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Figure S1. Cyclic test for simulated seawater (3.5 wt % NaCl). (a) Sequential images of devices 

throughout 60-cycle-test. (b) A magnified image of accumulated salt structure. Salt structures grow 

only at the edge while the evaporation area intact. (c) Rinsed sample by simulated sea water. The 

accumulated salt is simply dissolved and the sample is restored to initial state. Scale bar, 10 mm. 

 

Figure S2. Schematic diagram of capillary flow in porous media under gravitational and 

evaporation effects.  
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Figure S3. Continuous electrodeposition for meter-scale. (a) Schematic of the electrodeposition 

setup. (b) Sequential images of the continuous electrodeposition on a copper tube whose total 

length is 1 m.  
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Figure S4. XPS spectra of the copper oxide dendrite sample. Porous structure prepared by 

electrodeposition in the surfactant-added electrolyte (3 mM) for 10 min. The signal of copper and 

oxygen indicates that the surface consists of copper oxide. 

 

Figure S5. SEM images of copper surfaces with various treatment processes. (a) Pristine copper 

surface. (b) Cu2O film via electroplating without hydrogen bubble generation. (c) Cu2O porous 

structure via hydrogen bubble generation electroplating. (d) Cu2O porous structure on rectangular 
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Figure S6. Bubble visualization setup. (a) Experimental setup showing the working electrode in 

front. In order to observe the hydrogen bubble generation on the surface in real time, the counter 

electrode was perforated as much as the plating area. (b) Bird-eye view of the experimental setup.  

 

Figure S7. Effect of bubble generation on pore structure. (a) Visualization image of hydrogen 

bubble generation in real time. When the current density is 0.01 A cm-2, the bubbles are indicated 

by white arrows. Scale bar, 1 mm. (b) Top view SEM image of each sample after electroplating 

-  
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Figure S8. Surface tension coefficient of the electrolyte solution depending on the concentration 

of the added surfactant (SDS, sodium dodecyl sulfate). Our electrolyte solution commonly consists 

of 0.1 M CuSO4 and 0.5 M H2SO4, changing concentration of SDS to 0, 0.01, 0.1, 1, 3, 10 mM. 

In the absence of a surfactant, the surface tension coefficient is 72.0 mN/m, and as the 

concentration increases, the surface tension decreases. However, after reaching the CMC (Critical 

Micelle Concentration), at which the surfactant no longer affects interface and form micelles, the 

surface tension coefficient is relatively close to the constant (31.7 mN/m). We can control the 

surface tension of the electrolyte between 31.7 - 72.0 mN/m. 

 

Figure S9.  

 



 7 

 

Figure S10. S  (a) The 

efficiency of solar evaporator ( ) is evaluated by the limited light 

projected area, Acos , while the actual area of the panel, A is fixed. (b) Solar simulator exhibiting 

an intensity change less than 4.15% for 7 cm distance from water interface(baseline), z. 

 

 

 

Figure S11. 
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Supplementary Note 1. Evaporative capillary rise model and parameters 

 evaporative capillary rise  

For predicting the dry-out of metre-scale solar evaporator, it is necessary to estimate the wet 

length. When capillary flow occurs along a porous material, the flow is limited by gravity and 

evaporation. In this model, we assume a one direction at flow that fully fills the cross-sectional 

area. For the control volume indicated as a red box in Figure S2, the inflow rate per unit width, 

Qin, can be described as , where u(z),  is respectively the flow velocity at the 

elevation z from the liquid interface of reservoir and the thickness of porous media. Then, 

considering the mass loss due to evaporation, the outflow rate per unit width, Qout can be described 

as , where ,  and  is, respectively, the evaporation flux, the wet length, 

and the rate of rise. Here, the evaporation from the side is neglected, since the thickness of porous 

media is small compared to the width. The liquid rise velocity at point z is determined by equating 

Qin and Qout by the mass conservation, we write  

   

The capillary rise is driven by the pressure difference between the atmospheric pressure, pa and 

the pressure inside liquid interface at the front of rise, pi = pa- . This pressure jump, which is 

called Laplace pressure, is proportional to surface tension coefficient,  and the curvature of the 

interface, . T  

 
 

 

where K is the permeability of porous media, the liquid density,  the liquid viscosity,  the 

gravitational acceleration and the tilt angle of porous media. 
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Integrating Eq. (S2) with respect to z from 0 to l, we get the pressure balance equation between 

the Laplace pressure and the pressure drop due to gravitational and viscous resistance. 

   

Substituting Equation S1 into Equation S3, we get a differential equation for l: 

 

Where a = 2 /(rp ), b = sin / , c = qe/(2 ). 

The maximum wet length correspond to the point where the front stops, , then lw,m is 

algebraically obtained as follows: 

Table S1. Parameters for numerical simulation
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Supplementary Note 2. Estimation of copper and copper oxide ratio 

Since the average atomic ratio of copper and oxygen is 89.41 and 10.59% (averaged values after 

600s in depth profile), respectively, the ratio of pure copper and copper oxide, xCu and xoxide is 

calculated as follows. 

xCu +2 xoxide = 0.8941, 

xoxide = 0.1059. 

The molar ratio of the copper and copper oxide is calculated as 6.45:1 (86.6:13.4). Therefore, 

the molar mass of deposited structure, Ms is 63.546 g/mol × 6.45/(6.45+1) + 143.09 g/mol × 

1/(6.45+1) = 74.2 g/mol.  

Supplementary Note 3. Comparison of capillary performance for estimation of wet length 

Table S2. Comparison of capillary performance 

Process type 
Capillary  

performance  
K/rp  

Maximum 
wet length 
lw,m (m) 

Process  
Time              
(min) 

Area 
(cm2) 

Scalability    
(cm2 h-1) 

Electrodeposition 

0.395 0.139 50 17 20 

0.409 0.149 25 17 41 

0.464 0.193 10 17 102 

0.336 0.132 2.5 17 408 

0.244 0.036 1 17 1020 

0.200 0.023 0.5 17 2040 

0.790 0.369 30 17 34 

Groove + Electrodeposition 6.200 1.035 10 17 102 

Inverse opal1, 2 

0.054 0.022 10 0.458 2.14 

0.005 0.007 12.8 0.458 1.37 

0.006 0.026 20 0.525 1.05 

0.027 0.054 30 0.525 0.52 

0.030 0.056 60 0.525 0.35 

Mciropillar3 

0.734 0.193 90 3.000 1.08 

1.005 0.303 166.5 3.000 0.67 

1.129 0.351 269.4 3.000 0.57 

1.168 0.378 313.2 3.000 0.52 

Sintered wick4-6 

0.194 0.359 346.7 8.100 4.05 

0.298 0.441 120 8.100 4.05 

0.472 0.604 120 8.100 4.05 

0.604 0.686 120 8.550 4.28 

0.154 0.335 120 10.000 5.00 

0.234 0.412 120 10.000 5.00 

0.596 0.659 120 10.000 5.00 

0.656 0.697 120 10.000 5.00 



 11 

0.448 0.571 120 10.000 5.00 

0.461 0.579 120 10.000 5.00 

0.761 0.744 120 10.000 5.00 

0.801 0.764 120 10.000 5.00 

0.479 0.591 120 10.000 5.00 

0.625 0.674 120 10.000 5.00 

Sprayed porous wick7 

0.001 0.011 120 12.000 6.00 

0.078 0.109 120 12.000 6.00 

0.134 0.141 120 12.000 6.00 

0.170 0.153 120 12.000 6.00 

0.243 0.161 120 12.000 6.00 

0.013 0.038 120 12.000 6.00 

0.109 0.146 120 12.000 6.00 

0.147 0.153 120 12.000 6.00 

0.194 0.159 120 12.000 6.00 

0.286 0.175 120 12.000 6.00 

0.145 0.160 120 12.000 6.00 

0.295 0.288 120 12.000 6.00 

0.368 0.297 120 12.000 6.00 

0.443 0.266 120 12.000 6.00 

0.443 0.219 120 12.000 6.00 

CuNW array8 

0.004 0.007 120 0.810 0.46 

0.010 0.011 105 0.810 0.46 

0.023 0.019 105 0.810 0.46 

CuNW aerosponge9 
0.228 0.397 105 1.661 0.83 

0.290 0.448 120 1.661 0.83 

 

Supplementary Note 4. Optical absorption efficiency calculation 

Optical absorption efficiency is the ratio of absorbed solar power density to actual provided solar 

power density. Integrating sphere UV-VIS-IR absorption data and Reference Air Mass 1.5 (AM 

1.5G) solar spectra data provided from National Renewable Energy Laboratory (NREL) are used 

for calculation. Absorbed solar power density is multiplication of 1000.4 W/m2 (1 Sun illumination) 

 2700 nm wavelength region. The absorption ratio at 280  

2700 nm wavelength is calculated by dividing absorbed solar power density by provided solar 

power density at 280  2700 nm. Absorbed solar power density at 280  2700 nm is calculated by 

integrating multiplication of absorption ratio by solar power density at each wavelength, from 280 

to 2700 nm. Provided solar power density at 280  2700 nm is calculated to be 992.6 W/m2, which 

is integration of solar spectra from 280 to 2700 nm. The actual provided solar power density is 
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multiplication of 1000.4 W/m2 by factor of reduced area of normal plane to incident light due to 

tilted angle.  

Supplementary Note 5. Physics of evaporation 
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Supplementary Note 6. Heat and mass transfer analysis
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Table S3. Effect of effective surface area on surface temperature

Table S4. Effect of effective surface area: monofacial-horizontal evaporator versus bifacial-
horizontal evaporator 
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Table S5. Effect of the inclination angle on surface temperature 

Table S6. 
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Supplementary Note 7. Feasibility test for the issue of salt accumulation issue in solar 

desalination  

Solar interfacial evaporation is sustainable technology to water purification or desalination. 

However, in the case of desalination, the evaporator suffers salt accumulation issue. During the 

water evaporation, the solute remains, which causes salt to accumulate on porous structures and 

block the capillary path. The simple method to remove salt is washing or rinsing15 which involve 

additional labor and cost. The most feasible solution for cleaning clogged surface with salt is a 

natural dissolution method using a day and night cycle.  Site-specific salt formation  is recently 

emerged to solving salt accumulation issue. The salt concentration increases to the terminus of 

evaporator as water evaporates, salt crystallization occurs only at the edge of evaporator while the 

main area of evaporator kept from salt accumulation. 

In order to check how stable our device is from salt formation, we designed a simple accelerated 

cycle experiment device. Electroplated porous sample(P10) was oriented perpendicular to the 

simulated sea water (3.5 wt% NaCl) and contact with the liquid. Once the bottom edge of the 

sample touches the liquid surface, the liquid rises along the sample by capillary force.  For 

accelerated cyclic test, heat equivalent to the solar irradiation per unit area per day (5 kWh/m2) is 
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supplied through the ceramic heater attached to the back of the specimen for 6 minutes, and the 

power is turned off for the same period for cooling. As can be seen in Figure S1a, it was confirmed 

that salt continued to accumulate in the terminal except the main surface, even after about 60 cycles 

equivalent to 60 days (Figure S1b). In addition, the accumulated salt can be simply dissolved in 

water and the sample is restored to initial state (Figure S1c). 

Supplementary Note 8. Cost estimation of the dendritic copper oxide wick and comparison 

Table S7. Cost estimation of dendritic copper oxide wick and previous studies 

Materials 
Material Consumption 

(per unit area) 
Price 

Price 
(per unit area) 

Cost of our device 14  $/m2 

 

Cost ($/m2) Materials

14 Dendritic Cu oxide 

  

Supplementary Note 9. Comparison of evaporation performance 

Table S8. Evaporation rates and absorber materials of previous studies 

 Evaporation rate 
(kg m-2 h-1) 

Absorber material 
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