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Section S1 Supplementary Figures
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Figure S1. Optical image of HCP-MoOC. 
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Figure S2. SEM image of HP-MoO2 grown on Ni foam.
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Figure S3. (a) Element mappings of a single MoOxCy sheet in the HP-MoOC. (b) Quantitative EDX analysis showing a Mo:O:C weight ratio of approximately 1:1.5:0.5 in the HP-MoOC nanosheet. 
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Figure S4. HRTEM images of HP-MoOC with the corresponding FFT pattern in the inset. 
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Figure S5. Raman spectra of HCP-MoOC and HP-MoOC. 
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Figure S6. (a) Element mappings of a single MoOxCy sheet in the HCP-MoOC. (b) Quantitative EDX analysis showing a Mo:O:C weight ratio of approximately 1:1:7 in the HP-MoOC nanosheet. Note that the results cannot represent the real atomic ratio inside the crystalline structure of HCP-MoOC because of the existence of the carbon layer coating.
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Figure S7. Bubble evolution of Pt/C and HCP-MoOC catalysts at a current density of 100 mA cm-2. Scale bar: 1 mm.




Section S2 Supplementary Notes
Note S1
To quantitatively determine the atomic ratio within the crystalline structure of HCP-MoOC, hydrogen plasma treatment was performed at room temperature to etch the surface carbon layer. Specifically, the HCP-MoOC samples were cut into 0.5 cm × 1 cm pieces and placed in a crucible boat inside a quartz tube. Next, the tube was evacuated to a pressure of <3 Pa, followed by the introduction of a hydrogen gas flow at 10 mL min–1. The pressure was controlled at 30 Pa, and a 300 W radio frequency source was coupled into the quartz tube to initiate the plasma treatment process. 
HCP-MoOC treated by H2 plasma for 2, 5, 10, and 20 minutes were labeled as HCP-MoOC-HE2, HCP-MoOC-HE5, HCP-MoOC-HE10, and HCP-MoOC-HE20, respectively. Raman spectroscopy was used to characterize all samples. As shown in Figure S8a, the intensities of the peaks corresponding to the surface carbon layer (i.e., D- and G-band peaks) gradually decreased with increasing treatment time, while the peaks representing MoOxCy (100-1000 cm-1) unchanged up to 10 minutes of treatment. This suggests that the surface carbon layer was gradually etched away by the 10-minute plasma treatment, but further exposure (20 minutes) began to damage the MoOxCy crystalline structure. Thus, HCP-MoOC-HE10 can be considered representative of HCP-MoOC without the surface carbon layer. We note that weak D- and G-band peaks can still be observed in the Raman spectrum of HCP-MoOC-HE10, which may arise from the residue carbon located in the valleys of the vertically standing MoOxCy nanosheets. As shown in Figure S8b, while HER activity slightly improved after the removal of the surface carbon layer, the catalyst’s stability significantly deteriorated.
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Figure S8. (a) Raman spectra of HCP-MoOC with different H2 plasma treatment durations. (b) Polarization curves of HCP-MoOC and HCP-MoOC_HE10 before and after 10,000 cycles.
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Figure S9. (a) Cross-sectional SEM image and (b) EDX analysis of atomic percentage of the HCP-MoOC-HE10. 
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Figure S10. (a) Atomic models and (b) charge distributions of HP-MoOC.  
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Figure S11. Polarized curves of commercial Pt/C catalysts during repeated LSV tests.
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Figure S12. Comparison of hydrogen lifetime throughput and expected lifetime (calculated based on the 10% threshold by U.S. department of energy (DOE)) of HCP-MoOC and state-of-the-art catalysts


















Section S3 Supplementary Tables
Table S1. Comparison between the overpotential of acidic HER at large current densities for the HCP-MoOC and the state-of-the-art catalysts
	Reference
	Paper
	Catalyst
	Overpotential
	Current density
	Electrolyte

	[1]
	Nat. Mater. 
	2H-Nb1.35S2
	420 mV
	5,000 mA cm-2
	0.5 M H2SO4

	[2]
	Adv. Mater. 
	single-layer Mo2C
	460 mV
	5,000 mA cm-2
	0.5 M H2SO4

	[3]
	Nat. Commun. 
	Ta-TaS2
	398 mV
	2,000 mA cm-2
	0.5 M H2SO4

	[4]
	J. Am. Chem. Soc. 
	α-MoB2
	413 mV
	2,000 mA cm-2
	0.5 M H2SO4

	
	
	
	334 mV
	1,000 mA cm-2
	

	[5]
	Nat. Commun. 
	Co/Se-MoS2–NF
	382 mV
	1,000 mA cm-2
	0.5 M H2SO4

	[6]
	Nat. Commun. 
	MoC2/MoS2
	227 mV
	1,000 mA cm-2
	0.5 M H2SO4

	[7]
	Nat. Commun. 
	HC-MoS2/Mo2C
	414 mV
	1,000 mA cm-2
	0.5 M H2SO4

	[8]
	Adv. Mater. 
	Co–N–C
	343 mV
	1,000 mA cm-2
	0.5 M H2SO4

	-
	Our work
	HCP-MoOC
	358 mV
	5,000 mA cm-2
	0.5 M H2SO4

	
	
	
	415 mV
	10,000 mA cm-2
	0.5 M H2SO4







Table S2. Summary of the electrocatalytic hydrogen evolution performance of the HCP-MoOC and state-of-the-art catalysts
	Ref.
	Journal
	Catalyst
	Current density
(mA cm-2)
	Stability (h)
	H2 throughput
(L cm-2)
	Performance degradation (%)
	Expected lifetime (h)
	Lifetime throughput    (L cm-2)

	[6]
	Nat. Commun. 
	Mo2S/Mo2C
	200
	24 
	2.15
	̶
	̶
	̶

	[3]
	Nat. Commun. 
	Ta-TaS2
	500
	175 

	39.18
	̶
	̶
	̶

	
	
	
	1,000
	25 
	11.19
	̶
	̶
	̶

	[2]
	Adv. Mater. 
	Edge-enriched Mo2C
	2,000
	8 
	7.16
	̶
	̶
	̶

	[1]
	Nat. Mater. 
	NbS2
	5,000
	120 
	268.64
	~ 10*
	~ 120*
	268.6*

	[4]
	J. Am. Chem. Soc. 
	MoB2
	1,500
	60 
	40.3
	~ 6.74*
	~ 89*
	59.8*

	[5]
	Nat. Commun. 
	Co/Se doped MoS2
	1,000
	360 
	161.19
	~ 6.07*
	~ 593*
	265.5*

	[7]
	Nat. Commun. 
	HC-MoS2/Mo2C
	450
	24 
	4.84
	̶
	̶
	̶

	
	
	
	200
	24 
	2.15
	̶
	̶
	̶

	[8]
	Adv. Mater. 
	Co–N–C
	1,000
	32 
	14.33
	~ 3.52*
	~ 91*
	40.7*

	[9]
	Adv. Funct. Mater. 
	Co-Co2P@NPC/rGO
	1,000
	20 
	8.95
	
1.2
	
~ 167*
	
74.6*

	[10]
	Chem. Eng. J. 
	Pt/MoO2
	1,000
	200 
	89.55
	~ 4.32*
	~ 463*
	207.3*

	[11]
	Small
	CoS|Ni|P
	1,000
	20 
	8.95
	~ 11.45*
	~ 18*
	7.8*

	[12]
	DOE target
	̶
	3,000
	1,000
	1,253.67
	~ 0.13
	80,000
	100,503.1

	-
	Our work
	HCP-MoOC
	10,000
	1,000 
	4,477.37
	~ 0.11
	90,909
	407,033.6


* The values are estimated from the data in references.
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