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Fig.S1 SEM images of samples with different immersion time. (a, b) 10 s; (c, d) 1 min; (e, f) 10 min

Fig.S2 Cross section of the sample prepared under immersion time of 10 minutes



S-3

Fig.S3 (a) XRD patterns of samples with different immersion time (black powder was obtained with long 
enough immersion time); (b) XRD patterns with scanning angle from 20° to 43°.

Fig.S4 (a, b) SEM images of samples with various concentration of S in the solution. (a) 5 mmol/L; (b) 10 
mmol/L; (c) XRD patterns of samples with various concentration of S in the solution.
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Fig.S5 Reflection spectra of samples prepared with different conditions.
(a) different S/S2- ratios; (b) different concentration of S in the solution; (c) different immersion time

Fig.S6 Process of measurement of contact angle
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Fig.S7 Hydrophilicity verification of the sample.

Fig.S8 Infrared photos taken by infrared imaging device during measurement of water evaporation rate.
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Fig.S9 Evaporation water weight versus time under 1kW/m2 under different process conditions
(a) various immersion time; (b) various concentration of S in the solution; (c) various S/S2- ratios
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Fig.S10 The concentrations of four primary ions before and after desalination.

Table.S1 Absorptivity of sample with ranges of different wavelength

Sample UV Visible NIR Total

Solar-ideal 7% 50% 43% 100%

Cu7S4/Cu mesh 6.7% 47.8% 41.2% 95.7%

Table.S2 Absorptivity of different wavelength ranges under various the S/S2- ratios

Sample UV Visible NIR Total

Solar-ideal 7% 50% 43% 100%

3:1 6.6% 45.6% 36.3% 88.5%

1:1 6.9% 49.2% 42.3% 98.4%

1:3 6.9% 48.8% 42.1% 97.8%
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Table.S3 Absorptivity of different wavelength ranges under various concentration of S

Sample UV Visible NIR Total

Solar-ideal 7% 50% 43% 100%

5 mmol/L 6.7% 47.8% 41.2% 95.7%

10 mmol/L 6.9% 49.2% 42.2% 98.3%

Table.S4 Absorptivity of different wavelength ranges under various immersion time

Sample UV Visible NIR Total

Solar-ideal 7% 50% 43% 100%

10s 6.2% 42.9% 20.3% 69.3%

1min 6.4% 44.3% 26.3% 77.0%

10min 6.7% 47.8% 41.2% 95.7%

20min 6.8% 48.5% 41.0% 96.3%

Table S5 The comparison of photothermal evaporation performance of Cu7S4/Cu mesh with the reported 
photothermal materials

Photothermal 
materials

Solar absorptivity
Evaporation 

rate/kg·m-2·h-1

Conversion 
efficiency

Illumination 
intensity/ 
kW·m-2

References

Cu7S4/Cu mesh 95.7% 1.41 88.1% 1 This work
Graphene oxide/2D 

water path
~94% - 80% 1 1

rGO-MWCNT/ 
PVDF membrane

95.3% 1.22 80.45% 1 2

Mesoporous Wood-
Based graphite 

>95% 1.20 80% 1 3

Exfoliated 
graphite/carbon foam

97% - 64% 1 4

Ti2O3 NP/cellulose 
membrane

92.5% 1.32 - 1 5

Black TiOx/ stainless 
steel mesh

91.3% 0.8012 50% 1 6

CuS/polyethylene 
membrane

93% 1.02 63.9% 1 7

Cu7S4 nanocrystal
film

- - 77.1% 1.006 8
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CuS/mixed cellulose 
membrane

>85% 1.12 80±2.5% 1 9

PPy/stainless steel 
mesh

- 0.92 58% 1 10

Au/AAO nanoporous 
template

99% - >90% 4 11

Au film/Airlaid
paper

87% 5.5 77% 4.5 12

Al-Ti-O 
nanostructure 

membrane
90.32% 1.03 77.52% 1 13

Black gold membrane 91% - 57 20 14

Al/AAO membrane 96% 0.92 58% 1 15
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Discussion of calculation on the energy loss in the evaporation system

Radiation and convection towards the ambient environment are the two main 

factors of energy loss during the process of solar steam generation. The radiation and 

convection loss can be calculated by equations below:

Radiation: 4 4
1 2( )T T  

Convection: 1 2( )Q h T T 

where ε is the emissivity of the material (assumed to be 1), σ Stefan-Boltzmann 

constant (5.67×10-8 W·m-2·K-4), h the convection heat transfer coefficient (about 10 

W·m-2·K-1), T1 the temperature of interface (43.5 ℃ in this work), and T2 the 

temperature of ambient environment.

There is a film of water and surrounded vapor around the interface during the 

process of solar evaporation and the temperature of the vapor film is close to the surface 

temperature, which has been proved by many reports4, 16-17 (e.g. 2.6 ℃ in Reference 

11). The thermal energy generated by the absorbing materials would exchange energy 

in this small area at first, instead of directly emitting thermal radiation and exchange 

heat with the surroundings through the convection17. Therefore, the radiation and 

convection loss are small. In this way, the temperature of the ambient environment (T2) 

is about 40.9 ℃. After calculation by the equations above, the loss in the evaporation 

system is only 1.9% by radiation and 2.6% by convection.
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