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Fig. S1. TGA curves of c-CoSe2 and o-CoSe2/N. The experimental conditions are as 

follows: the heating rate of 10 oC/min under N2 flow.

The TGA curve of c-CoSe2 shows distinct three steps of weight loss. 4.6 wt% of c-

CoSe2 was lost from room temperature to 280 oC, which was mainly due to the 

evaporation of adsorbed water and free DETA. The second stage of weight loss was 

brought about by the decomposition of DETA intercalated in the nanosheet structure, 

where 4.4 wt% weight was lost between 330 oC and 480 oC. After that, the weight of c-

CoSe2 began to drop rapidly because of the thermal decomposition of the sample. 

However, the weight of o-CoSe2/N declined slowly before 500 oC and it may be caused 

by the removal of water and DETA in o-CoSe2/N during the process of phase change.



Fig. S2. FTIR spectra of of c-CoSe2 and o-CoSe2/N.

Fig. S3. The comparison of (111) and (120) diffraction peaks between o-CoSe2/N and 

pristine o-CoSe2 in selected XRD patterns.



Fig. S4. N2 adsorption-desorption isotherms of c-CoSe2 along with corresponding pore 

size distribution.

Fig. S5. N2 adsorption-desorption isotherms of o-CoSe2/N along with corresponding 

pore size distribution.



Fig. S6. High resolution XPS of N 1s for o-CoSe2/N.

Fig. S7. 1H NMR spectra of TEOA, photosensitizer, CH3CN and liquid phase 

substances after photoreaction.



Fig. S8. The curves of catalytic activity by adding photosensitizer after 3 h of 

illumination.

Fig. S9. ESR spectra of c-CoSe2 and c-CoSe2(400). The c-CoSe2(400) shows an 

obvious ESR signal with g value of 2.0015, indicating the existence of Se vacancies.



Fig. S10. XPS survey spectra of c-CoSe2 and o-CoSe2/P.

Fig. S11. XRD pattern of o-CoSe2/N after four recycles.

Fig. S12. TEM image of o-CoSe2/N after four recycles.



Fig. S13. Charge difference of CO2 adsorbed on o-CoSe2/N and o-CoSe2/P.

Table S1. Control experiments of photocatalytic CO2 reduction.

Entry
Catalyst/ o-

CoSe2/N

Photosensitizer/ 

[Ru(bpy)3]Cl2

CO2 TEOA Light

Yield of 

CO 

(μmol)

Yield of 

H2 

(μmol)

1 × √ √ √ √ 0 1.6

2 √ × √ √ √ 0 0

3a √ √ × √ √ 0 14.4

4 √ √ √ × √ 0 0

5 √ √ √ √ × 0 0.1

6 √ √ √ √ √ 49.8 13.5

Conditions: o-CoSe2/N (1 mg), [Ru(bpy)3]Cl2 (5 mg), acetonitrile/H2O/TEOA = 4 mL 

: 1 mL : 1.5 mL in the quartz tube of 55 mL, CO2 (1 atm), irradiation with white LEDs 

lamp at room temperature. aDegassed with argon.



Table S2. The comparisons of photocatalytic CO2 reduction performance of o-CoSe2 

and other Co-based catalyst.

average rate of CO (μmol h−1 g−1)
Entry Catalyst

1h 2h 3h
Reference

1 o-CoSe2/N 32,000 16,600 This work

2 o-CoSe2/P 10,476 This work

3
o-CoSe2 (pure 

phase)
8,806 This work

4 c-CoSe2 13,668 8,402 This work

5 Co-Co2P@NPC 63,000 35,000
Our previous 

work [1]

6 Co1.11Te2C 23,000 11,400
Our previous 

work [2]

7
Zn/Co-C-BMZIF 

(3:1)
11,000 Ref. [4]

8 CoSn(OH)6 18,700 [3]

9 Co3O4-NS 9,040 μmol h−1 g−1 in 6 h [4]

10 Co3O4 3,523 2,003 Ref. [12]

11
PMMCoCC-

1200
187 μmol h−1 g−1 in 6 h [5]

12 ZnCo2O4 45 Ref. [9]

13 CuCo2O4 22.9 [6]

14 Co-POM 17 μmol h−1 g−1 in 7 h [7]

15 Co6-MOF 13.1 [8]
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