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Table S1 The SBET, evaporation rate, solar-to-vapor conversion efficiency, and enhancement factor of BSPC-x.

Sample SBET (m2/g)
Evaporation rate

(kg/m2/h)
Efficiency

(%)

Enhancement 
factor

BSPC-0 371.1 0.77 38 1.31

BSPC-0.5 547.9 1.02 55 1.65

BSPC-1 662.2 1.26 70 2.03

BSPC-2 732.3 1.58 91 2.53

W-BSPC-2 710.4 1.54 89 2.48

Table S2 Summary of solar steam generation performance of some previously reported photothermal materials under 1 kW/m2.

Entry Photothermal material
Evaporation rate

(kg/m2/h)

Efficiency

(%)
Reference in ESI

1 BSPC-2 1.58 91 This work

2 Au NR/NP 1.18 76 [S1]

3 Plasmonic wood 1.00 68 [S2]

4 Au film 1.00 64 [S3]

5 Black gold membrane 0.67 42 [S4]

6 Geopolymer-biomass carbon composite 1.58 85 [S5]

7 Porous N-doped graphene 1.50 80 [S6]

8 GO/cellulose/PS 1.45 80 [S7]

9 Carbonized longitudinal wood 1.08 74 [S8]

10 F-wood 1.05 72 [S9]

11 Carbonized polyurethane sponge 1.05 51 [S10]

12 F-wood/CNTs 0.95 65 [S11]

13 rGO/cellulose esters 0.84 60 [S12]

14 GO-SA-CNT aerogel 0.50 40 [S13]

15 rGO membrane 0.47 48 [S14]

16 Multilayer PPy 1.38 92 [S15]

17 PPy/stainless steel 0.92 58 [S16]
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18 PDA-sponge 1.18 92.1 [S17]

19
Hollow melamine foam/reduced graphene oxide 

composite
1.476 92.9 [S18]

20 Poly(ionic liquid)-derived porous carbon membrane 1.19 74.69 [S19]

Fig. S1 (a) Photograph of a West African Gaboon viper surrounded by leaves. (b) SEM image of West African Gaboon viper’s scales according 

to the previous work [S20]. Note: West African Gaboon viper shows black spots on dorsal scales with geometrically patterned surface texture.

Fig. S2 (a) The location and (b) photograph of the place to collect life wastewater from Huxi River in the campus of Huazhong University of 

Science and Technology (Wuhan, China). (c) Photographs of the wastewater and the condensed water by using BSPC-2.
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Fig. S3 (a) The location and (b) photograph of the place to collect seawater from South Sea (near to Danzhou, Hainan, China). (c) Photographs 

of the seawater and the condensed water by using BSPC-2.

Fig. S4 (a) The cumulative water mass changes over irradiation time and (b) the evaporation rates of BSPC-2, 3 and 4 membranes.

Note: the evaporation rate of BSPC-3 or BSPC-4 indeed is slightly higher than that of BSPC-2. However, compared to BSPC-2, greatly more 

amounts of ZnO and HCl solution are consumed in preparing BSPC-3 or BSPC-4. Besides, the yields of BSPC-3 and BSPC-4 (i.e., 15.0% and 

13.6%, respectively) are greatly lower than that of BSPC-2 (23.8 wt%). Thereby, the highest ZnO/PET mass ratio is selected as 2 in this work.
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Fig. S5 Photographs of (a) waste CD, (b) PC pieces obtained from waste PC, and (c) the as-prepared W-BSPC-2 from carbonization of PC waste 

catalyzed by ZnO at 550 oC.

Fig. S6 Scheme for measuring thermal conductivity of BSPC-2 in Shiyanjia Lab.

Measurement method: When measuring a powder sample, the Hot Disk probe needs to be placed inside the sample so that it remains flat 

during transient recording. In addition, the mechanical pressure can be easily controlled by using the sample gripper.

Calculation method (Transient Plane Source Method): During the test, the probe is placed in the middle for the test. When the current passes 

through nickel (some probes are made of nickel), it produces a certain temperature rise, and the heat generated simultaneously diffuses to 

the sample on both sides of the probe depending on the thermal conduction characteristics of the material. By recording the temperature 

and probe response time, the thermal conductivity and thermal diffusion rate can be directly obtained through the mathematical model.
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Fig. S7 (a) Photograph and (b) schematic illustration of the interfacial solar-driven steam generation instrument used in this work.

 
Fig. S8 Effect of BSPC-2 dosage on (a) the cumulative water mass change over irradiation time and (b) the evaporation rate of BSPC-2 

membrane.

Note: when the BSPC-2 dosage increases from 1 mg to 2 or 3 mg, the evaporation rate of BSPC-2 membrane goes up from 1.15 kg/m2/h to 

1.28 or 1.58 kg/m2/h. However, when the BSPC-2 dosage further raises to 4 or 5 mg, the evaporation rate of BSPC-2 membrane seems 

stagnating.



ARTICLE Journal Name

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

Fig. S9 SEM images in (a) low and (b) high magnification of BSPC-2/ZnO composite before the removal of ZnO.
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Fig. S10 SEM images of (a and b) BSPC-0, (c and d) BSPC-0.5, and (e and f) BSPC-1.

Fig. S11 Comparison of light reflection between BSPC-0 and BSPC-2 membranes.
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Fig. S12 (a) Photographs of BSPC-x from PC by using a different amount of ZnO at 550 oC. (b) N2 adsorption/desorption isotherms of BSPC-x 

at 77 K. Pore size distribution plots of BSPC-x using (c) DFT or (d) BJH model.

Fig. S13 The fitting results of Raman spectra of (a) BSPC-0 and (b) BSPC-2 using the PeakFit.
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Fig. S14 Schematic illustration of ZnO recycling.

Fig. S15 XRD patterns of the original and reclaimed ZnO catalysts.
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Fig. S16 SEM images of carbon product from (a and b) PET or (c) PET/ZnO mixture; the insets in (a) or (c) show the photos of the 

corresponding samples with the mass of 500 mg. (d) N2 adsorption/desorption isotherms and pore size distribution plots using (e) DFT 

model or (f) BJH model of carbon product from PET or PET/ZnO mixture.

Note: in the absence of ZnO, the carbon product from PET consists of smooth-surfaced particles with a size of 20–100 μm, while the 

carbon product from PET/ZnO mixture bear obviously rough surface and porous structure, similar with BSPC-2. Besides, the carbon 

product from PET bears mainly micropores with SBET of 650 m2/g. By contrast, the carbon product from PET/ZnO mixture exhibits 

hierarchical micropores, mesopores and macropores with SBET of 1163 m2/g. As we can see, ZnO works well in the controlled 

carbonization of PET into hierarchically porous carbon. More detailed results will be reported in our future work.

 
Fig. S17 Photographs of (a) PVDF matrix membrane, (b) BSPC-0 membrane and (c) BSPC-2 membrane.

Note: the packing density of BSPC-0 is relatively high. During the preparation of membrane, the dosage of photothermal materials 

(e.g., 3 mg) is fixed. In this regard, the coverage of carbon particles in the BSPC-0 membrane is very low, which seems similar with that 

of PVDF matrix membrane but greatly less than that of BSPC-2 membrane. Such low coverage of carbon particles in BSPC-0 membrane 

could not reflect fully the role of nanopores in water transportation and light adsorption. Thereby, compared to the matrix PVDF 

membrane (0.72 kg/m2/h), the evaporation rate of BSPC-0 membrane (0.78 kg/m2/h) does not show a significant improvement.
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Fig. S18 Effect of the irradiation intensity on (a) the cumulative water mass change over irradiation time and (b) the evaporation rate 

of BSPC-2 membrane.

Note: when the irradiation intensity increases from 1 kW/m2 to 1.5, 2.0 and 2.5 kW/m2, the evaporation rate of BSPC-2 goes up from 

1.58 kg/m2/h to 2.11, 2.88 and 3.35 kg/m2/h, respectively.

Fig. S19 (a) N2 adsorption/desorption isotherms of W-BSPC-2 at 77 K. Pore size distribution plots of W-BSPC-2 using (b) DFT model or 

(c) BJH model. 

Fig. S20 (a) Surface temperature of W-BSPC-2 under 1 kW/m2 solar light irradiation over different time, and (b) cumulative mass change 

of water using W-BSPC-2 over different time.
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Fig. S21 Photographs of BSPC-2 membrane during the seawater solar steam generation.
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