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a b s t r a c t

Freshwater scarcity is exacerbated by uneven distribution of limited freshwater resources and high energy

costs of desalination technologies. Atmospheric water vapor, a vast and geographically unrestricted reser-

voir, could become a sustainable alternative. Sorption-based atmospheric water harvesting (SAWH) has

emerged as an available solution, yet conventional desorption methods relying on energy-intensive elec-

trical heating hinder its scalability. Herein, a photothermal hygroscopic sponge has been developed for

solar-driven atmospheric water harvesting. The composites combine a malleable melamine sponge skele-

ton, lithium chloride as a hygroscopic agent, and hydrangea-like molybdenum disulfide as a photothermal

component, forming a multiscale “pore-film” cross-linked structure by an eco-friendly immersion-freeze-

drying method. The optimized sample achieves exceptional hygroscopic capacity (3.92 g/g at 90% RH)

and freshwater production efficiency (87.77%), which is attributed to synergistic effects of porous skele-

ton based crosslinked structures and “pore-film” structures, and outstanding photothermal conversion

efficiency of MoS2. The unique structure could stabilize LiCl to prevent leakage, increase mass transfer

effectiveness of whole SWAH process, and enable flexibility for diverse applications. We carried out out-

door experiments to demonstrate a solar-driven water production rate of 4.22 Lm-2 d-1 without external

energy input. This work provides insights into sustainable freshwater generation and promotes green en-

ergy utilization in addressing global water scarcity.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Freshwater scarcity, which is exacerbated by population growth

and industrialization, poses a mounting global challenge [1–4]. Ex-

isting freshwater resources (2.5 % of total water) are severely con-

strained and unevenly spread across the globe, which results in

overabundance in some areas and significant scarcity in others [5].

Although seawater (96.5 % of all water resources [6,7]) has become

one of the solutions through desalination technologies, high car-

bon footprints and high costs could not be ignored during the pro-

cesses of reverse osmosis and multi-effect distillation [8–11]. It’s

noteworthy that, aside from liquid water resources, the atmosphere

contains approximately 13,000 billion tons of water vapor [12–15],

and importantly, it is characterized by evenly global distribution

and unrestricted by the geographical location. Moreover, the at-

mospheric water cycle serves as the most active and crucial hub

within the global water cycle, which guarantees continuous re-

generation through natural processes like surface evaporation [16].
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Therefore, the water vapor in atmosphere could be the potential

supplier of freshwater resources, and harnessing atmospheric wa-

ter for freshwater extraction has become a promising strategy to

alleviate freshwater crisis.

Sorption-based atmospheric water harvesting (SAWH) is one of

the most widely employed and accessible technologies, which in-

volves the adsorption of moisture from air by sorbents, the des-

orption of adsorbed water by additionally heating the saturated

sorbents, and the collection of liquid water through condensation

[9,15,17]. Reasonable selection and design of sorbent are the pri-

mary considerations in SAWH, and the adsorption/desorption per-

formance of water vapor directly determines the efficiency of at-

mospheric water collection [18]. Generally, hygroscopic salts are

prevalent sorbent candidates due to their cost-effectiveness and

exceptional moisture uptake capabilities across broad humidity

ranges [17]. However, hygroscopic salt is easy to deliquesce after

moisture uptake, which limits the reuse and thus leads to the de-

teriorated cyclic stability [19,20]. Meanwhile, the tendency toward

aggregation of powdery hygroscopic salt could induce the slug-
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gish adsorption-desorption dynamics and thus decrease the mass

transfer effectiveness of water vapor [21,22]. Correspondingly, re-

cent research has gradually focused on combining hygroscopic salts

with porous skeleton (MIL-101 [23,24], MOF-808 [25], hollow car-

bon sphere [26], activated carbon fiber [27], activated carbon cloth

[28], polymer hydrogels [29,30], etc.), and even constructing unique

pore structure of hygroscopic salt, which aims to prevent the leak-

age of salt solution and accelerate the mass transfer process. Rep-

resentative examples include the LiCl@rGO-SA composite with di-

rectional pores for rapid kinetics [31], and dual-network hydrogels

preventing salt agglomeration [32].

Apart from pursuing the effective adsorption of atmospheric

water, how to realize the desorption of adsorbed water for the

pure water collection is equally important. In general, traditional

methods of water desorption heavily rely on electrical heating,

which is not only energy-consuming but also impractical for the

regions with power shortage [33,34]. This high-energy consump-

tion and lack of accessibility pose significant challenges for sustain-

able water production. Therefore, developing alternative desorption

technologies that are energy-efficient and universally applicable

has become imperative for practical freshwater extraction. Incorpo-

rating materials with superior photothermal conversion properties

into sorbents is an accessible approach to realize water desorption

through solar-driven photothermal conversion effects [17,35]. For

example, He et al. designed a carbon nanotube-based photother-

mal interlayer enabling efficient interfacial delamination, thereby

enhancing cyclic desorption efficiency in hydrogel-based AWH sys-

tems [36]. Tan et al. developed a sandwich-like structure by coat-

ing photothermal CuxS and hygroscopic Al-Fu on both sides of a Cu

sheet to realize the efficient desorption of water vapor [37]. There-

fore, the integration of materials with superior photothermal con-

version properties into hygroscopic material could harnesses solar

energy to meet low-carbon sustainability demands while eliminat-

ing reliance on conventional electrical heating.

Herein, a hygroscopic sponge with photothermal effect has been

proposed for the integration of atmospheric water sorption and

solar-driven water production. Specifically, we carefully selected

malleable melamine sponge (MS) as porous skeleton, typical hygro-

scopic salt lithium chloride (LiCl) as sorbent, nanosheets stacked

hydrangea-like molybdenum disulfide (MoS2) as photothermal ma-

terial to construct a micro/millimeter-scale multilayered “pore-

film” crosslinked structure by a green and straightforward im-

mersion and freeze-drying method. The internally and externally

refined structure achieved efficient and persistent hygroscopic-

ity (3.92 g/g at 90% RH) and outstanding production efficiency

of freshwater (87.77%), which could be attributed to the syner-

gistic effect of the porous skeleton based crosslinked structures

and “pore-film” structures, and the excellent photothermal conver-

sion efficiency of hydrangea-like MoS2. The crosslinked structures

could stabilize the hygroscopic salt and thus prevent the leak-

age of salt solution, making sure subsequent water harvesting and

also endowing favorable cycling stability. The micro/millimeter-

scale multilayered “pore-film” structures significantly increase spe-

cific surface area and provide skillfully pathways for the trans-

fer of water and light, accelerating the adsorption-desorption ki-

netics of water vapor and thus increasing mass transfer effective-

ness of whole SWAH process. Besides, the porous MS could con-

tribute to the uniform loading of LiCl and MoS2 and provide flex-

ibility and adaptability for various practical application scenarios.

We also assessed the practical applicability of prepared sample

through outdoor experiments, and the solar-driven water produc-

tion rate achieved 4.22 Lm-2 d-1, which realizes atmospheric wa-

ter harvesting without any additional energy consumption in the

real environment. Therefore, this work designs a sustainable, eco-

nomical, efficient and accessible solar-driven SAWH system, which

offers novel insights to harness atmospheric water for alleviating

Fig. 1. The morphological structure and chemical composition of the samples. (a)

MS. (b) SA-MS. (c) LA-MS. (d) MoS2. (e) SA-MS-MoS2. (f) LA-MS-MoS2 surface (small

scale). (h) LA-MS-MoS2 surface (large scale). (i) Cross-section of LA-MS-MoS2 SEM

images. (g) EDS mapping spectrum of LA-MS-MoS2. (j) XRD pattern and (k) FT-IR

spectrum of prepared samples.

freshwater scarcity and advances the development of green energy

transformation and utilization.

In this work, LA-MS-MoS2 was synthesized through a green

and straightforward immersion and freeze-drying method, and

the schematic diagram of the synthesis route of LA-MS-MoS2 is

shown in (Fig. S1 (Supporting information). By using MS as a

porous skeleton, SA was uniformly mixed with MoS2 and then

the SA-MoS2 suspension was impregnated into MS. After freeze-

drying, SA-MS-MoS2 was obtained. Subsequently, LiCl solution

was impregnated into SA-MS-MoS2, and the target sample LA-

MS-MoS2 was fabricated after drying in the oven. According to

the observation of scanning electron microscope (SEM), MS is a

three-dimensional porous skeleton with pore sizes ranging from

10μm to 150μm and a skeleton diameter of 5-10μm (Fig. 1a).

After the impregnation of SA solution into the MS sponge, partial

porous structure of MS was used as the framework of SA to

form thin films (Fig. 1b), which could provide the place for the

uniform distribution of LiCl and MoS2 (Fig. 1e). The surface of

thin film became rough after cross-linking with Li+ (Fig. 1c). It

also can be seen that the “pores” in MS are crosslinked with the

LA “films” (Fig. S2a in Supporting information). Hydrangea-like

MoS2 was formed by the stacked nanosheets (Fig. 1d), and the

nanosheets could further promote light absorption and enhance

the photothermal conversion efficiency by making full use of

the refracted and reflected sunlight. Compared with MS, some

pores of LA-MS-MoS2 were filled with the LA film and MoS2 on

it (Fig. 1f and Fig. S2b in Supporting information). According to
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the EDS mapping spectrum (Fig. 1g), it was intuitively seen that

Cl and Mo elements were uniformly distributed on the thin film,

indicating that LiCl and MoS2 were successfully loaded onto the

LA film, which effectively addresses the agglomeration of salt in

salt-based composite adsorbents. Furthermore, in the SEM images

of the surface and cross-section of LA-MS-MoS2 (Figs. 1h and i,

Figs. S2c-f in Supporting information), it was clearly observed that

a large number of micrometer-level “pores” and “films” further

formed millimeter-level “pore” channels and “film” layer struc-

tures, respectively. Therefore, water vapor could diffuse from the

surface pores to the internal adsorbent, which contributes to pre-

vent the leakage of salt solution, enhance water storage capacity

and accelerate the adsorption/desorption of water; meanwhile,

the “pore-film” structure is beneficial to the refraction and reflec-

tion of sunlight for the photothermal conversion induced water

production.

The crystalline structure of prepared samples has been inves-

tigated by X-ray diffraction (XRD) patterns, as shown in Fig. 1j,

there are broad diffraction peaks at 13.58° and 21.66° exhibited

in SA, indicating the formation of amorphous structure [38]. The

characteristic diffraction peaks of MoS2 were detected at 14.125°,
35.973°, 39.511°, 43.289°, and 58.918° (PDF #75-1539) (Fig. S3a

in Supporting information), confirming the successful synthesis of

MoS2. Meanwhile, the characteristic peak of MoS2 (2θ =14.125°)
appeared in the LA-MS composite, indicating the successful incor-

poration of MoS2. Also, the characteristic diffraction peaks of LiCl

were observed at 30.071°, 34.861°, 50.127°, 59.569°, and 62.507°
(PDF #74-1972 and PDF #73-1273) (Fig. S3b in Supporting infor-

mation), confirming the successful incorporation of LiCl in LA-MS

and LA-MS-MoS2. New diffraction peaks in LA-MS-MoS2 appeared

at 31.8° and 45.45°, which can be attributed to lithium alginate

formed from the reaction of SA with Li+ (Fig. S3b). Fourier trans-

form infrared spectroscopy (FT-IR) was employed to further inves-

tigate the physicochemical interactions among LiCl, SA, and MoS2
and the changes in chemical bonds when various monomers in-

troduced (Fig. S4 in Supporting information). As shown in Fig. 1k,

the IR peak appearing around 3378 cm-1 in all monomers could

be attributed to the O-H stretching vibration of adsorbed water

molecules [39]. In the IR spectrum of MoS2, the peaks located at

880 and 593 cm-1 correspond to the S-S and Mo-S bond vibrations,

respectively [40]. There are no IR peaks of MoS2 observed in LA-

MS-MoS2, which is due to the low content of MoS2 and partial en-

capsulation by SA, and it also corresponds with the SEM observa-

tions. The distinct absorption peaks of SA were observed at 2926,

1623, 1418, and 1045 cm-1, corresponding to the stretching vibra-

tions of C-H, the asymmetric and symmetric stretching vibrations

of -COO-, and the stretching vibrations of C-O-C/C-O, respectively

[41]. It is worth noting that the IR peak at 1418 cm-1 in SA changed

into 1433 cm-1 after the impregnation with LiCl solution, reflecting

the interaction between LiCl and SA by the ion exchange of Li+ and

Na+ ions at the -COO- sites [41]. Additionally, the IR peak intensity

of 1623, 1418 cm-1 in LA-MS-MoS2 decreased, suggesting a strong

ionic bond between Li and the alginate chains, which contributed

to the secure attachment of LiCl and prevented the leakage of salt

solution upon sample hydration.

In order to investigate the hydrophilic and hydrophobic proper-

ties of prepared samples, water contact angle tests were conducted

on MS, SA-MS, and LA-MS-MoS2 (Fig. 2a). It was observed that

pure MS shows a contact angle of 109.97°, exhibiting hydropho-

bicity; the contact angle of SA-MS is 70.5°, and the sample gradu-

ally became hydrophilic along with the addition of hydrophilic SA;

noteworthily, after the addition of the hygroscopic salt LiCl, wa-

ter molecules were instantaneously absorbed on the sample sur-

face within 20ms, which reflects the superhydrophilicity of LA-MS-

MoS2. Subsequently, the optimal concentration of the hygroscopic

salt LiCl in LA-MS was further explored (Fig. 2b and Fig. S5), and

the moisture uptake of the sample increased significantly with the

increase of LiCl concentration (0–2.5mol/L), reaching up to 4.03,

3.55, 2.37, 1.64 g/g at 90%, 80%, 60% and 30%−40% RH, respec-

tively. However, the overadditive LiCl (>2.5mol/L) in the compos-

ite adsorbent could block the internal pores of sponge and thus

induce the moisture uptake to stop increasing or even decrease.

Therefore, 2.5mol/L LiCl was determined to be the optimal concen-

tration for preparing the samples, and the optimal sample (LA-MS

loaded with 2.5mol/L LiCl) still maintained good moisture uptake

after five cycles (Fig. 2c). Meanwhile, we designed control experi-

ments to further verify the excellent persistent hygroscopic prop-

erty of LA-MS loaded with 2.5mol/L LiCl, and equivalent LiCl pow-

der and LiCl-MS that LiCl were directly impregnated onto MS have

been prepared as control sample. As shown in Figs. 2d and e, it

can be seen that the moisture uptake rate of LA-MS (1.50 g g-1 h-1)

within 1 h was 1.73 and 1.32 times that of LiCl (0.87 g g-1 h-1) and

LiCl-MS (1.14 g g-1 h-1), respectively. Moreover, along with the hy-

groscopic reaction proceeds, pure LiCl completely deliquesced into

salt solution within 2h, and LiCl-MS also began to leak salt solu-

tion after 8h. In contrast, as shown in the inset of Fig. 2d, LA-MS

remained stable without any leakage after 12h of hygroscopic re-

action, which could be attributed to the unique micro/millimeter-

level multilayered “pore-film” cross-linked structure. Furthermore,

as shown in Fig. 2f, our synthesized samples exhibited superior

performance of water vapor adsorption compared with materials

in previously published works [19,32,39,42–44].

Subsequently, the promotion mechanism of hygroscopic perfor-

mance has been further explored. As shown in Fig. 2g, the wa-

ter vapor sorption isotherms of LA-MS-MoS2 at 25 °C are consis-

tent with those of salt-based composite sorbents reported in pre-

vious studies [31,41], which shows physical adsorption from 0 to

11% RH, deliquescence of the salt around 30% RH, and finally ab-

sorption by the salt solution. Furthermore, we directly observed

the in situ hygroscopic process of LA-MS-MoS2 by optical micro-

scope (Fig. 2h). Initially, the water vapor diffused from the high-

humidity air to the surface of the composite adsorbent; and then

the surface gradually became moist and chemical adsorption oc-

curred due to the introduced hygroscopic salt LiCl; the increasing

amount of moisture gradually turned into salt solution, which was

gathered and stored on the “films”. Additionally, water molecules

passed through the pore channels into the internal layers and

thus water adsorption was also taken place orderly, and the hy-

groscopic process was similar to the surface structure. Therefore,

micro/millimeter-scale “pores” could act as transport channels of

water vapor, providing a convenient path to the internal of adsor-

bent, which reduces mass transfer resistance in comparison with

solid or single-pore-sized adsorbents. Moreover, the porous struc-

ture provided more internal surface area to increase the contact

between water vapor and the adsorbent, thereby significantly im-

proving the diffusion and mass transfer rate of water vapor. On

the other hand, the micro/millimeter-scale “films” contributes to

the uniform distribution of hygroscopic salt LiCl, which promotes

the convergence and storage of moisture on the “films”, and thus

solving the problem of salt solution leakage. The unique “pore-

film” structure not only increase the adsorption quantity of water

but also enhance water storage capacity, realizing the efficient and

persistent atmosphere water adsorption. The schematic diagram

of atmosphere water adsorption on LA-MS-MoS2 is illustrated in

Fig. 2i.

Water desorption is another key step in SAWH, which deter-

mines the cyclic reuse of the sample and the final yield of fresh-

water. In order to conform the low-carbon, low-cost, and sustain-

able requirements, hydrangea-like MoS2 with superior photother-

mal conversion properties has been integrated into hygroscopic

material for the solar-driven water desorption. As shown in Fig. 3a,

in comparison with LA-MS without the addition of photothermal
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Fig. 2. Performance of water vapor adsorption of the prepared samples. (a) The contact angle of the samples. (b) The water vapor sorption kinetics of LA-MS loaded with

different LiCl concentrations (0–4.0mol/L) at 25 °C, 90% RH. (c) The moisture adsorption cycling test of LA-MS (loaded with 2.5mol/L LiCl) at 25 °C, 90% RH. (d) The moisture

adsorption performance test of LiCl powder (abbreviated as LiCl), LiCl solution directly impregnated onto MS samples (abbreviated as LiCl-MS), and LA-MS at 25 °C, 90%
RH, with the inset showing the corresponding moisture adsorption process and whether the salt solution leaked. (e) A comparison of the moisture adsorption rates of the

samples in (d). (f) Moisture adsorption performance comparison of LA-MS with reported studies. (g) The water sorption isotherms of LA-MS-MoS2 at 25 °C. (h) The optical

microscope image of LA-MS-MoS2 during moisture adsorption and (i) Schematic of water vapor transport from ambient air to sorbents. light blue: LA “film”, dark blue: water

vaper adsorbed and aggregated on the LA “film”.

material, LA-MS-MoS2 exhibits strong light absorption capabilities

in the range of 280-2500nm and achieves 94.7% solar light ab-

sorption. Under the simulation of 1 sun (1 sun ≈ 100mW/cm2)

irradiation (Fig. 3b), the surface temperatures of LA-MS and LA-

MS-MoS2 maintains the same variation trend, rapidly increasing

within the first 15min. Notably, the temperature of LA-MS is stable

at 35 °C while LA-MS-MoS2 keeps the surface temperature around

45 °C, along with the irradiation time increased, the adsorbed wa-

ter in the sample was evaporated and then the surface tempera-

ture of LA-MS-MoS2 continued to rise to 57.2 °C (Fig. 3c). There-

fore, the hydrangea-like MoS2 endowed the sample with excellent

photothermal conversion performance to provide sufficient heat

for the desorption of adsorbed water. The excellent photothermal

conversion could be attributed to the unique micro and macro

structure of LA-MS-MoS2. To be specific, the nanosheets stacked

hydrangea-like structure of MoS2 is beneficial to the absorption,

refraction and reflection of light, making full use of the light

source. Furthermore, the pore structure could not only provide a

larger surface area to allow more light energy to be absorbed, but

also induce the sunlight to enter and then increase the propagation

path of light to enable multiple reflections and scattering of light

energy and thus improve light absorption efficiency. Additionally,

LA-MS-MoS2 also exhibited excellent thermal stability. According

to thermogravimetric curve analysis (Fig. S6), the temperature of

water desorption is below the decomposition temperature of the

composite adsorbent, ensuring its structural stability for the regen-

eration and repeated use.

At the same time, we further investigated the impact of dif-

ferent additive amount of MoS2 on the water desorption in the

prepared SAWH system. As shown in Fig. 3d, the LA-MS-0.07MoS2
sample shows the highest moisture uptake of 3.92 g/g after mois-

ture adsorption for 12h at 25 °C and 90% RH, and simulated

1 sun irradiation was used to desorb the adsorbed water from

the samples. The desorption rate of LA-MS-0.07MoS2 is as high

as 1.40 g g-1 h-1 (Fig. 3e) after 1 h of illumination, the collection

amount of water is 2.91 g/g after 3h (Fig. 3f), and the collection

efficiency of water is 87.77% (Fig. 3g). In summary, the fabricated

porous structure and outstanding photothermal conversion prop-

erties of hydrangea-like MoS2 enabled the composite adsorbent to

fully absorb solar energy and convert it into thermal energy, which

facilitates the desorption of water from the composite adsorbent

and thereby generates freshwater, and the process of solar-driven

water production was showed in Fig. 3h.

In order to further assess the practical applicability of LA-MS-

MoS2, we carried out large-scale outdoor experiments to explore

the performance of LA-MS-MoS2 for atmospheric water adsorp-

tion and solar-driven water production. As shown in Fig. 4a, twelve

pieces LA-MS-MoS2 were placed in a homemade water collection
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Fig. 3. Performance of solar-driven water production the prepared samples. (a) The solar light absorbance of LA-MS and LA-MS-MoS2. (b) The device for simulated solar-

driven water desorption. (c) The surface temperature changes of LA-MS and LA-MS-MoS2 under simulated 1 sun irradiation, with samples containing different amounts

of MoS2. (d) Water adsorption desorption curves. (e) Water desorption rates. (f) Amount of water collected. The data presented above are the mean values from three

experiments. (g) Effective water collection efficiency and (h) Schematic diagram of solar-driven water production.

device (Fig. S7 in Supporting information) for outdoor atmospheric

water adsorption overnight (12h), and the thermometer and hy-

grometer were used to record the ambient conditions in real-time

(average temperature of 12 °C and average humidity of 90% RH).

The water collection device was covered with a homemade con-

densation lid in the following daytime, and natural sunlight was

used to desorb the adsorbed water from the samples by photother-

mal conversion effect. During 3h of natural sunlight exposure, a

photometer was used to measure the solar power density, which

ranged from 0.5 sun to 0.9 sun, and the average solar power den-

sity was 0.8 sun in the whole process of solar driven water pro-

duction. It could be observed that the condensation appeared on

the walls of the condensation lid within 5min under the sun-

light, and the adsorbed moisture was gradually released from the

sample. As shown in Fig. 4b, the experimental device was cov-

ered with small water droplets after 180 min, and it was approxi-

mately 12mL of water released from the samples. Due to residual

moisture on the walls and heat loss, a final collection volume of

9.5mL was obtained (Fig. 4c). The solar-driven water production

rate was 4.22 Lm-2 d-1, which meets the World Health Organiza-

tion’s (WHO) recommended total water intake (2.9 L/d for males

and 2.2 L/d for females), achieving solar-driven atmospheric wa-

ter harvesting without additional energy consumption. Moreover,

we carried out six outdoor tests to further demonstrate the excel-

lent cyclic stability of LA-MS-MoS2 (Fig. 4c and Fig. S8 in Support-

ing information supplemented the complete data of environmen-

tal condition, including temperature, humidity and solar radiation).

The ion concentrations in the collected water were tested and the

results showed that the concentrations of K+, Ca2+, Na+, Mg2+,
Cl-, F-, NO3

- and SO4
2- ions were well below the WHO drinking

water standards (Fig. 4d) [45], indicating that the collected water

was safe and clean. Therefore, the multi-layered “pore-film” struc-

tured LA-MS-MoS2 could be the candidate for the solar-driven at-

mospheric water collection in real environments to alleviate the

shortage of freshwater resources.

In summary, this work presents a solar-driven SAWH sys-

tem using a photothermal hygroscopic sponge by integrating

melamine sponge, LiCl, and hydrangea-like MoS2. The designed

micro/millimeter-scale “pore-film” structure, fabricated via a green

immersion-freeze-drying method, achieves high hygroscopicity

(3.92 g/g at 90% RH) and freshwater production efficiency (87.77%),

which is attributed to the synergistic effect of rapid adsorption-

desorption kinetics, photothermal conversion, and salt stabilization

to prevent leakage. Outdoor experiments also demonstrate a water

yield of 4.22 Lm-2 d-1 without external energy, offering a sustain-

able, low-cost solution to freshwater scarcity through renewable

solar-driven atmospheric water utilization. This study not only con-

tributes to the development of green water harvesting technologies

but also underscores the viability of integrating renewable energy

systems to address pressing environmental challenges.
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Fig. 4. Solar-driven atmospheric water harvesting outdoor experiments. (a) Twelve pieces of LA-MS-MoS2 underwent atmospheric water adsorption for 12h overnight (top)

and water production through sunlight exposure for 3h the following day (bottom), along with temperature and humidity changes. (b) A physical photo of solar-driven

atmospheric water the next day. (c) Water uptake, water release, and water collection in six cyclic tests. (d) Water quality analysis.
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