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Figures and Table 

 
Fig. S1 The calibration CVs graph of Hg2SO4 electrode vs RHE. 

In this work, the high purity hydrogen saturated 0.05 M H2SO4 as electrolyte, the Hg2SO4 

electrode as the reference electrode, two Pt sheets (1.0 × 1.0 cm2) as working electrode and 

counter electrode, respectively. As shown in Figure S1, the CVs test with a scan rate of 1 mV 

s–1 is performed and the average of the two potentials at current crossed zero is the correction 

potential of hydrogen electrode reactions. So in alkaline seawater, ERHE = EHg2SO4 + 0.730 V. 

2 
 



 
Fig. S2 The optical photographs of the d–TiCuMn based samples (a) before and (b) after 

dealloying treatment. 
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Fig. S3 SEM images of the d–TiCuMn based samples. (a,d) d–TiCuMn2Ox, (b, e) d–

TiCuMn5Ox, and (c, f) d–TiCuMn10Ox.   

 

  

Fig. S4 HRTEM images of the d–TiCuMn7Ox. 

 
Fig. S5 EDX elemental of oxygen mapping images of d–TiCuMn7Ox. 
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Fig. S6 XRD pattern of the d–TiCuMn based samples.  

 

Fig. S7 High–resolution XPS spectra of C 1s for d–TiCuMn7Ox. 

 

Fig. S8 High–resolution XPS spectra of O 1s for d–TiCuMn7Ox.
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Fig. S9 (a) Calibration curve of NH3. (b) UV–Vis absorption spectra of indophenol assays 

with NH3 after incubated for 2 h at room temperature. 

 

 

Fig. S10 (a) FENH3 (b) NH3 yield for d–TiCuMn based materials under the various applied 

potential. 

 
Fig. S11 (a) NH3 yield (b) FENH3 for d–TiCuMn based materials with different dealloying 

time. 
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Fig. S12 (a) Calibration curve of N2H4. (b) UV–Vis absorption spectra of with N2H4 after 

incubated for 15 min at room temperature. 

 

Fig. S13 FE of NH3, H2, and N2H4 for d–TiCuMn7Ox under the various applied potential. 
 

 
Fig. S14 (a) LSV curves and (b) NH3 partial current densities of d–TiCuMn based materials. 
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Fig. S15 (a–e) CV plots of the d–TiCuMn based samples in the region of –0.04 ~–0.24 V vs 

RHE. (f) The calculated double–layer capacitances of d–TiCuMn based samples. 

 

 

Fig. S16 Nyquist diagrams of the d–TiCuMn based materials. 
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Fig. S17 XRD patterns of d–TiCuMn7Ox after 9 h stability test. 

 
Fig. S18 SEM image of d–TiCuMn7Ox after 9 h stability test. 

 

Table S1 Comparison of Rct values obtained from equivalent electrical circuit of d–

TiCuMn7Ox and control samples. 

Catalysts d–TiCuOx d–TiCuMn2Ox d–TiCuMn5Ox d–TiCuMn7Ox d–TiCuMn10Ox 

Rs/Ω 9.1 10.4 10.2 9.6 8.9 

Rct/Ω 46.9 36.5 42.4 24.7 39.6 

Note that the solution resistance (Rs) and charge transfer resistance (Rct). 
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Table S2 Electrocatalysis results from this work and other reported NORR results of the 

literature. 

Catalysts Electrolyte Potential/V 
vs RHE) FENH3/% NH3 yield Reference 

Co1/MoS2 0.5 M Na2SO4 –0.5 87.7 217.6 μmol h–1 
cm–2 [1] 

Fe1/MoS2-x 0.5 M Na2SO4 –0.6 82.5 288.2 μmol h–1 
cm–2 [2] 

MoS2/GF 0.1 M HCl 0.1 76.6 99.6 μmol h–1 
cm–2 [3] 

Cu1/MoS2 0.5 M Na2SO4 –0.6 90.6 337.5 μmol h–1 
cm–2 [4] 

TiS2 0.5 M Na2SO4 –0.6 91.6 153.8 μmol h–1 
cm–2 [5] 

Mo2C 0.5 M Na2SO4 –0.4 86.3 122.7 μmol h–1 
cm–2 [6] 

In1/a–MoO3 0.5 M Na2SO4 –0.6 92.8 242.6 μmol h–1 
cm–2 [7] 

HCP-Co 0.1 M Na2SO4 –0.6 72.58 439.5 μmol h–1 
cm–2 [8] 

W1/MoO3–x 0.5 M Na2SO4 –0.5 91.2 308.6 μmol h-1 
cm-2 [9] 

CoS1–x/CP 0.2 M Na2SO4 –0.4 53.62 44.7 μmol h–1 
cm–2 [10] 

Bi NDs/CP 
0.1 M Na2SO4 + 

0.05 mM 
Fe(II)EDTA 

–0.5 89.2 1194.0 μg h–1 
mg–2 [11] 

Cu/P–TiO2 0.1 M K2SO4 –0.6 86.49 3520.8 μg h–1 
mg–2 [12] 

d–TiCuMn7Ox 0.05 M H2SO4 –0.6 74.1 717.4 μmol h–1 
mg–2 This work 

d–TiCuMn7Ox 0.05 M H2SO4 –0.5 93.2 564.3 μmol h–1 
mg–2 This work 
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