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Supplementary Figures and Tables

[bookmark: _Hlk216110475]Fig. S1 a, Optimized configurations of the Pt58Fe42 unit cell. b-d, Optimized configurations of the PtFe (111) (b), (200) (c), and (220) (d) crystal plane
Note: When calculating the surface energy of the Pt58Fe42, we approximated Pt58Fe42 as Pt60Fe40. This approach avoids an excessive number of atoms during the expansion of the crystal plane, thereby reducing computational cost.
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[bookmark: _Hlk195995549]Fig. S2 (a) The elemental mappings of Pt and Fe in Pt67Fe33 nanowires. (b) XRD pattern of Pt67Fe33 nanowires. (c) EDX spectra of Pt67Fe33 nanosheets
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Fig. S3 (a) The elemental mappings of Pt and Fe in Pt87Fe13nanowires. (b) XRD pattern of Pt76Fe24 nanowires. (c) EDX spectra of Pt76Fe24 nanosheets
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Fig. S4 Discharged-charge curves of Pt and Pt58Fe42 electrocatalysts with a limited capacity of 1 mAh/cm2
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Fig. S5 The adsorption/desorption isotherm of Pt/C and Pt58Fe42/C
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Fig. S6 FTIR spectra of initial and discharged Pt58Fe42

[bookmark: _Hlk186135757]Fig. S7 1H NMR spectra of initial and discharged Pt58Fe42


Fig. S8 13C NMR spectra of initial and discharged Pt58Fe42


[bookmark: _Hlk216555930]Fig. S9 SEM images of 1st discharge Pt cathode

Fig. S10 XRD patterns of initial and discharged Pt cathode

[bookmark: _Hlk216554900]Fig. S11 Raman spectra of initial and discharged Pt cathode

Fig. S12. a, b, Optimized configurations of the Pt unit cell (a) and the Pt (111) crystal plane (b)



[bookmark: _Hlk216555330]Fig. S13 The Nyquist plots of Pt58Fe42 (a) and Pt (b) cathodes at different conditions


Fig. S14 O 1s spectra for Pt58Fe42 cathode

Fig. S15 O 1s spectra for Pt cathode

Fig. S16 The XPS spectra in C 1s region of Pt58Fe42 cathodes at different conditions

Fig. S17 XPS spectra of the Pt58Fe42 in Pt 4f region at different conditions


Fig. S18 XPS spectra of the PtFe in Fe 2p region at different conditions


Fig. S19 XPS spectra of Pt cathode in Li 1s at different states


Fig. S20 XPS spectra of Pt cathode in C 1s at different states

[bookmark: _Hlk216555605]Fig. S21 a, The UV-Vis absorption spectra of TiOSO4 solutions at different Li2O2 capacities. b, The standard curve of various Li2O2 capacities in TiOSO4 solution. c, UV-Vis absorption spectra of TiOSO4 solutions with Pt and Pt58Fe42 electrodes at different states. The yield of lithium peroxide (Li₂O₂) is defined as the measured amount of Li₂O₂ divided by the set discharge capacity (0.8 mAh)

[bookmark: _Hlk216556120]Fig. S22 a-c, XRD patterns (a), Raman spectra (b) and XPS spectra (c) of Pt58Fe42 cathode at initial and 1st discharged state at a limited capacity of 1000 mAh g-1. d, The elemental mapping of Pt and Fe distribution for 10th charged (m) Pt58Fe42 cathode at a limited capacity of 1000 mAh g-1


[bookmark: _Hlk216556425]Fig. S23 SEM images of 200th charged Pt58Fe42 cathode

Fig. S24 XPS spectra of Pt cathode in C 1s at different states
[bookmark: _Hlk216555365]
Fig. S25 a, b, ELF of Pt (a) and Pt58Fe42 (b)

Fig. S26 The valence band spectra of Pt and Pt58Fe42 by UPS

[bookmark: _Hlk216556186]Fig. S27 a,b, Density of states (DOS) of Pt 5d orbital for Pt (a) and Pt58Fe42. c,d, Density of states (DOS) of Fe 3d orbital for Fe (c) and Pt58Fe42 (d)


[bookmark: _Hlk216555647]Fig. S28 a, Optimized configurations of Fe, Fe/LiO2*, Fe/Li2O2*, and Fe/2Li2O2*. b, The Gibbs free energy profiles of Pt and Pt67Fe33 at various potentials



[bookmark: _Hlk216184061]Fig. S29 a-c, Optimized structures of Pt/O2*, Pt/Li2O2* and Pt/2Li2O2*


Fig. S30 (a-d) EIS results of Pt58Fe42 cathode at different charge capacities



Fig. S31 (a-d) EIS results of Pt cathode at different charge capacities

[bookmark: _Hlk188293821]Fig. S32 a-d, Arrhenius plots of Pt58Fe42 cathode at different charge capacities

Fig. S33 (a-d) Arrhenius plots of Pt cathode at different charge capacities

[bookmark: _Hlk216553928][bookmark: _Hlk216192251]Fig. S34 a, b, Optimized structures of Pt67Fe33 (a) and Pt76Fe24 (b). c, d, Density of states (DOS) of Pt 5dz2 orbital for Pt67Fe33 (c) and Pt76Fe24 (d)

Fig. S35 a-c, Adsorption energies of LiO2 on Pt67Fe33 (a), and Pt76Fe24 (b) catalysts
[bookmark: _Hlk216037328]
[bookmark: _Hlk216032340]Fig. S36 a, Optimized configurations of Pt67Fe33, Pt67Fe33/LiO2*, Pt67Fe33/Li2O2*, and Pt67Fe33/2Li2O2*. b, The Gibbs free energy profiles of Pt and Pt67Fe33 at various potentials
[bookmark: _Hlk216436661]
[bookmark: _Hlk216554830][bookmark: _Hlk216032403]Fig. S37 a, Optimized configurations of Pt76Fe24, Pt76Fe24/LiO2*, Pt76Fe24/Li2O2*, and Pt76Fe24/2Li2O2*. b, The Gibbs free energy profiles of Pt76Fe24 and Pt76Fe24 at various potentials

[bookmark: _Hlk216556221][bookmark: _Hlk216185778]Fig. S38 a,b, The element mapping of Pt and Fe elements (a) and EDX spectra (b) of Pt82Fe18. c,d, The element mapping of Pt and Fe elements (c) and EDX spectra (c) of Pt70Fe30. e,f, The element mapping of Pt and Fe elements (e) and EDX spectra (f) of Pt64Fe36



[bookmark: _Hlk216556234][bookmark: _Hlk216185840]Fig. S39 Discharged-charge curves of Pt64Co36, Pt70Co30, and Pt82Co18 electrocatalysts with a limited capacity of 1000 mAh/g
[bookmark: _Hlk216556251][bookmark: _Hlk216187053]Fig. S40 a-c, The optimized structures of Pt₆₄Co₃₆ (a), Pt₇₀Co₃₀ (b), and Pt₈₂Co₁₈ (c). d-f, Density of states (DOS) of Pt 5dz2 orbital for Pt₆₄Co₃₆ (d), Pt₇₀Co₃₀ (e), and Pt₈₂Co₁₈ (f)


[bookmark: _Hlk216556264]Fig. S41 a, b, The element mapping of Pt and Cu elements (a) and EDX spectra (b) of Pt78Cu22. c, d, The element mapping of Pt and Cu elements (c) and EDX spectra (d) of Pt68Cu32. e, f, The element mapping of Pt and Co elements (e) and EDX spectra (f) of Pt59Cu41




[bookmark: _Hlk216556278][bookmark: _Hlk216185864]Fig. S42 Discharged-charge curves of Pt59Cu41, Pt68Cu32, and Pt78Cu22 electrocatalysts with a limited capacity of 1000 mAh/g

[bookmark: _Hlk216556289][bookmark: _Hlk216187191]Fig. S43 a-c, The optimized structures of Pt59Cu41 (a), Pt68Cu32 (b), and Pt78Cu22 (c). d-f, Density of states (DOS) of Pt 5dz2 orbital for Pt59Cu41 (d), Pt68Cu32 (e), and Pt78Cu22 (f)
Table S1 Surface energy of Pt58Fe42 (111) surface
	
	E=(Es-nEu)/2A
	

	Eslab
	-9720.1096
	Ha

	Ebulk
	-2431.253654
	Ha

	Number of atoms per unit cell
	20
	Piece

	Number of surface atoms
	80
	Piece

	Atom ratio
	4
	

	Length of PtFe unit cell surface
	17.06
	Å

	Width of the PtFe unit cell
	14.16
	Å

	Angle
	109°
	

	Cross-sectional area
	228.283272
	(Å)2

	surface energy
	4.681898213
	J/m2


[bookmark: _Hlk215949007]Table S2 Surface energy of Pt58Fe42 (200) surface
	
	E=(Es-nEu)/2A
	

	Eslab
	-9720.3110
	Ha

	Ebulk
	-2431.253654
	Ha

	Number of atoms per unit cell
	20
	Piece

	Number of surface atoms
	80
	Piece

	Atom ratio
	4
	

	Length of PtFe unit cell surface
	15.84
	Å

	Width of the PtFe unit cell
	12.67
	Å

	Angle
	90°
	

	Cross-sectional area
	200.69
	(Å)2

	Surface energy
	5.08687524
	J/m2



Table S3 Surface energy of Pt58Fe42 (220) surface
	
	E=(Es-nEu)/2A
	

	Eslab
	-9720.131866
	Ha

	Ebulk
	-2431.253654
	Ha

	Number of atoms per unit cell
	20
	Piece

	Number of surface atoms
	80
	Piece

	Atom ratio
	4
	

	Length of PtFe unit cell surface
	15.84
	Å

	Width of the PtFe unit cell
	14.16
	Å

	Angle
	90°
	

	Cross-sectional area
	224.29
	(Å)2

	Surface energy
	4.743030905
	J/m2



Table S4 The detailed parameters for the coin cells
	Parameter 
	Value

	Area of PtFe cathode
	0.785 cm2 (10 mm diameter)

	Mass of active materials
	2.34 mg (~3 mg/cm2)

	PVDF
	0.28 mg

	Solvent
	~10 mg (10 uL electrolyte)


Qdischarge = 
QPM = 11.2 mAh cm-2/3 mg cm-2=3868 mAh g-1
QAM = 1168 mAh g-1
rbp = 0.28 mg/2.34 mg = 0.117
rep= 10 mg/2.34 mg = 4.273
Qdischarge = 444 mAh g-1
Pt58Fe42energy density ≈ 444.5 mAh g-1× 2.7 V= 1200 Wh kg-1
Table S5 The comparison of charge overpotentials for Pt58Fe42 nanowires with various electrocatalysts
	Catalyst
	Overpotentials
	Cycle performance
	References

	Pt58Fe42
	0.24 V at 100 mA/cm2 (1 mAh/cm2) 
	250 cycles at 0.5 mA/cm2 (1 mAh/cm2)
	This work

	RuO2/MnO2
	0.25 V at 200 mA/g (500 mAh/g)
	45 cycles at 200 mA/g (500 mAh/g)
	ACS Catal. 2018, 8, 7983-7990.

	Pd/CNT
	0.1 V at 0.05 mA/cm2 (0.5 mAh/cm2)
	50 cycles 0.05 mA cm2 (0.5 mAh/cm2)
	ACS Energy Lett. 2019, 4, 2782.


	Pt
	0.2 V at 200 mA/g (12985 mAh/g)
	70 cycles at 1000 mA g-1 (1000 mAh g-1) 
	ACS Catal. 2018, 8, 9006-9015. e202201416

	[bookmark: _Hlk216449830]HEAPtIr
	0.38 V at 200 mA/g (1000 mAh/g)
	150 cycles at 200 mA/g (1000 mAh g-1)
	Angew. Chem. Int. Ed. 2023,62, e202310894

	Pd3Pb
	0.45 V at 100 mA/g (1000 mAh/g)
	175 cycles at 500 mA/g (1000 mAh/g)
	PNAS 2023, 120, e2301439120

	PtIr
	0.33 V at 100 mA/g (1000 mAh/g)
	180 cycles at 500 mA/g (1000 mAh/g)
	Angew. Chem. Int. Ed. 2021, 60, 26592

	NiRu-HTP
	0.54 V at 500 mA/g (1000 mAh/g)
	200 cycles at 500 mA/g (1000 mAh/g)
	J. Am. Chem. Soc. 2022, 144, 23239.

	PtFec/NC
	0.15 V at 200 mA/g (1000 mAh/g)
	210 cycles at 400 mA/g (1000 mAh/g)
	Angew. Chem. Int. Ed. 2024, e202418893

	[bookmark: _Hlk216450004]PtAu
	0.36 V at 100 mA/g (1000 mAh/g)
	220 cycles at at 500 mA/g (1000 mAh/g)
	Angew. Chem. Int. Ed. 2022, 61, e202201416

	[bookmark: _Hlk216450017]LaSr(5TM)O3
	0.79 V at 100 mA/g (1000 mAh/g)
	226 cycles at 200 mA/g (1000 mAh/g)
	ACS Nano 2024, 18, 40, 27804.


Table S6 Surface energy of Pt (111) surface
	
	E=(Es-nEu)/2A
	

	Eslab
	-1921.5854
	Ha

	Ebulk
	-480.5840663
	Ha

	Number of atoms per unit cell
	4
	Piece

	Number of surface atoms
	80
	Piece

	Atom ratio
	16
	

	Length of PtFe unit cell surface
	5.57
	Å

	Width of the PtFe unit cell
	5.57
	Å

	Angle
	120°
	

	Cross-sectional area
	26.8675634
	(Å)2

	[bookmark: _Hlk216196079]surface energy
	0.380077984
	eV/(Å)2

	surface energy
	6.08
	J/m2

	surface tension
	[bookmark: _Hlk216196109]6.08 
	N/m


Table S7 Fitted values for the equivalent circuit elements
	
	Rs [Ω] 
	[bookmark: _Hlk216521477]Rct [Ω]

	Before charge
	
	

	Pt/C
	45.36
	[bookmark: _Hlk216521502]71.16

	Pt58Fe42/C
	42.46
	39.32

	
After 1st discharge
	
	

	Pt/C
	43.24
	811.2

	Pt58Fe42/C
	47.27
	115.6
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