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1. Experimental section

1.1. Material characterization

The crystal structures of the fabricated samples were characterized by X-ray powder
diffraction (XRD; X’pert Pro Philips with Cu K radiation), while their morphologies
and microstructures were examined by transmission electron microscopy (TEM; Tecnai
G2 F30, FEI). Chemical states and bonding characteristics were analyzed via X-ray
photoelectron spectroscopy (XPS; Kratos AXIS Ultra) and Raman spectroscopy (Jobin-
Yvon LabRam HR80). N, adsorption/desorption curves were recorded at a desorption
temperature of 250 °C using a Micrometrics ASAP 2020 V403 device to obtain specific
surface areas and pore diameters. Bandgap values were determined by ultraviolet-
visible (UV-vis) diffuse reflectance spectroscopy using Shimadzu’s integrating sphere
method.

1.2. Electrochemical characterization.

Both the OER and ORR electrochemical processes were performed at room temperature
(25 £ 0.5 °C). All electrochemical tests were conducted on a CHI 760 electrochemical
workstation (CHI Instruments, Shanghai Chenhua Instrument Co., Ltd., China) using a
three-electrode system. A sample coated with carbon cloth or a rotating ring-disk
electrode (RRDE) was used as the working electrode, saturated Ag/AgCl served as the
reference electrode, and a Pt plate was utilized as the counter electrode. In this study,
the measured potential (vs. Ag/AgCl) was converted into a potential versus a reversible
hydrogen electrode (RHE), and iR correction was performed according to the Nernst

equation (Erug = Eagagcr T 0.197 + 0.059 pH). For the ORR reaction, a catalytic ink



was prepared by dissolving 3 mg of the catalyst in 1470 uL. N,N-dimethylformamide
(DMF) and 30 xL Nafion. The ink was dripped onto the rotating disk working electrode
(RDE) at a load of 0.2 mg/cm? and dried at room temperature. All ORR properties were
tested at a rotation speed of 1600 RPM and O, saturation in a 0.1 M KOH solution. For
the OER, 10 mg of the catalyst was dissolved in 970 L. DMF and 30 L Nafion. The
obtained catalytic ink was dripped onto the working electrode at a load of 2 mg/cm?
and dried at room temperature. OER parameters were determined in a 1 M KOH
solution. All photoelectric reaction tests were performed using 175 W metal halide
lamps to examine the photoelectric catalytic performance of the studied samples.

1.3. Zinc-air battery measurement

A polished zinc plate was used as the anode, a catalyst with a load of 2 mg /cm? was
utilized as the air cathode, and a solution containing 6 M KOH and 0.2 M zinc acetate
was employed as the electrolyte. Rechargeable ZABs were assembled using carbon
fiber paper. To construct micro-solid ZABs, MnO/Co@N-C was used as the air
cathode, a polished Zn plate was employed as the anode, and an alkaline hydrogel
polymer served as the electrolyte. Battery performance was evaluated by a potentiostat
(CHI 760E, Shanghai Chenhua Instrument Co., Ltd.) and Blue Power testing system.
Under the same conditions, 20% Pt/C was used as the air cathode in ZABs. All
photoelectric cells were irradiated by 175 W metal halide lamps to investigate their
photoelectric performance.

1.4. Calculation details

The density functional theory (DFT) simulations of the catalysts were carried out by



the Vienna ab initio simulation package (VASP). The standard generalized gradient
approximation (GGA) parametrized by Perdew, Burke and Ernzerhof (PBE) was
employed as the exchange-correlation potential. The energy cutoff of the plane waves
used for expanding electronic wave functions is 400 eV. A Monkhorst—Pack k-point
mesh of 4x4x4 was used for geometry optimization and electronic property
calculations. Both atomic positions and cell parameters were optimized until the

residual forces were below 0.01 eV/A.

Fig. S1 (a)-(c) The TEM and (d) HRTEM images of MnO/Co@N-C catalyst.
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Fig. S2 The pore width of Co@N-C and MnO/Co@N-C catalyst.
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Fig. S3 The fitting peak area data of N 1s for MnO/Co@N-C and Co@N-C catalysts.
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Fig. S4 The UV/Vis spectrum for Co@N-C catalyst.
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Fig. S5 Mott-Schotty plots of MnO/Co@N-C catalyst.
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Fig. S6 Mott-Schotty plots of Co@N-C catalyst.
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Fig. S7 (a) LSV curves of ORR for the MnO/Co@N-C, Co@N-C and Pt/C catalysts at 1600 rpm.

(b) The values of Ej-o, £/, and the corresponding AE values (4E = Ej- - E1»).
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Fig. S8 (a) and (b) OER curves for the MnO/Co@N-C and MnO/Co@N-C-R catalysts under

illumination conditions.
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Fig. S9 (a) and (b) OER curves for the MnO/Co@N-C and MnO/Co@N-C-R catalysts under

illumination conditions.
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Fig. S10 The XRD results for the MnO/Co@N-C before and after charge-discharge cycles.
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Fig. S11 (a) The Co 2p and (b) Mn 2p XPS spectrum of MnO/Co@N-C before and after charge-

discharge cycles.
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Fig. S12 Discharge curves of the MnO/Co@N-C and Pt/C based ZABs at different current densities,

respectively.
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Fig. S13 (a) Discharge curves at the current density of 5 mA/cm?, 10 mA/cm? and (b) the

corresponding specific capacities of the MnO/Co@N-C-based ZAB, respectively.
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Fig. S14 The photograph of a blue, green and red LED powered by two tandem ZABs.
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Fig. S15 (a) LSV curves of OER and (b) the corresponding Tafel slopes for MnO/Co@N-C, Co@N-

C and Ir/C catalysts.
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Fig. S16 (a)-(b) ECSA and TOF results of MnO/Co@N-C and Co@N-C catalysts.
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Fig. S17 (a) Ring current of MnO/Co@N-C catalyst on an RRDE (1600 rpm) in O,-saturated 1 M
KOH at a constant potential of 1.50 V vs. RHE. (b) Ring current of MnO/Co@N-C catalyst on an

RRDE (1600 rpm) in Nj-saturated 1.0 M KOH at a constant potential of 0.4 V vs. RHE
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Fig. S18 ECSA results of MnO/Co@N-C and Co@N-C catalysts.
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Fig. S19 The Tafel curves of MnO/Co@N-C and Co@N-C catalysts.
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Fig. S20 The Kinetic current density (Jx) of MnO/Co@N-C and Co@N-C catalysts.
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Fig. S21 (a) LSV curves of ORR for MnO/Co@N-C at different rotation speeds and (b) the
corresponding Koutecky-Levich plots. (¢) LSV curves of ORR for Co@N-C at different rotation

speeds and (d) the corresponding Koutecky-Levich plots.



—=— Pt/C
151 MnO/Co@N-C
2
P 10} N
CI) e e

0.2 03 04 05 06 0.7
Potential (V vs.RHE)

Fig. S22 The yield of HO,™ for MnO/Co@N-C and Pt/C in O, saturated 0.1 M KOH.
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Fig. S23 (a) ORR and (b) i-t curves for the MnO/Co@N-C and Pt/C catalysts.
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Fig. S24 (a) ORR and (b) i-t curves for the MnO/Co@N-C and Pt/C catalysts.
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Fig. S25 Photoluminescence spectra of MnO/Co@N-C and Co@N-C catalysts.

Table S1. Comparison of the photo-stimulated ZAB performances of our work and other recently

MnO/Co@N-C
—— Co@N-C

400 500 600 700 800

Wavelength (nm)

reported catalysts.
Catalysts Light source Power density Cycle performance Ref.
(at mA/cm?)
(mW/cm?)

MnO/Co@N-C Metal halide lamp 189 1500cycles(250h) The work

(175 W) at5s
CuZIF-67 Xenon lamp (150 W) ~ 1000 cycles at 2 !
pTTh/CCB Xenon lamp (300 W) 27.5 ~ 2
TiO,@In,Se; @Ag;PO 365 nm (90 mW/cm) ~ 210h at 5 3
4 LED light (LFM375) ~70 200 h at 0.5 4
MoS,-ONT Xenon lamp (500 W) 77 100 hat5 >
FeNi-S,N-HCS ~ 600 min at 2 6
NiCo,S4 AM1.5G ~ 64hat5 7
S-scheme TiO,-In,Se;  LED (50 W) ~28 ~64 h at 0.1 8
pTTh

AM 1.5 G (100 ~ 70 h at 20 0
Co304 mW/cm?)

365 nm (90 mW/cm) ~ 22hat5 10
PDTB Xenon lamp (300 W) ~ 500 cyclesat 0.1 !

CoMn204/Ti-FezO3
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