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Table S1. Adsorption energies and optimized geometries calculation of H in MoS, with Li

and without Li systems

Eua Eu Distance
(eV) (eV) (S-H) (A)
S site of MoS, 1.381
0.492 0.473
(with Li-S) (£0.02 A)
S site of MoS, 1.383

0.034 0.033
(without Li-S) (£0.02 A)
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Figure S1. (a-c) XRD patterns of 1T-MoS,-powder, 1T-MoS,-CFP and 1T-MoS,-Ti,
respectively; (d-e) Raman spectra of 1T-MoS,-CFP and 1T-MoS,-Ni, respectively. Similar
kind of XRD pattern having sharp peaks was also obtained for 1T-MoS, powder when
synthesized without any substrates. Therefore, it is evident that Ni foil exhibits duel nature, that
is, acting as suitable substrate and amorphization agent. Meanwhile, Raman spectra confirms
the formation of distorted amorphous 1T-MoS, and maintains same phase after the reactions

also.



Figure S2. (a-c) SEM images of 1T-MoS,-powder, 1T-MoS,-CFP and 1T-MoS,-Ti,
respectively; (d-e) HR-TEM image of 1T-MoS,-powder and 1T-MoS,-Ni, respectively. These
1T-MoS, catalysts exhibited high crystalline beautiful nanoflower morphology. FE-SEM
images further substantiate the significant role of Ni in amorphization of 1T-MoS,. The d-
spacing calculated from the HR-TEM corresponds to 1T phase of MoS,. HR-TEM image

reveals the formation of defective amorphous 1T-MoS,.
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Figure S3. (a) UV-vis absorption spectra of the electrolyte stained with Watt and Chrisp
indicator after NRR electrolysis using 1T-MoS,-Ni at -0.3 V. The result rules out the formation
of hydrazine and signifies the formation of NH; only. (b) UV-vis absorption spectra of the
electrolytes stained with Griess reagent (equal volumes of electrolyte and reagent were mixed

and read the absorbance at 540 nm after 15 min).



To validate the results are real, many controlled experiments were carried out. Figure S10 (a)
shows UV-vis absorption spectra of pure electrolyte with purging N, and Ar gas stained with
indophenol indicator. Figure S10 (b) shows the gas chromatography of N, gas. It was found
that there is no contamination either from the electrolyte or gas. Figure 11S (a & b) show time
dependent current curves and corresponding UV-Vis spectra of 1T-MoS,-Ni using carbon as a
counter electrode. The efficiency remains almost same signifying the non-interference of Pt
ions. Figure 11S (¢ & d) show time dependent current curves and corresponding UV-Vis
spectra of 1T-MoS,-Ni using Li,SO, electrolyte. Unbowed efficiency indicates the insignificant
effect of anions on the performance of 1T-MoS,-Ni. No ammonia was detected when Ni with
and without catalyst exposed to chronoamperometric tests in Ar atmosphere [Figure 118 (e &

)] confirming that no contamination originated from electrode.
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Figure S4. (a) UV-vis absorption spectra of pure electrolyte with purging N, and Ar gas stained
with indophenol indicator. It was found that there is no contamination either from the

electrolyte. (b) Gas chromatography of N, gas.
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Figure S5. (a & b) Time dependent current curves and corresponding UV-vis absorption
spectra of 1T-MoS,-Ni for consecutive cycles using carbon rod as a counter electrode to study
the effect of Pt counter electrode in H-type cell; (¢ & d) Time dependent current curves and
corresponding UV-vis absorption spectra of 1T-MoS,-Ni operated in 0.25 M Li,SO,
electrolyte; (e & f) Time dependent current curves (Ar atmosphere) and corresponding UV-vis

absorption spectra of Ni with and without MoS, at -0.3V vs RHE.
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Figure S6. (a) Time dependent current curves of 1T-MoS,-Ni for consecutive cycles. (b) UV-

vis absorption spectra of the electrolyte stained with indophenol indicator after NRR

electrolysis using 1T-MoS,-Ni for consecutive cycles.
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Figure S7. The setup of electrochemical reaction of in-situ XRD- measurement.
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Figure S8. (a) Time dependent current curves of different catalysts operated in 0.25 M Na,SO,

electrolyte. (b) UV-vis absorption spectra of the corresponding electrolytes stained with

indophenol indicator.
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Figure S9: (a-b) XRD pattern and SEM image of 1T-MoS, after NRR, respectively.
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Figure S10. The calibration curves used to quantify the NH; generated during electrolysis for

(a) LiClO, and (b)Na,SO, electrolytes, respectively.
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Figure S11. (a) NMR spectra of equimolar concentrations of “NH,* and '"NH,". The slight
deviation of chemical shift can be attributed to difference s in pH, volume and/or temperature.
(b) NMR based calibration curve used to quantify the NH; generated during electrolysis. (c)

NH; yield obtained by both indophenol and NMR over different periods.



Figure S12. The models of unit cell of 1T-MoS; in the (a) top-view, and (b) side-view (along

x-axis), and (c) side-view of MoS, (along y-axis).



Figure S13. (a) The electron contour map obtained from the top-view. (b) The key structures
of intermediates N=N adsorbed with Li-S on MoS, of the PED. (c) The key structures of
intermediates Li adsorbed on bridge-S on MoS,. (d) The electron contour map of Mo-NHj; from

the side-view.
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Figure S14. The Side-view of the 1T-MoS, edges. (a) H* adsorption on the S-edge site and (b)

H* adsorption on the Mo-edge site and (c) Li* adsorption on the bridge S site and (d) N,*
adsorption on the Mo site and (e) NH3* adsorption on the Mo site and (f) NH,* adsorption on

the Mo site and (g) NH;* adsorption on the Mo site.
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Figure S15. The geometries of the initial states (I. S.) for (a) nitrogen adsorption and nitrogen

reduction reaction (NRR), the intermediate states (I. M. S.) (b)-(g), and the final states (F. S.),

and (h) final states (F.S.) for NH; adsorption on the Li-1T-MoS..



Table S2: The literatures of other metal sulfide electrocatalysts for NRR in comparison with

our work.
Compounds Electrolytes RHE NH; yield rate Faradaic Ref.
name 4% (ng/h/mg.,) efficiency (%)
1T-MoS,-Ni 0.25M -0.3 1.05 27.66 Present
LiCl0O, pg/min/cm?
Ru-MoS, 10 mM HCI -0.15  0.11 nmol/s/cm? 17.60 1
Co-MoS; 0.01 H,SO, -0.3 0.63 nmol/h/g 10.00 2
MoS, 0.1 M LiSO4 -0.2 43.4 9.81 3
N-MoS, 0.1 M Na,SO, -0.3 69.82 9.14 4
DR-MoS, 0.1 M Na,SO, -0.4 29.28 8.34 5
2H-MoS, 0.1 M Na,SO, -0.5 0.08 nmol/s/cm? 1.17 6
MoS,-rGO 0.1 MLiClO,  -0.45 24.82 4.56 7
FeS,/Fe 0.1 M KOH -0.3 0.41 nmol/s/cm? 17.60 8
FeS, LiSOy pu-2) -0.2 11.5 14.60 ?
FeS,/CFP 0.25MLiClIOs  -0.6 0.096 pg/min 14.14 10
Fe;S, 0.1 M HC1 -0.4 75.4 6.45 1
Sn/SnS, 0.1 M PBS -0.7 23.8 6.50 12
SnS,/ZnS,@Ni 0.1 M Na,SO, -0.5 0.91 nmol/s/cm? 10.80 13
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