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Experimental Section

Materials: MoSe, were purchased from Alfa Aesar Corporation, IPA and H,0, (30
wt%) were supplied from Sinopharm Chemical Reagent Co. Ltd. Nafion solution (5
wt%) was purchased from Sigma—Aldrich. All reagents were of analytical grade and
used without further purification. N, with a purity of 99.9% was purchased from
Shanghai Jifu Gas Co. Ltd.

Preparation of porous MoSe; nanosheets: Ultra-thin and porous MoSe, nanosheets
was prepared through a simple modified liqude exfoliation process. Typically, 1 g of
bulk MoSe, flakes were dispersed in 100 mL of IPA with 2.5 vol% of H,O, and then
kept sonication for 5 h. In case of over oxdiztion, the supernatant was decanted to

remove extra H,O, and the precipitate was further dispersed in 100 mL of IPA and



kept sonication for another 3 h. Left to stand overnight or centrifuged at 4000 rpm to
separate the centrifugate and supernatant, the ultra-thin and porous MoSe, nanosheets
suspension was collected. Porous MoSe, nanosheet suspension was dried at 50 °C
under vacuum to obtain the solid samples for further use. For comparation, the
ordinary MoSe, nanosheets were prepared according to our previous work,! in which
1 g of MoSe, powder and 100 mL of pure IPA or NMP were kept sonication for 8~10
h. Then the dispersion was kept undisturbed overnight and the few-layer MoSe,
nanosheets suspension was collected.

Electrochemical measurements: Electrochemical measurements were carried out
with a computer-controlled potentiostat (CHI660D) in a standard three-electrode cell
using a platinum wire as a counter electrode and Ag/AgCl (in 3 M KCl solution) as a
reference electrode. 1 mg of sample was first ultrasonically dispersed in 300 pl of
Nafion solution (5 wt%), afterwards, the suspension (~10 ul) was attached onto a
glass carbon (GC) electrode as a working electrode. For comparison, the few-layer
MoSe, nanosheets and commercial Pt (20 wt% Pt/C) catalysts were also measured as
reported in our previous work.!-3 Besides, the EIS measurements were also performed
at 1 = 0.44 V ranging from 10° to 0.1 Hz with an alternating current voltage of 10
mV.* CV curves were obtained on a potential range of 0.15-0.25 V vs RHE as
reported before.’

Characterization: AFM images were obtained by using a Multimode V8 with the
tapping mode after the samples were deposited on a freshly cleaved mica surface by

spin coating. The HRTEM images were recorded on a JEOL JEM2011 at 200 kV.



XPS spectra were acquired by a RBD upgraded PHI-5000C ESCA system (Perkin
Elmer) with Mg Ka radiation (hv = 1253.6 eV). XRD results were acquired by a D8
ADVANCE and DAVINCILDESIGN (Bruker) X’pert diffractometer with Cu Ka
radiation. Raman spectra were provided by XploRA Laser Raman spectrometer
equipped with 638 nm helium/neon laser and CCD detector. The UV-vis spectra were

recorded on a Hitachi U-2910 spectrophotometer. FESEM observations were

performed on Zeiss Ultra 55 with energy dispersive X-ray spectroscopy (EDX).
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Fig. S1 AFM images of (a) ultra-thin and porous MoSe, nanosheets, (b) MoSe,
nanosheets prepared in IPA and (c) MoSe, nanosheets prepared in NMP. Insets

correspond to their nanosheet suspension.
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Fig. S3 UV-vis spectra of the ultra-thin and porous MoSe, nanosheets and MoSe,

nanosheets prepared in [PA.
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Fig. S4 A summary of HER performances of the reported TMD nanosheets and the
cureent work (the star symbols). The square symbols correspond to the MoS,
nanosheets, the circular symbols correspond to the MoSe, nanosheets, the regular
triangles correspond to the WS, nanosheets and the inverted triangles correspond to

the WSe, nanosheets.

Table S1 A summary of HER performances of the reported MoS, nanosheets (films).

MoS, Overpotential Tafel Refer
(mV vs RHE) slope (mV -
dec™) ences
2013.2  Vertically aligned MoS, films 400 75 6
2013.6 Exfoliated metallic MoS, 187 43 7
nanosheets
2013.7 MoS, nanosheets 100 68 8
2013.11  Oxygen-incorporated MoS, 120 55 ?
ultrathin nanosheets
2013.11  Conducting MoS; nanosheets 100 40 4
2013.12  Ultrathin MoS; nanoplates 90 53 10
2014.1 Single-layer MoS; nanosheets 119 140 1
2015.1 MoS, nanosheets decorated with 120 71 12




MoS, quantum dots

Table S2 A summary of HER performances of the reported MoSe, nanosheets (films).

MoSe, Overpotential Tafel Refer
(mV vs RHE) slope (mV -

dec™) ences
2013.2  Vertically aligned MoSe, films 450 68 6
2013.6 MoSe, nanofilms with molecular 150 59.8 13
layers perpendicular to the curved
and rough surfaces.
2014.2  Ultrathin S-doped MoSe, 90 58 14
nanosheets
2014.7 Macroporous MoSe; films 150 80 15
2014.8  Mo-rich hierarchical ultrathin 170 98 16
MoSe,_, nanosheets
2015.3  MoSy-yx) Sex alloy nanoflakes 80 45 17

Table S3 A summary of HER performances of the reported WS, nanosheets (films).

WS, Overpotential Tafel Refer
(mV vs RHE) slope (mV -

dec™) ences
2012.5 WS, nanosheets 60 72 18
2013.7  Strained chemically exfoliated WS, 288 60 19

nanosheets



2013.9 WS, nanoflakes 100 200 20

2015.1 WS, nanosheets decorated with 180 70 12

WS, quantum dots

Table S4 A summary of HER performances of the reported WSe, nanosheets (films).

WSe, Overpotential Tafel Refer
(mV vs RHE) slope (mV

dec™!) ences

2013.6 WSe, nanofilms with molecular 160 77.4 13
layers perpendicular to the curved

and rough surfaces.
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Fig. S5 Typical CV curves (top row) and corresponding differences in the current
density at 0.2 V plotted against scan rate (bottom row). (a) and (c) are corresponding
to the ultra-thin and porous MoSe, nanosheets, (b) and (d) are corresponding to the
few-layer MoSe, nanosheets exfoliated in NMP.

Table S5 Summary of Cy and electrochemical active surface area values of the ultra-
thin and porous MoSe, nanosheets and few-layer MoSe, nanosheets exfoliated in
NMP.

Samples Cq (mF cm?) Electrochemical
active surface area
Porous MoSe, nanosheets 4.77 79

MoSe, nanosheets exfoliated in NMP  0.85 14
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Fig. S6 Nyquist plots of ultra-thin and porous MoSe, nanosheets and few-layer
MoSe; nanosheets prepared in NMP.
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