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Fig. S1. SEM plot of CoNi@NC

Table S1. Specific surface area and pore volume of CoP@NC, CoMnP@NC, CoFeP@NC and CoNiP@NC
	Sample
	Specific surface area (m2 g-1)
	Pore volume (cm3 g-1)

	CoP@NC
	19.4875
	0.0779

	CoMnP@NC
	16.9112
	0.0630

	CoFeP@NC
	24.4811
	0.0399

	CoNiP@NC
	17.5437
	0.0889



Table S2. ORR onset potentials, half-wave potentials, limiting current values, and Tafel slopes for CoP@NC, CoMnP@NC, CoFeP@NC, CoNiP@NC, and Pt/C
	
	Eonset (V)
	E1/2(V)
	J0.2V(mA cm-2)
	Tafel Slope (mV dec-1)

	CoP@NC
	0.813
	0.658
	-4.17
	102.94

	CoMnP@NC
	0.841
	0.666
	-4.27
	94.18

	CoFeP@NC
	0.821
	0.661
	-4.03
	93.44

	CoNiP@NC
	0.876
	0.670
	-4.64
	87.42

	Pt/C
	0.892
	0.828
	-5.43
	78.12


Table S3. OER starting potentials, overpotentials, and tafel slopes for CoP@NC, CoMnP@NC, CoFeP@NC, CoNiP@NC, and RuO2
	
	Eonset (V)
	overpotential (V)
	Tafel Slope (mV dec-1)

	CoP@NC
	1.566
	0.539
	128.41

	CoMnP@NC
	1.541
	0.527
	126.54

	CoFeP@NC
	1.510
	0.508
	117.32

	CoNiP@NC
	1.501
	0.503
	116.26

	RuO2
	1.533
	0.597
	133.32


Table S4. ORR and OER potential differences for CoP@NC, CoMnP@NC, CoFeP@NC, CoNiP@NC and Pt/C-RuO2 catalysts
	
	EORR (V)
	EOER (V)
	∆E (V)

	CoP@NC
	0.658
	1.769
	1.111

	CoMnP@NC
	0.666
	1.757
	1.091

	CoFeP@NC
	0.661
	1.738
	1.077

	CoNiP@NC
	0.670
	1.733
	1.063

	Pt/C-RuO2
	0.828
	1.827
	0.999
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Fig. S2. Nitrogen adsorption-desorption hysteresis curves and corresponding pore size distributions for (a, e) CoP@NC, (b, f) CoMnP@NC, (c, g) CoFeP@NC, and (d, h) CoNiP@NC.
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Fig. S3. LSV curves of CoP@NC, CoMnP@NC, CoFeP@NC and CoNiP@NC catalysts (a-d) at different rotational speeds and the corresponding Koutecky-Levich plots (e-h).
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Fig. S4. K-L plot of CoMP@NC catalyst at 0.2 V.

Table S5. Bifunctional catalytic activity of other catalysts in the literature
	Catalysts
	EORR(V)(E1/2)
	EOER(V)
@j=10 mA cm-2
	∆E=EOER-EORR

	Mn-CoFeP-2
	0.670 vs. RHE
	1.733 vs. RHE
	1.063 This work

	Pt/C1
	0.97 vs. RHE
	2.19 vs. RHE
	1.22

	IrO21
	0.38 vs. RHE
	1.70 vs. RHE
	1.32

	RuO21
	0.54 vs. RHE
	1.64 vs. RHE
	1.10

	Mn-Co3O42
	0.69 vs. RHE
	1.80 vs. RHE
	1.11

	BSCF/g–C3N4VC3
	-0.324 vs. Ag/AgCl
	0.796 vs. Ag/AgCl
	1.12

	Co-AQ4
	0.86 vs. RHE
	1.95 vs. RHE
	1.09

	Mn-Ni/RGO5
	0.750 vs. RHE
	1.929 vs. RHE
	1.191

	GCN/CNT6
	0.71 vs. RHE
	1.78 vs. RHE
	1.07



Table S6. The Comparison of liquid Zn-air batteries performance of this work with other non-noble metal-based catalysts recently reported.
	Catalysts
	Cycling current density (mA cm-2 )
	Stability

	Mn-CoFeP-2
	2
	240 h  This work

	Co/N-CP7
	5
	30 h

	VSMO8
	5
	20 h

	Co-AQ4
	2
	100 h

	Mn-Co3O49
	2
	90 h

	C@CNT[Ni]10
	5
	120 h

	Mo/NiCo2O411
	5
	96 h
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