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Experimental procedure
Materials

Biochemical sponge (BS, 0.02 g cm?) was purchased from the local market.
Polyethylene oxide (PEO, Mv ~2, 000, 000) and anhydrous lithium chloride (LiCl, 99%)
were purchased from Shanghai Macklin Biochemical Technology Co., Ltd.

Preparation of Con-sponge

The BS was soaked in lithium chloride aqueous solution (0.5 M) for half an hour, during

which it was squeezed continuously, and then dried at 80 °C for 48 hours.

Preparation of BSP

The BS was immersed in a 2 wt % PEO aqueous solution for half an hour, during which
it was continuously squeezed. Following this, the sample was dried at a temperature of
80 °C for a period of 48 hours. The resulting sample was designated as BSP. It is
noteworthy that the viscosity of the 3% PEO aqueous solution was excessively high (Fig.
S22 and Fig. S23, ESIT), which hindered the uniform penetration of the mixed liquid

into the biochemical sponge; therefore, a concentration of 2% was selected.

Preparation of Ultra-sponge

First, a 2 wt % PEO aqueous solution was prepared, and after the complete dissolution
of PEO, varying masses of anhydrous lithium chloride were added. The concentration
of lithium chloride was controlled at 0.25 M, 0.5 M, and 0.75 M respectively. These
solutions were named PEO-0.25, PEO-0.5 and PEO-0.75. Subsequently, the BS was
immersed within PEO-X for a duration of 30 minutes, during which it was continuously
compressed to facilitate the rapid absorption of the solution by the sponge. Following
this, the sample was dried at a temperature of 80 °C for a period of 48 hours. The names
of these samples were: BSP-0.25, BSP-0.5 (Ultra-sponge) and BSP-0.75. As the
concentration of lithium chloride increased, the viscosity of the solution gradually
increased (Fig. S24 and Fig. S25, ESIT). This may be caused by the coordination effect
and the Hofmeister effect. The best solution that matched the pore size of the
biochemical sponge was PEO-0.5. We also tested the hygroscopicity of 3 samples. The
results showed that the hygroscopicity of BSP-0.5 (Ultra-sponge) was significantly



higher than that of BSP-0.25 and BSP-0.75 (Fig. S26, ESIt). Therefore, the

concentration of lithium chloride was selected as 0.5 M.

Moisture Sorption and Desorption tests

Moisture adsorption and desorption performance were evaluated by mass changes on an
electronic balance (ME204E, Mettler, 0.1 mg). The temperature of the adsorption
kinetics experiments was 25 °C and different relative humidity (30%, 50% and 70% RH)
were set. The desorption experiments were performed by a solar simulator and the
associated temperature changes were recorded by an infrared camera (SEEK Compact
Pro. Seek Thermal, USA). The temperature/humidity detector was purchased from
Jiangsu Jingchuang Electric Co., LTD. (GSP-8A).

Characterization and measurement

Scanning electron microscopy (SEM, TM1000, Hitachi Corporation of Japan) with
energy dispersive spectroscopy (EDS, Quanta, FEG, 250) and Ultra-depth three-
dimensional microscope (UTM, VHX-6000) were used to characterize the microscopic
morphology of samples. Fourier transform infrared spectrometer (FTIR, NICOLET
1S10, Thermo Fisher Scientific), X-ray diffractometer (XRD, Bruker D8 ADVANCE)
and X-ray photoelectron spectroscopy (XPS, Escalab 250Xi) were applied to analyze
the chemical components and surface functional groups of samples. Textile strength
tester (YG026Q, Ningbo textile instrument factory, China) was used to analyze the

strength change of the sponge before and after preparation.

Statistical Analysis

Error bars represent standard deviation (SD).
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Fig. S1 Geographic distribution of world average annual relative humidity. Data sourced from

Center for Sustainability and the Global Environment (sage.nelson.wisc.edu).
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Fig. S2 Scatter plot of IRI vs sign(1,)p.



p >0 sign(d,)p decrease p =0 sign(4,)pincrease p >0

A,<0 " 2, ~0 " 1,50

L J L% w L9 J
Y Y ko
Strong attraction: Van der Waals Strong repulsion:
H-bond, halogen-bond... interaction Steric effect in ring
and cage...

Fig. S3 Description of the color scale of the /R/ isosurface.



Fig. S4 Photos of the on;spc\inge in and wet states.
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Fig. SS Plot of the total energy of two systems versus time.
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Fig. S6 Water leakage and lithium leakage of the two sponges after absorbing moisture.
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Fig. S7 The conductivity of the two samples after 20 cycles of testing.
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Fig. S9 The hygroscopicity of Ultra-sponge under different humidity conditions.
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Fig. S10 The moisture absorption kinetics data of Ultra-sponge (25 °C, 70% RH).
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Fig. S12 Evaporation rate of Ultra-sponge under different light intensities.
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Fig. S13 Element distribution map of BS.
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Fig. S14 Element distribution map of Con-sponge. -
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Fig. S15 Element distribution map of Ultra-sponge.
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Fig. S16 Element content ratios of the three samples.
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Fig. S17 XPS spectrums of BSP and Ultra-sponge.
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Fig. S19 Raman spectrums of PEO and PEO-0.5.
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Fig. S20 Pl{otoéf crops growing after iigation ﬁsm harvested water.
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Fig. S21 Comparison of tap water consumption between the control group and the
experimental group.
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Fig. S22 Relationship curve between shear rate and shear stress of PEO at different
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Fig. S23 Viscosity curves of PEO at different concentrations.
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Fig. S24 Relationship curve between shear rate and shear stress of different samples.

28



7000 —o—PEO

” . —o— PEO-0.25
& 6000 - —o—PEO-0.5
nE_ s000] —o—PEO-0.75

Shear rate (1 s™)

Fig. S25 Viscosity curves of different samples.
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Fig. S26 Hygroscopicity of samples with different lithium chloride concentrations.
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Table S1 Comparison of atmospheric water harvesting performance of various materials.

. Adsorption Capacity .
Materials Desorption temperature References
[gg']
0.25 (20% RH, 25
MOF-801 1 sun (66°C) [1]
oC )
0.21 (20% RH, 25
MOF-303 1 sun (70 °C) [2]
OC)
1.01 (p/py=5.6 kPa,
MIL-101 (/po 140 °C [3]
40 °C)
0.42 (0.10 < p/py <
AIPO,-LTA ( pbo 75 °C [4]
0.15)
1.23 (90% RH, 25
LiCI@CGNFC °c) 1 sun (28.8-130.1 kLx) [5]
0.72 (35.2-56.8%
N-MAG 60 °C [6]
RH, 23.1-29.0 °C)
0.5-0.8 (15-30% RH,
HMGs 60 °C [7]
25 °C)
‘ 1.26-1.81 (15-30%
LiCl/PMS/CNTs 1 sun (75 °C) [8]
RH, 25 °C)
0.64-0.96 (15-30%
SHPFs 60 °C [9]
RH, 25 °C)
0.78-2.01 (30-80% 0.7-1.0 kWm™ solar
SPHN _ o [10]
RH, 25 °C) irradiation
1.18 (15% RH, 15
Li-SHC 110 °C [11]
OC)
PPy-
COF@Tril 0.77-2.56 (30-80% . (75.3°C) 2]
rilayer- sun 3°
4 RH, 25 °C)
LiCl
1.52 (30% RH, 30
LiCl@rGO-SA 90 °C [13]
OC)
1.82 (70% RH, 25 _
Ultra-sponge 1 sun (450 W/m?) This work

OC)




Table S2 Comparison of stable cyclic performance of various materials at 60% RH.

Materials Cycle times Adsorption capacity References
[gg1]1/60% RH

LiCI/PMS/CNTs 35 3.13 (8]
ZHPC-3 hydrogel 10 1.67 [14]
PCP@LiCl 6 1.48 [15]
MTB- LiCl 100 0.75 [16]
HIPG 30 2.03 [17]
San-PAN 10 2.68 [18]
SA/CNTs/MC 100 0.77 [19]
CNF/LiCI-1.5 10 1.30 [20]
TCP-Li 15 2.50 [21]
SM@LiCl 16 2.20 [22]
ACFF 25 0.47 [23]
Cuz(HHTP), 14 0.28 [24]

Ultra-sponge 100 1.69 This work
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Table S3 Comparison of actual production performance of various materials.

Materials Cost Scalability References
[yuan/g]
MOF-801 7.2 + [1]
N-MAG 6.3 -+ [6]
PPy-
COF@Trilayer- 4.4 ++ [12]
LiCl
LiCl@rGO-SA 3.7 ++ [13]
Ultra-sponge 0.9 +++ This work

+: Difficult, ++: Medium, +++: Easy
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