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Supplementary Methods

Preparation of ACPA. All reagents and raw materials were commercially available.
The concentration of the chitosan solution (Macklin) is 20 mg mL™!. Typically, 2 mL
of glacial acetic acid was added into 96 mL of de-ionized water, and then 2 g of chitosan
was dispersed in the suspension under vigorous stirring. The precursor solution of
ACPA was prepared by adding a different volume of PVA (Macklin, 1788) solution
(100 mg mL™!) into 10 mL of chitosan solution (20 mg mL™!). In a typical example, 0.2
mL PVA solution was added to get a PVA/chitosan mixture (10%, w/w) solution. Then
water was added to make the final concentration of chitosan at 10 mg mL™!. The weight
ratio (PVA/chitosan) can be controlled in the range from 0 to 0.30. The PV A/chitosan
solutions with different weight ratios were mixed with ethanol under sonication (30:1,
v/v), and transferred into a plastic mold. After being frozen by liquid nitrogen, the
PV A/chitosan matrix was freeze-dried for 48 h and then treated in an oven at 80 °C for
4 hours to prepare the chitosan/PVA aerogel. After completely dried, the aerogel was
treated with a mixed solution (Viethanot : Vacetic anhyaride = 10: 1) at 50 °C for 4 h. After
repeated washing with ethanol and deionized water, and finally drying in air, the ACPA
was obtained.

Preparation of the evaporation side of J-SSG. A copper foam was welded to copper
foil. The copper foam side was immersed in the above-mentioned PV A/chitosan
solution and sonicated for 30 min. Then the copper foam was taken out and the solution
was applied to the inside of the foam. The remaining steps are the same as the
preparation of ACPA.

Fabrication of the solar absorption side of J-SSG. A HGTECH LSU3EA laser
system (355 nm, 30 kHz) was utilized for the micro—nano fabrication procedure. Before
laser processing, the copper (99.9% purity) was mechanically polished to mirror finish
and cleaned by sonication with ethanol to remove the oxide and grease on their surfaces.
The laser power is 3 W, and the scanning speed is 10 mm s~!. In the case of under focus,
x-y arrays with 50 micrometer line spacing were printed in air. Subsequently, the

sonication treatment in ethanol was used to remove the attached particles.



Solar water evaporation and solar water production experiment. In both tests, the
water is supplied through a commercial pump. Before the test, J-SSG is pre-soaked in
water, and no water flows out by gravity when it is placed vertically. In the evaporation
test, by calculating the water supply volume and the overflow volume of the water in
the J-SSG, the water evaporation volume is obtained. In the water production test, we
use the optimized water supply. After the one-hour test, the water collected by the
desalination system was weighed. The thermocouple is in contact with the evaporator
and condenser by welding to measure the surface temperature in real-time. The water
evaporation and production rate test results are the average of three tests.

Preparation of superhydrophobic aluminum condenser. First, the polished
aluminum foil was immersed into the hydrochloric acid and copper sulfate mixture
solution (0.1 mol/L HCl and 0.1 mol/L CuSOy) for 5 min. After immersion in deionized
water and drying, the aluminum foil was immersed into a fluoroalkylsilane
(1H,1H,2H,2H-perfluorodecyltriethoxysilane, Meryer, >96%) solution (1 wt%) for 30
min. Finally, the aluminum foil was taken out and dried in a drying oven at 100 °C for
an hour, and the superhydrophobic aluminum condenser was obtained.

Materials Characterizations. The morphological structures were characterized by
scanning electron microscopy (Gemini 300). Fourier-transform infrared spectroscopy
(FT-IR) spectra were collected on a UATR Two FT-IR spectrometer.
Thermogravimetric analysis was performed by using a thermogravimetric analyzer
(TGA/DSC, STA449F3) under air, and the heating rate was 10 K min!. The
temperature distribution was recorded using an IR camera (Fluke TiX640) in real-time.
The temperature is measured by welding a thermocouple on the surface. The ion
concentrations of water were performed by the inductively coupled plasma (ICP)
emission spectrometer (Vista-MPX). The thermal diffusivity of the material is
measured by the laser flash method (LFA467). The optical transmittance and
reflectance spectra of the aerogel were measured on a varian UV-Vis spectrophotometer
(Cary 7000) with an Agilent integrating sphere. The solar intensity is measured by a
reference cell and meter (91150V, Newport). All weights were measured by analytical

balance (METTLER TOLEDO ME104E).



Supplementary Figures

Incident light

~ _Li!A_%_,r", L ] | ;E;r“&'a;ml;‘;g%iﬁﬁr_1
il Solar intensity=1000 W m- T
[ = 1 ‘_: — '5
’
N\

Reflection

Transparent cover with
droplets

Solar intensity=740 W m=2

Photometer

Solar energy loss (26%)

Figure S1. (a) The incident light directly shines on the photometer, and the solar
intensity is 1000 W m™2. (b) The incident light shines on the photometer through a
transparent cover (commercial polymethylmethacrylate, PMMA) with droplets, and the
solar intensity is 739 W m™2. Thus, the total solar energy loss is about 26%. The inset

shows the PMMA sheet with droplets covering the photometer.

Figure S2. Cross-sectional photograph of the home-made Janus-type copper foil/foam

skeleton. The copper foam is directly welded to copper foil.



Original copper surface

Copper surface after laser treatment

Figure S3. The photograph shows the copper foil surface before and after laser

treatment.

Figure S4. SEM photographs of the micro-nano hybrid antireflection structures on

copper foil for the light-absorbing surface at different magnifications.



Note S1 Calculation of solar-thermal conversion efficiency.

For a material under thermal equilibrium, the heat absorption power Pyporption 1S €qual
to the heat dissipation power Pgissipation'- Therefore, the solar-thermal conversion
efficiency a of the solar absorption side of J-SSG can be calculated by the following

formula:

Pabsorption Pdissipation
a= =
P P

solar solar

By measuring the real-time temperature change of the J-SSG under natural heat
dissipation (Supplementary Fig. 5), its heat dissipation power at any temperature can

be obtained by the following formula:

(dZTscl
Pdissipation - dt V- scl

Where, Tsel is the temperature of the solar absorption side and Co— sl is the heat
capacity of J-SSG.
The solar-thermal conversion efficiency under different incident angles is

calculated as shown in Supplementary Figure 6.
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Figure S5. The temperature change of J-SSG under natural heat dissipation.
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Figure S6. The solar-thermal conversion efficiency of the absorber of J-SSG under

different incident angles.

85%

Solar energy absorption

Figure S7. The annual average solar energy absorption of J-SSG on earth, based on the
global annual solar zenith angle distribution? and the light absorption performance of
J-SSG at different incident angles. The solar energy absorption is calculated by
integrating the incident angle distribution at different latitudes and the corresponding

J-SSG absorption.



Figure S8. SEM photograph (a) and energy-dispersive X-ray spectroscopy (b—d) of the
copper/ACPA interface. Corresponding distribution maps of (b) Cu, (c) C, and (d) O
elements, which demonstrates the good combination between ACPA and copper at the
boundary. During the preparation of water evaporation side of J-SSG, the PV A/chitosan
precursor solution is first filled in the porous copper foam under the capillary force

before freeze-drying process, which cannot be over the edge of the copper foam.
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Figure S9. (a) Chitosan/PV A aerogel (left) and ACPA (right). (b) and (c) Chitosan/PVA

aerogel swells and is destroyed in water. ACPA keeps the structure stable in water after

6 months.



100

80 i
& |
o |
5 60- |
£ |
5 |
g. |
o 404 lighton !
2 |
. 700s |
20 v — T
0 50 100 150 200
Time (s)

Figure S10. The temperature change of J-SSG under one sun irradiation. The whole J-
SSG can reach ~83.4 °C after irradiating the solar absorber side under one sun

irradiation for 70.0 s.
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Figure S11. Water evaporation rates of the J-SSG with pure water and sea water,

respectively.



Figure S12. (a) Photograph of the residual salt on the evaporation side of J-SSG after
the seawater has completely evaporated. (b) Photograph of the evaporation side of J-

SSG after salt removal. The residual salt can be easily washed away.
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Figure S13. (a) The long-term cycling stability of J-SSG for 100 hours of solar
desalination. (b) The reusability of J-SSG. The water evaporation rate of J-SSG

remained relatively stable after 250 days.
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Figure S14. Water condensation performance of metal condenser. (a) Film
condensation on the surface of ordinary aluminum condenser. The illustration shows
that the water contact angle of ordinary aluminum foil is 95 degrees. (b) Dropwise
condensation on superhydrophobic aluminum condenser. The illustration shows that
the water contact angle of superhydrophobic aluminum foil is 165 degrees. Related
research shows that dropwise condensation has a higher heat transfer power than the
film condensation, which makes steam condense faster?. (c) Water condensation rate
on ordinary aluminum condenser and superhydrophobic aluminum condenser,
respectively. We use the same volume of water at 25 °C to cool the condenser. Then we
pass the saturated hot steam to two condensers separately. The condensation rate is
obtained by measuring the mass of condensed water over one hour. The

superhydrophobic condenser has a higher water condensation rate.
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Figure S15. The measured concentrations of four primary positive ions of the sea water
and the water desalinated by J-SSG. The Na* ions in clean water are ca. 0.1 pg mL™!,

meaning an ion rejection of 99.9%. The concentrations of K*, Ca?*, and Mg?" ions are



all below 0.1 pg mL™!, which meets the standard of the World Health Organization for

drinking water*.
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Figure S16. Schematic diagram of J-SSG water evaporation experiment. The amount
of input water on J-SSG is measured firstly. The unevaporated water flows out and is
weighed by an electronic balance. The water evaporation rate is calculated by the
difference between the water supply and the outflow within a certain period of time.
The resulting water evaporation rate under light is the result of subtracting dark

evaporation.



Theoretical simulation
Note S2 COMSOL Simulation of the temperature field in J-SSG.

Initially, a simulated 3D model with identical size parameters to that of J-SSG was
constructed, that is, a cuboid with length and width of 100 mm and height of 3.2 mm.
The height of light-absorber side and evaporator side is 0.2 mm and 3.0 mm,
respectively. We consider the heat input of 1 sun solar intensity from the solar
absorption side, then the heat transfer in the system could be described by the following

heat transfer equation®:

oT
dzp CPE

q=-dkVT

+d,pCpu- VT +V-q=d,Q + gy + d,Q,q

Where, P is the density, C, is the heat capacity, T is the temperature, u is the flow
velocity field, VT is the temperature gradient, q is the heat transfer rate, Q is the heat
source, Q4 1S the increased heat source, ZI is the heat flux vector field, and £ is the heat
of the substance conductivity, the units are all international units.

The boundary conditions are described by the following equation:

Qg =h(Tex = T)

Where, 90 is the convective heat flux, 4 is the heat transfer coefficient, Texe is the
temperature of the external boundary condition, and 7 is the temperature of the internal
boundary condition, the units are all international units.

The physical properties of each part of the material are in its ideal condition, the
porosity of porous copper is 92.5%, and the density is 0.67 kg m=. Therefore, the

temperature distribution in the evaporator in the instantaneous state can be calculated.



Note S3 The energy utilization of solar for water evaporation.

The input sunlight flux is 1000 W m™2, and the energy is converted into three main
energy streams: (1) the energy for water evaporation, (2) the reflection energy loss, (3)
other ways of heat loss (like heat convection and radiation). The value of the enthalpy
of evaporation is obtained through the DSC test (Figure 31 in main text). The enthalpy
of evaporation of liquid water in ACPA, s is about 1532.4 J g"!. Thus, the energy

utilization of solar for water evaporation s can be calculated by the following

equation®:

h, x WER

Ns= p

Solar
Where, h, is the enthalpy of evaporation of liquid water in ACPA s, WER is the rate

of water evaporation, the unit is g m2 s7!, and Py, is the intensity of light. As a result,

the energy utilization of solar for water evaporation of J-SSG is approximately 96.5%.



Note S4 COMSOL Simulation of the humidity in J-SSG solar desalination system.

The model is simulated by transforming three-dimensional objects into two-
dimensional cross-sections. The modeled structure is shown in Figure 5e in main text,
where the J-SSG, moist air, and condenser are presented in narrow bars (red, with
widths of 3 mm), right triangle (blue, with length of 10 cm and widths of 4.5cm), and
narrow bars (grey, with widths of 1 mm), respectively. In the simulation, we assume
the case with water bath condensation as suggested by classical fluid heat transfer.

We assume 1 sun solar intensity energy input to provide energy for water
evaporation. Heat is transferred through moist air and transferred to the environment
through phase change at the condensation surface. The temperature and humidity fields
in this confined space are described by the following equations’:

The energy change brought about by water evaporation is determined by its enthalpy

change:
Qevap =~ LuGevap
Yevap = K(Csqe = c,)M,
Cp= PCoqy

Where, Tevapis the heat of evaporation, L, is the enthalpy of evaporation, Yevap is the
evaporation flux, K is the evaporation rate, Csat is the vapor saturation concentration,

vis the vapour concentration, @ is relative humidity, and M, is the molar mass of

water.
Considering moist air as a turbulence model, the heat transfer equation of moist air

1s as follows:



pCotl- VT +V-q=Q+Q,+Q,y

q=-kVT
Mu-V,,+V-g=G
g=-M,DV,,

Qo =h(Tere = T)

Where, P is the density, Cp is the heat capacity, u is the flow velocity field, VT is the
temperature gradient, 71 is the conductive heat flux vector field, Q is the heat source,
QP is the pressure work, Qua is the viscous dissipation, k is the thermal conductivity, G
contains moisture sources, § is the moisture flux by diffusion, D is the vapor diffusion
coefficient in air, 90 is the convective heat flux, & is the heat transfer coefficient, Toxe
is the temperature of the external boundary condition, and 7" is the temperature of the
internal boundary condition, the units are all international units.

We set up the boundary conditions, the external constant 25 °C for condensation

when using the water cooling.



Table S1 Evaporation performance and actual water productivity performance of

our system and previously reported solar desalination systems based on solar-

steam generators 21,

Solar
Solar-steam WER Water evaporation SWP rate SWP efficiency
intensity absorption Refs.
generator (kg m2h™) test size (cm?) (kg m2 h™) (%)
(kW m™2) (%)
PPy coated stainless
98 0.92 ~10 0.15 16.3 9
steel mesh
Selective absorber 90 -- 225 0.55 25 10
Carbon-coated paper ~98 1.28 100 0.29 22.6 11
Black cellulose fabric >70 0.84 -- 0.33 39 12
3D-Mxene 97.5 1.393 1 0.5-0.7 <50 13
PPy 94 1.574 ~7 0.71 45.1 14
Cu,SnSe; 96 1.657 ~22 0.74 45.2 15
CuxS/Cu ~80 1.96 9 0.52(0.6 sun) 45.1 16
Calcinated MS 95 1.98 4 0.5-0.8 <40 17
3D-rGO ~98 2.10 4 0.8 40 18
rGO ~98 2.40 4 1.3 54 19
PVA/rGO hydrogel ~98 2.5 1 1.3 52 20
PVA/PPy gel ~98 32 1 1.6 50 21
J-SSG 97 2.21 100 1.95 88 This work
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