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Calculation of the enthalpy of solution 

The enthalpy of solution at a certain concentration is calculated as follows1: 

∆𝐻𝑠𝑜𝑙
𝑐 = ∆𝐻𝑠𝑜𝑙

0 + 𝐿𝑐 S1 

Where ∆𝐻𝑠𝑜𝑙
𝑐  (kJ mol-1) is the enthalpy of solution at the solute concentration of c, ∆𝐻𝑠𝑜𝑙

0  is the 

standard enthalpy of solution at infinite dilution, and 𝐿𝑐 is the relative apparent molar enthalpy at 

the concentration of c.  

Table S1. The solubility and enthalpy of dissolution of different salts. 1-6 

Salt ∆𝑯𝒔𝒂𝒕/kJ mol-1 (25 oC) 
Solubility (25oC) 

g per 100 g water 

NH4NO3 +15.0 208.6 

KNO3 +22.2  38.3 

NaNO3 +10.1  91.2 

NH4Cl +15.2 38.3 

KCl +14.3  35.7 

KBr +14.9 67.8 

∆𝐻𝑠𝑎𝑡: Enthalpy of saturated solution/kJ mol-1 
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Figure S1. Design of solar solute regenerator. (a) Structure of the 3D-cup. (b) Absorption spectrum 

of the spectrally selective absorber (SSA) from 250 to 2,500 nm. 

The spectrally selective absorber (SSA) has a high solar absorptance and low emissivity (0.1).7 

The solar absorptance (calculated from a weight fraction between incoming solar radiation energy 

and absorbed radiation energy) is 94% (Figure S2B). The outer wall wicking material is made by 

porous hydrophilic fabric and the saturated solution can be evenly distributed on its surface to form 

the water/air interface owing to the capillary effect. The unique property of this design is that the 

crystallized salt can be accumulated on the outer surface of the fabric, allowing the crystallized 

salt to drop off  and be collected in the collector automatically. 

 

Figure S2. Recycle of water from 3D SR. 



 

 

Figure S3. The crystallized NH4NO3 salt of the saturated NH4NO3 solution with the addition of 

sodium 4-vivylbenzenesulfonate at the concentration of (a) 0%, (b) 0.1%, (c) 0.3% and (d) 0.5%. 

 

 

Figure S4. Thermal gravimetric analysis of the crystallized NH4NO3 salt obtained by the 

evaporation of saturated NH4NO3 solution with 0.5% SVBS. 
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Figure S5. The crystallization process of the saturated NH4NO3 and 0.5% SVBS solution on the 

3D -cup. (A-D) The accumulated salt on the 3D-cup. 

 

Figure S6. The volume of pure NH4NO3 salt and crystallized NH4NO3 (with and 0.5% SVBS) 

with  the same weight of 1 g. 

 



 

Figure S7. The evaporation rate of the saturated NH4NO3 solution with 0.5% SVBS on the 3D -

cup. 

 

 

Figure S8. The crystallization of saturated NH4NO3 solution on polyethylene (PE) film and PTFE 

film. (a) the contact angle of saturated NH4NO3 solution on PE film and (b) PTFE film. (c-d) The 

crystallization process of the saturated NH4NO3 solution on PE film and PTFE film. 
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Supplementary Note S.1 

Relationship between dissolution rate and heat absorption rate during dissolution 

During dissolution, the heat absorption rate is governed by the dissolution rate, which can be 

calculated according to Noyes-Whitney equation:8 

𝑑𝑚

𝑑𝑡
=
𝐷𝐴(𝐶𝑠 − 𝐶𝑏)

𝐿
S2 

Where 
𝑑𝑚

𝑑𝑡
 is the dissolution rate (kg s-1), D is the diffusion coefficient (m2 s-1), A is the surface 

area of the cooling solute (m2), 𝐶𝑏 is the concentration of the cooling solute in the bulk solution 

(kg m-3), 𝐶𝑠 is the particle surface concentration, which is generally believed to be equivalent to 

the saturated concentration, L is the diffusion layer thickness (m). As can be seen, the dissolution 

rate of a cooling solute can be affected by its surface area, its concentration, and temperature which 

affects diffusion coefficient. In comparison to pure NH4NO3 salt, crystallized NH4NO3 salt in the 

presence of SVBS has a higher surface area, and consequently its dissolution rate is increased. 

Moreover, the instant heat absorption rate or cooling power (𝑃𝑖𝑛𝑠) during dissolution is a function 

of dissolution rate and can be calculated by the following equation: 

𝑃𝑖𝑛𝑠 =
𝑑𝑚

𝑑𝑡
×
1000 × ∆𝐻

𝑀
S3 

Where ∆𝐻  is the enthalpy of solution (kJ mol-1). As seen, the instant cooling power can be 

enhanced by increasing the dissolution rate. At the beginning of dissolution, the dissolution rate is 

relatively high owing to the low concentration of the cooling solute in the bulk solution, leading 

to a rapid heat absorption. As a result, the temperature of the solution is reduced rapidly. By heat 

transfer, the heat of surroundings, including air, Dewar, etc., is transferred to the solution owing 

to their temperature disparity. When the instant cooling power is higher than the heat transfer rate, 

the temperature of the solution decreases. As the dissolution goes on, the concentration of the bulk 

solution increases, leading to a gradually decreasing dissolution rate and thus reduced instant 

cooling power. The cooling solution reaches a minimum temperature when the instant cooling 

power is equivalent to the heat transfer rate. Thereafter, the cooling power becomes lower than the 

heat transfer rate, and thus the solution temperature increases gradually. Meanwhile, when the 

solution temperature is increased, the cooling solute solubility increases, and therefore the solid 



salt can continue to dissolve, slowing down the temperature rise. As a result, the system can be 

retained below room temperature for over 20 h in our test. These results demonstrate that the 

crystallized NH4NO3 salt in the presence of SVBS, due to its loosely accumulated structure, 

possesses a superior cooling performance as compared to pure NH4NO3 salt. 

 

Figure S9. The evaluation of the effect of temperature on the cooling performance. (a) The effect 

of the  temperature to the solubility, enthalpy of saturated solution of NH4NO3. (b) Cooling power 

at different temperature (Note that the ambient temperature is assumed to be 35 oC). 

 

Figure S10. Cooling performance evaluation in Dewar. (a) Experimental setup for cooling 

performance evaluation in Dewar (note: The color of Dewar is not transparent in practical situation, 

it is transparent in this figure for inside observation). (b) The temperature change of the bottom of 

the Dewar before and after adding cold water  



 

Figure S11. The cooling of the metal cup for food storage. (a) The picture of the cooling system. 

(b) Gravity driven flow system. (c) The temperature reduction of the cup. 
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