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Fig. S1. XRD patterns of CB with various particle sizes. CB-1: 1000 mesh, CB-2:
2000 mesh, CB-3: 3000 mesh, CB-4: 4000 mesh, CB-5: 4500 mesh, and CB-6: 5000.
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Fig. S2. (a) FTIR spectrum and (b) particle size distribution of CB powder (4500

mesh).
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Fig. S3. (a) Survey XPS spectrum and (b, ¢) high-resolution C 1s and O 1s XPS

spectra

of

CB

powders

(4500

mesh),

respectively.
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Fig. S4. (a) FTIR spectra of BFP. (b, ¢, d) EDS elemental mapping of C and O

elements of the BFP.



Fig. S5. EDS elemental mapping of C, O and F elements of the CB/PVDF@BFP.
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Fig. S6. Cross-sectional SEM images of (a) BFP and (b) CB/PVDF@BFP. Insets,

Corresponding high magnification SEM image.
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Fig. S7. Tensile strain-stress curve of the BFP with dimensions of 70x 30x 0.35 mm?

and CB/PVDF@BFP  with  dimensions of 70x 30x 036 mm?’
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Fig. S8. CB/BFP with various CB sizes (1000-5000 mesh). (a) Photothermal surface
temperature under 1 sun irradiation, (b) UV-vis-NIR absorption spectra, and (c)
water solubility test. (d) Water contact angle images when a water droplet is placed

on CB-5 (4500 mesh).
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Fig. S9. V¢ of CB/BFP with various CB sizes (1000-5000 mesh).
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Fig. S10. UV-Vis-NIR spectra of BFP and CB/PVDF@BFP with different areal

density

(0.4-1.4

mg/cm?).



Fig. S11. Illustration of power generation mechanism of the CB/PVDF@BFP.

When a water drop is dispensed onto the device, the water will flow from the wet
side of the CB/PVDF@BFP to the dry side via capillary flow within the highly
hydrophilic BFP. During such water transfer process, positively charged protons and
solvated cations on the liquid side and electrons on the solid side of the carbon/water
interface are transported by the capillary flow of water. Such directional movement of
electrical charges thus create a pseudostreaming current that can be harvested to
generate electrical power. It is also noteworthy that protons are continuously migrating
from the wet side to the dry side owing to the formation of a water content gradient
across the device, thereby enabling consistent electrical outputs (Voc and Isc) until the

water is fully evaporated.
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Fig. S12. Isc of CB/PVDF@BFP with different (a) areal loading density, (b) device

length (3-11 cm), (¢) device width (1-4 cm), and (d) solutions as test liquid under 1 sun

irradiation.
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Fig. S13. V¢ and Isc of CB/PVDF@BFP when tested with four different artificial

seawater samples under 1 sun irradiation.
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Fig. S14. Igc recorded when four CB/PVDF@BFP platforms are connected in parallel

under 1 sun irradiation.
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Fig. S15. The maximal output power of the CB/PVDF@BFP platform quantified (load
resistance, 2 MQ) under (a) four different artificial seawater samples, and (b) different

solar irradiation (1-5 sun). All experiments are performed under 50 RH% and 25 °C.
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Fig. S16. Temporal mass change of seawater solution when treated with

CB/PVDF@BFP under solar irradiation (1-5 sun).
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Fig. S17. Rejection rates (i.e., desalination efficiency) of salt ions via solar-driven

water evaporation using CB/PVDF@BFP platform.
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Fig. S18. Photographs showing salt crystals blocking different types of material

surfaces after 10 h of solar irradiation (1 sun) in a 20% NaCl solution.
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Fig. S19. (a) Time-dependent mass change of aqueous MO and MB solutions by

using CB/PVDF@BFP under 1 sun irradiation. (b) Absorption spectra of aqueous MO

and MB solutions (10 M) before and after treatment.
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Fig. S20. (a) Temporal mass change of seawater over five cycle tests when treated with
CB/PVDF@BFP film under one sun irradiation. (b) Corresponding energy efficiency
and the collected mass of desalinated water over five cycles. (c) Trends of V¢ and Igc
output over five repeated cycles. (d) Voc, Isc and energy efficiency of our device over

five test cycles. All experiments are conducted under 50 RH% and 25 °C.
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Fig. S21. (a) Vc of the dual-functional device in seawater and (b) output power of

the CB/PVDF@BFP platform under 1 sun irradiation and 25 °C.



Table S1. Comparison of evaporation rate of our work with the reported literatures.

Water
Material Category Evaporation Ref.
Rate (kg m?2 h'!)

CB/PMMA-PAN Carbonaceous 1.30 !
F-wood/CNTs Carbonaceous 0.95 2
Flame-treated Carbonaceous 1.05 3

Carbon particles Carbonaceous 0.96 4
RGO-SA-CNT Carbonaceous 1.39 5
rGO-MWCNT Carbonaceous 1.22 6

2D g-CNStc Carbonaceous 1.30 7

CB/PVDF@BFP Carbonaceous 1.436 This work
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