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Fig S1. Fabrication process of the individual MoS; nanosheet based HER device. Step1, (a-e) The assembly process
of outer electrodes. A suitable sized silicon wafer substrate (with a 300-nm-thick insulation layer) was cut using a
silicon knife and ultrasonically cleaned with acetone. The LOR3A and S1805 photoresists were spin-coated on silicon
wafers at 3000 rpm for 40 s and the prepared silicon wafers were baked at 180 °C for 5 minutes. Then the device
was patterned by ultraviolet lithography for 1.5 s and deposited a certain thickness of Ti (5nm) and Au (25nm) by
physical vapor deposition (PVD). Finally, the photoresist was washed away with acetone to obtain an outer
electrode. Step 2, The assembly process of the HER device. Firstly, MoS, nanosheets were obtained on the outer
electrode by mechanical exfoliation method, and then Methyl Methacrylate (MMA) and Poly Methyl Methacrylate
(PMMA) photoresists were spin-coated on the devices at 500 rpm for 10 s and 4000 rpm for 40 s, respectively. The
devices were baked at 180 °C for 5 minutes or 60 °C for 500 s. E-beam lithography (EBL) and PVD were used to
obtain Ti/Au (5 nm/80 nm) inner electrodes which connect the MoS; nanosheets to the outer electrodes. Finally, a
layer of PMMA insulating layer was spin-coated and the area to be tested is exposed by EBL. One electrode was
connected to only one MoS; nanosheet to ensure that each MoS; was accurately measured.  (f-i) The schematic

diagram of the assembly process. (j-m) The optical image of the assembly process.
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Fig S2. (a) Optical micrograph and scanning electron microscope (SEM) image of a typical MoS; nanosheet with two

gold electrodes. (b) Corresponding elemental mapping of a typical MoS; nanosheet with two gold electrodes. (c)

The 2D X-ray diffraction spectrum and the corresponding pattern.
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Fig S3. (a) Raman spectra of final product at different time. (b) Box plot of overpotential at current density of 50

mA/cm2, (c) Box plot of overpotential at current density of 100 mA/cm2. (Seven sets of data were collected.)
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Fig S4. The in situ position Raman mapping of the 1T MoS,. Different color intensities represent different Raman
shift. The color of the point in Raman mapping represents the strongest peak of the point. For example, there are
a large number of purple areas in the middle of Fig c, this means that most of the middle area corresponds to the
peak in the Raman shift range from 120 cm™ to 160 cm?, which includes the J; (156 cm) peak. In other words,
there are a large number of high intensity J; peaks in the middle area. And in Fig d, most of the purple areas in the
middle have disappeared, which indicates that the content of the J; peak has decreased.

The images of (a)-(d) are the experimental group.

(a) Optical microscope image of the state II. (b) Optical microscope image of the state IIl. (c) Raman mapping
corresponding to (a). (d) Raman mapping corresponding to (d).

The images of (e)-(h) are the control group, and only dip the device in H,SO,4 for 20 minutes.

(e) Optical microscope images of the state II. (f) Optical microscope image of the state II after dipping. (g) Raman

mapping corresponding to (e). (h) Raman mapping corresponding to (f).
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Fig S5. (a) Raman mapping of the Az peak under state II. The intensity of the A peak is low throughout the region

(b) Raman mapping of the Az peak under state I11. The intensity of the A1 peak is greatly increased throughout the

region, but a small portion remains low.
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Fig S6. Topographic atomic force microscope image of MoS, due to excessive hydrogen evolution. (a) State 1. (b)

State II. (c) State III.
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Fig S7. (a) The thickness of Fig 4d, 4e and 4f. (b) AFM image of MoS; after lithiation to State II (1T phase) and there

is no significant change in the surface of the sample compared to Fig 4f (The state after lithiation and annealing).



Fig S8. Structural model and the electronegativity of the three states.



Table S1. A comparison of the HER performance in this work with 2D MoS2-based electrocatalysts layed on

substrates.
Current density Overpotential Tafel slope
Catalysts Substrates Ref
(mA cm?) (mV) (mV dec?)
Monolayer 2H- Glassy
1 > 400 140-150 1
MoS, Carbon
Bilayer Glassy
1 > 400 140-150 1
2H-MoS; Carbon
Trilayer Glassy
1 > 400 140-150 1
2H-MoS; Carbon
1T-MoS; SiOy/ Si 10 170 100 2
2H-MoS; SiOy/ Si 50 470 180 2
Monolayer Glassy Onset 200
70 3
2H-MoS, Carbon 400 450
Monolayer
Si0y/ Si 10 356 +41 68 + 10 4
1T-MoS;
2H-MoS; Si0y/ Si 10 240 200 5
2H-1T This
Si0,/ Si 10 194.8 113.1
MoS; work
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