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1. Material and Experimental Instruments
1.1 Materials used in the experiment

Pt/C (20 wt%) was obtained from Macklin Ltd. (Shanghai, China), RuO; was synthesized from
ruthenium chloride hydrate (RuCls-xH,0) purchased from Aladdin Ltd. (Shanghai, China).[
Nickel foam (NF) and Iron foam (IF) were provided by the Li Yuan Technology Co. Ltd. (Shanxi,
China). KOH, CH4N0, HCl and other chemicals are supplied by the Beijing Chemical Reagents
Company. Apart from the NF and IF, all the chemicals are analytical pure and do not needed
further purification.
1.2 Experimental Section
Basic Phase Characterizations

X-ray diffraction (XRD) experiment was tested on a Rigaku D-Max 2550 diffractometer with
Cu-Ka radiation (A = 1.5418 A). Scanning electron microscope (SEM) and energy dispersive X-
ray spectroscopy (EDX) images were obtained on a JEOL-6700 scanning electron microscope.
Transmission electron microscope (TEM), high resolution TEM (HRTEM) images were obtained
with microscopy of Philips-FEI Tecnai G2S-Twin, equipped with a field emission gun operating
at 200 kV. X-ray photoelectron spectra (XPS) analysis was performed on a VG Scienta R3000
spectrometer with Al Ka (1486.6 eV) as the X-ray source.
Electrochemical Measurements

The electrochemical measurements were conducted using the three-electrode system with
the electrochemical workstation (CHI 760e). The as-prepared electrodes were directly used as
the working electrodes; meanwhile, graphite rod and Hg/HgO electrode were served as
counter and reference electrodes, respectively. 1.0 M KOH solution was used as electrolyte
for HER, OER and OWS devices, while 0.1 M KOH were applied for the ORR process. Potentials
were normalized versus the standard hydrogen electrode (RHE) according to formula below:

E(rHE) = E(Hg/Hgo) + 0.098 V + 0.0591 pH (1)

Here, “E(ng/mgo)” is the potential we directly measured during the experiment.

Polarization curves were performed via sweeping potentials at a scan rate of 2.0 mV s,
Tafel slope:

The data of Tafel slope can be plotted by the gained linear sweep voltammetry (LSV) curves,
which is obtained from the equation below:

N=a+blogj (2)
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Where, “n” refers to the overpotential; “j” is the current density; “a” relates to the jo
(exchange current density) and can be reflected by the intercept; “b” is the Tafel slope we
need to achieve.

Electrochemical active surface area (ECSA)

The ECSA is calculated by the formula below:

ECSA=A*Ca/Cs (3)

Herein, “A” refers to the area of the working electrode, and we set the electrode area to
0.25 cm? throughout the electrocatalytic water splitting testing; “Cs” relates to the electrolyte
and Cs = 0.04 mF cm™, “Cq” is the abbreviation of double layer capacitance and calculated
from a series of CV curves that tested within the non-Faraday potential range (0.9254-1.0254
V vs. RHE), scan rate changed from 10 to 100 mV s}, increased with 10 mV s each time.
Assembly and Testing of the Zn-Air Battery

As for the liquid Zn-air battery, to avoid electrolyte leakage, we physically compounded the
IF-based catalyst with the waterproof/breathable carbon film, and then assembled the
complex as the air-cathode of the liquid Zn-air battery.!?! In addition, the working area of the
Zn-air battery is 0.19625 cm?, for that the semidiameter of the air-cathode side is 0.25 cm.

The charge and discharge curves were measured by the CHI 760e, the power density was
calculated from the data of the discharge curve. Charging-discharging cycling curves at current

density of 10 mA cm? in this work were measured by the Land battery test system.

2. Theoretical Section
Computation Details

The density functional theory (DFT) calculations were performed using the Vienna Ab initio
Simulation Package (VASP)B34, with the generalized gradient approximation (GGA) Perdew—
Burke—Ernzerhof (PBE) functional®™ to describe electron exchange and correlation. The
projector-augmented plane wave (PAW)[®7] potentials were used to describe the core-valence
electron interaction and take valence electrons into account using a plane wave basis set with
a kinetic energy cutoff of 500 eV. Partial occupancies of the Kohn-Sham orbitals were allowed
using the Gaussian smearing method and a width of 0.05 eV. Electronic energy was considered
self-consistent when the energy change was smaller than 107 eV. A geometry optimization

was considered convergent when the force change was smaller than 0.02 eV/A. A k-points
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sampling of 1 x 2 x 1 with Monkhorst-Pack 8! scheme was used in all calculations and all
calculations were considered the spin polarization effect.

The NiFe;04 (311) slab surface was generated as the adsorption model. After the slab model
was constructed, the intermediates of H, OH, O, and OOH groups were absorbed on the Fe or
Ni sites, respectively, to evaluate its HER and OER properties.

The adsorption energy AE for A= OH, O, and OOH groups on the surfaces of substrates was
defined as:

AE = Exa = (Ex + Ea) (4)

where *A and * denote the adsorption of A groups on substrates and the bare substrates,
while Eax denotes the energy of A groups.

The free energy change AG of the reaction was calculated as the difference between the
free energies of the initial and final states, as shown below:

AG = AE + AZPE - TAS (5)

where AE is the energy change between the reactant and product obtained

from DFT calculations, AZPE is the change in the zero-point energy; T and AS denote the
temperature and the change of entropy, respectively. Herein, T = 300 K was considered.

The electrochemical model of the oxygen evolution reaction / oxygen reduction reaction

(OER / ORR) in alkaline media could be divided into four one-electron reactions:

*+0OH <> *0H + e (6)
*OH + OH <> *0 + H,0(l) + e~ (7)
*0+0H < *00H + e (8)
*O0OH + OH- > ™ + 0,(g) + H,0(l) + e (9)

where the * denotes the active site. The adsorption energies of intermediates (OH, O, and

OOH groups) on substrates were calculated by the following equations:

AE.0 = E(subjo) — E(sub) = [E(H20) — E(H2)] (10)
AE.on = E(subjony — E(sub)y — [E(H20) — E(H2)/2] (11)
AE.o00H = E(subjoon) = E(sub) = [2 x E(H20) = 3 % E(H2)/2] (12)

Where E(sub/H20), E(subjoH), E(sub/o) and E(sub/ooH) denoted the total energies of H,0, OH, O,
and OOH groups on substrates. E(sub), E(H20), and E(n2) were the energies of the bare substrate,
water, and hydrogen gas, respectively.

The Gibbs free energy changes of Equations (6-9) could be estimated by:

AG1 = AGion (13)
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AG; = AGio — AGon (14)
AGs = AGioon — AGso (15)

AG4 =4.92eV — AG:ooH (16)
where the sum of AG1.4 was fixed to the negative of the experimental Gibbs free energy of
the formation of two water molecules. The Gibbs free energy of (H* + e”) in solution was

estimated as half the energy of the H, molecule in the standard condition.

The overpotential of the OER was determined by the following Equations:
1= Uoer — 1.23 (17)

Uoer = Max(AG1, AGy, AGs, AGs) /e (18)

3. Supplementary Figures and Tables
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Fig. S1. The XRD data of bare IF.
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Fig. S2. The O 1S spectra of NiFe,0a.
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Fig. S3. The contrast bar graphs between potential and current density of NiFe,04/IF and
RuOy/IF during the OER course.
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Fig. S4. The XRD data and SEM image of NiFe,04/IF the i-t test later during the OER course.
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Fig. S5. The contrast bar graphs between potential and current density of NiFe;04/IF and
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RuOy/IF during the HER process.
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Fig. S7. The cyclic voltammetry (CV) curves of bare IF, NiFe,04/IF when the scan rates

changed from 10 to 100 mV s'! and increased at a rate of 10 mV s each time.

Table S1. Cq, ECSA and related data of bare IF and NiFe,04/IF.

Catalyst Cai (mF cm™2) Cs (mF cm?) A (cm?) ECSA (cm?)
IF 2.16 0.04 0.25 13.50
NiFe204/IF 9.91 0.04 0.25 61.94
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Fig. S8. The structural schematic diagram of liquid ZAB.
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Fig. S9. The enlarged view that charging-discharging cycling curves between 1600 and 1610 h
of Fig. 6¢.
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Fig. S11. The photographs of the self-pow“ered- water sbli;ftif{g device ahd‘co_rresponding

—
Q
=
0]
(%]
N
>
o
o
>
o
C
@
o
S
(]
=
~+
>
(0]
N
S

H
.
=
c
S
o
=
o
S
L
o
Q
—+
L

<
(%]
~+
v

1.518

1.54

1.71

1.60

1.53

1.70
1.80
1.52
1.66

1.53
1.65

S9

enlarged image.

air battery activities for the recently reported self-powered
138.1 > 1600 0.817 This
work
95.4 170 0.881 This
work
84.5 113 0.84-- [9]
0.86
-- 900 cycles @ 5 mA -- [10]
cm?
138 50 0.89 [11]
144 85 @ 1 mA cm? 0.46-- [12]
0.58
170 200 0.88 [13]
— 50 1.39 [14]
59.3 120 @ 5 mA cm™? 0.65 [15]
184 50 ~0.87 [16]
205.6 667 0.82 [17]
182.8 200 ~1.05 [18]
175.2 300 0.47-- [19]
0.5
107.6 118 ~0.87 [20]
83.6 - - [21]
124.9 120 ~0.9 [22]



Fe-N-C/FeP,/NPSC 1.57 216.9 93 0.87-

0.96
RuCoOy 1.54 160 1100 cycles @ 5 mA ~0.86
cm?

RuCo/NPC 1.68 79.4 16.67 @ 2 mA cm™ ~0.75

Re-Ni3S2/NG/NF 1.58 99 266 ~0.88

NAC@Co0304/NCNTs/C - 267.6 67 0.8--

NF 1.25

Pd-coated 1.60 261 50 0.69
(CoFe/NCNTs)

CoP/Co30,-fC-pPVP 1.58 154 727 @ 5 mA cm™ ~0.75

CoFeN-NCNTs//CCM 1.63 145 445 0.76

B-CoSe,@CoNi LDH 1.58 181.5 70 @ 1 mA cm? ~0.8

HNA
NiCu-MoS; 1.62 283 133 0.71-
0.74
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