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General Consideration 

Text S1. Materials used 

Copper acetate (Cu(CH₃COO)2, ≥99.00%) and indium acetate (In(CH₃COO)₃, ≥99.99%) were 

sourced from Sigma Aldrich, while polyethylene glycol-400 (PEG-400) was purchased from 

Chemical Drug House, (P) Ltd. (New Delhi, India). Thiourea (NH₂CSNH₂, ≥99.0%) was 

obtained from Tokyo Chemical Industry Co. Ltd. (Tokyo, Japan). All chemicals were used as 

received, without further purification. 

Text S2. Methods 

Text S2.1 Material Characterization 

The recording of powder X-ray diffraction (P-XRD) data in the 2θ range of 10–80° employed 

a PANalytical X-ray diffractometer with Cu Kα radiation (λ = 1.5406 Å) at 45 kV and 40 mA. 

Raman spectroscopy utilized a Lab Ram HR800 UV Raman microscope (Horiba Jobin-Yvon, 

France), and a UV–vis-NIR spectrophotometer (Shimadzu UV-NIR-3600), is utilized for band 

gap determination.  Microscopic imaging for field emission scanning electron microscopy (FE-

SEM) was conducted using a Zeiss Gemini SEM500 instrument equipped with an EDS 

detector. Additionally, transmission electron microscopy (TEM) and high-resolution TEM 

(HR-TEM) micrographs were acquired using a JEOL JEM 200 electron microscope operating 

at 200 kV. X-ray photoelectron spectra (XPS) were acquired using a Thermo Fisher Scientific 
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ESCALAB XI+ X-ray photoelectron spectrometer featuring a Mg Kα excitation source. The 

determination of Brunauer–Emmett–Teller (BET) specific surface area and porosity involved 

the analysis of N2 adsorption-desorption isotherm curves using a Quantachrome Autosorb iQ2 

analyzer.  

Text S2.2 Photothermal study 

The solar-driven evaporation performance was assessed using a custom-built solar-thermal 

device in the lab. A water-filled beaker was topped with circular insulation foam to ensure 

insulation and block direct sunlight, preventing it from affecting the experimental results. A 

hydrophilic paper was inserted through the foam's center hole as a water supply channel. The 

prepared powder sample was first dispersed in 2 mL of water using an ultrasonic method, then 

the slurry was evenly coated on the top of the sponge with an effective area of 2 cm x 2 cm, 

and thickness of the evaporator is measured as 1.5(±2) cm, with 7(±2) mm layer of material 

loading. with sample loading of 40 mg. The experimental environment was maintained at 

approximately 25 °C. A solar simulator (71S0503A) with a solar flux of 1 kW m−2 (1 sun) was 

placed over the evaporator. An infrared thermal imaging camera (FLIR E4) monitored the 

temperature changes on the sample surface throughout the solar photothermal water 

evaporation experiments. Water mass changes were recorded using an electronic analytical 

balance (FA324C) with a precision of 0.001 g. 

Text S2.3 Electrochemical study 

Mott-Schottky measurements were conducted using a three-electrode setup, using Metrohm 

Autolab M101 instrument, NOVA 2.1.5 software equipped with an Ag/AgCl electrode as the 

reference, a platinum wire as the counter electrode, and the active material serving as the 

working electrode. The working electrodes were prepared on fluorine-doped tin oxide (FTO) 

substrates by drop-casting a thin film of CuInS2 paste. The slurry for the paste was made by 

mixing 10 mg of CuInS2 with 60 µL of Nafion, 100 µL of distilled water, and 140 µL of ethanol, 
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followed by 30 minutes of sonication to achieve a homogeneous mixture. A 0.5 M Na2SO4 

solution was used as the electrolyte.  

Note S1. Evaporation rate calculations: 

                                                                 𝑚 =  
(𝑀1−𝑀2)

𝑡𝑆
                            

Where, evaporation rate, denoted as m, is calculated using M1, which represents the water mass 

loss under 1 sun illumination, and M2, which indicates the self-evaporation of water in the dark. 

M2 is determined by subtracting the water mass loss without CIS (13 mg) from the mass loss 

with CIS in dark conditions (26 mg, 23 mg, and 24 mg for CIS-1, CIS-2, and CIS-3, 

respectively). Variables t and S represent the illumination time and evaporation area (4 cm²). 

Sample 

name 
Formula 

M1 

(initial-

final) (gm) 

M2 

(gm) 

Time (t) 

(hour) 

Absorber 

Surface 

area 

(10-4*m2) 

Rate  

(kg m-2h-1) 

CIS-1 

𝑚 =  
(𝑀1 − 𝑀2)

𝑡𝑆
 

(135.12-

134.5) 

(0.026-

0.013) 
 

1 
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1.55 

CIS-2 
(135.12-

134.56) 

(0.023-

0.013) 
1.38 

CIS-3 
(135.12-

134.53) 

(0.024-

0.013) 
1.45 

 

Note S2. Efficiency calculation 

The efficiency (ƞ) has been calculated using the following equation 

                                                                 ƞ =
𝑚ℎ𝐿𝑉

𝐼
                                                                   

 Here, m signifies the mass flux (evaporation rate) with units of kg m-2h-1, ℎ𝐿𝑉 denotes the 

enthalpy change associated with the liquid-vapor phase transition, valued at 2250 kJ kg-1, and 

I represent the power density of solar radiation, equal to 1 kW m-2. 
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Sample 

name 
Formula 

m (Rate)  

(kg m-2h-1) 

hLV  

(kg m-2h-1) 

Intensity (I) 

(kWm-2) 

Efficiency 

(%) 

CIS-1 

ƞ =
𝑚ℎ𝐿𝑉

𝐼
 

1.55 

2250 

 

1 

 

96 

CIS-2 1.38 86 

CIS-3 1.45 91 

 

Note S3. Water Evaporation Enthalpy Calculation  

Based on the dark evaporation experiments presented in Fig. S11, the water losses in the 

presence of CIS-1, CIS-2, and CIS-3 were 26 mg, 23 mg, and 24 mg, respectively, while the 

control sample (without CIS) showed a water loss of only 13 mg under similar conditions. The 

theoretical evaporation enthalpy of liquid water is about 2.434 kJ g-1. Hence, the equivalent 

water evaporation enthalpy for water in CIS can be evaluated using the formula provided 

below: 

𝑈𝑖𝑛 = 𝐸𝑒𝑞𝑣𝑚𝑔 = 𝐸0𝑚0 

Here, Uin refers to the total energy input from the environment per hour, E0 and m0 are the 

water evaporation enthalpy (kJ g-1) and the mass loss (g) of bulk water in darkness over 1 hour, 

respectively, and mg indicates the water loss (g) of water in CIS, and Eeqv represents the 

equivalent water evaporation enthalpy (kJ g-1). The corresponding obtained Eeqv values are 1.21 

kJ g-1, 1.37 kJ g-1, and 1.32 kJ g-1 which are 50.28%, 43.71%, and 45.76% lower than the 

theoretical evaporation enthalpy of pure water (2.434 k J g-1). 
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Fig. S1 P-XRD patterns of CuInS2 synthesized with Cu: In in 1:2 and 2:1. 
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Fig. S2 UV-DRS spectra plots of (a) CIS-2, (b) CIS-3; (c) Full range reflectance spectra of 

CIS-1, CIS-2 and CIS-3. 
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Fig. S3 (a)N2 adsorption-desorption isotherms; pore-width distribution plots of (b) CIS-1, (c) 

CIS-2, (d) CIS-3.  
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Fig. S4 Zeta-potential of (a) CIS-1, (b) CIS-2, (c) CIS-3. 
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Fig. S5 EDS elemental line mapping spectrum (a) CIS-1, (b) CIS-2, (c) CIS-3. 
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Fig. S6 P-XRD patterns of CIS-1 (a) 6 h, (d) 12 h; CIS-2 (b) 6 h, (e) 12 h; CIS-3 (c) 6 h, (f) 

12 h. 
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Fig. S7 P-XRD patterns of CIS-4 and CIS-5. 
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Fig. S8 FE-SEM micrographs of CIS-1 (a) 6 h, (b) 12 h, (c)18 h; CIS-2 (d) 6 h, (e)12 h, (f) 18 

h, and CIS-3 (g) 6 h, (h) 12 h, and (i) 18 h.  

 

 

Fig. S9 FE-SEM micrographs of (a) CIS-4, and (b) CIS-5. 
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ig. S10. Infrared thermal images showing the surface temperatures of the CIS-2 and CIS-3 

samples at various irradiation times.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S11. Dark evaporation experiments of (a) CIS, (b) bulk water, sponge, and CIS-1 

systems, (c) DSC curves for CIS-1, CIS-2, and CIS-3. 
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Fig. S12 (a) Bar diagram representing evaporation rate for 20% NaCl water. 

Fig. S13 Ion concentrations of brine before and after desalination. 
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Fig. S14(a) Outdoor photothermal water evaporation experimental setup during the daytime, 

and (b) Real-time infrared thermal images of the outdoor experiment. 
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Fig. S15 (a) Digital images of the large-scale photothermal setup evaporation/condensation 

with time, (b) temperature and humidity vs. time plot. 
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Fig. S16 (a) plot of evaporation rate vs. cycle number; cyclic stability test (b) CIS-2, and (c) 

CIS-3. 
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Fig. S17 (a) XPS survey spectrum of reused CIS-1, Core level deconvoluted XPS spectrum of 

(b) Cu 2p, (c) In 3d, and (d) S 2p, of CIS-1. 
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Table S1: FE-SEM and XRD results for stepwise growth pattern 

Sample 

Solvent/ 

Soft-

template 

FE-SEM (morphology) XRD 

6 h 12 h 18 h 

 

6 h 

 

12 h 18 h 

Phase Structure Phase Structure Phase Structure 

CIS-1 
PEG/ 

Water 

Irregular 

spherical 

(smaller) 

Flake/ 

sheet 

Arrays of 

nanoflakes 
Hexagonal 

covellite/ 

tetragonal 

chalcopyrite 

 

CuS/ 

CuInS2 

mixture 

 

Hexagonal 

covellite/ 

tetragonal 

chalcopyrite 

CuS/ 

CuInS2 

 

Tetragonal 

chalcopyrite 
CuInS2 CIS-2 PEG 

Irregular 

spherical 

(larger) 

Sheet/ 

spherical  

Non-spherical 

flower 

(dandelion-like) 

CIS-3 
PEG/ 

Ethanol 

Disk-

shaped 

Sheet/ 

spherical 

Spherical-shaped 

bouquets (globe-

thistle-like) 
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Differential scanning calorimetry (DSC) measurements: 

To support the dark evaporation process as per the reviewer’s suggestion, DSC measurements 

were carried out at a heat flow rate of 5°C/min under a nitrogen flow of 20 mL/min. The 

obtained data has been tabulated in the given table.  

 

 

 

 

 

 

 

Table S3. Analysis of water quality parameters 

Sample Turbidity (NTU) pH 

Sample water 5.88 7.3 

Methylene Blue 

(MB) 
7.62 6 

Rhodamine B (RhB) 11.90 4.5 

RhB/MB mixture 12 5.7 

NaCl water 10.30 6.3 

Fresh Water 0.94 7.2 

 

 

 

Table S2. Evaporation enthalpy by DSC and dark evaporation experiment. 

Enthalpy(kJ/g) 

Pure 

water 

Foam CIS-1 CIS-2 CIS-3 

DSC 

measurement 

2.41 2.12 1.28 2.15 1.85 

Dark experiment 2.43 -- 1.21 1.37 1.32 
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Table S4.  A comparative analysis of photothermal water evaporation of this work with 

previously reported studies 

 

Sl. 

No 
Materials 

Evaporation Rate 

(kgm-2h-1) 

Solar-steam 

Efficiency (%) 
References 

1. GO/MXene 1.27 90.7 1 

2.  Co2.67S4 2.62 82 2 

3. 
Al-PCP-derived 

porous carbon  
1.72 89 3 

4. 
xerogel foam 

 
3.39 95.6 4 

5. 
lamellar film n-

PSS@CNT/rGO 
1.82 97.1 5 

6.  Ag/PPy 1.55 92.6 6 

7. SiC−C Composite 1.05 94.3 7 

8. iCOF 3.55 95.8 8 

9. CoCr2O4 2.26 93.2 9 

10. MoS2-x NSAs 1.32 94.2 10 

11. 

Cu2ZnSnS4 

nanosheets 

membranes 

1.46 92 11 

12. 

Cu2ZnSnS4 

nanosheets 

aggregates 

1.54 90 12 

14. Cu7S4 1.41 88.1 13 

15. CuS 1.43 90.4 2 

16. Janus M-xene 1.34 90.8 14 

17. 
Croconium 

derivative 
1.27 87.2 15 
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18. 

Surface-

carbonized 

bamboo 

1.65 93.6 16 

20. (H1.68MoO3) 1.37 84.8 17 

21. rGOMS 1.33   87.5 18 

22. SiO2@CoFe/C 1.26 76.8 19 

23. 
ZrO2-Ni@CQDs 

 
1.95 89.5 20 

24. GO/ CuxS 1.56 94.6 21 

25. 
Polypyrrole 

decorated wood 
1.01 72.5 

 
22 

26. CuInS2-1 (CIS-1) 1.55 96.8 This work 

27. CuInS2-2 (CIS-2) 1.38 86.2 This work 

28. CuInS2-3 (CIS-2) 1.46 91.2 This work 
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