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Characterization 

The morphology of the electrocatalysts was investigated using a field emission scan-

ning electron microscope (SEM, S-4200, Hitachi, Japan), and a TEM ( Tecnai G2 F20 S-

Twin, USA) with an acceleration voltage of 200 kV in the Schottky mode. The crystal struc-

tures of the electrocatalysts were examined using XRD (PANalytical X'Pert³ PRO, USA) 

with Cu Kα radiation (λ = 1.54 Å ). The elemental composition was quantitatively compared 

using XPS (K-alpha, Thermo Scientific, USA) with Al Kα radiation (1486.6 eV). Raman 

spectroscopy was performed using a Micro-Raman spectrophotometer (Horiba, USA). 

The absorbance spectrum of the electrocatalysts were obtained in the range of 200- 800, 

UV-Visible double beam spectrophotometer (VARIAN, Cary, 5000, USA). 

Fig. S1 shows the UV-Vis spectra of MW-7, MW-12, MW@GO-7, and MW@GO-12. 

The MW-7 and MW-12 samples have broad and strong absorption peaks at about 400 nm 

and a weak bond at ~550 nm. In MW@GO-7 and MW@GO-12 samples, the weak band 

almost disappeared with the deposition of MnWO4 NRs on GO. 

SI-Figures 

 

Figure S1. UV-Vis spectra of the electrocatalysts MW-7 (a), MW-12(b), MW@GO-7 (c), and 

MW@GO-12 (d). 
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Figure S2. EDS spectrum of MW@GO-12 electrocatalyst, and corresponding elemental mapping 

analysis. 

 

Figure S3. Current density vs. scan rate plots (a) and current density vs. the square root of scan rate 

plots of the electrocatalysts (b). 
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Figure S4. CV curves of the electrocatalysts at different scan rates for electrochemical active surface 

area tests; MW-7 (a), MW-12(b), MW@GO-7 (c), and MW@GO-12 (d). 

 

Figure S5. Linear fit analysis of UOR for electrocatalysts, and the plots of peak current density vs. 

scan rate. 
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Figure S6. EIS analysis of the electrocatalysts; inset shows the equivalent fitted circuit along with 

experimental data. 

 

Figure S7. Chronoamperometry analysis of the electrocatalysts in the presence and absence of the 

urea in 1.0 M KOH electrolyte. 
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Figure S8. TGA analysis of pristine MW-12 and MW@GO-12 measured in air atmosphere. 


