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Materials and Methods
Materials. Platinum (II) acetylacetonate (Pt(acac)2, 97%), nickel (II) acetylacetonate (Ni(acac)2, 95%), Molybdenumhexacarbonyl (Mo(CO)6, 98%), oleylamine (OAm, >70%) and glucose were bought from Sigma-Aldrich. Cupric acetylacetonate (Cu(acac)2, 98%) was purchased from Energy Chemical. (1-Hexadecyl) trimethylammonium chloride (CTAC, 96%), Tris(2,4-pentanediaonato) Cobalt (III) (Co(acac)3, 98%), Iron (III) 2,4-pentanedionate (Fe(acac)3), Nafion solution (5 wt.%) were supplied by Alfa Aesar. Methanol, cyclohexane, ethanol, and isopropanol were bought from Beijing Tongguang Fine Chemicals Company. Potassium hydroxide (KOH, 90%) was purchased from Aladdin. 
Electrochemical measurements. The obtained 1 mg NP dispersed in 10 mL cyclohexane was mixed with 4 mg of carbon (Ketjen Black-300) in 10 mL ethanol under sonication for 1 h, and then the product was collected via centrifugation with ethanol. The Pt18Ni26Fe15Co14Cu27/C catalysts were obtained by cleaning the surface (remove organic species) with 0.5 M acetic acid at 60 oC for 2 h under N2 atmosphere. The 1 mg catalysts were dispersed in a mixture of 495 µL ultrapure water, 495 µL isopropanol, and 10 µL Nafion solution, after sonication for 1 hour, Pt18Ni26Fe15Co14Cu27/C catalyst with concentration of 1 mg mL-1 was obtained. 
Electrochemical measurements were conducted on a CHI 760E Electrochemical Workstation (Shanghai Chenhua Instrument Corporation, China) in a conventional three-electrode cell. The graphite rod electrode as the counter electrode and a saturated calomel electrode (SCE) as the reference electrode. The working electrode was a glassy carbon electrode (GCE, diameter: 3 mm, area: 0.07065 cm2). 10 μL of the catalyst was dropped onto the GCE surface for further electrochemical tests. All the potentials reported in this work were converted to the reversible hydrogen electrode (RHE). Cyclic voltammograms (CVs) were performed in N2-saturated 1 M KOH solution from 0 to 1.2 V vs. RHE at a scan rate of 20 mV s-1. Electrochemical impedance spectroscopy (EIS) measurements were measured at -50 mV vs. RHE in the frequency range from 10 kHz to 0.01 Hz in N2-saturated 1 M KOH solution.

Hydrogen evolution reaction (HER) measurements. The HER performance of the catalysts was evaluated by linear sweep voltammetry (LSV) with a scan rate of 5 mV s-1 in N2-saturated 1 M KOH solution, and all polarization curves were 95% iR-corrected. The durability tests were performed in 1.0 M KOH solution using chronoamperometric method. And 1000th/10000th CVs were also measured to evaluate the stability of catalysts. 20% Pt/C catalyst was also dropped on the GCE as a reference catalyst for electrochemical tests under the same conditions.

TOF calculation. The CVs curve was collected from 0 V to 1.2 V vs. RHE in 0.5 M H2SO4 solution with a scan rate of 20 mV s-1(Supplementary Figure 5). 
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The n is the number of active sites, the number 2 represents two electrons (produce one hydrogen molecule), QH represents electron transfer quantity (the hydrogen desorption peak), F is Faraday’s constant (96485.3 C mol-1), I(A) is the current measured at a specific potential during LSV measurement.

Methanol oxidation reaction (MOR) measurements. The CVs for MOR were conducted in N2-saturated 1 M KOH + 1M CH3OH solution between 0.2-1.2 V vs. RHE with a scan rate of 20 mV s-1. For the MOR stability tests, chronoamperometric tests were performed at a fixed potential of 0.65 V vs. RHE, and 1000th CVs were also performed to evaluate the stability of catalysts. 
CO stripping curves were carried out in 1 M KOH solution. Before the tests, 1 M KOH solution was first deaerated with high-purity N2. Then, CO was bubbled into the cell for 15 min while the potential of the working electrode was held at a constant potential of 0.1 V vs. RHE. Then N2 was bubbled into the system for 15 min to remove CO gas. After that, CO stripping curves were recorded between 0-1.2 V vs. RHE at a scan rate of 20 mV s-1.
Figures
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Supplementary Figure 1. XRD patterns of Pt18Ni26Fe15Co14Cu27 NPs.
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Supplementary Figure 2. (a) XPS survey spectrum, (b) Pt 4f, (c) Ni 2p, (d) Fe 2p, (e) Co 2p, and (f) Cu 2p XPS spectrum of Pt18Ni26Fe15Co14Cu27 NPs.
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Supplementary Figure 3. CV curves of (a) Pt/C and (b) Pt18Ni26Fe15Co14Cu27/C in the double layer region at scan rates of 20, 40, 60, 80 and 100 mV s-1 in 1.0 M KOH. (c) Pt/C and (d) Pt18Ni26Fe15Co14Cu27/C, current density as a function of scan rate derived from (a) and (b) at 1.0 V (vs. RHE), respectively.
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Supplementary Figure 4. The Nyquist plots of Pt18Ni26Fe15Co14Cu27/C and Pt/C at -50 mV vs. RHE.
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Supplementary Figure 5. CV curves of Pt18Ni26Fe15Co14Cu27/C and Pt/C catalysts in 0.5 M H2SO4.
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Supplementary Figure 6. The potential dependent TOF curves of Pt18Ni26Fe15Co14Cu27/C and Pt/C.
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Supplementary Figure 7. Chronoamperometric measurement result of (a) Pt18Ni26Fe15Co14Cu27/C and (b) Pt/C for HER. 
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Supplementary Figure 8. HER polarization curve (geometrical area) for Pt/C with different CV cycles.
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Supplementary Figure 9. The TEM images of Pt18Ni26Fe15Co14Cu27/C before (a) and after (b) the stability test for HER.
[image: image12.emf]a b

d(111)=0.218 nm

2 nm


Supplementary Figure 10. (a) HRTEM image of Pt18Ni26Fe15Co14Cu27/C after stability test for HER. (b) XRD patterns of Pt18Ni26Fe15Co14Cu27/C before and after stability test for HER.
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Supplementary Figure 11. The CV curves (geometrical area) of the Pt18Ni26Fe15Co14Cu27/C and Pt/C in 1 M KOH + 1 M CH3OH electrolyte.
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Supplementary Figure 12. CV curves of Pt/C before and after 1000 cycles.
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Supplementary Figure 13. The (a) TEM image and (b) HRTEM image of Pt18Ni26Fe15Co14Cu27/C after stability test for MOR.
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Supplementary Figure 14. The CO stripping curves for (a) Pt/C and (b) Pt18Ni26Fe15Co14Cu27 NPs/C in 1 M KOH electrolyte.
Supplementary Table 1. Atomic ratios of PtNiFeCoCu NPs characterized by ICP before and after the HER or MOR.
	Sample
	Pt
	Ni
	Fe
	Co
	Cu

	initial
	18
	26
	15
	14
	27

	After HER
	19.1
	25.7
	14.8
	13.6
	26.8

	After MOR
	19.4
	25.6
	14.7
	13.7
	26.6


Supplementary Table 2. Comparing the catalytic performance of Pt18Ni26Fe15Co14Cu27/C with the ever-reported alkaline HER catalysts.
	No.
	Catalysts
	Electrolyte
	Mass Activity
	η10mA cm-2 (mV)
	References

	1
	Pt18Ni26Fe15Co14Cu27/C
	1.0 M KOH
	7.89 A mg-1pt 
at -0.05 V vs. RHE
10.96 A mg-1pt 
at -0.07 V vs. RHE

	11
	This work

	2
	Pt NWs/SL-Ni(OH)2
	1.0 M KOH
	0.679 A mg-1pt 
at -0.07 V vs. RHE
	~70
	Nat. Commun. 2015, 6, 6430.

	3
	Pt3Ni2 NWs-S/C
	1.0 M KOH
	2.45 A mg-1pt 
at -0.07 V vs. RHE
	42
	Nat. Commun. 2017, 8, 14580.

	4
	Hcp-Pt-Ni
	0.1 M KOH
	3.03 A mg-1pt 
at -0.07 V vs. RHE
	65
	Nat. Commun. 2017, 8, 15131.

	5
	20 wt% Pt/Ni(HCO3)2
	1.0 M KOH
	0.811 A mg-1pt 
at -0.07 V vs. RHE
	44
	Angew. chem. Int. Ed 2019, 131, 5486.

	6
	4wt% Ptc/Ni(OH)2
	0.1 M KOH
	6.34 A mg-1pt 
at -0.05 V vs. RHE
	32
	Sci. China Mater. 2017, 60, 1121.

	7
	SANi-Pt NWs
	1.0 M KOH
	11.8 A mg-1pt 
at -0.07 V vs. RHE
	-
	Nat. Catal. 2019, 2, 495.

	8
	PtNi-O/C
	1.0 M KOH
	7.23 A mg-1pt 
at -0.07 V vs. RHE
	39.8
	J. Am. Chem. Soc. 2018, 140, 9046.

	9
	NiOx/Pt3Ni NWs
	1.0 M KOH
	2.59 A mg-1pt 
at -0.07 V vs. RHE
	40
	Angew. Chem. Int. Ed. 2016, 55, 12859.

	10
	Pt-Ni(N)
	1.0 M KOH
	-
	13
	Adv. Mater. 2019, 1807780.

	11
	FeCoNiAlTi-D15h
	1.0 M KOH
	-
	88.2
	Adv. Mater. 2020, 2000385

	12
	NiFeMoCoCr HEA 
	1.0 M KOH
	-
	172
	Electrochimica Acta 2018, 279, 19e23

	13
	CoFeLaNiPt HEMG-NP
	0.1 M KOH
	-
	555
	Nat. Commun. 2019, 10, 2650.


Supplementary Table 3. Comparing the catalytic performance of Pt18Ni26Fe15Co14Cu27/C with the ever-reported alkaline MOR catalysts.
	No.
	Catalysts
	Electrolyte
	Mass Activity 
	References

	1
	Pt18Ni26Fe15Co14Cu27 NPS/C
	1 M KOH

1 M MeOH
	15.04 A mg-1Pt
	This work

	2
	PtZn intermetallic NPs
	0.1 M KOH

0.5 M MeOH
	~0.58 A mg-1
	J. Am. Chem. Soc. 2017, 139, 4762.

	3
	Pt-Ni(OH)2-rGO
	1 M KOH

1 M MeOH
	1.236 A mg-1Pt
	Nat. Commun. 2015, 6, 10035.

	4
	Au/Ag/Pt hetero-nanostructure
	1 M KOH

1 M MeOH
	~1 A mg-1Pt
	Adv. Mater. 2015, 27, 5573.

	5
	PtAuRu
	1 M KOH

1 M MeOH
	1.6 A mg-1metal
	J. Mater. Chem. A 2013, 1, 7255.

	6
	Pd3Pb/Pt2.37Pb Nanocubes
	1 M KOH

1 M MeOH
	8.40 A mg-1Pt
	Adv. Sci. 2019, 1902249.

	7
	SANi-Pt NWs
	1 M KOH

1 M MeOH
	7.93 A mg-1Pt
	Nature Catalysis 2019, 2, 495.

	8
	Pt0.5Ag1
	0.5 M KOH

2 M MeOH
	2.92 A mg-1Pt
	J. Catal. 2012, 290, 18.

	9
	CS-Pt56Cu28Ni16
	1 M KOH

1 M MeOH
	7.0 A mg-1Pt
	Nano Lett. 2019, 19, 5431.

	10
	PtNi/C
	1 M NaOH

1 M MeOH
	1.20 A mg-1Pt
	Catal. Commun. 2010, 12, 67.

	11
	Popcorn-like PtAu
	1 M KOH

1 M MeOH
	0.60 A mg-1Pt
	J. Mater. Chem. A 2014, 2, 8386.

	12
	Pt1Ni1/C
	1 M KOH

1 M MeOH
	1.75 A mg-1Pt
	Nano Res. 2018, 11, 2058.

	13
	Pt3.5Pb nerve nanowires
	0.5 M KOH

1M MeOH
	2.84 A mg-1Pt
	Nanoscale 2017, 9, 201.

	14
	PtAg popcorns
	1 M KOH

1 M MeOH
	1.65 A mg-1Pt
	ACS Nano 2012, 6, 7397.

	15
	PtCu nanoframes
	0.5 M KOH

1M MeOH
	2.26 A mg-1Pt
	Adv. Mater. 2016, 28, 8712.

	16
	Porous Pt Nanotubes
	1 M KOH

1 M MeOH
	2.33 A mg-1Pt
	ACS Appl. Mater. Interfaces 2016, 8, 16147.



	17
	Pt/rGO
	0.5 M KOH

0.5 M MeOH
	0.55 A mg-1Pt
	ACS Appl. Mater. Interfaces 2015, 7, 22935


14

