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Abstract 8 

Atmospheric water is abundant alternative water resource, equivalent to 6 times of water in all 9 

rivers on Earth. This work screens 14 common anhydrous and hydrated salt couples in terms of 10 

their physical and chemical stability, water vapor harvesting and release capacity under relevant 11 

application scenarios. Among the salts screened, copper chloride (CuCl2), copper sulfate (CuSO4) 12 

and magnesium sulfate (MgSO4) distinguish themselves and are further made into bi-layer water 13 

collection devices, with the top layer being photothermal layer while the bottom layer being salt-14 

loaded fibrous membrane. The water collection devices are capable of capturing water vapor out 15 

of the air with low relative humidity (down to 15 %) and releasing water under regular and even 16 

weakened sunlight (i.e. 0.7 kW/m
2
). The work shines light on the potential use of anhydrous salt 17 

towards producing drinking water in water scarce regions.    18 

Introduction 19 

In areas neither close to any surface water or sea nor having groundwater conditions, the 20 

communities have no choices but typically to rely on very uneconomical long distance 21 

transportation of fresh water.
1-7

 On the other hand, there is always plenty of water available in 22 

the atmosphere even in very dry desert regions and the atmospheric water, consisting of water 23 

vapor and water droplets, is a resource equivalent to ~10% of all fresh water in lakes and is 6 24 

times all water in rivers on Earth.
8
 As a matter of fact, capturing atmospheric water droplets, or 25 

fog, has being operated in remote villages in more than 25 countries worldwide now.
9-13

  26 

However, the fog harvesting necessitates consistently high (typically 100%) relative humidity 27 

(RH) in air, which makes it a viable solution only in a few places, such as western Mediterranean 28 

basin and South Africa, and restrains its application from most other regions.
14-15

 While, in the 29 

places where harvesting atmospheric water is a necessity, there is typically low RH year-around 30 

and thus harvesting water vapor from air with a low RH is a more meaningful and globally 31 

relevant task than fog harvesting.
16

  32 

The efforts to harvest water vapor out of low RH air and subsequently to deliver water with an 33 

easily accessible and self-sustained energy source had been met with a very limited success.
17,18

 34 
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In 2017, Yaghi and Wang et al. demonstrated a porous metal-organic framework (MOF) based 35 

device that was able to capture water vapor from the ambient air with RH as low as 20% and to 36 

deliver water using low-grade heat from natural sunlight below one sun (1 kW/m
2
) assisted by 37 

photothermal materials.
19

 This work stimulates research efforts towards developing more cost-38 

effective water absorbents that work with even lower RH.   39 

In light of the application scenario here, a minimum absorption heat is calculated to be higher 40 

than 60 kJ/mol by using classic Clausius-Clapeyron equation, which falls into chemical 41 

absorption range and thus disqualifies such physical adsorption based conventional desiccants as 42 

silica gel,
20

 zeolites.
21-23

 The details of the calculation is presented in Supporting Information 43 

(SI). In searching for suitable water adsorbents that fulfill the requirements, our attention is 44 

attracted by a well-known group of chemicals: hydrated salts and especially their dry and 45 

anhydrous counterparts. The anhydrous salts, which are inexpensive and widely commercially 46 

available, can absorb air water vapor to become hydrated and have been well utilized in trace 47 

water removal from organic solvent. Unlike the conventional desiccants, the uptake of water 48 

vapor by the anhydrous salts is a chemical process, known as hydration reaction with absorption 49 

heat desirably higher than 60 kJ/mol.
19, 22

  50 

This work aims at providing a proof of concept of using anhydrous and hydrated salt couples to 51 

harvest water vapor from very dry ambient air and subsequently to deliver fresh liquid water 52 

using sunlight as a sole energy source. In doing so, this work screens 14 common anhydrous and 53 

hydrated salt couples and rationally fabricates all-in-one and bi-layered composite disk devices 54 

for integrated water vapor collection and photothermal-assisted water release. Among all of the 55 

salt couples investigated, copper chloride (CuCl2), copper sulfate (CuSO4) and magnesium 56 

sulfate (MgSO4) stand out due to their water absorption/release capability, chemical and physical 57 

stability. The results of this work indicate that CuCl2 works better in the regions with low 58 

ambient RH but abundant sunlight irradiation, such as deserts while CuSO4 and MgSO4 are more 59 

suitable in the regions with high humidity but low sunlight irradiation such as island or mountain 60 

areas. This work shines light on the use anhydrous salts as cost-effective water absorbents 61 

towards producing drinking water in water scarce regions.    62 

Material and Methods 63 

Chemicals and materials. 14 salts, including iron(III) chloride, zinc nitrate, copper (II) nitrate, 64 

calcium chloride, nickel(II) nitrate, iron (III) nitrate, iron (II) sulfate, lithium sulfate, sodium 65 

carbonate, sodium sulfate, copper(II) chloride, nickel (II) acetate, copper (II) sulfate and 66 

magnesium sulfate, were investigated in this work. All salts were purchased from Sigma-Aldrich 67 

and used as received. In screening the salts, 2.5 g of the salts were put into petri dishes of 4.7 cm 68 

in diameter and let sit in ambient air (22 
o
C, 60% RH) for 24 hours to be fully hydrated. The 69 

weight and physicochemical changes of the salts were monitored.   70 

Material characterization. Water vapor absorption and desorption tests were conducted on a 71 

Jupiter
®

 simultaneous thermal analyzer (STA) 449 measurement system coupled with water 72 

vapor generator. For the dynamic RH test, the water vapor generator was programmed to output 73 

nitrogen flow with different RH along with variable equilibration time. The STA furnace was 74 

Page 2 of 18

ACS Paragon Plus Environment

Environmental Science & Technology



3 

 

first heated up to 85 
o
C and maintained for 4 hours with a constant RH of 1.5% for dehydration 75 

purpose. After dehydration of the salt samples, the STA furnace was then cooled down to 24 
o
C 76 

for hydration. During hydration, the system RH was increased step by step from 1.5 to 9%, with 77 

a step interval of 1.5% and equilibration time for each step of 60 min. For the RH range between 78 

9 and 21%, the step interval was 3% and equilibration time was 30 min while for the RH range 79 

between 21 and 80%, the step interval was 6% with an equilibration time of 30 min for each step. 80 

For the static RH test, the water vapor generator was programmed to output nitrogen flow with 81 

static RH and a constant equilibration time of 17 hours was employed. 82 

The UV-Vis-NIR spectra were obtained using an Agilent Cary 5000 UV-vis-NIR 83 

spectrophotometer and the metal content in the condensed water was examined by inductively 84 

coupled plasma-optical emission spectroscopy (ICP-OES) (Optima 8300, PerkinElmer, Inc.) 85 

equipped with a Segmented-array-Charge-coupled Device (SCD) detector. Scanning electron 86 

microscopy (SEM) images were obtained by FEI Quanta 600 microscope. 87 

Fabrication of bi-layered water collection device. An aliquot of 3.0 g of as-purchased CNT 88 

(Sigma-Aldrich) with a dimension of 6-9 nm in diameter and 5 µm in length was dispersed in a 89 

mixture of 90 mL of 97% sulfuric acid and 30 mL of 70% nitric acid. After refluxed at 70 
o
C for 90 

4 hours followed by 2 h sonication, the as-treated dispersion was filtrated and washed by DI 91 

water thoroughly before use.   92 

Disk shaped silica fibrous filter (Whatman
TM

) with a diameter of 47 mm was employed as 93 

substrate. The filter disk was immersed into the solution of the selected salts and the salt-94 

saturated filter disk was dried at 65 
o
C for 5 h to evaporate water. By repeating solution 95 

immersion-drying process, mass loading of the hydrated salt in the same substrate was further 96 

increased. A layer of the CNT dispersion containing 2 mg of CNT was then painted directly on 97 

the top surface of the disk and dried at 65 
o
C.  98 

Water collection and photothermal assisted water release. The fabricated water collection 99 

disk was first exposed to 60% RH atmosphere for 24 h at room temperature (RT) to achieve 100 

maximum water absorption capacity. For water releasing test, the hydrated disk was exposed 101 

directly under simulated sunlight (Oriel solar simulator) at an intensity of one sun (1 kW/m
2
) or 102 

lower. The mass change of the disk was monitored and recorded, and the temperature of the disk 103 

top surface was measured by an IR camera. In examining the stability of the devices of CuCl2, 104 

CuSO4 and MgSO4, the water absorption under ambient conditions (60% RH and 22 
o
C) and 105 

photothermal driven water release were repeated for 10 times with the same disk.  106 

 107 

Results and Discussion 108 

Screening of the salts based on physical and chemical stability and their available water 109 

capacity. 110 

Based on the calculation using Clausius-Clapeyron equation (SI), the work selects 14 commonly 111 

available and low-cost salts, all with the water absorption heat >80 kJ/mol, including iron(III) 112 

chloride (FeCl3), zinc nitrate (Zn(NO3)2), copper (II) nitrate (Cu(NO3)2), calcium chloride 113 
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(CaCl2), nickel(II) nitrate (Ni(NO3)2), iron (III) nitrate (Fe(NO3)3), iron (II) sulfate (FeSO4), 114 

lithium sulfate (Li2SO4), sodium carbonate (Na2CO3),  sodium sulfate (Na2SO4), copper(II) 115 

chloride (CuCl2), nickel (II) acetate ((CH3COO)2Ni), copper (II) sulfate (CuSO4) and magnesium 116 

sulfate (MgSO4). The hydrated counterparts of the salts are listed in Table S1 (SI). 117 

As a preliminary screening, equal mass of 2.5 g of the hydrated salts as received are first exposed 118 

in the air with a 60% RH at room temperature (RT) of 22 
o
C for 24 hours to ensure water 119 

absorption saturation, followed by drying them in an 80 
o
C oven for 5 hours. The temperature of 120 

the oven drying is chosen based on the consideration of the temperatures that the state of the art 121 

photothermal materials can potentially produce under one sun.
24-26

  122 

Figure 1 presents weight of the samples after the 24 hours hydration and 5 hours dehydration, 123 

respectively. The salts are grouped into two categories: (a) physically stable salts (Figure 1 (a)) 124 

and (b) deliquesced salts (Figure 1 (b)). Four nitrate salts and CaCl2 and FeCl3 deliquesce to 125 

different extent during 24 h hydration step. Deliquescence leads to salts being completely 126 

dissolved and thus being present in liquid state (Figure S2), which is undesirable for the targeted 127 

application in this project. It is worth pointing out that, for FeSO4, even though it contains 7 128 

hydration water molecules, its instability leads to the loss of hydration property after being 129 

heated at 80 
o
C in air due to the oxidation of FeSO4.

27
 Furthermore, the hydrated NaSO4 and 130 

LiSO4 hold their absorbed water very tight and all have little water release at 80 
o
C (≤1.0 %). For 131 

this reason, these salts are excluded from further consideration in this work. 132 

Among the rest of the salts, the hydrated salts of CuCl2, CuSO4 and MgSO4 have reasonably high 133 

(>20%) available water capacity, defined as the % weight of water per unit mass of the salt that 134 

is available for release at elevated temperature (e.g., 80 
o
C). Thus, they are selected as water 135 

absorbent candidates for further investigations.  136 

 137 

Figure 1. Weight changes of the (a) physical stable salts; (b) deliquesced salts during air 138 

hydration and oven dehydration process. 139 

 140 

The three selected salts are then subjected to chemical stability assessment. The salts are placed 141 

under ambient condition (i.e. 22 
o
C, 60% RH) for 12 hours to ensure a saturated water vapor 142 
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absorption. Then the as-saturated salts (i.e., CuCl2·2H2O, CuSO4·5H2O and MgSO4·6H2O) are 143 

dehydrated at 80 
o
C for 2 hours. This hydration and dehydration cycle is repeated for 10 times 144 

before XRD analysis being conducted on the hydrated salts in the end. Figure 2 (a) and Figure 2 145 

(b) show the nearly unaltered XRD patterns of the samples before and after 10 cycles of 146 

hydration and dehydration for CuCl2·2H2O and CuSO4·5H2O, indicating their high chemical 147 

stability. In comparison, the MgSO4·6H2O gradually transforms into a mixture of MgSO4·4H2O 148 

and MgSO4·6H2O after 10 cycles (Figure 2 (c)). However, the results show that the available 149 

water capacity in this case does not change.
28

  150 

Thermal gravimetric analysis (TGA) is further carried out and, as seen, the onset temperatures of 151 

dehydration process are 39.5, 32.5 and 34.5 
o
C for CuCl2·2H2O, CuSO4·5H2O and MgSO4·6H2O, 152 

respectively. For CuCl2·2H2O, two hydration water molecules are released non-discriminatively, 153 

leading to a sharp decrease in its weight along with increasing temperature until 90 
o
C when all 154 

of the hydration water molecules have been fully released (Figure 2 (d)). For CuSO4·5H2O, a 155 

distinct 3-stage dehydration curve is observed, which corresponds to dehydration from 156 

CuSO4·5H2O to CuSO4·3H2O (32.5 
o
C-63.7 

o
C) and further to CuSO4·H2O (63.7 

o
C-94.7 

o
C), 157 

and to completely anhydrous CuSO4 at 225.7 
o
C (Figure 2 (e)).

29
  158 

For MgSO4·6H2O, 4 distinct weight loss stages can be identified, i.e.,  34.5 to 71.9, 71.9 to 108.8, 159 

108.8 to 170.8 and 170.8 to 237.8 
o
C, which correspond to the dehydration of MgSO4·6H2O to 160 

MgSO4·4H2O, MgSO4·4H2O to MgSO4·3H2O, MgSO4·3H2O to MgSO4·1H2O and 161 

MgSO4·1H2O to MgSO4 respectively (Figure 2 (f)).
30

 162 

The TGA results are consistent with those of the 80
o
C oven dehydration (Figure 1) and further 163 

confirm that the three salts can release significant amount of their hydration water between 70-85 164 
o
C, implying they are good candidates for the applications.  165 

 166 
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Figure 2. (a)-(c). XRD patterns of CuCl2·2H2O, CuSO4·5H2O and MgSO4·6H2O before and after 167 

10 cycles of hydration and dehydration. TGA curves of (d) CuCl2·2H2O, (e) CuSO4·5H2O and (f) 168 

MgSO4·6H2O. Temperature ranges from 25 to 300 
o
C, with a ramp of 1 

o
C/min.  169 

 170 

Water absorption assessment 171 

In order to thoroughly investigate the water vapor absorption property of the three salts, 172 

hydration under both dynamic and static RH modes is conducted on a water vapor generator 173 

coupled STA. A constant temperature of 24 
o
C is chosen and set throughout hydration process in 174 

both modes for all samples. The choice of 24 
o
C is based on the fact it is a typical temperature in 175 

arid areas at night when water vapor absorption takes place. In both modes, the salt samples are 176 

thoroughly dehydrated first before conducting water vapor absorption.  177 

In the dynamic RH mode, the RH is increased slowly stepwise and at each step equilibrium is 178 

obtained by allowing sufficient equilibration time (details regarding the STA steps are provided 179 

in SI or method part). In comparison, in the static RH mode the RH is bumped from 1.5% 180 

directly to a pre-specified value, namely, no RH ramp, and stays there for 17 hours for hydration.  181 

 182 

Figure 3. Water vapor absorption curves of CuCl2 (a, b), CuSO4 (c, d), and MgSO4 (e, f) in 183 

dynamic and static RH modes, respectively.  184 

 185 
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Figure 3 (a) shows the dynamic RH hydration result of CuCl2. As seen, the RH value of its onset 186 

water vapor absorption is around 15% and beyond this point anhydrous CuCl2
 
quickly reverts to 187 

its hydrate state, which is corroborated by the static RH results (Figure 3 (b)). With a 15% RH, 188 

the CuCl2 salt recovers it full hydration mass from 78% to 100%. As a matter of fact, anhydrous 189 

CuCl2 shows water vapor absorption capability even when the RH is only 10%, increasing its 190 

mass from 78% to 85%. No hydration is observed for CuCl2 at RH of 5%. These results indicate 191 

that anhydrous CuCl2 is indeed an excellent water absorbent suitable for a very dry air with RH 192 

as low as 10%.  193 

Figure 3 (c) and (d) show that, for anhydrous CuSO4, there is no water absorption at 21% RH 194 

and the onset water absorption RH is 35 %. The high onset absorption RH when combined with 195 

its relatively low water release temperature (i.e., 32.5 
o
C) from the TGA (Figure 2 (e)) suggests 196 

that anhydrous CuSO4 has low bonding energy with water molecules.
29

 A weak absorption 197 

energy leads to both a high onset water absorption RH and a low release temperature. Figure 3 (e) 198 

and (f) indicate there is no significant water absorption of MgSO4 until RH is 35%, under which 199 

the weight of the salt increases to 87.5% of its full hydrated weight within the test period.  200 

By comparing the dynamic and static RH hydration results, it is obvious that the three water 201 

absorbent candidates are capable of capturing satisfactory amount of water vapor from the air 202 

with different RH and are thus suitable for different application scenarios. 203 

 204 

All-in-one water harvesting and release devices  205 

In light of practical application, a simple device is warranted which integrates in one device both 206 

water vapor absorption and water release functions. Given the key nature of water vapor 207 

absorption under ambient temperature, water release can be achieved only at higher temperature. 208 

Thus, for such a device to work, it has to rely on sunlight to power the water release via means of 209 

photothermal effect.  210 

For such a system to be practically applicable and point-of-use, the entire process should stand-211 

alone without the need of any other additional energy input but the sun, namely, no externally 212 

driven heating and cooling.
31

 Moreover, in the step of the absorbed water release, driven by 213 

sunlight and assisted by photothermal material, the temperature of the absorbent needs to be 214 

raised to 60-85 
o
C under one sun irradiation.

32-36
 The captured water is released back to vapor 215 

which is then condensed on a collection substrate under ambient conditions.
37

 Given the 216 

possibility that there may be no cooler substrate available to aid water condensation, it is 217 

desirable that the water vapor being released from the photothermally heated water absorbent has 218 

a vapor pressure greater than that of bulk liquid water under the same temperature. This 219 

requirement would ideally lead to passive condensation of water vapor where the difference in 220 

vapor pressure is the only factor driving water condensation.  221 

Based on these considerations, the device in this work is designed to have bi-layered structure, 222 

with the bottom layer being salt-loaded water vapor absorption layer while the top layer being 223 

photothermal layer as schematically illustrated in Figure 4. In this work, the device is fabricated 224 
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to have a disk shape. (Structure details of water collection disk can be found in supporting 225 

information. Figure S3) 226 

As known, hydrated salts usually are in pulverous state and thus a supporting substrate should be 227 

employed to host and keep them in place and to provide mechanical strength and robustness. 228 

Silica fibrous filter is selected as substrate due to its low cost, chemical and physical stability. 229 

The salt loading is conducted by repeated salt solution immersion followed by oven drying 230 

(Figure 4 step 2-3). The fibrous structure of the substrate induces capillary action which leads to 231 

uniform distribution of salt solution throughout the entire filter. The amount of water adsorbed 232 

by the silica filter is determined to negligible in this work.  233 

CNTs are chosen as photothermal material due to their great light-to-heat conversion efficiency, 234 

wide availability and chemical stability.
28-40

 In this work, the as-received CNTs are firstly treated 235 

in oxidative acid to make them hydrophilic and the hydrophilic CNTs are then dispersed into DI 236 

water to make CNTs ink, which is then simply painted on top of the salt-loaded silica filter 237 

substrate as a photothermal layer.   238 

 239 

Figure 4. Schematic of water collection disk fabrication process. Step 1, 2, 3, and 4 represent 240 

silica fibrous filter substrate, substrate immersion by saturated salt solution, oven drying to 241 

evaporate water, and CNT coating process, respectively. Dashed rectangles show the close-up 242 

view of the highlighted section in each step. 243 

 244 

Figure 5 compares the UV-vis-NIR absorption spectra of the hydrated salt loaded disks with and 245 

without the CNT top layer. In the absence of the top CNT layer, the disk of CuCl2·2H2O has a 246 

higher light absorption than the disk of CuSO4·5H2O. However, with the top CNT layers, the 247 

difference is diminished, with both disks showing dark black colors (Figure 5a and 5b). This is 248 

expected given the excellent light absorption capability of the CNTs. For the MgSO4 loaded disk 249 

without the top CNT layer, it appears white and has a limited light absorption while the bi-250 

layered disk with the CNT layer shows considerably enhanced light absorption and is black 251 

(Figure 5c).  252 
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 253 

Figure 5. UV-vis-NIR spectra of (a) CuCl2, (b) CuSO4, and (c) MgSO4 loaded water collection 254 

disks before and after coating CNT layer. Insets are the digital images of the water collection 255 

disk with or without the CNT top layers. 256 

Figure 6 presents the temperature profiles of the CuCl2, CuSO4 and MgSO4 loaded silica disks, 257 

with and without the top CNT layers. Among all, the CuCl2-based devices show the highest 258 

surface temperature, which may be attributed to the much higher light absorbance of CuCl2 than 259 

the others (Figure 5). The CuCl2 device without the CNT layer achieves around 65 
o
C after 200 s 260 

under one sun irradiation (1 kW/m
2
) while with the top photothermal CNT layer, the surface 261 

temperature of the CuCl2 device can be further increased to 75 
o
C during the same time period.  262 

Unlike CuCl2, the devices of both CuSO4 and MgSO4 show lower temperatures than CuCl2 263 

(Figure 6 (b) and (c)) due to their weaker light absorbance. With the top CNT layer, the 264 

equilibrium temperatures of the bi-layered devices of CuSO4 and MgSO4 increase quickly and 265 

considerably to 72 
o
C and 66 

o
C at the end of first 200 s of one sun irradiation, respectively. It is 266 

worth emphasizing that in our experiments, when the measurement system (Figure S5) is 267 

surrounded with a paperboard to decrease the influence by the ambient air disturbance, the bi-268 

layered devices of CuCl2, CuSO4 and MgSO4 can reach surface temperatures of 87 and 85 
o
C 269 

and 84 
o
C, respectively (Figure 7 (a)).

36
 This result implies a potential means of sheltering the 270 

devices to further increase their surface temperatures under solar irradiation in field, which 271 

would enhance water release process and potentially expand the choices of water absorbents.  272 
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 273 

274 
Figure 6. Temperature under one sun irradiation for (a) CuCl2, (b) CuSO4 and (c) MgSO4 based 275 

devices with and without the top photothermal layer. (d)-(f) IR image of the CuCl2, CuSO4  and 276 

MgSO4 based devices with and without the top CNT layer. Blue dots and red dots in IR image 277 

mark the positions of the lowest and highest temperature in the image. 278 

 279 

The water release behaviors of these devices are then assessed under one sun irradiation. The 280 

devices are first exposed to ambient air at 22 
o
C and 60% RH for more than 24 hours to achieve 281 

water vapor absorption equilibrium. The devices are then put onto a polystyrene foam as heat 282 

barrier, followed by exposure to one sun irradiation (Figure S5). Figure 7 (b) presents percentage 283 

weight change of the bi-layered devices as a function of time under one sun irradiation under 284 

ambient RH of 60% and 22 
o
C, with the initial weight being the total weight of the fully hydrated 285 

salt, silica substrate, and photothermal layers altogether.  286 

Clearly, all devices show fast water release under solar irradiation. For the CuCl2 device, the 287 

water release process ends at around 80 min, with 17% weight loss due to water release. For the 288 

CuSO4 device, 21.3 % weight loss is observed by the end of the first 12 min and an additional 289 

1.7% is achieved by the end of 25 min. For the MgSO4 device, 26% weight loss is obtained by 290 

60 min. Table 1 presents % available water capacity of the three salts and their individual 291 

devices. In comparing to the anhydrous salts, the decrease of % available water capacity in the 292 

devices is due to the weight of the fibrous silica substrate and CNT layer, which does not 293 

contribute to water absorption capacity. The overall available water capacity of the anhydrous 294 

salts and their devices is compatible with the MOF material (i.e. 0.27 g/g) reported recently, 295 

indicating the anhydrous salt-based approach has a potential to provide a cost-effective way to 296 

harvest water from ambient air. It has to be mentioned that the water collection device used in 297 

this test is only a prototype to prove our concept and further improvement will be made to 298 

enhance its water collection efficiency. For example, water condensation surfaces/materials with 299 

special wettability/structures
41-43 

and high thermal conductivity
44

 would improve water 300 

condensation as well as water droplet turnover rates. 301 
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  Table 1. Available water of anhydrous salts and their water collection device. 302 

 Anhydrous salt (g/g)
*
 Water collection device

#
 

(g/g) 

CuCl2 0.27 0.21 

CuSO4 0.40 0.30 

MgSO4 0.45 0.35 

Note * weight of water released per each gram of anhydrous salt. # weight of water released per each 303 

gram of water collection device. 304 

The water release results indicate successful water release in all three cases under solar 305 

irradiation and thus their potentials in practical applications for fresh water production in water 306 

scarce regions. While CuCl2 is able to capture water vapor at very low RH, its available water 307 

capacity is not as high as the CuSO4 and MgSO4. Among three salts, MgSO4 shows the highest 308 

available water capacity, but it requires a high onset absorption RH. These results are consistent 309 

with the previous oven dehydration, TGA and STA results. 310 

Given the concern of potential presence of metal ions in the water, we make efforts to measure 311 

the concentration of copper in the water samples by using ICP-OES and it turns out that the 312 

copper concentrations in the water samples coming from the CuCl2 and CuSO4 water collection 313 

disk are both below the detection limit of the instrument (i.e., 0.50 ppb), which are much lower 314 

than the limit of copper in drinking water set by the World Health Organization (WHO) (i.e., 315 

2000 ppb).
45

 Therefore, there should be no concern in this case. 316 

 317 

Figure 7. (a) Time course of temperature profile of the devices during solar dehydration 318 

conducted with a paperboard shelter. (b) Weight change profile of the bi-layered devices of 319 

CuCl2, CuSO4 and MgSO4 as a function of time under one sun irradiation  320 

 321 

Efforts are also made to determine the device performance under weaken sunlight strength (i.e. 322 

0.6, 0.7, 0.8, and 0.9 kW/m
2
). Figure 8 (a) shows a good linear relationships between the light 323 

strength and surface temperature of the bi-layered devices while Figures 8 (b)-(d) present time 324 

course of water release by the bi-layered devices under light irradiation of different strength.  325 

Significantly, it can be determined from these figures that water release only occurs when the 326 

surface temperature is higher than 55 
o
C (i.e. light strength >0.8 kW/m

2
) for hydrated CuCl2. The 327 
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threshold temperature for hydrated CuSO4 device is 50 
o
C, corresponding to 0.7 kW/m

2
 and 328 

beyond the threshold temperature, the water release is quite fast
 
(Figure 8 (c)).  For the MgSO4 329 

device, the threshold light intensity for water release is 0.7 kW/m
2
, but the water release kinetics 330 

shows a strong temperature-dependent behavior (Figure 8 (d)).  331 

These results highlight the importance of light strength in water release. For the CuCl2 device to 332 

initiate its water release, it requires a sunlight strength >0.8 kW/m
2
, which is typical in dry and 333 

desert regions. For the both CuSO4 and MgSO4 devices, a critical light intensity of 0.7 sun is 334 

needed. These results point out that the CuSO4 and MgSO4 devices are more suitable for the 335 

regions with higher humidity but weaker sunlight irradiation than those of the CuCl2. 336 

In this project, a water collection device is further fabricated (Figure S6) to demonstrate that the 337 

liquid water can indeed be collected and details of the device fabrication and water collection 338 

experiment can be found in supporting information.  339 

 340 

 341 

Figure 8. (a) Temperature profiles of the water collection devices under sunlight irradiation of 342 

different strength. (b), (c) and (d) photothermal induced water release of (b) CuCl2, (c) CuSO4 343 

and (d) MgSO4 based devices, respectively. 344 

 345 

Water collection disk stability test.  346 

In addition to the previous chemical stability assessment of the salts during 10 cycles of the 347 

hydration and dehydration, the stability of the bi-layered devices are further examined. Based on 348 

the previous results, the devices of CuCl2 and CuSO4 are exposed at ambient air of 60% RH at 22 349 
o
C for 5 h while the one of MgSO4 is exposed for 8.5 h. For dehydration, one sun solar 350 

irradiation is set for 1.5 h uniformly for all devices. The hydration and hydration cycle is 351 

repeated for 10 times.  352 
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The overall performance for the three salt devices all maintain at a reasonable level after 10 353 

cycles. For the CuCl2 device(Figure 9 a), the available water capacity after 10 cycles decreases 354 

slightly to 92.3% of the initial capacity before the test while both the CuSO4 and MgSO4 devices 355 

maintain their full available water capacities after 10 cycles (Figure 9 b).  356 

 357 

Figure 9: Stability test: Changing of water absorption/desorption performance of (a) CuCl2 and 358 

(b) CuSO4 (c) MgSO4 loaded water collection disk. Water releasing section was conducted by 359 

simulated sunlight illumination for 1.5 h, followed by water absorption section by turn off the 360 

light and exposed to atmosphere for 5 hours (CuCl2 and CuSO4) or 8.5 hours (MgSO4).  361 

Thus, the results in this work show that anhydrous salts in conjunction with sunlight have a great 362 

potential to harvest atmospheric water and supply potable water in water scare regions. More 363 

research attentions are warranted to further improve available water capacity of the salts, 364 

photothermal energy efficiency, water condensation and liquid water collection performances of 365 

the devices.   366 
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