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Supporting Information (I)

Theoretical calculation:

All the structural optimizations, energy calculations, and charge density difference 

analysis were carried out by DFT implemented in the Vienna Ab-initio Simulation 

Package (VASP) [1, 2]. The interaction between valence electrons and the ionic cores 

was calculated by the projector-augmented-wave (PAW) method [3, 4], and the related 

exchange-correlation energy was described by employed the Perdew-Burke-Ernzerhof 

approach of spin-polarized generalized gradient approximation (GGA-PBE) [5]. The 

cut-off plane-wave kinetic energy was set as 450 eV, and k-mesh grids were 4 × 2 × 1 

for the integration of the Brillouin zone. The conjugate-gradient (CG) method with the 

total energy convergence criterion 10-5 eV was used to obtain the electronic relaxation 

[6]. Geometry optimization with the residual forces on unconstrained atoms less than 

0.02 eV/Å was carried out by the quasi-Newton algorithm [7, 8]. To ensure the initial 

configuration correctly, an O2 molecule was deposited on the catalyst surface and 

relaxed for calculating its local minimum total energy on different sites, and the lowest 

one is the initially stable configuration. The final configuration is also found by relaxing 

O near the O2 absorbed site of the initial configuration. The O2 and O absorbing on the 

slabs were investigated by comparing the formation energy of different sites. The 

equation for calculating the energy of oxygen activation ∆EO* as the following: 

∆EO*=Eslab+O*-Eslab+O2

Where the Eslab+O* is the total enthalpy of free radical O on the catalysts, Eslab+O2 is 

the total enthalpy of O2 molecule adsorbing on the catalysts.



Supporting Information (II)

Fig. S1 SEM images of the (a) pure MnO2 catalyst and (b) the bimetallic oxide 

Cu2O@MnO2. (c) The diagram of phase-interface in Cu2O@MnO2.

Fig. S2 XPS survey spectrum of the sample of (a) MnO2 and 

(b) Cu2O@MnO2.



Fig. S3 The XPS spectrum of (a) MnO2 and (b) Cu2O@MnO2 in Mn3s.

 
Fig. S4 The XPS spectrum of (a) MnO2 and (b) Cu2O@MnO2 in Mn2p.

Table S1. Ratio of peak area in different elements determined by the fitting result of XPS.

Ratio of peak area

Mn 3s Mn 2p O 1s Cu 2p
Sample

Mn 

(II)

Mn 

(III)

Mn 

(IV)

Mn 

(II)

Mn 

(III)

Mn 

(IV)
Olattice

Oadsorbed

-OH
OH2O Cu-O

MnO2 35% 32% 33% 18% 39% 43% 52% 29% 19% -

Cu2O@MnO2 31% 33% 36% 16% 53% 31% 29% 47% 24% -



Fig. S5 EPR spectra of the samples of MnO2 and Cu2O@MnO2.



Fig. S6 Comparison of HCHO removal efficiency between MnO2-CC and 

Cu2O@MnO2 under light and dark conditions, (a) MnO2-CC, (b) 15 min 

Cu2O@MnO2, (c) 30 min Cu2O@MnO2, (d) 60 min Cu2O@MnO2, (e) 120 min 

Cu2O@MnO2, (f) 240 min Cu2O@MnO2



Fig. S7 Dynamic HCHO removal efficiency of Cu2O@MnO2 with different 

deposition times as a function of reaction time

Fig. S8 UV-VIS-NIR diffuse-reflectance spectra testing of different samples Cu2O, 

Cu2O@MnO2 and MnO2.



Fig. S9 The photos of MIC experimental colony growth against different pathogenic 

bacteria under the action of the bimetallic oxide sample Cu2O@MnO2 

Figure S10 Growth inhibition curves of E.coli and S. aureus with different 

concentrations of the bimetallic oxide sample Cu2O@MnO2



Figure S11 Theoretical calculation model of Cu2O.

Figure S12 Theoretical calculation model of MnO2.
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