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Fig. S1 (a) Survey spectra and high resolution XPS spectra of (b) Mo3d, (c) O1s, and (d) S2p of
Mo(S,0).
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Fig. S2 (a) Survey spectra and high resolution XPS spectra of (b) Co2p, (c) Ols, and (d) S2p of

Co(0,S).
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Fig. S3 (a) XRD diffraction pattern of Mo(S,0) and the M04O1: standard of PDF 86-1269. (b) XRD

diffraction pattern of Co(O,S) and the CoSg standard of PDF 73-1442.
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Fig. S4 SEM images of MoCoOS-1, MoCo0S-2, MoCo0S-3, and MoCo0OS-4.
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Fig. S5 The (ahv)Y2-hv plots from the ultraviolet absorption spectra.
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Fig. S6 (a) UV-Vis absorption spectra and (b) the (ahv)?-hv plots of Mo(S,0) and Co(O,S) from the

UV-Vis absorption spectra.
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Fig. S7 Mott-Schottky curves of (a) Mo(S,0) and (b) Co(O,S).
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Fig. S8 (a) The UPS spectrum and (b) XPS-VB spectrum of Mo(S,0). (c) The UPS spectrum and (d)

XPS-VB spectrum of Co(O,S).
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Fig. S9 The current density plots of (a) Mo(S,0) and (b) Co(O,S) catalysts under different scan rates.
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Fig. S10 Hydrogen production of MoCoOS, Mo(S,0), Co(0,S), Mo(S,0)||Co(0,S) and P25-TiO;

catalysts.
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Fig. S11 (a)-(e) Reduction of 4-NP, MO, MB, RhB, and Cr® by MoCo0OS-2 under different pH

conditions. (f) The time to complete reduction of 4-NP, MO, MB, RhB, and Cr®* by MoCoOS-2 under

different pH conditions.



Table S1 XPS composition, crystal size and Sger analyses of Mo(S,0), Co(O,S), and MoCoOS

catalysts
Crystal size *
Elements percentage (%) O percentage (%)
Catalyst (nm) SeeT n(Co(0.S)Y
0 / m2/g) |n[Co(O,S)]+n[Mo(S,O
Mo | Co | O | S | Ot |Oveny| O™ IMo(s,0)| co,s)| M9 [MCOOSNNIMOES.0)]
OLattice
MoCoOS-1 |22.98| 8.42 |57.35| 11.25| 81.86 | 18.14 | 13.82 33.7 -- 8.8 0.281
MoCoOS-2 |18.12|12.56|55.51| 13.81| 81.54 | 18.46 | 22.64 33.3 11.7 8.5 0.394
MoCo0OS-3 |15.38|13.53|58.84|12.25| 82.76 | 17.24 | 17.98 67.6 5.5 7.7 0.448
MoCoOS-4 |14.75|22.76 |41.69|20.80 | 83.43 | 16.57 | 17.05 64.1 8.7 7.4 0.585
MoCo0OS-2
. 16.21|10.31|53.21|14.84| 82.27 | 17.73 | 21.55 34.9 12.3 -- --
after reaction
Mo(S,0) |29.77| -- | 653 | 4.93 | 96.85 | 3.15 3.25 39.9 -- 2.8 --
Co(0,S) -- 4554 9.76 |44.70| 95.49 | 451 4,72 -- 6.2 20.9 --

Note:* Crystal size of Mo(S,0) was calculated by (112), (-106) and (114) planes. Crystal size of

Co(0,S) was calculated by (311) and (222) planes.

Table S2 XRF elemental analysis of MoCoOS

Elements percentage (%)
Catalyst
Mo Co 0] S

MoCo0S-1 22.15 8.26 56.48 13.11
MoCo0OS-2 17.86 12.38 55.23 14.53
MoCoOS-3 15.24 13.22 58.21 13.33
MoCoOS-4 14.68 22.65 41.52 21.15

Mo(S,0) 30.26 -- 64.67 5.07

Co(0,S) -- 44.89 9.98 45.13




Table S3 EDX composition analyses and the fitting parameters of EIS analyses of Mo(S,0), Co(0O,S),

and MoCoOS catalysts

Catalyst Elements percentage (%) E'Iectrolyte Ele(?tron transfer Warburg
Mo Co 0 g resistances () | resistances () | resistances (€2)

MoCo0OS-1 | 21.35 | 8.36 | 57.39 | 12.90 0.44 2.30 1.36
MoCo0S-2 | 15.02 | 9.98 | 61.69 | 13.31 0.45 1.62 0.12
MoCo0S-3 | 16.38 | 13.59 | 56.25 | 13.78 0.44 12.57 0.56
MoCo0S-4 | 15.10 | 21.16 | 42.93 | 20.81 0.46 21.46 6.23

Mo(S,0) 27.15 -- 65.32 | 7.53 0.52 96.30 0.90

Co(0,9) -- 42.68 | 15.20 | 42.12 0.50 584.60 --

Table S4 EDX composition analyses of Mo(S,0), Co(O,S) in MoCoOS-1

MoCo0S-1 (%) Mo Co @] S
A 26.24 0.39 64.55 12.82
B 25.44 0.67 63.67 10.22
C 24.83 0.01 63.38 11.78
D 23.18 0.08 64.06 11.68
E 24.89 0.18 62.67 12.26
Mean value (A,B,C) 2491 0.27 63.67 11.75
F 0.14 49.65 4.38 45.83
G 0.35 49.94 5.45 44.26
H 0.28 50.46 5.12 44,14
| 0.25 50.12 4.68 44.95
J 0.31 49.31 4.23 46.15
Mean value (D,E,F) 0.27 49.90 4.77 45.07
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Table S5 EDX composition analyses of Mo(S,0), Co(O,S) in MoCoOS-2

MoCo0S-2 (%) Mo Co 0 S

A 23.12 0.28 65.95 10.65

B 23.25 0.07 66.41 10.27

C 22.83 0.33 68.46 8.38

D 22.95 0.26 68.12 9.67

E 22.55 0.29 68.21 8.95

Mean value (A,B,C) 22.94 0.25 67.43 9.58
F 0.82 48.08 6.34 44.76

G 0.41 49.71 5.35 44.53

H 0.16 51.07 6.13 42.64

I 0.65 50.25 6.20 429

J 0.53 49.35 4.95 45.17

Mean value (D,E,F) 0.51 49.69 5.79 44.00

Table S6 EDX composition analyses of Mo(S,0), Co(O,S) in MoCoOS-3

MoCo0S-3 (%) Mo Co @] S
A 24.25 0.32 63.76 11.67
B 23.21 0.14 65.50 11.15
C 24.75 0.16 64.87 10.22
D 23.21 0.23 65.36 11.20
E 22.35 0.43 64.58 12.64
Mean value (A,B,C) 22.55 0.26 64.81 11.38
F 0.26 48.15 4.23 47.36
G 0.21 46.96 4.68 48.15
H 0.47 51.04 6.15 42.34
I 0.35 50.26 3.26 46.13
J 0.38 50.10 3.68 45.84

Mean value (D,E,F) 0.33 49.30 4.40 45.96
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Table S7 EDX composition analyses of Mo(S,0), Co(0O,S) in MoCoOS-4

MoCo0S-4 (%) Mo Co 0 S
A 21.35 1.10 64.57 12.98
B 23.47 0.73 62.54 13.26
C 24.87 0.57 62.21 12.35
D 23.36 0.68 63.76 12.20
E 22.34 0.86 65.65 11.15
Mean value (A,B,C) 23.08 0.79 63.75 12.39
F 0.58 48.12 5.32 45.98
G 0.36 46.23 5.87 47.54
H 0.35 45.49 6.02 48.14

I 0.29 46.35 3.21 50.15

J 0.45 49.34 4.28 45.93

Mean value (D,E,F) 0.41 47.11 4.94 47.55
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Table S8 Comparison of the catalytic activity for various catalysts containing oxides and sulfides of

cobalt and molybdenum reported in literatures for hydrogen evolution

Amount . Hydrogen rate | Hydrogen rate A AQE
Catalyst Sacrifice reagent Refs.
(mg) (umol/h) (umol/h/g) (nm) | (%)
Co0,/g-C3N4 40 10 vol.% TEOA 10.52 262.90 420 | 4.93 | [S1]
0.35 M NazS,
CdS/MoS,/Mo 10 12.59 1259 420 | 11.03 | [S2]
0.25 M NazSO3
Co0/g-C3N4 50 - 2.51 50.20 420 | 1.91 | [S3]
Co(dch NCS)./
(dcbpy)z( )2 50 10 vol.% TEOA 12.98 259.50 450 | 14.11 | [S4]
CQDs/CN
Mo-Mo2C/g-C3N4 10 20 vol.% TEOA 1.10 219.70 420 8.3 [S5]
MoS,/g-C3N4 5 20 vol.% TEOA 22.48 1124 420 | 2.34 | [S6]
K*CNO Mo,C 50 20 vol.% methanol 34.33 137.30 350 | 2.23 | [S7]
Co/g-C3Nax 100 20 vol.% methanol 75.02 750.20 450 1.92 | [S8]
MoS,/CdS-TiO; 20 20 vol.% latic acid 280 5600 420 | 19.30 | [S9]
0.35 M NayS,
C09Ss/Znp5Cdo5S 10 109 10900 420 | 8.96 | [S10]
0.25 M NazSO3
0.2 M NazS, This
Mo(S,0)/Co(0,S) 20 1534 7670 420 | 14.42
0.2 M NazSO3 work

Table S9 Comparison of the catalytic activity of various catalysts reported in literatures for reduction

4-NP with NaBHa.

Catalyst Amount Tir_ne Kinetic rate _constant, Ratio c_onstant, Refs.
(min) Kapp (Min™?) K (min‘g?t)

Co304 100 mg 2 0.0130 0.130 [S11]

CuO-RGO 50 mg 9 0.1500 3.000 [S12]

Pd-FG 10 mg 12 0.1410 14.100 [S13]

3D-NGF 150 mg 16 0.5256 3.504 [S14]

Ni-PVAM@SBA | 120 mg 20 0.1956 1.630 [S15]
MoCo0QS-2 5mg 18 0.2112 42.244 This work
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Table S10 Comparison of the catalytic activity of various catalysts reported in literatures for reduction

Cr(VI) with NaBH4

Catalyst Amount Tir_ne Kinetic rate _constant, Ratio c_onstant, Refs.
(min) Kapp (Min-t) K (min‘g?)

Ni@Carbon 50 mg 67 0.8370 16.743 [S16]
AMD-nZVI/FeS; 70 mg 60 0.0210 0.300 [S17]
nZV1 @HCI-BC 10 mg 120 0.0033 0.330 [S18]

CuSbOS 20 mg 25 0.1930 9.650 [S19]
Cuo 20 mg 70 0.0735 3.675 [S20]
MoCoOS 5mg 18 0.2666 53.310 This work
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