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Fig. S1 (a) Illustration of the synthesis of the 3D WTe2 HNSs; FE-SEM images of (b) WTe2 HNSs; 

(c) WTe2 NRs, d. WTe2 NPs.



Fig. S2 XPS survey spectra of WTe2 HNSs, WTe2 NRs, WTe2 NPs; (a) W 4f and (b)Te 3d, 
respectively.



Fig. S3 XRD patterns of WO3, WTe2 HNSs, WTe2 NRs and WTe2 NPs.



Fig. S4 (a) The TEM image and (b) HRTEM image of WTe2 NRs.



Fig. S5 FE-SEM images and the whole TEM image of WO3.



Fig. S6 (a) HAADF STEM image of WTe2 HNSs; (b) SAED patterns showing polycrystalline 
nanomaterials.



Fig. S7 (a-c) Real and imaginary images of refractive index of WTe2 HNSs, NRs and NPs samples. 

Complex refractive index
See also: Mathematical descriptions of opacity.
When light passes through a medium, some part of it will always be absorbed. This can be 
conveniently taken into account by defining a complex refractive index,
n=n + ik.
Here, the real part n is the refractive index and indicates the phase velocity, while the imaginary part 
k is called the optical extinction coefficient or absorption coefficient.
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Fig. S8 Simulated electric field distribution of WTe2 HNSs, NRs and NPs under 450 nm light of 
WTe2 HNSs, NRs and NPs samples.
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Fig. S9 The temperature curves of different samples under Xe lamp light.
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Fig. S10 Pore size distribution curves of different samples.
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Fig. S11 The isotope analysis of 13C2H4 using 13CO2 as carbon source by GC-MS.
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Fig. S12 Photocurrent density measured in 0.5 M KPi buffer solution (pH=7) at open-circuit 
voltage under AM 1.5 G illumination.



14

Fig. S13 Speed steps of two kinds of possible *COOH-*CHO pathways over WTe2 HNSs.
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Fig. S14 The structures of the initial states, transition states and final states for CO2 photothermal 
catalytic reduction to C2H4 on a WTe2 HNSs surface (blue spheres = W, orange spheres = Te, red 

spheres = O, gray spheres = C and white spheres = H).
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Fig. S15 FE-SEM image of (a) PtTe2 and (c) NiTe; the whole TEM image of (b) PtTe2 and (d) 
NiTe.
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Fig. S16 XRD patterns of PtTe2 and NiTe.
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Table S1. Performance comparison of WTe2 and recently reported photothermal catalysts 
for C2+ production. 

Catalyst

Feeds

(CO2 + 

H2O/H2 )

light 

source
C2+ (μmol/g) C2+ sel.% 

Ni, Co-doped 

BZCY5321 
CO2+H2O

300W

Xe lamp

C2H6= 8.64 μmol/g

C3H8=3.22 μmol/g

C2H6=17% 

C3H8=7% 

CoMnx/(MnO2)2-X
 2

CO/H2/Ar

=20/20/60

300W

Xe lamp

CO 

conversion:13.9%
32.4%

WO3-X
3 CO2+H2O

300W 

Xe lamp

C2H4=5.3 μmol/g

C2H6=0.93 μmol/g
>34%

CoAl-LDH(700)4

CO/H2/Ar

=20/60/20

300W

Xe lamp

CO conversion: 

35.4%
36.3%

CoFe-6505

CO2/H2/Ar

=15/60/25

300W

Xe lamp

CO2 conversion: 

82.2%
36.42%

Co/Co3O4
6

CO/H2/Ar

=20/60/20

300W 

Xe lamp

CO conversion: 

15.4%
41.9%

NiOX/Nb2O5
7 CO2+H2

UV 

irradiation

C2H6=194.18 

μmol/g
C2H6=57.5%

Ni-5008

CO/H2/Ar

=20/60/20

300W 

Xe lamp

CO conversion: 15 

%
65.1%

WTe2 NPs

This work
CO2+H2O

300W 

Xe lamp
C2H4=41.6 μmol/g C2H4=82% 
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WTe2 NRs

This work
CO2+H2O

300W 

Xe lamp
C2H4=87.7 μmol/g C2H4=87%

WTe2 HNSs

This work
CO2+H2O

300W 

Xe lamp

C2H4=115.5 

μmol/g
C2H4=88% 
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