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S1 Materials preparation and synthesis of nitrogen plasma-tailored MoS2

Figure S1. Schematic diagram of home-made plasma processing equipment for

preparing N2 plasma-engineered MoS2 catalysts for hydrogen evolution reactions.

Commercial MoS2 (99.99%, mean grain size ~ 80 nm) was purchased from Zhejiang

Yuante New Materials Co., Ltd. All chemicals are analytical grade and used without

further purification. The purchased MoS2 powder was placed in the reaction tube of

the plasma-enhanced chemical vapor deposition (PECVD) system for N2

radio-frequency (RF) plasma treatment (Fig. S1). The chamber pressure was pumped

down to 0.3 mbar at a nitrogen flow rate of 50 sccm. The N-doped MoS2 products

were obtained by N2 RF plasma discharge at 300 W and 13.56 MHz for 0.5, 1.0, 3.0,

and 5.0 min at room temperature (called N0.5-MoS2, N1.0-MoS2, N3.0-MoS2, and

N5.0-MoS2). The MoS2 powder without plasma treatment is called pristine MoS2.
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S2 TEM images of nanostructured MoS2 powder before plasma treatment

Figure S2. (a) TEM image of nanostructured MoS2 powder before plasma treatment.

(b) The corresponding SAED patterns. (c, d) High-resolution TEM images of

nanostructured MoS2 powder before plasma treatment. The crystal constants along

2H-MoS2 (002) and (100) are measured to be 0.62 and 0.27 nm, respectively.

The crystalline structures of nanostructured MoS2 powder before plasma activation

were investigated by TEM, as shown in Fig. S2 (a). The selected area electron

diffraction (SAED) patterns (Figure S2, b) further confirmed that MoS2 powder had

very poor crystallinity, in which all the reflection circles were indexed.

High-resolution TEM images provide further insight into the structure of MoS2, as

shown in panels (c) and (d) of Fig. S2. The lattice fringes were about 0.62 and 0.27

nm, respectively, corresponding to the spacing between the MoS2 (002) and (100)

basal planes.
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S3 Comparison of morphology for MoS2 before and after plasma treatment

Figure S3. TEM images of nanostructured MoS2 powder before plasma treatment (a-c)

and after 500 W, 5 min N2 plasma activation (d-f) at different magnifications.

The size and microscopic morphology of all MoS2 samples were determined by TEM

(JEM-2010F, JEOL., Ltd.) using an accelerating voltage of 200 kV. TEM specimens

were prepared via the following procedure: the samples were dispersed in alcohol

with the assistance of 10-minute ultrasonic vibration. Then a drop of the solution was

transferred onto a standard holey carbon-covered copper TEM microgrid.

The TEM images (Fig. S3) captured from MoS2 specimens before (a-c) and after (d-f)

plasma treatment showed that the micro-morphology of MoS2 powder was not

significantly affected by N2 plasma treatment. No clear changes were observed.
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S4 Elemental analysis for MoS2 prepared by N2 plasma treatment

Table S1. Elemental analysis for MoS2 prepared by N2 plasma of 500 W and 5 min

Z Element Family Atomic

Fraction (%)

Atomic Error

(%)

7 N K 1.12 0.13

16 S K 67.66 4.23

42 Mo K 31.22 4.14

Figure S4. Elemental mapping image (N, S, and Mo) of MoS2 prepared by N2 plasma

treatment of 500 W and 5 min.

The elemental mapping and EDS analysis of the N2-plasma-engineered MoS2 are

displayed in Table S1 and Fig. S4. The mapping image indicates that the

nanostructured MoS2 powder comprises a uniform and homogeneous elemental

distribution of N, S, and Mo elements. Moreover, the yellow region of N, the red

region of S, and the green region of Mo are typically overlapped. The plasma

processing power is 500 W, and the treatment duration is 5 min. The EDS analysis

shows that the N-doped MoS2 contains about 1.12 atomic% of N, 67.66 atomic% of S,

and 31.22 atomic% of Mo.
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S5 Effect of treatment power on MoS2-based catalytic performance

Figure S5. (a) LSV curves of pristine MoS2, and N5.0-MoS2 with different plasma

treatment power, 500 W and 100 W. (b) The corresponding overpotentials when the

current density is 10 mA/cm2. (c) Tafel curves of pristine MoS2, and N5.0-MoS2, 500

W, and N5.0-MoS2, 100 W. (d) Cdl curves. (e) EIS spectra.

For nitrogen doping of MoS2, the sample processing steps involve the plasma

bombardment with 100 W or 500 W power lasting 5 min. The MoS2 samples without

plasma treatment and the MoS2 samples with plasma treatment lasting for 5 min are

labeled as pristine MoS2 and N5.0-MoS2. To prepare a well-mixed catalyst solution, 5

mg of MoS2 (both before and after N2 plasma treatment) and 1 mg of acetylene black

were mixed. Next, 2 ml of naphthol with a mass fraction of 0.2% and 4 ml of alcohol

were added. The mixture was then sonicated for an hour. Then, transfer the catalyst

solutions onto the glassy carbon electrode using a 10 μl sample injector. After the

catalyst solutions have dried naturally, drop another 10 μl solution twice, and a

comparatively thickness-uniform film will form.

In the HER tests, a 0.5 M H2SO4 solution was used as the electrolyte. At the very

beginning, we performed CV tests on all samples to activate the catalytic sites and

stabilize the catalytic performance. The CV curves were obtained with 20 cycles at a

speed of 10 mV/s and a voltage range of 0.04-1.08 V. The LSV curves were measured
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at a speed of 5 mV/s (panels a-c, Fig. S5), with the same voltage range as the CV test.

The AC impedance curves were collected in the range of 10 mHz-100 kHz at an open

circuit voltage of 0.3 V (panel d, Fig. S5). The ECSA was measured at a

non-operating zone voltage of 0.004 V to 0.04 V (panel e, Fig. S5).

As the current density reaches a negative 10 mA/cm2, the overpotential measured for

pristine MoS2 is 472 mV. N5.0-MoS2 treated with 100 W and 500 W exhibits the

corresponding overpotentials of 459 mV and 446 mV, respectively. It is clear that

nitrogen plasma treatment reduces the overpotential of MoS2. The Tafel slope of

N-doped MoS2 is 10 mV/dec lower than that of pristine MoS2. To verify whether the

ECSA increases, we measured and calculated the Cdl: 3.95 mF/cm2 for pristine MoS2,

5.38 mF/cm2 for N5.0-MoS2, 100 W, and 8.01 mF/cm2 for N5.0-MoS2, 500 W. It

indicates that after the incorporation of nitrogen, the number of electrochemically

active sites increases. The electrochemical hydrogen evolution performance was

further improved. By comparing the measured EIS, it can be seen that the Nyquist

impedance of N5.0-MoS2 is much lower than that of pristine MoS2, demonstrating that

the kinetics of the hydrogen evolution reaction at the catalytic interfaces have been

improved after nitrogen doping. We discovered that the catalytic performance of

MoS2 after nitrogen plasma treatment was enhanced compared to the original sample

according to the tests of electrochemical hydrogen evolution performance, and the

processing impact of high power is better than that of low power.
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S6 Cdl normalization analysis

The overall relative activity is inversely associated with the total relative number of

active sites, and is determined by both the total relative surface area and the relative

density of active sites per surface area. By comparing the exchange current density

and the double-layer capacitance for both doped catalysts and the pristine sample, one

may ascertain how many active sites there are per surface area in comparison to a

pristine one, as indicated in Table S2. In our strategy, two significant factors were

responsible for the increase in HER activity. On the one hand, the nitrogen plasma

treatment roughens the sample surface and increases the electrochemical effective

surface area. On the other hand, the doping of nitrogen atoms substantially decreases

Gibbs free energy by modifying the density of electronic states of S atoms in N-MoS2.

Table S2. Electrochemical analysis of the N-doped MoS2 and pristine MoS2 based on

the exchange current density, j0, and the double-layer capacitance, Cdl.
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S7 HER catalytic performance comparison

A catalytic table for comparing the reported catalysts with previous ones is

summarized in Table S3. We provided a novel, convenient synthesis method for

preparing N-doped MoS2-based catalysts. Compared with previous ones, the proposed

N-MoS2 catalysts exhibit considerable double-layer capacitance (Cdl), excellent

catalytic stability, and a relatively high Tafel slope.

Table S3. Electrochemical performances of various MoS2-based catalysts


