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Figure S1 Schematic illustration for the synthesis process of the rGO/PR aerogel.
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Figure S2 (a) Dimensions photographs of the GO, GO/PR, rGO/PR aerogels and weight photograph
of arGO/PR aerogel. (b) Physical image of a rtGO/PR aerogel on a grass.
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Figure S3 Frequency distribution of the pores' diameters for (a) GO, (b) GO/PR, and (c¢) rGO/PR
aerogels (analyzed from SEM images).
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Figure S4 Water contact angles of (a) GO and (b) GO/PR aerogels v.s. time.
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Figure S5 Surface temperature profiles of three aerogels placed on a heating plate at 150 °C.
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Figure S6 (a) Photograph of the co-generation system. (b) Enlarged view of the co-generation
device.
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Figure S7 Photographs of the GO aerogel before and after water absorption.
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Figure S8 (a) Photograph of the aerogels with different thicknesses. (b) Water mass changes for the
three samples with different thicknesses in a simulated sunlight exposure. (¢) Output voltage for the
three samples with different thicknesses.
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Figure S9 (a) Infrared images and (b) photographs of water temperature before and after three
evaporation cycles.



Figure S10 Photographs of the rGO/PR aerogel in solutions of (a) pH=1 and (b) pH=13 for 72h.
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Figure S11 Resistances of (a) simulated seawater, (b) domestic water and (c) the condensate from
the evaporation treatment.
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Figure S12 (a) Time-dependent salt buildup on the rGO/PR aerogel's surface. (b) Optical photo

series of the rGO/PR aerogel loaded with 0.3 g NaCl powder floating on simulated seawater under

one sun illumination for 4 h.
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Figure S13 (a) Time-dependent solar radiance profile at Nanchang, Jiangxi, China on Aug. 2, 2024.
(b) Time-dependent of voltage profile for the SSG device.
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Supporting Notes

Note S1. Calculation of the pore diameters for the GO, GO/PR, and rGO/PR aerogels.

We have measured the diameters of the pores for the GO, GO/PR, and rGO/PR aerogels, and the
results are as follows (Tables S1-S3).

Note S2. Calculation details for the conversion efficiency.

During photothermal evaporation of water, SSG conversion efficiency can be found through
determining heat loss.l'! The energy consumption of solar evaporator mainly includes: (1) energy
losses of reflectance and transmittance; (2) energy for water evaporation; (3) conduction heat loss
from aerogels to the bulk water; (4) radiation loss of aerogels to the surrounding environment and
(5) convective heat loss. Therefore, the theoretical solar steam conversion efficiency (1.,4) can be

calculated by the following formula:[2!

Neva = Nabs ~ Neond ~ Nrad — Neonv Equation S1
(1) Conduction heat loss 1¢ong

The conduction loss can be calculated as:

Peona=CmAT [t Equation S2

Where C is the specific heat capacity of water (4200 J kg K'), m is the mass of the water body,
and AT is the temperature difference before and after water evaporation, t is time of water

evaporation.

(2) Radiation heat loss 1,44
The radiation loss can be calculated by the Stefan-Boltzmann equation:
P=cAa(T*~T," Equation S3

Where ¢ is the emissivity of the surface of aerogels (i.e., 0.9534 for the rGO/PR aerogel), A
represents the surface aera of aerogels (i.e., 5.307 cm? for the rGO/PR aerogel), o is the Stefan-
Boltzmann constant (5.67x10% W m2 K#), T, and T are the surface temperature of the aerogel at
stable state and the environment temperature, respectively. Particularly, because the surface of
aerogels is surrounded by water and its vapor, the temperature of the environment on top of the
absorber is close to that of the aerogels. Therefore, a thermocouple was utilized to measure the
temperature near the top of the absorber surface (the temperature of the rGO/PR aerogel is about 38
°C).

(3) Convection heat 108S 7¢ony Equation S4
The convection loss can be calculated according to Newton’s law of cooling:
Peony = hA(T1 —T»)

Where & denotes convection heat transfer coefficient (5 W m! K1),

Based on the above equations, as shown in Table S5 below, the photothermal conversion
efficiencies of the GO/PR and rGO/PR aerogels are 89.34% and 92.21%, respectively.
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Note S3. Variations of water state with the rGO/PR aerogel.

Aerogels can adsorb numerous water molecules due to their hydrophilicity, forming three distinct
water states: bound water, intermediate water (IW), and free water (FW). Bound water strongly
interacts with the hydrophilic groups of aerogels and does not participate in evaporation, thus its
contribution can be neglected. FW exhibits no interaction with the aerogel’s surface groups. IW
represents a transitional state between bound water and free water (aerogels weakly interact with
surrounding water molecules).[3] Consequently, in a water evaporation device, a higher proportion
of intermediate water reduces the energy required to evaporate the same mass of water

(corresponding to a lower evaporation enthalpy and an improved evaporation rate).[*]

In our study, the hydrophilic groups on the rGO/PR aerogel form strong electrostatic interactions
and hydrogen bonds with water molecules, resulting in increased intermediate water molecules. We
also used Raman spectroscopy to study the different water states around the aerogel. Specifically,
the peaks at 3230 and 3360 cm™! are indicative of FW molecules, while those at 3490 and 3610 cm-
I correspond to IW molecules. The calculated ratios of IW/FW for pure water and rGO/PR aerogel
are 0.62 and 0.76, respectively; thereby, the aerogel lowers the enthalpy of evaporation and

improves the conversion efficiency during evaporation.
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Figure S14 Raman spectra with fitting curves of FW and IW in (a) pure water and (b) rGO/PR

aerogel.
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Supporting Tables

Table S1. Frequency distributions for pore diameters of GO aerogel as shown in Figure 1j.

Diamete
r (pm)
Percent
(%)

19.2 23.6 28 324 368 412 458 50 544  58.8

435 435 1739 21.74 21.74 8.7 8.7 4.35 0 8.7

Table S2. Frequency distributions for pore diameters of GO/PR aerogel as shown in Figure S2a.

Diamete
5.95 985 13.75 17.65 21.55 2545 29.35 3325 3715 41.05
r (um)
Percent
%) 12.77 29.79 29.79 10.64 6.38 2.13 4.26 2.13 0 2.13
0

Table S3. Frequency distributions for pore diameters of rGO/PR aerogel as shown in Figure S2b.

Diamete
5.3 9.9 14.5 19.1 23.7 28.3 329 375 42.1 46.7

r (pm)

Percent
%) 27.27 3091 1091 9.09 1091 3.64 0 3.64 0 3.64

0

Table S4. Comparison of the wettability of the rGO/PR aerogel with other reported materials by the
time it takes to absorb a drop of water.

) Infiltration time
No. # Materials

(s)
1 GO-181 58
2 GPFI°] ~25
3 PPl 180
4 SBCARI 30
5 CMPAP] 165
6 PPy@TA-Ti PTMI[ 260
7 SCBpi 25
8 This work 10

16



Table S5. Calculations of conduction, convection, radiation, and photothermal conversion

efficiencies of the GO/PR and rGO/PR aerogels.

GO/PR rGO/PR
Nabs 95.17% 95.34%
Ncond 0.12% 0.12%
Nrad 0.009% 0.0078%
Neonw 5.7% 3%
Neva 89.34% 92.21%

Table S6. Comparison of evaporation rates and power density for the rGO/PR aerogel and other

reported materials.

No. # Materials ER (kg m?2 h') PD (W m?)
1 CC-BPHPLS [12] 0.804 0.115
2 CBAP [13] 1.900 0.015
3 PMD/MXene-WCM 14 1.59 0.71
4 CP@PVA [15] 2.23 1.04
5 MCS]1 [16] 2.67 0.42
6 PNPG/MoS,[17] 1.70 0.23
7 B700 [18] 1.21 ~0.9
8 CPC 19 1.38 ~0.3
9 SAWH-TEPG [V 0.75 0.685
10 Ag-Cu/SDB@PVA [21] 1.49 0.034
11 CuS-rGO 2] 2.29 1.32
12 GOM [23] 1.6 0.9
13 P-g-C3N4@rGO/DB [24] 1.98 0.01369
14 GFGP ] 2.3 0.46
15 This work 2.64 0.987

ER stands for evaporation rate (kg m2 h!') and PD stands for power density (W m2).

Table S7. Comparison of the magnitude of strain resistance of rGO/PR aerogels and other reported

graphene-based materials.

No. # Materials Strain (%)
1 CPG-Agl?0] 50
2 PHEMA/SA-Ca*"/rGOR7] ~40
3 PEI-GOs/PV Al?8] 40
4 PArG?] 30
5 GR/PPy-3030] ~20
6 This work 70
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