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S1 Supplementary Experimental Section
S1.1 Electrochemical measurement 
[bookmark: _Hlk176779014]Cyclic voltammetry (CV), Galvanostatic charge-discharge (GCD), and electrochemical impedance spectroscopy (EIS) tests were all conducted on a CHI760E. Cycling tests were performed on the LAND CT2001A battery test system (Wuhan, China). The electrochemical performance of Ni electrode was tested in a three-electrode system with CPS-Ni/CV-Ni, Pt electrode and Hg/HgO electrode as the working, counter, and reference electrodes, respectively. All the electrochemical tests related to the half-cell were conducted in 1 M KOH solution while the Ni||Zn MB was tested in the gel electrolyte of 6 M KOH with saturated ZnO. All measurements were carried out at room temperature (25 °C). The specific capacity (C) of the single microelectrode or assembled MB, the energy density (E), and the power density (P) of the assembled MB were calculated by the formulas C = It/A, E = /A, and P = E/t, where I is the discharge current (mA cm−2), A is the effective area of the microelectrode or the packed MB (cm2), and V(t) is the discharge voltage (Note: there may be slight increase of the effective area after the microelectrodes were packed, and we still define it as 0.7 cm2). EIS measurement was conducted at an AC voltage of 5 mV amplitude with the frequency range of 100 kHz to 0.1 Hz at open circuit potential.
S1.2 DFT Calculation 
All spin-polarized first-principle computations were performed under density functional theory (DFT). The elemental core and valence electrons were represented by the projector augmented wave (PAW) method and plane-wave basis functions with a cutoff energy of 500 eV. Generalized gradient approximation with the Perdew-Burke-Ernzerhof (GGA-PBE) exchange-correlation function was employed in all the calculations. Geometry optimizations were performed with a force convergency smaller than 0.02 eV/Å and the energy convergence of 1 × 10-6 eV. The DFT-D3 empirical correction method was employed to describe van der Waals interactions. The DFT + U approach was introduced to treat the highly localized Ni 3d states with parameters of U – J = 6.2 eV.
The free energy of each crystal (G) and Gibbs free energy of reaction (ΔG) are given by:
G = E + ZPE - TS
ΔG = Gproducts - Greactants
where Greactants, and Gproducts denote the sum of Gibbs free energies of the product and reactant, respectively.
S2 Supplementary Tables
Table S1 The calculated free energy for each reaction unit
	
	E (eV)
	ZPE (eV)
	TS (eV)
	G (eV)
	Number of units
	G of a unit (eV)

	Ni
	-8.923
	0.140
	0.210
	-8.993
	4.000
	-2.248

	KNiO2
	-36.591
	0.340
	0.540
	-36.791
	2.000
	-18.395

	KOH
	-54.909
	1.490
	0.750
	-54.169
	4.000
	-13.542

	NiO
	-41.643
	0.410
	0.410
	-41.643
	4.000
	-10.411

	H2O
	-119.859
	5.520
	0.640
	-114.979
	8.000
	-14.372

	H2
	-13.646
	0.580
	0.180
	-13.246
	2.000
	-6.623



Table S2 Comparison of highest current density and highest capacity of CPS-Ni||Zn with other batteries including aqueous system and organic system
	Electrode material
	Current density
(mA cm−2)
	[bookmark: _Hlk169199737]Capacity
(mAh cm−2)
	References

	Zn-based aqueous batteries

	CPS-Ni||Zn
	5, 10, 20, 50, 100, 200
	[bookmark: _Hlk169199727]3.96, 3.85, 3.78, 3.53, 3.34, 3.18
	This work

	CNSOH-1||Zn@CC
	30
	2.45
	[13]

	Ni-Ni(OH)2/Zn(OH)2||Zn
	200
	0.149
	[30]

	HCNT-O||Zn
	10
	1.932
	[34]

	VO2(B)-MWCNTs||Zn
	1.43
	0.314
	[36]

	α-MnS||Zn
	1
	0.178
	[37]

	Ni-Co LDH@CC||Zn
	1
	0.109
	[38]

	V2O5@CNTs||Zn@CNTs
	2.8
	0.164
	[39]

	HOP Ni@Ni(OH)2||Zn
	20
	0.150
	[40]

	Co(OH)2@NiCo LDH||Zn
	10
	0.108
	[41]

	CC-CF@NiO||CC-CF@ZnO
	20
	0.39
	[42]

	Ni-MOF/CNTF||Zn
	5
	0.4
	[43]

	DHTP-Ni-MOF NFAs/CNTF||Zn
	80
	0.36
	[44]

	MnO2||Zn
	0.08
	0.102
	[51]

	Organic batteries

	LTO@GC||LFP@GC
	0.50
	0.398
	[35]

	NiO@NiO||Li
	9.2
	2.0
	[45]

	NiO@N-CNTs||Li
	8.0
	1.87
	[46]

	[bookmark: _Hlk169115927]MoS2@C||Li
	5.0
	3.428
	[S1]

	B-SnS2||Na
	40
	3.7
	[12]

	FeS@C||Na
	5
	1.24
	[13]


Table S3 Comparison of peak energy density and peak power density of CPS-Ni||Zn with other energy storage devices including batteries and supercapacitors
	Electrode material
	Peak energy density
(mWh cm−2)
	Peak power density
(mW cm−2)
	References

	Zn-based aqueous batteries

	CPS-Ni||Zn
	6.882
	339.56
	This work

	CNSOH-1||Zn
	4.29
	8.75
	[13]

	Ni-Ni(OH)2/Zn(OH)2||Zn
	0.26
	320.17
	[30]

	HCNT-O||Zn
	2.339
	11.18
	[34]

	VO2(B)-MWCNTs||Zn
	0.189
	0.61
	[36]

	α-MnS||Zn
	0.322
	0.710
	[37]

	Ni-Co LDH@CC||Zn
	0.136
	1.4
	[38]

	HOP Ni@Ni(OH)2||Zn
	0.26
	33.8
	[40]

	Co(OH)2@NiCo LDH||Zn
	0.17
	14.4
	[41]

	Ni-MOF/CNTF||Zn
	0.71
	8.6
	[43]

	NiSA-SSA 160||Zn@CC
	0.54
	49.49
	[47]

	Ag||Zn
	0.301
	7.728
	[50]

	MnO2||Zn
	0.0163
	6.1
	[51]

	Ni-NiO||Zn
	0.006
	20.2
	[54]

	NF@NiO||Zn
	0.026
	86.48
	[S2]

	Organic batteries

	LTO@GC||LFP@GC
	0.695
	1.64
	[35]

	BAC||CoMoO4/RGO Li MSC
	0.301
	0.200
	[48]

	V2O5||Li
	0.345
	75.5
	[49]

	NVP||NTO NIMB
	0.145
	1.9
	[53]

	NVPF||NaBF4-IE//NTP
	7.33
	7.11
	[S3]

	LiFePO4||Li
	29.1
	12.7
	[S4]


S3 Supplementary Figures
[image: ]
Fig. S1 a The scheme of CPS-Ni electrodes preparation and b the corresponding chronopotentiometry curves[image: ]
Fig. S2 Electrochemical activation curves of a CPS-Ni and b CV-Ni electrodes
[image: ]
Fig. S3 a Surface SEM images of CV-Ni electrodes and b enlarged views
[image: ]
Fig. S4 The cross-sectional view with the EDS line scan of CPS-Ni electrodes
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Fig. S5 Cross-sectional SEM image of CPS-Ni electrodes
[image: ]
Fig. S6 Cross-sectional SEM images with the EDS line scan of CV-Ni electrodes
[image: ]
Fig. S7 XRD patterns of a CPS-Ni and CV-Ni electrodes, and b enlarged XRD image of CPS-Ni at the degree of 5 ~ 40°

[bookmark: _Hlk177913462][image: ]
Fig. S8 a XPS spectra and b the corresponding atomic content for CPS-Ni and CV-Ni electrodes
[image: ]
Fig. S9 High-resolution K element XPS spectra of CPS-Ni and CV-Ni electrodes
[image: ]
Fig. S10 High-resolution Ni element XPS spectra of CPS-Ni and CV-Ni electrodes

[image: ]
Fig. S11 a Setup of the in-situ Raman test equipment and b the corresponding CV curve
[image: ]
[bookmark: _Hlk176959740]Fig. S12 Attenuated total refraction Fourier transform infrared spectra (ATR-FTIR) of CV-Ni and CPS-Ni electrodes
The attenuated total refraction Fourier transform infrared spectra (ATR-FTIR) of the two electrodes were compared. As shown in the Fig. S12, the O-O vibrational frequency peak is around 1030 cm−1. The absorption peak intensity of O-O in CPS-Ni is increased compared with CV-Ni, which is attributed to the presence of O-O in superoxide. In addition, the red shift at 1155 cm−1 is caused by the stretch of superoxide [S5].
[image: ]
Fig. S13 XRD pattern of CV-Ni electrodes at 0.64 V
[image: ]
Fig. S14 CV curve of pure Ni substrate in KOH electrolyte containing superoxide radicals
[image: ]
Fig. S15 CV curve of pure Ni substrate in KOH electrolyte without superoxide radicals
[image: ]
Fig. S16 GCD curves of two Ni-substrates after each time of CV test in different electrolytes
[image: ]
Fig. S17 Raman spectrum of KOH electrolyte containing superoxide radicals
Note Figs. S14-S17
The pure Ni electrode was prepared by the same deposition process as in the experimental part but without activation. In a 1 M KOH electrolyte containing superoxide radicals (superoxide radicals were confirmed by the peak of 1067.4 cm−1 in the Raman spectrum, Fig. S17), the prepared pure Ni was used as the working electrode for CV testing in a three-electrode system. The results are shown in Fig. S14. A pair of redox peaks appeared in the first cycle of CV, which was attributed to the typical conversion between Ni and Ni(OH)2 [S6]. In the second cycle, another pair of redox peaks appeared near 0.58/0.35 V, indicating that a new redox reaction occurred at the electrode, This is consistent with the peak of the CPS-Ni electrode and is attributed to the redox reaction between Ni and KNiO2.
For comparison, the pure Ni electrode in a 1 M KOH electrolyte without superoxide radicals was used for CV test, as shown in Fig. S15. The first two CV curves show only one pair of redox peaks, which is consistent with the CV curve of the CV-Ni electrode. In addition, the CV integral area of the Ni electrode containing superoxide radicals is larger than that of the Ni electrode without superoxide radicals. This is also consistent with the integral of the CV curves of the CPS-Ni and CV-Ni electrodes.
We further tested the capacity of Ni substrate in two kinds of electrolyte via Chronopotentiometry procedure with a current density of 1 mA cm−2, and the relevant GCD curves are shown in Fig. S16. The total capacity of Ni electrode containing superoxide radicals is about 0.19 mAh cm−2, while that of Ni electrode without superoxide radicals is about 0.07 mAh cm−2. These results are consistent with the capacity comparison results of CPS-Ni and CV-Ni electrodes.
In general, we have verified through the above designed experiments that the Ni substrate can be reversibly converted into KNiO2 under the activation of superoxide. This three-electron transfer redox reaction has a significant impact on the capacity improvement of the Ni electrode.
[image: ]
 Fig. S18 Raman mapping of selected region of CPS-Ni electrodes
[image: ]
Fig. S19 Raman spectroscopy of CPS-Ni, CV-Ni electrodes and Ni substrate
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Fig. S20 XRD patterns of CPS-Ni electrodes after etching
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Fig. S21 a Full spectrum and b high-resolution Ni element XPS spectra for CPS-Ni electrodes. c Relative Ni content
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Fig. S22 CV curves of a CPS-Ni and b CV-Ni electrodes at different scan rates
[image: ]
[bookmark: _Hlk177377123]Fig. S23 Electrochemical active surface area (ECSA) of different activated Ni electrodes

[image: ]
Fig. S24 Enlarged view of EIS curves of a CPS-Ni and b CV-Ni electrodes
[image: ]
Fig. S25 Surface SEM images of CV-Ni electrodes after 10,000 cycles at the current density of 200 mA cm−2
[image: ]
Fig. S26 EIS curves of CPS-Ni||Zn full cell

[image: ]
Fig. S27 CV curves of CPS-Ni||Zn full cell at different scan rates

[image: ]
[bookmark: _Hlk151665943][bookmark: _Hlk152238754]Figure S28. a Digital photograph of the assembled pouch battery (electrode area = 4 × 4 cm2). b The cycling performance at 10 mA cm −2
To verify the commercial viability of CPS-Ni||Zn full cells under conditions close to practical applications, we assembled a pouch battery. As shown in Fig. S28, the area capacity can be maintained at 3.13 mAh cm−2 after 100 cycles at a current density of 10 mA cm−2. 

[image: ]
[bookmark: _Hlk168766671]Fig. S29 GCD curves of CPS-Ni||Zn full cell at different current densities
[image: ]
Fig. S30 Bendable demonstration of the multi-wavelength photoplethysmography wearable electronics
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