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Figure S1. (a) XRD patterns of the synthesized V,AIC; MAX and the exfoliated V,C;Ty
MXene. (b) The enlarge region shows the movement of (002) plane after exfoliation.



Figure S2. (a) Low-magnification and (b) high-magnification SEM image of the freeze dried
V4C3T, MXene. (c) Low-magnification TEM images of an isolated freeze dried V4CiT,
nanosheets. (d) The EDX elemental mapping of the freeze dried V,C;T, nanosheets. (e)
HRTEM image and (f) the corresponding inverse FFT image of (e). (g) AFM images of the
isolated V4C5T, nanosheets.



_—
=
m .
g Ni@MX
>
e
(7]
@
] . :
c | Jl }\ Ni particles
- (111) (200)(111)
JCPDS#01-1159 V,C,
JCPDS#87-0712 Ni | (2?0) (220)

10 20

30 40 50 60 70
2 Thete (degree)

Figure S3. XRD patterns of the Ni@MX nanocomposite and the corresponding Ni particles
prepared without MXene.



Figure S4. The EDX elemental mapping of Ni@MX nanocomposite.
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Figure S5. XPS spectra of the as-synthesized V,C;T, MXene and the Ni@MX nanocomposite:
(a) V 2p, (b) O 1s and (c) C 1s spectra from V,C;T, MXene; (d) V 2p, (e) O 1s, (f) C 1s, and
(g) Ni 2p from the Ni@MX nanocomposite.
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Figure S6. Cyclic voltammograms (CV) curves of (a) Ni@MX, (b) bare Ni particles, and (c)
V,4C5T, MXene, respectively. The CV curves are taken at various scan rates of 20, 30, 40, 50,
60 and 80 mV s in 0.1 mol L' KOH solution.
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Figure S7. Fitted Nyquist plots of the electrodes modified by Ni@MX, Ni particles, and V,C5T,
MXene measured at zero overpotential vs. RHE, respectively.
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Figure S8. The chronopotentiometry curves of bare V,C;T, (a), Ni particles (b) and the
Ni@MX nanocomposite (¢) in Nj-saturated 0.1 mol L' KOH at different applied current
density. (d) The mean voltages of the three samples.
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Figure S9. (a) UV/Vis absorption spectra of indophenol assays with NH4" ions after incubated
for 1 hours at room temperature. (b) Calibration curve used for calculation of NH4Cl
concentrations. (c-e) UV/Vis absorption spectra of indophenol assayed post-tested solution
from bare V4C;3T,, Ni particles and the Ni@MX nanocomposite.
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Figure S10. The normalized ammonia yield rate of the Ni@MX nanocomposite after 12 NRR
cycles at 0.2 mA cm™2,
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Figure S11. (a) TEM image of the Ni@MX nanocomposite after NRR process. (b) and (d)
HRTEM images of the Ni nanoparticle and the V,C;T, MXene in the nanocomposite,
respectively. (c) and (e) The i-FFT image of the selected area highlighted in (b) and (d),
respectively.
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Figure S12. (a) Top and (b) side view of the atomistic configuration of Nis nanocluster
anchored on monolayer V,C;0, with enzymatically *N, adsorption on the Ni-Ni diatomic site.
(c) Calculated free energy diagrams for NRR through the enzymatic mechanism on the Ni-Ni
diatomic site of Nis nanocluster.
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Table S1. Comparison of NRR performances with reported electrocatalysts.

Catalyst electrolyte NH; Yield rate N;:iziifg;c Reference
Ti3C, T, 0.5 mol L' Li,SO, 472 ugh!' cm™ 4.62% 0]
Ti;C,T,/FeOOH 0.5 mol L' Li,SOy4 0.26 pgh™!' cm™ 5.78%

SA Ru-Mo,CT, 0.5 mol L™! K,SOy4 40.57 ug h™! mg, ! 25.77%

Mo,CT, 05mol L1K,S0, 1043 pgh ! mge!  7.73% 2
Ru/C 0.5mol L1 K,SO, 1956 pgh ! mgee ! 12.71%

MoN NA/CC 0.1 mol L' HCI 18.42 ug h! cm2 1.15% 3]
MnO,-Ti;C,T, 0.1 mol L' HCI 34.12 pgh™! mge, ! 11.39% [4]
TiOy/TisCoT, 0.1 mol L' HCI 3217 pgh ' mge ! ~3% 5
Rh NCs/C 0.1 mol L' HCI 1.10 pg h ! cm™ <1%

Rh/C 0.1 mol L' HC1 239 pughtem™ <1% [6]
Rh-Se NCs/C 0.1 mol L™ HC1 17.75 pg h™! cm™2 13.3%

Ru SAs/g-C;N; 0.5 mol L' NaOH 23.00 pgh™!' cm™ 8.3% 7]
Au NRs 0.1 mol L KOH 1.65 ugh'cm™ ~4% [8]
W,N; 0.1molL'KOH  11.66 pgh' mge!  11.67% (9
E?;Lés 0.1molL"KOH  37.23 pgh ' mge!  1.85% [10]
Ti;C,0H 0.1 mol L™ KOH 1.71 pgh! cm™ 7.01% ()
V4CsT,y 0.1 mol L' KOH ?30 '2461 :‘ggﬁl_llcr?ng_ga)t L 380% This
Ni@MX 0.1 mol L KOH  21-29mghimgact g0 work

(341 pgh'cm™)
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