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Experimental Section

Synthesis of Cu;P@NPC-CF

Clear copper foam (6 x 3 x 0.15 cm) was covered on a corundum boat containing 1.8 g of
phosphoramidic acid resin (Shanghai Xrun Resin Co., Ltd, China). The corundum boat was placed
in a tube furnace and the temperature raised to 900 °C at a rate of 5 °C per minute, and then
maintained at this temperature for 1 hour under a N, atmosphere. After cooling to 30 °C, porous
nanosheets of N, P co-doped carbon wrapped in Cu3P, grown on the copper foam were obtained and
noted as CusP@NPC-CF. For comparision, N, P co-doped carbon (NPC) was synthesized under the

same condition without the copper foam.

Physical characterization

The morphology of the catalyst was analyzed by field-emission scanning electron microscopy
(SEM, SU8220, Hitachi Corp., Japan), atomic force microscope (Bruker, USA) and transmission
electron microscope (TEM, Tian ETEM G2 80-300, FEI Corp., USA). The X-ray diffraction pattern
was tested by D/Max-III Diffractometer (Rigaku Corporation, Japan) from 20-80° with a scanning
speed of 6° min'!. X-ray photoelectron spectroscopy (XPS, ESCALab 250Xi, Thermo Fisher
Scientific, USA; Al Ka) was used to analyze the elemental composition, electronic structure and
chemical state of the material surface. The specific surface area and pore size distributions were

calculated by the N, isothermal adsorption/desorption curves at 77 K.

Electrochemical Characterization

Electrochemical performance tests were performed on an electrochemical workstation (Zahner
IM6e, Germany). In a three-electrode system, CusP@NPC-CF served as the working electrode,
whilst a graphite rod and a reversible hydrogen electrode (RHE) served as the counter electrode and
reference electrode, respectively. The polarization curves were obtained by linear scanning
voltammetry (LSV) with a scanning range of 0.1 to -0.8 V vs. RHE and a scanning speed of 5 mV
s1in 0.5 M H,SO4 (pH=0), 1 M PBS (pH=7), and 1 M KOH (pH=14), respectively. Electrochemical
impedance spectroscopy (EIS) was conducted between 100 kHz and 100 mHz. The
electrochemically surface area (ECSA) was characterized by dual layer capacitance (Cq4) which was

obtained by CV from 1.2 to 1.25 V vs. RHE at different scanning speeds.
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Fig. S1 XRD pattern of CusP particle and NPC.
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Fig. S2 N, adsorption/desorption isotherm CusP particle.
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Fig. S3 The height profile of CusP@NPC-CF




Fig. S4 (A) SEM image, (B) TEM image, and (C) HRTEM image of NPC.

The SEM and TEM images (Fig. S4A and B) show that the NPC possess a porous structure.
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Fig. S5 (A) Survey XPS spectra, high-resolution XPS spectra of (B) Cu 2p, (C) P 2p for Cu;P
particle.
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Fig. S6 (A) Survey XPS spectra, high-resolution XPS spectra of (B) C 1s, (C) P 2p, (D) N 1s for
NPC.

Fig. S7 (A) TEM, and (B) HRTEM image of Cu;P@NPC-CF after continuous potential cycling in
1 M KOH.
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Fig. S8 CV curves of (A) CusP@NPC-CF, (B) Cu;P particle and (C) NPC with different scan

Fig.
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S9 Nyquist plots of CusP@NPC-CF and Cu;P particle for HER with a test voltage of -0.2 V.



Table S1 Comparison of CusP@NPC-CF and catalysts reported for HER in 0.5 M H,SO,.

. Current
Catalysts Tafel (mV) Stability test retention Ref
Y (mV decly M (h) '
rate
This
Cu;P@NPC-CF 81.25 81.94 90 81.32%
Work
Nig25Cug.75/C 84 184 20000 s 99% [S1]
Nig gsSe@NC 85 131 10 99.8% [S2]
PdNi NWs 96 91 1000 cycles - [S3]
Cu@MoS, 51 131 ~7 [S4]
CusP NW/CF 67 143 25 [S5]
NC-CF-PSFN 90.2 124 10 - [S6]
a-C/CusP@ 400 °C 72 287 1000 cycles - [S7]
Broom-like CuGeO; 98 135 80 - [S8]
Cuf@NisP, 49 90 84 CP [S9]
NizCu;@NG-NC 84.2 122 80 CP [S10]
Fe,P@NPC 81 227 11 CP [S11]
CoP;/CoMoP-5/NF 66.1 125 20 -— [S12]
Cu—Co—P 59 262 72 CP [S13]




Table S2 Comparison of CusP@NPC-CF and catalysts reported for HER in 1 M PBS.

. Current
Catalysts Tafel (mV) Stability test retention Ref
y (mV decl) MO (h) '

rate

This

Cu;P@NPC-CF 123.71 192.52 90 96.06%
Work
Mo-WC@NCS 95 221 12 CP [S14]
Er,Si,07:1r0,-s 67 190 ~4 [S15]
CoP/NCNT-CP 100 305 10 CP [S16]
Co0/CoSe, 131 337 9 - [S17]
Fe-CoySg NSs/C 126.9 192 20 -— [S18]
NiFe,04/NF 81.3 197 24 - [S19]
NizN@Ni—Bi NS/Ti 190 265 20 - [S20]
CuS@C - 399 1000 cycles - [S21]
Co-B 75 251 44 [S22]
Ni-Mo-S/C (1:1) 85.3 200 30000 s 97.5%  [S23]




Table S3 Comparison of CusP@NPC-CF and catalysts reported for HER in 1 M KOH.

Current
Tafel Stability test
Catalysts mV retention Ref.
y (mV dec) Mo (mV) (h)
rate
This

Cu;P@NPC-CF 93.14 135.45 90 95.61%
Work
NiCoP/SCW 64.4 178 36 83.3% [S24]
Cug soFeq 5o/NF 62.18 158 100 CP [S25]
CuCoO-NWs 108 140 50 - [S26]
CusN/NF 122 118 14 [S27]
Cu—Co—P 86 231 72 CP [S13]
Ni;P MPs 119 291 16 CP [S28]
CoP@FeCoP/NC 47.98 141 20 CP [S29]
CuC0,S4/NiC0,S, 90 206 15 CP [S30]
Ni-Co-P/NF 108.4 156 20 - [S31]

CP (add
Co/CoP HNC 105.6 180 10 [S32]

~30%)
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