolution

reaction (OER).

Nano-KFO/NF 241 308 375 421 This work
RuO,/NF 257 348 731 —_ This work
Co/CNFs 320 =450 e —_ [15]

NiFe-LDH/Fe-N-C 310 —_—— —_—— —_— [45]
CoFePO/NF 274.5 =410 —= —= [41]
Coy0g/Ni3S,/NF 227 =280 —_— _ [18]
P-doped 292.2 =300 =440 (500 —— [27]
Co-Ni-S/NF mA cm2)
CoP@3D TisC,- 298 =370 - —— [25]
MXene
CoMoO nanosheet 270 330 —— —_ [22]
arrays@NF
NizFeN/r-GO 270 =320 —— —_ [23]
P-Co30,4/NF 260 (20 mA e e —_ [24]
cm)

RuO,/NiO/NF 250 =330 —_ _ [29]

Ni,P-Ni3S, HNAs/NF 210 =340 —— —— [30]
Fe-Ni,P 230 (50 mA =250 — —_ [31]
cm)

NizS,-NGQDs/NF 216 =400 —— —— [32]
NiFe/Ni(OH),/NiAl 246 315 o —_ [33]
MoP/Ni,P/NF — 365 —— —— (34]
N(P)-doped 304- 278 —_— —_ —_ [39]

type stainless steel

mesh

Cu@CoS,/Cu Foam 160 310 —— —_ [40]
N-NisS,/NF —_ 330 —— —_— [42]
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NiCo,S; nanowire 260 —_ —_ [44]
arrays
NiFeOOH —= 259 286 [46]
LaNiOs 189 =300 —— [47]
NiPS; 294 351 —_ [48]
amorphous cobalt 367 —— —— [49]
phyllosilicate (ACP)
CoS, =390 =500 —_ [50]
CeO,/NiFeOy 300 (20 mA = == [51]
cm)
FeCoP allay 252 —— — [52]
Ni-Fe-OH@Ni5S,/NF —— =270 469 [53]
Fe-NiSe/NF 233 275 —— [54]
Fe-NisS,/FeNi 282 =470 — [55]
C0,.5Crg 7504 =350 —= —= [56]
N-(Ni,Fe)sS,/NF 167 =200 — [57]
Co30,@NisS,/NF 260 (20 mA =520 —— [58]
cm?)
Sn-NisS,/NF — 270 580 [1]
Nis;Fe/N-C sheets 390 —— —— [59]
CP/CTs/Co-S 306 —_ —_ [60]
NiCoP 280 —— —— [61]
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Table S3. A properties comparison of various electrocatalysts for overall water

splitting (OWS).

Nano-KFO/NF 1.59 1.73 1.96 E This work
Pt/C/NF||RuO,/NF 1.54 1.81 — This work
Co/CNFs 1.60 — — [15]
CoFeZr oxides/NF 1.63 =1.80 —_ [16]
CoFe@NiFe/NF 1.59 —— —— [17]
CooSs/NizS,/NF 1.64 == — [18]
MoS,-NiS,/NGF 1.64 —— — [19]
Ni doped graphitic 1.64 —_ —_— [20]
carbon (NGC)
CoMoO nanosheet 1.68 ~=1.88 —— [22]
arrays@NF
NizFeN/r-GO 1.60 =1.96 == [23]
P-C0304/NF 1.63 —— —— (24]
CoP@3D Ti3;C,-MXene 1.57 =1.70  — [25]
P-doped Co-Ni-S/NF 1.60 e —— [27]
RuO,/NiO/NF 1.50 —= —= [29]
Ni,P-Ni3S, HNAs/NF 1.50 1.62 —_ [30]
Fe-Ni,P 1.49 ~1.73 — [31]
Ni3S,-NGQDs/NF 1.58 == —= [32]
NiFe/Ni(OH),/NiAl 1.59 — == [33]
MoP/Ni,P/NF 1.55 — — [34]
Mo-NisS; nano-rods 1.53 —— —— [35]
N(P)-doped 304-type 1.74 —_— e [39]
stainless steel mesh
Cu@CoS,/Cu Foam 1.50 1.80 == [40]
CoFePO/NF 1.56 =1.95 — [41]
N-NisS,/ NF 1.48 ~1.83 —_ [42]
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NiC0,S, NW/ NF 1.63 — — [44]
NiFeOOH — 1.49 1.59 (500 mA cm??) [46]
CP/CTs/Co-S 1.74 — — [60]
NiCoP 1.58 ~1.81 — [61]
Ni;_Fe,/NC/NF 1.58 — — [62]
Ni@NC800/NF 1.60 = = [63]
CP@Ni-P 1.63 — — [64]
Ni/NiP 1.61 — — [65]
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