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Figure S1. Linear sweep voltammetry measurement of Gr, Nb2AlC-Gr, and in-situ 

electrochemically etched electrodes Nb2AlC-Gr-6 h, Nb2AlC-Gr-12 h, Nb2AlC-Gr-18 h, and 

NbOx-Gr.  
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Figure S2. Raman spectra for (a) Gr, (b) Nb2AlC-Gr, (c) NbOx-Gr electrodes and (d) pristine 

polyimide sheet. 

 

Coherence length calculation: The coherence length (La) is determined utilizing the 

equation (1), which determines the structure order along ab planes.1 

La (nm) = (2.4*10-10) *λ4
nm  (IG/ID)                                 (1) 

Where λ  is the Raman laser walength  

  

https://www.sciencedirect.com/science/article/pii/S0008622322011150#fd1
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Figure S3.  The high-resolution XPS spectra of O 1s for (a) Nb2AlC-Gr, and (b) NbOx-Gr 

electrodes   
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Figure S4. The SEM micrographs of laser-induced graphene (Gr); (a) low magnification and 

(b) high magnification. 

 

Figure S5. The STEM micrographs of NbOx-Gr. 

 

Electrochemical active surface area (ECSA): The electrochemical active surface area 

(ECSA) was calculated using the electrochemical double-layer capacitance (CDL) and the 

specific capacitance of the carbon-based materials. The CDL is calculated from the current at 
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various scan rates (2, 5, 7.5, and 10 mV s−1) using cyclic voltammetry analysis at the non-

faradic region. The linear relationship (iDL = vCDL) is followed by the scan rate (v), double-

layer current (iDL), and CDL.  Thus, the slope of double-layer current as a function of scan rate 

gives the value of CDL. The average value of cathodic and anodic slopes is taken as the CDL 

value. 

Hence, the ECSA can be calculated using the following equation. 

/DL sECSA C C= ,  

Where Cs = 22 mF cm-2 is the specific capacitance of the carbon-based material.2–4 
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Figure S6. The electrochemical active surface area (ECSA) was calculated using cyclic 

voltammetry curves in the non-Faradaic region at various scan rates of the (a), (c), and (e). Gr, 

Nb2AlC-Gr, and NbOx-Gr electrodes. (b), (d), and (f). To obtain CDL value, the corresponding 

cathodic and anodic currents from the centre of the potential region are plotted as the function 

of scan rate. 
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Figure S7. The images of Gr, Nb2AlC-Gr, and NbOx-Gr electrodes employed for nitrate 

reduction to ammonia generation reaction.  
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Figure S8. The chronoamperometry measurement of (a) Gr, (b) Nb2AlC-Gr, and (c) NbOx-Gr 

electrodes at different potentials.  
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Figure S9. The electrolyte collected after electrolysis for (a) Gr, (b) Nb2AlC-Gr, and (c) NbOx-

Gr electrodes at different potentials mixed with 600 µL (3 M NaOH, 10 wt.% salicylic acids, 

and 10 wt.% citric acid) 300 µL (0.2 M NaClO), and 60 µL (2.0 wt.% sodium 

nitroferricyanide), kept for 2 hours for ammonia detection. 
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Figure S10. UV-Vis spectra of electrolysis solutions of (a) Gr, (b) Nb2AlC-Gr, and (c) NbOx-

Gr electrodes different potentials for ammonia detection. (electrolysis solutions for -0.8 

and -1.1 V diluted 7 times for NbOx-Gr electrode). 
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Figure S11. The UV-Vis spectra of electrolysis solutions of (a) Nb2AlC-Gr, and (b) NbOx-Gr 

electrodes at different potentials for nitrite detection. (electrolysis solutions for -0.8 and -1.1 V 

diluted 5 times for NbOx-Gr electrode). 
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Figure S12. The ammonia generation measurement of NbOx-Gr electrodes at a potential 

of -0.8 V at different times. 
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Figure S13. The UV-Vis measurement of electrolysis solutions (diluted 7 times) of NbOx-Gr 

electrodes at a potential of –0.8 V. 
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Figure S14. The UV-Vis measurement of electrolysis solutions (diluted 80 times) of NbOx-Gr 

electrodes at a potential of –0.8 V for 24 hours. 
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Figure S15. The 1H NMR measurement of electrolysis solutions of NbOx-Gr electrodes at a 

potential of –0.8 V for 2 hours in a solution of 0.5 M Na2SO4 + 0.1 M Na15NO3 (red line), 

compared to the blank solution 0.5 M Na2SO4 (black line). 

 

 

Figure S16. The SEM-EDS mapping micrographs of (a) NbOx-Gr before elecrochemical 

performance and their corresponding elements like C,O, Nb, Al. (b) NbOx-Gr-EC after 

elecrochemical performance and their corresponding elements like C, O, Nb, Al. 
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Table S1. Comparison table for nitrate reduction to ammonia with previously reported 

literature in recent years. 

Electrocatalys

t  

Electrolyte Yield rate F.E Potential  Ref. 

 

MoO2-C NBF 1 M KOH 

solution and 

0.1 M KNO3  

≈109.28 µmol h−1 c

m−2 

≈99.05 

% 

−0.3 V 5 

MoO3-C NBF 1 M KOH 

solution and 

0.1 M KNO3  

≈22.36 µmol h−1 cm−

2 

≈64.19 

% 

−0.3 V 5 

Cu@Th-

BPYDC 

1 M KOH + 100 

mM KNO3 

≈225.3 μmol h–1 cm–

2 

≈92.5% 0 V vs. 

RHE 

6 

Cu@CuTCNQ 0.1 mol 

L−1 KNO3 and 

0.1 mol 

L−1 KOH 

≈144.8 μmol 

h−1 cm−2  

 ≈96.4% −0.6 

V vs. RHE 

7 

Au 

nanocrystals-

Co3O4 

0.5 M KNO3 and 

1 M KOH 

≈27.86 µg/h·cm2 ≈83.1% - 8 

MIL-

101(Fe)@Nb2

C 

- ≈199.68 μg h−1 cm−2 ≈89.9%  −0.3 

V vs. RHE, 

9 

Ru–

Cu/Cu2O@Ti3

C2 

0.1 M KOH and 

KNO3 

≈128.35 μmol 

cm−2 h−1 

≈48.3% −0.7 

V vs. RHE 

10 

Mo2CTx : Fe  0.05 M H2SO4, 

100 mM 

NO3
− (from 

NaNO3) 

≈3.2 μmol h−1 mg−1, ≈41 %  −0.4 V 

vs. RHE  

11 
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Mo2CTx : Fe  0.5 M 

Na2SO4  100 

mM NO3 

≈12.9 μmol h−1 mg−1 ≈70 %  - 11 

FeSA/MXene 0.1 mol L–

1 Na2SO4 and 

NaNO3 (50 mg-

N L–1) 

- ≈82.9  −1.4 V 

(vs Ag/AgC

l) 

12 

a1-Ru/CNTs 500 ppm NO3 - ≈145.1 μg·h -

1·mgcat. -1 

≈80.62 −0.2 V vs 

RHE 

13 

Pd/NF 0.5 M Na2SO4 wi

th 0.1 M NaNO3 

≈1.52 mmol cm−2 h−1 ≈ 78 −1.4 V 

versus RHE 

14 

FOSP-Cu-0.1  0.5 M Na2SO4 wi

th 0.1 M NaNO3 

101.4 μmol h−1 cm−2  93.91 − 0.266 V 

vs. RHE, 

15 

Co-NAs 1 M KOH with 

0.1 M NO3
− 

10.4 mmol h−1 cm−2  - −0.24 V 16 

GB Ni NPs 1 M NaNO3 + 1 

M NaOH 

15.49 mmol 

h−1 cm−2  

93.0% −0.93 V,  17 

Bi/Pd 1 M KOH with 

and 0.1 M NO3
−.  

33.8 mg h−1 cm−2 100 −0.6 V 

versus RHE 

18 

Cu0.65Pd0.35Ox 0.1 M KNO3  1.41 mg h−1 cm−2 - −0.2 VRHE 19 

CuCoSP 0.1 M NO3
−  1.17 mmol cm−2 h 93.3 ± 2.

1 

−0.175 V 

vs. RHE 

20 

MoO2-C NBF  1 M KOH with 

0.1 M KNO3  

109.28 µmol h−1 cm−

2  

99.05  −0.3 V vs 

RHE 

21 

Gr 0.5 M 

Na2SO4 with 

0.1M KNO3  

≈5.68 μg h 
– 1 cm–2 ≈ 9.05 −1.1 V 

vs. RHE 

This 

wor

k 

Nb2AlC-Gr 0.5 M 

Na2SO4 with 

0.1M KNO3  

≈ 71.50 μg h 
– 1 cm–2 ≈ 45.47 −1.1 V 

vs. RHE 

This 

wor

k 

NbOx-Gr 

electrodes 

0.5 M 

Na2SO4 with 

0.1M KNO3  

≈ 194.79 μg h 
– 1 cm–

2 

≈ 46.50  −1.1 V 

vs. RHE 

This 

wor

k 
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Binding energy calculation:  

The binding energy of the NbOx model on graphene was calculated using DFT calculations 

(equation 2), introducing the projector augmented wave (PAW) potential with a plane-wave 

cutoff energy of 520 eV. The Perdew-Burke-Enrzerhof (PBE) parametrization of the 

generalized gradient approximation (GGA) was used to describe the electronic exchange-

correlation energies, and DFT-D3 method of Grimme with zero-damping was also introduced 

to describe the van der Waals interactions. 

 Ebind = Ecomplex – ENbOx – Egraphene   (2) 

where Ecomplex is the total energy of NbOx-Gr system, ENbOx energy of an isolated NbOₓ 

nanocluster, and Egraphene energy of an isolated graphene sheet, all being in the geometry of the 

NbOx-Gr system. 

 

 

Figure S17. Graphical representation of structural changes of the NbOx nanocluster before 

(a, d) and after (b, e) adsorption on graphene. Panel (c) shows overlayed panels (a) and (b) for 

comparison. Label: O16 and Nb2 are identified as the atoms exhibiting the most significant 

change in bond length. 
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Table S2: Interatomic bond distances (in Å) in the NbOₓ model before (top half) and after 

(bottom half) adsorption on graphene. Changes in bond lengths after adsorption are relative to 

the pre-adsorption values. 
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