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Figure S1. TEM images of Se nanoparticles in low magnification (a) and high 

magnification (b), synthesized following reported studies [1,2]. The size of Se 

nanoparticles is 37.5 ± 1.4 nm. 

 
Figure S2. TEM images of NiCoMoSeOx nanosheets at low magnification (a) and 

high magnification (b).  



 
Figure S3. STEM image (a) and EDS elemental mapping of (b) Ni, (c) Co, (d) Mo, (e) 

Se, and (f) O distributions in the NiCoMoSeOx nanosheets. The scale bar applies to all 

panels in a. 

 
Figure S4. STEM images of NiCoMoSeOx nanorods at low magnification (a) and 

high magnification (b). 



 
Figure S5. HADDF-STEM image (a) and EDS elemental mapping of (b) Ni, (c) Co, 

(d) Mo, (e) Se, and (f) O distributions in the NiCoMoSeOx nanorods. The scale bar 

applies to all panels in a. 

 

Figure S6. CVs of (a) nanorods and (b) nanosheets in the non-active potential range 

with scan rates of 10, 20, 40, 60, 80, 100 mV s-1. (c) Specific activity of nanosheets and 

nanorods normalized by Cdl.  



 

Figure S7. The Nyquist plots of nanosheets (a) and nanorods (b) measured at the 

range of 1.65–1.9 V. (c) The changes of Rct upon different potentials derived from 

panel a and b.  

 

Figure S8 In situ ATR-SEIRAS spectra of RuO2 during the OER at various potentials 

(1.0–1.9 V). The spectra highlight key vibrational bands: the free OH stretching at 3384 

cm–1, H-O-H bending at 1643 cm–1, and adsorbed *OOH at 1213 cm–1.[3]  



 

Figure S9 In situ ATR-SEIRAS spectra of Pt/C during the OER at various potentials 

(1.0–1.9 V). The spectra highlight key vibrational bands: the free OH stretching at 3384 

cm–1, H-O-H bending at 1642 cm–1, and adsorbed O₂ at 1289 cm–1.[4,5] 

 
Figure S10. UV-Vis absorption spectra of Ni2+, Se, and NiSe samples synthesized at 

different reaction times (0-25 min).  



 
Figure S11. TEM images of NiCoSe trimetallic samples with different Ni/Co ratios: 
(a, b) Ni : Co : Se= 6:3:2 and (c, d) Ni : Co : Se= 20:3:2. 

 

Figure S12. XRD patterns of NiCoMoSeOx nanorods (blue) and nanosheets (red), 

compared with standard reference cards of possible phases. 

 



 

Figure S13. TEM image (a) and corresponding SAED pattern (b) of NiCoMoSeOx 

nanorods after 200 h of electrochemical durability testing.  

 

Figure S14. Raman spectra of NiCoMoSeOx before and after chronopotentiometry 

activation (CA), compared with Se nanoparticles.  
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