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Figure S1. XRD patterns of MoSe2@C-x catalysts prepared with different C/Mo 

ratios. 

 

Figure S2. TEM and HRTEM images of MoSe2@C-x catalysts prepared with 



different C/Mo ratios: (a, e) MoSe2@C-15; (b, f) MoSe2@C-35; (c, g) MoSe2@C-55; 

(d, h) MoSe2@C-75. 
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Figure S3. Survey XPS spectra of MoSe2, MoSe2/C and MoSe2@C catalysts 

Table S1. The valence state and distribution of Mo element on the surface of 

MoSe2, MoSe2/C and MoSe2@C catalysts 

Catalysts 
Mo2+ 

3d5/2 

Mo2+ 

3d3/2 

Mo4+ 

3d5/2 

Mo4+ 

3d3/2 

Mo6+ 

3d5/2 

Mo6+ 

3d3/2 

MoSe2 - - 229.3 232.3 - - 

MoSe2/C   229.2 232.3 232.7 235.7 

MoSe2@C-55 228.6 231.6 229.1 232.1 232.5 235.4 

Table S2. The valence state and distribution of Se element on the surface of 

MoSe2, MoSe2/C and MoSe2@C catalysts. 

Catalysts Se2- 3d5/2 Se2- 3d3/2 SeOx 

MoSe2 54.8 55.7 - 

MoSe2/C 54.8 55.8 59.1 

MoSe2@C-55 54.7 55.8 - 

 

  



Table S3. The valence state and distribution of C element on the surface of 

MoSe2, MoSe2/C and MoSe2@C catalysts. 

Catalysts C-Mo C-C C-O 

MoSe2 - 284.8 286.1 

MoSe2/C - 284.8 286.1 

MoSe2@C-55 282.6 284.8 286.1 

Table S4. The valence state and distribution of O element on the surface of 

MoSe2, MoSe2/C and MoSe2@C catalysts  

Catalysts Lattice oxygen Deficient oxygen Adsorbed oxygen 

MoSe2 530.4(23.3%) 531.8(34.6%) 532.8(42.1%) 

MoSe2/C 530.4(16.4%) 531.8(37.4%) 532.8(46.2%) 

MoSe2@C-55 530.4(15.1%) 531.8(59.6%) 532.8(25.3%) 

 

0 200 400 600 800

C
 1

s

O
 1

s

M
o

 3
d

S
e 

3
d

M
o

 3
p

In
te

n
si

ty
(a

.u
.)

B.E.(eV)

(a)

MoSe2@C-75

MoSe2@C-55

MoSe2@C-35

MoSe2@C-15

230 235 240

Mo 3d

In
te

n
si

ty
(a

.u
.)

(b)

Mo6+Mo4+Mo2+

B.E.(eV)

MoSe2@C-75

MoSe2@C-55

MoSe2@C-35

MoSe2@C-15

50 52 54 56 58 60 62 64

In
te

n
si

ty
(a

.u
.)

B.E.(eV)

MoSe2@C-75

MoSe2@C-55

MoSe2@C-35

MoSe2@C-15

Se 3d Se2- 3d5/2

Se2- 3d3/2

SeOx

(c)

280 284 288 292

C 1s

In
te

n
si

ty
(a

.u
.)

C-Mo

C-C

C-O

(d)

B.E.(eV)

MoSe2@C-75

MoSe2@C-55

MoSe2@C-35

MoSe2@C-15



524 526 528 530 532 534 536 538 540

MoSe2@C-75

MoSe2@C-55

MoSe2@C-35

MoSe2@C-15

Cdefect

Olattice

Cadsorb

(e)O 1s

In
te

n
si

ty
(a

.u
.)

B.E.(eV)  

Figure S4. XPS spectra of MoSe2@C-x catalysts prepared with different C/Mo 

ratios: (a) survey spectrum; (b) Mo 3d; (c) Se 3d; (d) C 1s; (e) O 1s. 

Table S5. The valence state and distribution of Mo element on the surface of 

MoSe2@C-x  

Catalysts 

Mo 3d3/2 (eV) 

Mo2+ Mo4+ Mo6+ Mo2+/ Mo4+ 

MoSe2@C-15 232.1(26.6%) 232.5 (48.4%) 236.0 (25.0%) 0.55 

MoSe2@C-35 232.0 (33.2%) 232.4 (56.3%) 235.9 (17.5%) 0.59 

MoSe2@C-55 231.6 (28.9%) 232.1(43.6%) 235.3(28.9%) 0.66 

MoSe2@C-75 231.6 (27.4%) 232.1(37.5%) 235.4(35.2%) 0.73 

Table S6. The valence state and distribution of O element on the surface of 

MoSe2@C-x  

Catalysts lattice oxygen deficient oxygen adsorbed oxygen 

MoSe2@C-15 530.4(26.8%) 531.8(51.8%) 532.8(21.4%) 

MoSe2@C-35 530.4(21.2%) 531.8(57.1%) 532.8(21.7%) 

MoSe2@C-55 530.4(15.1%) 531.8(59.6%) 532.8(25.3%) 

MoSe2@C-75 530.4(23.3%) 531.8(60.1%) 532.8(16.6%) 

 



 

Figure S5. Activating H2 on the MoSe2-Mo2C heterojunction 
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Figure S6. CO2-TPD of MoSe2@C-x with different C/Mo ratios 

Table S7. Comparison of the MoSe2@C-55 with the reported catalysts in the 

CO2 hydrogenation to methanol. 

Catalyst Reaction conditions 
Conv. 

(%) 

Sel. 

(%) 
Ref. 

CNTs@MoS2 260 oC,5 MPa, 24000 ml·gcat-1·h-1,H2/CO2=3 7.5 78.1 [73] 

Cu/MoS2@SiO2 260 oC,5 Mpa, 24000 ml·gcat–1·h–1,H2/CO2=4 9.0 72.5 [74] 

MoS2/Ni0.2 260 oC,5 Mpa, 12000 ml·gcat–1·h–1,H2/CO2=3 1.0 83.7 [75] 

5%Cu-MoS2 220 oC,5 MPa, 12000 ml·gcat–1·h–1,H2/CO2=4 5.4 86.0 [60] 



h-MoS2/ZnS 260 oC,5 MPa, 15000 ml·gcat–1·h–1,H2/CO2=4 9.0 67.3 [69] 

Cu/In2O3 300 oC,5 MPa, 6000 ml·gcat–1·h–1,H2/CO2=4 18.4 44.4 [76] 

Cu/ZnO/Al2O3/ZrO2 250 oC,5 MPa, 20000 ml·gcat–1·h–1,H2/CO2=3 20.2 44.9 [77] 

MoSe2@C-55 180 oC,3 MPa, 3000 ml·gcat-1·h-1,H2/CO2=3 9.7 93.7 
This 

work 

 


