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Section S1.1 Estimation of the equivalent vaporization enthalpy

The equivalent vaporization enthalpy (Eequ) is calculated based on the assumption
that the energy input from the environment is identical for both the bulk water and the
hydrogel under dark conditions. The device was enclosed in a sealed environment with

E@

a stabilized humidity of ca. 45% and a temperature of ca. 25 °C. Accordingly, ~equ of

the hydrogel in this system can be estimated by its evaporation rate, which is expressed

by equation (S1):
_ Eomo#
Eequ - m, (S1)

where Eq is the evaporation enthalpy of pure water obtained by DSC measurements

(Fig. 3g, 2413 J g, and ™o and ™ are the mass changes of bulk water and the
hydrogel, respectively.
Section S1.2 Calculation of Solar-to-vapor Conversion Efficiency and Energy
Balance Analysis

The apparent solar-to-vapor conversion efficiency (#,) refers to the percentage of

solar energy utilized for effective water evaporation, which can be calculated by

equation (S2):
vE,
qu
Mg = #(S2)
Coptpn

where V is the steady-state evaporation rate, E equis the equivalent evaporation enthalpy
of hydrogels obtained by dark evaporation experiments (Fig. 31), COPt is the optical

concentration, and Pn is the normal illumination intensity of one sun (1 kW m2). The
calculated solar-to-vapor conversion efficiencies of CCHI1-DF and CHI1-DF were
95.74% and 24.05%, respectively.

To further validate the reliability of the high apparent solar-to-vapor conversion
efficiency, a detailed energy balance analysis was conducted, which includes the net

solar-driven evaporation efficiency (#,.,) and various non-evaporative heat losses. The
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e refers to the energy utilization efficiency contributed solely by solar irradiation,
obtained by subtracting the contribution of dark evaporation from the total evaporation
rate, which can be calculated by equation (S3):

(V= Vgari)Eequ

Nnet = C #(S3)

optpn

where Ydark is the dark evaporation rate (0.38 kg m h'') obtained from the dark

evaporation test. The #,,, calculated through this equation is 79.91%.
The non-evaporative heat losses, including radiation (#,,4), convection (#..,), and

conduction (#.,,q), can be calculated by equations (S4-6):
Nraa = €0(T5 - T#(S4)
Neonv = h(Ts - Ta)#(SS)

C, mAT

Neond = #(86)

where € is the emissivity (0.95), 9 is the Stefan-Boltzmann constant, Ty is the steady-
state surface temperature, T is the ambient temperature, 7 is the convective heat

transfer coefficient (5 W m2 k1), Ch is the specific heat capacity of water (4.2 J g!
°C-1), M is the total mass of the bulk water, AT is the temperature rise in bulk water, 4
is the illuminated area at the top of the evaporator, and ; is the duration under
illumination. According to the calculation, the nmd, nconv, and eond of the CCH1-DF

evaporator is 15.31%, 11.75% and 3.27%, respectively.

The intrinsic solar-to-vapor conversion efficiency (ni) is defined and can be

calculated by equation (S7):
i = Mhet ™ Mrad T Meonv + Meond #(87)

Based on the calculations, the intrinsic solar-to-vapor conversion efficiency is
110.24%. This phenomenon, where the value apparently exceeds 100%, arises because
the energy input is calculated solely based on the two-dimensional illuminated area at

the top of the evaporator. In realistic conditions, and the thickness of the evaporator
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provides additional side surface area that serves as a supplementary pathway for vapor
escape, thereby increasing the actual evaporation area and reducing the diffusion
resistance. Furthermore, the top illuminated area of the evaporator is not perfectly
smooth, which leads to an enlargement of the actual light-absorbing area. Both the
three-dimensional edge effect and the surface micro-roughness synergistically
contribute to the observed enhancement in apparent efficiency.
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Fig. S2 Cross-sectional SEM images of the (a) CH1-DF hydrogel and (b) CCH1-DF hydrogel.
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Fig. S4 Water transport assessment using commercial cotton wicks placed on the surfaces of

CCHI1-DF and CCHI-NF.
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Fig. S5 DSC heat flow curves of the swollen CCH1-DF and CH1-DF hydrogels.
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Fig. S6 Simulated solar evaporation performance of CCHx-DF and CCHx-NF.
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Fig. S7 Dark evaporation rates of CCHI1-DF hydrogel in NaCl solutions with various

concentrations.

Fig. S8 Salt tolerance of the CCHI1-DF hydrogel. Digital photographs of the CCH1-DF
evaporator surface after continuous simulated solar evaporation for 12 hours in 15 wt% NaCl

solution.
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Evaporation rate Evaporation

Evaporator (kg m h) efficiency (%) Refs
Lignin hydrogel 2.25 91.88 202281
Chitosan@carbon nano tubes 1 54 9147 20245
aerogel
PVA@tobacco leaves 1.07 743 202453
hydrogel
Chitosan/MXene aerogel 1.68 75 202454
Chitosan-lignosulfonate S5
sodium hybrid hydrogel 2.37 ) 2024
Sodium alginate hydrogel 242 96.7 202586
Cellulose nanofiber - $7
lignosulfonate hydrogel L75 ) 2025
Phytic acid-PV A-chitosan 250 i 20265
hydrogel
PVA hydrogel enhanced 182 94 81 20265
biomass loofah
CCHI1-DF 2.98 95.82 This work
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Fig. S9 Mass change curves and the corresponding evaporation rate of CCH1-DF during the 7-

day cycling experiment, with 8 hours of exposure to 1 kW m solar irradiation every day.
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Table S1. Comparison of the solar vapor generation performance and evaporation efficiency of
the proposed CCH1-DF evaporator with other previously reported evaporators in a 3.5 wt%

NacCl solution.
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