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1. Methods

Material synthesis. The commercially purchased Ni foam was cut into small pieces with an area of 1
cm?, which were then immersed into the PVP/HAc solution (0.1 g PVP in 5 ml HAc) for several seconds.
After drying it slowly, they were placed in the center of a tube furnace, followed by direct selenization at
600 °C for 1h in Ar atmosphere with the Se powder placed at the upstream as Se source.

Electrochemical tests. Electrochemical tests were carried out in a Nj-saturated three-electrode
system (Gamry, Reference 600),'> where a saturated calomel electrode was used as the reference
electrode, a Pt wire as the counter electrode and as-prepared NiSe, foams directly as the working
electrode. To exclude the possible contribution of any Pt contamination to the catalytic performance, we
performed similar measurements using a graphite foil (Alfa Aesar) as the counter electrode, and XPS

analysis on several positions of the catalyst surface, where no Pt signals are found on post-HER catalysts.



50-100 potential sweeps between 0.07 V to -0.20 V vs. reversible hydrogen electrode (RHE) at a scan rate
of 50 mV/s were applied to electrochemically activate the catalysts prior to the HER measurements and
for studying the electrochemical stability. The electrochemical impedance spectroscopy curves were
collected at a potential of -0.14 V vs. RHE in the same device configuration by tuning the frequency from
10 mHz to 1 MHz with a 10 mV AC dither.

Computational methods. To identify the active site for HER, we performed Density Functional
Theory (DFT) calculations using the Vienna Ab-initio Simulation Package (VASP)** with projector
augmented wave (PAW) pseudopotentials®>® and the Perdew-Burke-Ernzerhof (PBE) exchange-
correlation functional.” We used 400 eV for the plane-wave cutoff, and fully relaxed the systems until the
final force on each atom is less than 0.01 eV/A. We have doubled checked the free energies of H
adsorption on perfect surface and vacancy-containing surfaces using 500 eV, and found the values differ
by < 10 meV. We used a slab of 2x2 surface supercell, with a thickness of 4 stoichiometric layers, and
5x5x1 Monkhorst-Pack k-points sampling.® Following the approach of Ref. 9 and 10, the free energy of
hydrogen adsorption (AGy+) is calculated as AGyx = E,q +AEzp + TS, where E,q is the adsorption energy
of H onto the surface, referenced to the 1/2 of energy of the H, moleccule (see below), Ezp is the
difference in zero point energy between the adsorbed H and the H, molecule, T is the room temperature,
and S is the 1/2 entropy of H, molecule at standard conditions. The adsorption energy E, is calculated as
E, = E(H+surface) - E(surface) - E(H,)/2, where E(H+surface), E(surface) and E(H;) are the energies of

H-adsorbed surface, pure surface, and an H, molecule, respectively.

2. SEM morphologies of porous NiSe, catalyst from original Ni foam



Figure S1. Low and high-magnification SEM images of as-prepared NiSe, foam from commercial Ni

foam without any treatment.

3. Energy dispersive X-ray spectrum (EDS) of as-grown NiSe, catalyst
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Figure S2. a, Elemental EDS mapping of Ni (yellow) and Se (purple) elements in the same image. b,

Original EDS analysis on the chemical composition of as-prepared NiSe, foam from HAc and PVP co-

treated Ni foam under TEM.

4. XPS spectra of different as-prepared NiSe, catalysts
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Figure S3. XPS spectra of different NiSe, foams.

. Comparison of the catalytic performance of HP-NiSe, catalysts between Pt and graphite foil
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Figure S4. The polarization curves of the HP-NiSe, catalysts when using Pt or graphite foil as counter

electrode. No obvious differences are detected during the measurements.

6. The summary of the catalytic performance for porous NiSe, catalysts

Table S1. The main performance parameters of different NiSe, foams in comparison with a Pt wire

investigated in Figure 3. Here jj,#;9 and 7,9y are corresponding to the exchange current density, the

potentials vs RHE at 10 mA c¢cm2, and 100 mA cm?, respectively.

Catalyst Tafel slope Jo 110 M100
A-NiSe, 46.0 mV dec™! 8.6 uA cm? 153 mV 200 mV
H-NiSe, 42.6 mV dec™! 64.6 uA cm? 107 mV 153 mV
HP-NiSe, 43.0 mV dec™! 612.0 A cm? 57 mV 103 mV
Pt wire 31.0 mV dec’! 1126.2 pA cm™ 32 mV 72 mV

7. The comparison of our catalystswith other reported cheap electrocatalysts

Table S2. The comparison on the HER performance of our catalysts with other available cheap HER
electrocatalysts in the literatures. These values jo, #;9, and 7,99 represent the exchange current density, the

potentials vs RHE at 10 mA/cm?and 100 mA/cm?, respectively.

Catalyst Tafel slope Nio 100 Jo Source




Benchmark Pt 31.0 mV dec'! 32 mV 72 mV 1126.2 A cm? This work

HP-NiSe, foam 43.0 mVdec'! 57 mV 103 mV 612.0 uA cm? This work
MoS;(1.xSex/NiSe; 42.0 mVdec'! 69 mV 112 mV 299.4 pA cm? 2
MoS,/N-CNT 40 mVdec™! 110 mV 225 mV 33.1 pA cm? 11
NiSe, nanosheets/CC 32 mVdec'! 117 mV NA 4.7 uA cm? 12
Co0S,/RGO-CNT 51 mVdec'! 142 mV 178 mV 62.6 pA cm? 13
FeS, nanosheets 46 mVdec! 108 mV 170 mV 5.5 pA cm? 14
CoSe,/carbon fiber 42 mVdec! 139 mV 184 mV 6UA cm? 15
WS, 56S€0 44 nanoribbons 68 mVdec'! 176 mV NA 25 uA cm? 16
NisP4-Ni,P nanosheets 79 mVdec! 120 mV 200 mV 116 pA cm™ 17
Ni,P nanoparticles 46 mVdec’! 105 mV 180 mV 33 pA cm?? 18
CoP nanowire array/CC 51 mVdec'! 67 mV 204 mV 288 pA cm 19
Mo-W-P nanosheets/CC 52 mVdec'! 100 mV 138 mV 288 pA cm 20
Metallic WO,/carbon 46 mVdec! 58 mV NA 640 pA cm 21
MoO,/PC-RGO 41 mVdec™! 64 mV NA 480 pA cm? 22
CoPS NPls/carbon paper 56 mVdec! 48 mV NA 984 pA cm 23
CoPS NWs/carbon paper 48 mVdec’! 61 mV NA 554 pA cm? 23
MoS,/N-RGO 41.3 mVdec! 56 mV NA 720 pA cm 24

NA: not provided in the data.

Double-layer capacitance measurements
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Figure S5. Electrochemical cyclic voltammetry curves of different NiSe, foams with different scan rates.
a, A-NiSe, foam with scan rates ranging from 20 mV/s to 200 mV/s with a step of 20 mV/s. b, H-NiSe,
foam with scan rates from 5 mV/s to 50 mV/s with a 5 mV/s interval. ¢, HP-NiSe, foam with scan rates
ranging from 2 mV/s to 20 mV/s with an interval point of 2 mV/s. The potential is scanned from 0.1 to

0.2 V vs RHE where no faradic current was detected.

9. Electrical conductivity measurements of bulk NiSe, crystals

Q
(o

|NiSez sample 1.08 b .

[ ]

*:-i- £1.04
s LU g .
> 1.00 |
= |INnise =
(/)] 2 > =
S J % 0.96
E l l A 1,[ A ll .a

o .

2

Ni,Se,

0.92 |
J -
s e s— u r |u‘ " '!'l . 0.88 Lu . 1 N 1

A i 1 i 1 i L
20 30 40 50 60 70 80 40 60 80 100 120 140
20 (degrees) Temperature (°C)

Figure S6. (a) XRD pattern and (b) electrical resistivity measurements of a bulk NiSe, sample prepared
by mechanical alloying of high-purity Ni and Se powders by a high-energy ball mill (SPEX 8000D) for

20 h and hot pressing at 773 K for 2 min.



10. Data for Fig. 4 and structure of the NiSe; slab (in VASP CONTCAR format)
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0.0066675993522886 -0.0004355373005453  0.2999600727090445 T TT
-0.0001573366221758 0.9964795028284821 0.5978825527890403 TT
0.2499012177917495 -0.0031784384313857 0.4442511860497020 T TT
0.2567799758378674 0.9986516520039094 0.7421057312696081 T TT
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0.2501173976560165 0.2464663422859265 0.5978950253180432 T TT
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