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Figure S1 XRD patterns of the o-CoSe2|P. 

Figure S2 a) and b) SEM image of o-CoSe2|P nanobelts. o-CoSe2|P maintains an 

excellent nanobelt structure with a thickness of about 19 nm.
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Figure S3 a)-c) High-resolution TEM (HRTEM) images of o-CoSe2|P. HRTEM 

image of o-CoSe2|P shows defects around the edge of the hole. These defects are 

caused by heat treatment and bond rotation during the phase change, which creates 

more active sites and is beneficial for OER catalysis. 

 
Figure S4 EDX pattern of o-CoSe2|P.
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Figure S5 XRD pattern of orthogonal phase o-CoSe2 without P doping and o-CoSe2|P 

(JCPDS: 53-0449).   

Figure S6 CV curves of the Li-O2 batteries based on o-CoSe2|P, o-CoSe2, annealed 

c-CoSe2 and c-CoSe2 electrodes.
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Figure S7 Nyquist plots of Li-O2 batteries based on o-CoSe2 electrodes.

Figure S8 Rate capability of Li-O2 batteries with annealed o-CoSe2.
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Figure S9 Rate capability of Li-O2 battery with annealed c-CoSe2.

Figure S10 Discharge and charge curves of Li-O2 batteries with annealed c-CoSe2.
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Figure S11 Cycling performance of Li-O2 batteries with o-CoSe2 with a limited 

capacity of 1000 mA h g–1 at a current density of 50 mA g–1.

Figure S12 Cycling performance of Li-O2 battery based on o-CoSe2|P electrode at a 

current density of 200 mA g–1 with a limited specific capacity of 1000 mA h g–1.
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Figure S13 a) Li 1s XPS spectra, b) O 1s XPS spectra, c) Raman spectra and d) FTIR 

spectra of annealed c-CoSe2 and c-CoSe2 after 100 cycles. 

As shown in Fig S13a, the Li 1S XPS spectra of the c-CoSe2 and annealed 

c-CoSe2 oxygen electrodes show peaks at about 55.5eV and 56.3eV after 100 cycles, 

which can be assigned to the discharged by-product Li2CO3 after cycling. In the O 1S 

XPS (Fig S13b), the characteristic peaks of c-CoSe2 and annealed c-CoSe2 oxygen 

electrode after 100 cycles at about 532.0 eV can be attributed to discharge by-product 

Li2CO3. For the Raman spectra shown in Fig S11c, the c-CoSe2 and annealed c-CoSe2 

oxygen electrodes show the characterization peak at about 749 cm-1 after 100 cycles, 

corresponding to the harmful by-products Li2CO3 generated after cycling. The peaks 

at 1352 cm-1 and 1580 cm-1 can be attributed to the carbon cloth substrate.

In order to better understand the discharged by-products on the electrode surface 

after cycling, Fourier transform infrared spectrum (FTIR) characterization on c-CoSe2 

and annealed c-CoSe2 oxygen electrodes after 100 cycles was further carried out. The 


