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Fig. S1 TEM images of CoyMn1-yO NPs synthesized in different conditions. (a) 50 mol%Co using Co(II) 

stearate (9.7±0.9 nm), (b) 60 mol%Co using Co(II) stearate (9.8±1.8 nm), (c) 10 mol%Co using Co(II) 

acetate (10.9±0.8 nm), and (d) 10 mol%Co using Co(II) acetylacetonate. (e) TEM image of Co NPs 

(11.3±0.6 nm). 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S2 XRD patterns of CoxMn3-xO4 NPs with x of 0, 0.3, 0.6, 0.9, 1.2, 1.8 and 3. Crystal phase transition 

from tetragonal spinel (I41/amd) to cubic spinel (Fd-3m) occurred when x became larger than 1.2.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 
Fig. S3 TEM images of Rh@Cr2O3 NPs on CoxMn3-xO4 (Co 40 mol%) loaded SrTiO3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S4 (a) Mott-Schottky plot and (b) Tauc plot of BiVO4 film. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Fig. S5 Schematic of calculated band structures of CoxMn3-xO4, BiVO4, and SrTiO3. 

 

 

 

Table S1 Calculated Mulliken electron negativity (c), measured band gap energy (Eg), isoelectric point 

(IEP), energy level of conduction band edge (Ecb) and valence band edge (Evb) of CoxMn3-xO4, BiVO4, 

and SrTiO3. 

 
c 

Eg (measured) 

/ eV 
IEP / pH 

Ecb / eV vs 

NHE at pH 7 

Evb / eV vs 

NHE at pH 7 

Mn3O4 5.57 2.74 3.8 [a] -0.49 +2.25 

Co1.2Mn1.8O4 5.70 2.40 4.2 [b] -0.16 +2.24 

Co3O4 5.90 2.09 7.5 [c] +0.39 +2.48 

BiVO4 6.04 2.62 3.5 [d] +0.02 +2.64 

SrTiO3 5.34 3.22 8.5 [e] -0.68 +2.54 

 

c was calculated by using ionization energy and electron affinity of each atom.[f] 

IEP of Co1.2Mn1.8O4 is assumed to be the same as that of CoMn2O4.[b] 

Ecb and Evb were estimated by using an equation below[f]: 

 

Ecb = c – Ec – 0.5×Eg + 0.059×(IEP – 7) 

Evb = Ecb + Eg 

 

where Ec is the energy of free electrons on the hydrogen scale (4.5 eV vs NHE). 
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