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Calculation method supplement

The constant-potential method model was used by CP-VASP code [1, 2]. In CP-VASP,  𝐸𝐹

(Fermi level) is fixed:

                                                      (S-1)𝜇𝑒= 𝜇𝑆𝐻𝐸+ |𝑒|𝑈𝑆𝐻𝐸

where  is the electron energy,  is the work function (-4.6 eV) of the standard hydrogen 𝜇𝑒 𝜇𝑆𝐻𝐸

electrode (SHE) in VASPsol [3].  is the applied potential vs SHE. The Debye screening length 𝑈𝑆𝐻𝐸

was adjusted to 3.04 Å, representing the compensatory charge [4]. The energy varies with the 

electrode potential follow a quadratic function as：

                                       (S-2)
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1
2
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where  is the capacitance of the system,  is the potential of zero charges, and  is the 𝐶 𝑈𝑃𝑍𝐶 𝐸𝑃𝑍𝐶

energy at the zero charges. and. Upon changing the pH value, the electrode potential under the SHE 

will change to a fixed potential of reversible hydrogen electrode (RHE) as

                                                (S-3)𝑈𝑅𝐻𝐸= 𝑈𝑆𝐻𝐸+ 0.059 × 𝑝𝐻

The *NH2OH formation step was determined the rate-determining step in our calculations. Thus, 

the current density associated with this step was calculated, which represent the reactivity of the NO 

electroreduction reaction. The calculated equations as follows

                                 (S-4)
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where F is the Faraday constant, NA is the Avogadro constant, kb is Boltzmann’s constant, and 

h is Planck constant [5]. 
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Table S1. The Ef1 (eV) and Ef2 (eV) were O vacancy of formation energy on six MXenes surface, 

which obtained from direct and H2-assisted thermal treatment, respectively.

Ti2CO2-Ov V2CO2-Ov Cr2CO2-Ov Zr2CO2-Ov Nb2CO2-Ov Mo2CO2-Ov

Ef1 4.83 3.95 3.89 5.11 4.58 4.26

Ef2 1.74 0.86 0.80 2.02 1.49 1.17

The O vacancy of formation energy on MXene surface by direct thermal treatment was calculated 

as: 

Ef1 = Eov + 1/2 EO2 – Ep,                                   (s-5)

where EoV, EO2 and EP are the total energies of the MXenes with an O vacancy, the O2 molecules in 

the triplet state, and MXenes, respectively.

The O vacancy of formation energy on MXene surface by H2-assisted thermal treatment was 

evaluated as following the reactions: 

M2CO2 + H2 → M2CO-1Ov + H2O                  (s-6)

where the energies of H2O and H2 molecules are used, and the other two terms represent the total 

energies of the MXenes and MXenes with an O vacancy, respectively. 

Table S2. The calculated binding energies of UO2@MXene between UO2 and MXenes with O 

vacancy.

U@Ti U@V U@Cr U@Zr U@Nb U@Mo

Eb (eV) 4.71 3.96 4.03 5.19 4.72 4.15

The binding energies of UO2@MXene between UO2 and MXenes with O vacancy were calculated 

as follows:

Eb = Eov + EUO2 – Etotal                                                         (s-7)

where EoV, EUO2 and Etotal are the energies of the MXenes with an O vacancy, the UO2 state, and 

UO2@MXenes, respectively.



Table S3. The free energy change (eV) of other key reaction toward NH3 synthesis on 

UO2@MXenes.

 Reaction steps U@Ti U@V U@Cr U@Zr U@Nb U@Mo

NO → NOH 0.86 0.19 0.36 1.17 0.39 0.38 

NOH → N -1.83 -0.52 -0.49 -1.67 -1.88 -1.17 

NHO → NHOH -0.37 0.64 0.23 -0.04 0.31 0.59 

NHOH → NH2OH -0.34 -1.38 -0.76 -0.15 -1.23 -1.49 

N → NH 0.37 -0.97 -0.77 0.27 0.08 -0.62 

NHOH → NH -0.26 -1.34 -0.98 -0.80 -1.28 -1.84 

NH → NH2 -2.37 -0.39 -0.63 -0.72 -1.07 -0.39 

Table S4. Comparison of various SACs for NO conversion to NH3

catalysts U (limiting potential, V) Suppressing HER

UO2@Nb2CO2 (this work) −0.14 Yes

Fe-SACs@graphene[6] −0.26 Yes

Zr@C2N[7] −0.33 Yes

2P@C2N[8] 0 Yes

Cu@h-BN[9] −0.23 Yes

IrN3/BP[10] −0.06 Yes

La@MoSv
[11] −0.15 Yes

Cu@Ti3C2O2-V0
[12] 0 Yes

The Ulimiting = 0 indicate a spontaneous occurrence of ENOR.



Figure S1. Dynamic evolution when uranyl adsorbate inserts water layer (a) Ti2CO2 and (b) 

Mo2CO2 MXenes structures with O vacancy after 5ps AIMD simulation at 298 K. 

Figure S2. The calculated electron localization function (ELF) for UO2@M2CO2, M = Ti, V, Cr, 

Zr, Nb and Mo, respectively.



Figure S3. The calculated partial density of states (PDOS) and Crystal Orbital Hamilton Population 

(COHP) for UO2@M2CO2, M = (a) Ti, (b) Zr, (c) V, (d) Nb, (e) Cr and (f) Mo, respectively. The 

Fermi level was set to the zero.

Figure S4. The calculated PDOS of UO4 moiety for (a) UO2@Nb2CO2, (b) UO2@Zr2CO2 and (c) 

UO2@Mo2CO2, O1, O2 and O3 represent U connect three oxygen atoms of MXene substrate, 

respectively. The Fermi level was set to the zero.



Figure S5. The calculated diffusion barrier of adsorbed UO moiety between S1 and S2 sites for (a) 

UO2–Ti, V, Cr, and (b) UO2–Zr, Nb, Mo.

Figure S6. The three modes (N-end, O-end and side end) of adsorbed NO optimized configurations 

on UO2@M2CO2, M = (a) Ti, (b) Zr, (c) V, (d) Nb, (e) Cr and (f) Mo, respectively.



Figure S7. The calculated partial density of states (PDOS) and Crystal Orbital Hamilton Population 

(COHP) for NO adsorbed on UO2@M2CO2, M = (a) Ti, (b) Zr, (c) V, (d) Nb, (e) Cr and (f) Mo, 

respectively. The Fermi level was set to the zero.



Figure S8. The optimized configurations involved NO conversion to NH3 pathway on (a) 

UO2@Ti2CO2, (b) UO2@Nb2CO2 and (c) UO2@Mo2CO2.



Figure S9. The optimized configurations involved NO conversion to NH3 pathway on (a) 

UO2@Ti2CO2, (b) UO2@Nb2CO2 and (c) UO2@Mo2CO2.

Figure S10. The calculated Bader charge and charge density differences induced by NH2O 

adsorption on UO2@MXenes. Cyan and yellow represent electron charge depletion and 

accumulation, respectively.



Figure S11. The calculated partial density of states (PDOS) and Crystal Orbital Hamilton 

Population (COHP) for NH2O adsorbed on UO2@M2CO2, M = (a) Ti, (b) Zr, (c) V, (d) Nb, (e) Cr 

and (f) Mo, respectively. The Fermi level was set to the zero.

Figure S12. Gibbs free energy distribution diagram of the NO reduction pathway toward NH3 on 

UO2@Nb2CO2 catalyst (U–J value = 0 or 3 eV).



Figure S13. The AIMD results for the (a) NO, (b) NHO, (c) NH2O, (d) NH2OH, (e) NH2 and (f) 

NH3 adsorption on UO2@Nb2CO2 by introduction of multiple explicit water layers.

Figure S14. The optimized configurations for *2O-end, *2N-end and *H adsorbed on 

UO2@M2CO2, M = (a) Ti, (b) Zr, (c) V, (d) Nb, (e) Cr and (f) Mo, respectively.



Figure S15. The optimized configurations of competition side reaction toward N2O and N2 products 

on UO2@Nb2CO2 and UO2@Ti2CO2, respectively. 

Figure S16. Current density of NO electroreduction reaction as a function of applied potential at 

pH = 1 (black) and pH = 13 (blue).
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