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Fig. S1. BEy on Mo,C(101) and MoS,(010) surface.

Fig. S2. (a) SEM and (B) TEM images of M030;(C¢HgN),*2H,0 precursors.
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Fig. S3. Raman spectra of Mo,C, Mo,C@MoS, and MoS,.



Fig. S4. (a) SEM and (b) TEM images, and (c) corresponding elemental mapping of

Mo,C nanorods.

Fig. S5. (a) SEM and (b) TEM images, and (c-d) corresponding elemental mapping of

MoS, nanosheets.



Fig. S6. Elemental mapping of Mo,C@MoS, heteronanorods.

a Mo,C (24.9 m? g) b Mo,C
100 |—*— Mo,C@MoS, (39.5 m? g"') - —e—Mo,C@MoS,

= —e— MoS, (25.0 m> g) ‘TE —e—MoS,

o E
“ N

5 o

- (]

@ 50 £ /\

E < \‘\'\ o '\0-0\

2 Q === 0\’

O E 0\‘
> S

T ./'\
0\..
0 o=t —0-0-0-0-0—0—o °
0.0 0.2 0.4 0.6 0.8 1.0 10 100
PIP, Pore Diameter (nm)

Fig. S7. (a) N, adsorption-desorption isotherms and (b) pore-size distribution derived
from BJH model of Mo,C, Mo,C@MoS, and MoS,. To avoid the false signals in
pore-size distribution, the adsorption data, rather than desorption ones, was adopted
for the calculation with the classical BJH model. As a result, the distribution of
nanoporosity is not obvious, probably due to the random formation of pores by

stacking 1D and 2D building blocks.
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Fig. S8. XRD patterns of Mo,C@MoS, fabricated with the varied feeding of thiourea

(0.5¢g,0.75 gand 1.0 g).

Fig. S9. SEM images of Mo,C@MoS, fabricated with the varied feeding of thiourea:

(a) 0.5 g, (b) 0.75 gand

(c)1.0g.
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Fig. S10. CV curves of (a) Mo,C@MoS; and (b) MoS, without or with adding 4-NS.
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Fig. S11. Selectivity of Mo,C@MoS, for ECH at -0.05 ~-0.45 V vs. RHE in 0.1 M
LiClO4 with 12.5 mM 4-NS.
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Fig. S12. CVs of (a) Mo,C, (b) Mo,C@MoS,, and (c) MoS; in 0.1 M LiClO,. (d)
Estimation of C; of M0,C, Mo,C@MoS, and MoS,. Usually, the specific capacitance
for a flat surface (1 cm?) is in a range of 20-60 puF cmgcsa 2, and herein a moderate
value of 40 pF cmgcsa 2 is adopted to calculate ECSA and make comparison. The

ECSA values of Mo,C, Mo,C@MoS, and MoS, were 5.738, 11.306 and 2.475



cmgcsa?, respectively.
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Fig. S13. Specific reaction rate of 4-VA production on Mo,C, Mo,C@MoS, and
MoS, at -0.15 ~ 0.45 V vs. RHE. The specific rates were calculated by normalizing
the productivity of 4-VA by the ECSA vales and reaction time.
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Fig. S14. HPLC standard curve of (a) 4-NS, (b) 4-VA, (c) 4-ENB and (d) 4-EA.
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Fig. S15. Time-dependent conversion plots for the ECH of 4-NS into 4-VA and 4-
ENB at -0.45 V vs. RHE over Mo,C@MoS,.
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Fig. S16. HPLC chromatograms acquired at various electrolytic times during the ECH
of 4-NS over Mo,C@MoS, at -0.45V vs. RHE.
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Fig. S17. XRD patterns of Mo,C@MoS, before and after the ECH test.
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Fig. S18. (a) Mo 3d and (b) S 2p XPS profiles of Mo,C@MoS, before and after the

ECH test.
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Fig. S19. (a) FEs and 4-VA yield and (b) selectivity of 4-NS ECH over various
Mo,C@MoS,; synthesized with the varied thiourea feeding.
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Fig. S20. Conversion of 4-NS over Mo,C@MoS, at -0.45 V vs. RHE with and

without the addition of -~-BuOH.
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Fig. S21. Comparisom of LSV curves on Mo,C@MoS, in H,O and D,0O with and
without the addition of 12.5 mM 4-NS at -0.45 V vs. RHE.
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Fig. S22. Dependence of 4-VA yield on initial 4-NS concentration over Mo,C@MoS,.
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Fig. S23. CVs of (a) Mo,C@MoS, and (b) MoS, with scan rates from 2.5 to 25 mV s-

L. (¢) Plotting the reduction peak current density of 4-NS against the scan rate of CV

measurements.
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Fig. S24. OCP curves of Mo,C, Mo,C@MoS, and MoS, in 0.1 M LiClO, before and

after injecting 12.5 mM 4-NS.
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Fig. S25. The initial Raman spectra of Mo,C@MoS,; collected at 0 min in the ECH

with 4-NS.
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Fig. S26. Bode plots of (a) Mo,C, (b) Mo,C@MoS, and (c) MoS, collected at

intervals during the ECH in 0.1 M LiClO,4 with 4-NS (-0.45 V vs. RHE).
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Fig. S27. '"H NMR of 4-nitrostyrene. 'H NMR (400 MHz, Chloroform-d) & 8.40 —
8.03 (m, 2H), 7.69-7.46 (m, 2H), 6.78 (dd, J = 17.6, 10.9 Hz, 1H), 5.93 (d, J = 17.6

Hz, 1H), 5.50 (d, J = 10.9 Hz, 1H).
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Fig. S28. 'H NMR of 4-Vinylaniline. 'H NMR (400 MHz, Chloroform-d) & 7.31 —
7.21 (m, 2H), 6.72 — 6.61 (m, 3H), 5.57 (d, J = 17.6 Hz, 1H), 5.06 (d, J = 10.9 Hz,

1H), 3.54 (s, 3H).
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Fig. S29. '"H NMR of 4-ethylnitrobenzene. '"H NMR (400 MHz, Chloroform-d) 6 8.19
—8.09 (m, 2H), 7.40 — 7.29 (m, 2H), 2.75 (q, J = 7.6 Hz, 2H), 1.27 (t, J = 7.6 Hz, 3H).
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Fig. S30. 'H NMR of 4-cthylaniline. '"H NMR (400 MHz, Chloroform-d) 6 7.02 (d, J
= 8.2 Hz, 2H), 6.73 — 6.55 (m, 2H), 3.39 (s, 2H), 2.57 (q, J = 7.6 Hz, 2H), 1.21 (t, ] =

7.6 Hz, 3H).
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Fig. S31. '"H NMR of P-Chloronitrobenzene. 'H NMR (400 MHz, Chloroform-d) &
8.30 — 8.07 (m, 6H), 7.61 — 7.46 (m, 6H), 7.26 (s, 1H).
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Fig. S32. '"H NMR of p-Chloroaniline. '"H NMR (400 MHz, Chloroform-d) 6 7.16 —
7.05 (m, 2H), 6.70 — 6.53 (m, 2H), 3.47 (s, 2H).
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Fig. S33. 'H NMR of P-Bromonitrobenzene. 'H NMR (400 MHz, Chloroform-d) &
8.18 — 8.04 (m, 2H), 7.75 — 7.62 (m, 2H), 7.26 (s, 1H).
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Fig. S34. '"H NMR of P-bromoaniline. "H NMR (400 MHz, Chloroform-d) & 7.26 (d, J
— 1.0 Hz, 1H), 7.25 — 7.20 (m, 2H), 6.67 — 6.43 (m, 2H), 3.61 (s, 2H).
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Fig. S35. '"H NMR of P-iodonitrobenzene. 'H NMR (400 MHz, Chloroform-d) & 7.95
(dd, J=9.3, 1.2 Hz, 1H), 7.91 (dd, J=9.3, 1.2 Hz, 1H), 7.26 (s, 1H).
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Fig. S36. 'H NMR of p-lodoaniline. 'H NMR (400 MHz, Chloroform-d) & 7.45 — 7.36
(m, 1H), 6.53 — 6.40 (m, 1H), 3.65 (s, 1H).
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Fig. S37. 'H NMR of m-chloronitrobenzene. '"H NMR (400 MHz, Chloroform-d) &
7.98 (q, J = 1.9 Hz, 1H), 7.88 (ddt, J = 8.3, 2.3, 1.2 Hz, 1H), 7.43 (ddt, J = 8.0, 2.2,
1.2 Hz, 1H), 7.31 = 7.21 (m, 1H).
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Fig. S38. 'H NMR of m-Chloroaniline. '"H NMR (400 MHz, Chloroform-d) & 7.24 (s,
1H), 7.06 (t, J = 8.0 Hz, 1H), 6.72 (ddd, J = 7.9, 2.0, 0.9 Hz, 1H), 6.67 (t, J = 2.1 Hz,
1H), 6.54 (ddd, J = 8.0, 2.3, 0.9 Hz, 1H), 3.72 (s, 2H).
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Fig. S39. 'H NMR of M-bromonitrobenzene. 'H NMR (400 MHz, Chloroform-d) &
8.39 (t, J = 2.0 Hz, 1H), 8.18 (ddd, J = 8.3, 2.2, 1.0 Hz, 1H), 7.84 (ddd, J = 8.0, 1.9,
1.0 Hz, 1H), 7.44 (t, J= 8.1 Hz, 1H), 7.26 (s, 1H).
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Fig. S40. '"H NMR of M-bromoaniline. '"H NMR (400 MHz, Chloroform-d) & 7.00 (t,
J =179 Hz, 1H), 6.87 (ddd, J = 7.8, 1.9, 0.9 Hz, 1H), 6.83 (t, J = 2.1 Hz, 1H), 6.59
(ddd, J=7.9,2.3,0.9 Hz, 1H), 3.71 (s, 2H).
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Fig. S41. '"H NMR of M-iodonitrobenzene. '"H NMR (400 MHz, Chloroform-d) & 8.57
(t,J=1.9 Hz, 1H), 8.21 (ddd, /= 8.3, 2.3, 1.0 Hz, 1H), 8.03 (dt, J= 7.8, 1.3 Hz, 1H),
730 (t,J = 8.1 Hz, 1H).
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Fig. S42. 'TH NMR of M-iodoaniline. '"H NMR (400 MHz, Chloroform-d) 6 7.28 (s,

1H), 7.10-7.02 (m, 2H), 6.86 (t, J = 7.9 Hz, 1H), 6.62 (ddd, J = 8.0, 2.2, 0.9 Hz, 1H),
3.66 (s, 2H).
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Fig. S43. 'H NMR of P-nitroanisole. 'H NMR (400 MHz, Chloroform-d) & 8.28-8.13
(m, 2H), 7.26 (s, 1H), 7.01 — 6.91 (m, 2H), 3.91 (d, J = 1.2 Hz, 3H).



Fig. S44. '"H NMR of p-Anisidine. 'H NMR (400 MHz, Chloroform-d) & 6.82-6.71

(m, 2H), 6.70 — 6.60 (m, 2H), 3.75 (s, 3H), 3.21 (s, 2H).
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Fig. S45. '"H NMR of M-nitroanisole. '"H NMR (400 MHz, Chloroform-d) & 7.82
(ddd, J = 8.2,2.1, 0.9 Hz, 1H), 7.72 (t, J = 2.3 Hz, 1H), 7.43 (t, J = 8.2 Hz, 1H), 7.22

(ddd, J = 8.3, 2.6, 0.9 Hz, 1H), 3.89 (s, 3H).
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Fig. S46. 'H NMR of M-Methoxyaniline. 'H NMR (400 MHz, Chloroform-d) & 7.07

(t,J=8.0 Hz, 1H), 6.34 (ddd, /= 8.2, 2.4, 0.9 Hz, 1H), 6.30 (ddd, /= 7.8, 2.2, 0.9 Hz,

1H), 6.25 (t, J= 2.3 Hz, 1H), 3.77 (s, 4H).

Table S1. Details of the XPS analysis.

Peak B.E. (FWHM) /eV

catalysts Mo?* Mo* Mo®*
S2p
3ds); 3ds); 3ds), 3ds, 3ds), 3ds,
228.3 231.4 228.9 232.0 232.7 235.3
MOzc /
©8) (09  (1.0)  (1.0)  (22) (22
228.2 231.3 228.8 231.9 226.0
MOzc@MOSQ / /
1.0)  (1.0) (09  (1.0) 2.2)
228.7 231.8 226.0
MoS, / / / /
09)  (1.0) 2.2)




Table S2. ECH performance of nitroarenes to anilines over the recently reported

electrocatalysts.
catalysts substrates E F.E. sel. yield electrolytes Ref.
\ -045V This
Mo,C@MoS, LQNOZ 85% 99% 78% 0.1 M LiClO4
vs. RHE work
\ -045V This
Mo,C L@NOZ 23% 87% 13% 0.1 M LiClO,
vs. RHE work
\ -045V This
MoS, L@Noz 8%  57% 4% 0.1 M LiClO4
vs. RHE work
\ -0.25V vs
Pd-Mo L@Noz 84% 93% 63% 0.1 MLiClO, 1
RHE
\ -1.0 Vvs
Co3S4« L@NO; / 96%  86% 1.0 M KOH 2
Hg/HgO
\ -1.2 Vs
CoP L@NOZ / 92%  86% 1.0 M KOH 3
Ag/AgCl
\ -1.0 Vvs.
CuCo,04/NF L@Noz / / 93% 1.0 M KOH 4
SHE
0.35V vs
Cu;Pt ONOZ / ~99% / 1.0 M KOH 5
RHE
-0.2V vs 10 mg L' NB
Au@PtNi @—Noz /8% 6
RHE solution
-0.88V vs
Ag/LIG @—Noz 48% 94%  / 0.1 M PB 7
RHE
-0.53V vs 03 M
PA-CF Qm /~99% 8
RHE HC10,/ethanol
-0.75V vs 03 M
NOMC Q) /8% 9
Fe/Fe* HClO4/ethanol
Co0Sg/Ni3S,- sz -0.121V  95% 96% / 1.0 M KOH 10




NF vs RHE

-09 Vs 10 mM
Cu/Ti-3 ONO: / 97% / 1
Ag/AgCl Nast4
Table S3. Experimentally observed Raman peaks and assignments.
Raman shift (cm™)
Assignment

Mo,C Mo, C@MoS, MoS,
1100 / 1100
1150 1150 1150
1200 / 1200
1400 1400 1400
1450 1450 1450

C-N band stretching vibration

CCH in-plane bend

N-O band stretching vibration

N=0 band stretching vibration

ring stretch




Table S4. Details of the quasi in sifu EIS analysis.

M02C MOzc@MOSZ MOSZ
time - - -
equivalent equivalent equivalent
. . S . . RS . . Rs
circuits circuits circuits
0 i = b B o oE =
—ri Tt 42 AT 40 M RETrET 38
min
—rgtT 42 gt 38 AT 39
min
—rErriT 37 Rt 48 O rETrgT 39
min
—rETrdET 37 T 37 S rEmEr 39
min
—A T 38 it 35 M rirEgrT 39
min
AT 38 T 38 M rirEgr 39
min
60 - b B G e E
AT 39 gt 384 M rirEgT 39

min
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