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Supplementary information of S1:

Figs. Sla-c shows the SEM images of Ni(OH),/MoS, NFs heterostructures prepared at pH 9
to 11, respectively. The flowerlike morphologies of MoS; remained the same after loading

Ni(OH), NPs and did not show a significant change in the morphology for the different pH

values.

Fig. S1. (a)-(c) The SEM images of Ni(OH),/MoS, NFs heterostructures at pH values from

9, 10, and 11, respectively.
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Fig. S2. (a)-(b) The EDS spectrum, mapping of Ni(OH),/MoS, NFs.



Table S1. The corresponding elemental compositions of Ni(OH),/MoS, NFs heterostructure

at pH=12 derived from the EDS spectrum.

Element Atomic %
Mo 324
S 583
Ni 2.1
O 7.3
Total 100.0

Table S2. Comparisons of HER overpotential (), Tafel slope, and R, at OCP of Pt/C 20

wt%, Ni(OH),, MoS, NFs, and heterostructured Ni(OH),/MoS, NFs at different pH values.

Catalyst Overpotential (mV)- 1y, Tafel slope (mV/dec) R (Q)
Ni(OH), 465 91.0 -
MoS; NFs 250 91.6 92.0
pH=9 221 76.5 52.0
pH=10 182 68.4 242
pH=I11 182 66.0 14.5
pH=12 155 62.1 7.9
Pt/C 20 wt% 3.2 36.5 -




Table S3. Comparisons of OER overpotential (1), Tafel slope, R at 0.8 V (V vs. RHE) of

Ni(OH),, MoS, NFs, and heterostructured Ni(OH),/MoS, NFs at different pH values.

Catalyst Overpotential (mV)- 7 Tafel slope (mV/dec) R (QQ)
Ni(OH), 373 78.5 -
MoS, NFs 570 258.6 100.0
pH=9 340 76.7 76.6
pH=10 336 75.1 44.0
pH=11 335 70.8 12.8
pH=12 328 69.3 10.1

Table S4. Comparisons of HER overpotential (77), Tafel slope (V vs. RHE) of MoS, NFs and

heterostructured Ni(OH),/MoS, NFs on GS.

Catalyst Overpotential (mV)-1q Tafel slope (mV/dec)
Blank GS 424 506.8
MoS, NFs 241 221.9
Ni(OH),/MoS; NFs 160 148.9
Pt/C 43 133.6




Supplementary Information of S2:

The £ 219 and 41 vibration modes belongs to the 2H MoS; at 379.6 cm! and 405.6 cm’!,
respectively. Compared to pristine MoS; NFs, the heterostructure with the peaks shifted to a
lower wavenumber, and the intensities were weakened due to incorporating Ni(OH), onto
the MoS,’s surface. Two peaks are positioned at 378.1 cm™! and 403.9 cm'!, which remained

the same distance, indicating that after loading Ni(OH),, MoS, NFs remained the single- and

few-layered morphology!.
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Fig. S3. Raman spectra of pristine MoS, NFs and Ni(OH),/MoS, NFs at pH=12
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Fig. S4. (a)-(b) The nitrogen adsorption-desorption isotherm; and the analysis of pore volume
and pore size of MoS, NFs, Ni(OH),/MoS, heterostructures at different pH values,

respectively.

Supplementary Information of S3:

As shown in Fig. S5, after the HER stability test, the SEM image (Fig. S5a)
demonstrated that the heterostructure morphology remains unchanged. Figs. S5b-e revealed
the HRTEM images and SAED pattern, respectively, showing that Ni(OH), NPs still exist
and were well scattered on MoS,’s surface. The lattice fringe of 0.23 nm is well-agreed with
the (101) planes in Ni(OH),. Fig. 5f shows that the XRD pattern of Ni(OH),/MoS,
heterostructures has the same diffraction peaks (compared with Fig. 1d, pH=12, unreacted
sample). Besides, XPS spectra have confirmed the coexistence of Ni(OH), and MoS, NFs.
Figs. S5g-h showed that the Mo*" 3d;,; and 3ds, peaks are positioned at 232.6 eV and 229.5
eV, respectively, which are assigned to 2H-MoS,. The peak at 236.0 eV belongs to MoO;
while the S 2p;, and S 2p;/, peaks are located at binding energies of 163.6 eV and 162.4 eV.
In addition, Fig. S5i showed that the Ni2p of heterostructures exhibited two peaks, which

were positioned at 856.3 eV and 874.0 eV, corresponding to Ni?* for Ni 2p3/2 and Ni 2p1/2,



respectively, attributed to Ni(OH), characteristic peaks '-3. The results indicated the excellent

stability of the heterostructure after the HER stability test.
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Fig. S5. After the HER stability test, (a) SEM image, (b)-(¢) HRTEM image and
corresponding SAED pattern, (f) XRD pattern, (g)-(i) the XPS spectra of Mo 3d, S 2p, and

Ni 2p of Ni(OH),/MoS, NFs heterostructure at pH=12, respectively.



Supplementary Information of S4:

After the OER stability test, Fig. S6a and S6b show that the SEM image and XRD
pattern indicated that the Ni(OH),/MoS,’s morphology and crystal structure .remained
unchanged (compared with Fig. 1d, pH=12, unreacted sample). The XPS spectra have
confirmed the coexistence of Ni(OH), and MoS; NFs. Figs. S6c-d showed that MoS, NFs in
heterostructures still maintained mostly the 2H phase. The results were proved by Mo 3d and
S2p fitting spectra. The Mo** 3ds/, and 3ds), peaks are positioned at 232.6 eV and 229.5 eV,
and the S 2p,, and S 2ps/; peaks are located at binding energies of 163.5 eV and 162.3 eV,
respectively, corresponding to 2H-MoS,. Fig. S6e showed the Ni2p of heterostructures
exhibited two peaks, which were positioned at 856.3 eV and 874.0 eV, corresponding to Ni**
for Ni 2p3/2 and Ni 2pl1/2, respectively, attributed to Ni(OH), characteristics peaks!-3,

indicating the excellent stability of the heterostructure after OER stability test.
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Fig. S6. After the OER stability test, (a) SEM image, (b) XRD pattern, (c)-(¢) The XPS

spectra of Mo 3d, S 2p, and Ni 2p of Ni(OH),/MoS, heterostructures at pH=12, respectively.
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Fig. S7. (a)-(b) Schematic preparation process of MoS, NFs, and Ni(OH),/MoS, NFs

heterostructures, respectively.
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Fig. S8. Illustration of the three-electrode experimental setup.
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Fig. S9. Comparison with and without iR correction, the iR-corrected LSV was used to

calibrate all the measurements to eliminate the resistance of the measuring system.
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