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Fig. S1. (a) XRD patterns of anatase TiO2; (b) SEM image of TiO2 before coating SiO2; 

(c) XRD patterns of core-shell TiO2@SiO2; (d) SEM imagine and EDS plane-scanning 

elemental mappings of core-shell TiO2@SiO2.



Fig. S2. SEM image of λ-Ti3O5 without coating of SiO2



Fig. S3. EDS image of core-shell Ti3O5@SiO2

Eq. S1.

The solar absorptance is calculated from the ratio of the total solar radiation 

absorbed by the material to the incident radiation: [1,3]
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(S1)

where  are the AM1.5G spectrum from the sun, the reflectance of sunlight 𝐸(𝜆), 𝑅(𝜆)

at different wavelengths by TinO2n-1.

Eq. S2-S8.

The heat absorbed by the sample during the illumination period, which we calculate 

using [2]:

𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 = 𝐶𝑠𝑚𝑠(𝑇𝑠 ‒ 𝑇𝑒𝑛𝑣) (S2)

where , ,  and  indicate the specific heat capacity, the mass and the average  𝐶𝑠 𝑚𝑠 𝑇𝑠 𝑇𝑒𝑛𝑣

temperature of the pill, and the temperature of the environment, respectively.

The heat lost by convection, radiation and conduction is calculated by the following 

equation [2,3]:

𝑄𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 = ℎ𝐴𝑠(𝑇𝑠 ‒ 𝑇𝑒𝑛𝑣)𝑡 (S3)

𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝜀𝑠𝐴𝑠𝜎(𝑇4
𝑠 ‒ 𝑇 4

𝑒𝑛𝑣)𝑡 (S4)



𝑄𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝜆𝑃𝐸𝐴𝑠
𝑑𝑇
𝑑𝑥

𝑡 (S5)

where , ,  indicate the surface area (including both the circular area and the lateral 𝐴𝑠 𝑇𝑠 𝜀𝑠

area), the surface temperature, the emissivity of the pill, is the Stefan-Boltzmann 𝜎

constant, h is the convection coefficient, and  and  are the thermal conductivity 𝜆𝑃𝐸

𝑑𝑇
𝑑𝑥

and the temperature gradient of the PE foam, respectively.

The total heat loss can be obtained by summing the above three components, 

𝑄𝑙𝑜𝑠𝑠 = 𝑄𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 + 𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 + 𝑄𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (S6)

Hence, the photothermal conversion efficiency can be calculated as follows [2,4]

𝜂 =
𝑄𝑙𝑜𝑠𝑠 + 𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑

𝑄𝑠𝑜𝑙𝑎𝑟𝜂𝑠𝑜𝑙𝑎𝑟
(S7)

𝑄𝑠𝑜𝑙𝑎𝑟 = 𝐶𝑜𝑝𝑡𝑃𝐴𝑡𝑜𝑝
𝑠 𝑡 (S8)

where , , and  are the solar concentration, the standard solar irradiation power, 𝐶𝑜𝑝𝑡 𝑃 𝐴𝑡𝑜𝑝
𝑠

and the area directly above the pill used to absorb sunlight, respectively.

Eq. S9-S17.

To further quantify the enhancement effect of each titanium oxide material on the 

evaporation rate, the evaporation rate u in Fig. 5c was calculated from the following 

equation [5]: 

𝑢 =
∆𝑚
𝐴𝑡

(S9)

where u, A, and t represent the rate of evaporation, the change in mass of fresh ∆𝑚, 

water in the evaporation system in a certain time, the area used for evaporation, and the 

evaporation time.

The enthalpy of evaporation and the solar to steam efficiency can be calculated by 

using the following thermodynamic equation. The heat absorbed by the surface of the 

2D evaporator during t time of solar irradiation is [2]

𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 = 𝑄𝑠𝑜𝑙𝑎𝑟 ‒ 𝑄𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 (S10)



𝑄𝑠𝑜𝑙𝑎𝑟 = 𝐶𝑜𝑝𝑡𝑃𝐴2𝐷𝑡 (S11)

)𝑄𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 = (1 ‒ 𝜂𝑠𝑜𝑙𝑎𝑟 𝑄𝑠𝑜𝑙𝑎𝑟 (S12)

where  is the effective area of 2D evaporator absorbing sunlight.𝐴2𝐷

   Similarly, the energy absorbed by the 2D evaporator is partially used to evaporate 

fresh water, but is also lost through by convection, radiation and conduction. 

Considering all these, the energy used for evaporation of clear water is [3]

𝑄𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 = 𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 ‒ 𝑄𝑐𝑜𝑛𝑣𝑒𝑟𝑣𝑡𝑖𝑜𝑛 ‒ 𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 ‒ 𝑄𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (S13)

the convection heat loss is defined by Newton’s law of cooling [6,7]     

𝑄𝑐𝑜𝑛𝑣𝑒𝑐𝑡𝑖𝑜𝑛 = ℎ𝐴2𝐷(𝑇2𝐷 ‒ 𝑇𝑒𝑛𝑣)𝑡 (S14)

and the radiation heat loss is calculated by the Stefan–Boltzmann equation[8]

𝑄𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝜀2𝐷𝐴2𝐷𝜎(𝑇 4
2𝐷 ‒ 𝑇 4

𝑒𝑛𝑣)𝑡 (S15)

and the remaining energy lost by conduction is [8]

𝑄𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝐶𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟𝑚𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟∆𝑇𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 (S16)

where ,  and  are indicate the specific heat capacity, 𝐶𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 𝑚𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 ∆𝑇𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟

the mass and the temperature rise of the bulk water, respectively.

Meanwhile, the energy consumed to evaporate fresh water can be calculated from 

[8]

𝑄𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 = �̇�∆𝐻𝑣𝑎𝑝 + �̇�𝐶𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟(𝑇2𝐷 ‒ 𝑇𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟) (S17)

where  and  are the net evaporated mass of water under solar insolation and the �̇� ∆𝐻𝑣𝑎𝑝

phase change enthalpy of bulk water.

Hence, the enthalpy of evaporation of clear water can be obtained by calculating 

 and substituting it into the above equation.𝑄𝑣𝑎𝑝𝑜𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛



Table. S1. Parameters used to calculate photothermal conversion efficiency

𝐶𝑜𝑝𝑡 1 𝐴𝑠 1.72787×10-4 m2

𝐶𝑇𝑖4𝑂7
𝑠 0.723 J g-1 K-1 𝑚𝑠 0.4 g

𝐶𝜆 ‒ 𝑇𝑖3𝑂5
𝑠 0.770 J g-1 K-1 𝑇𝑇𝑖4𝑂7

𝑠 330.45 K

𝐶𝛽 ‒ 𝑇𝑖3𝑂5
𝑠 0.682 J g-1 K-1 𝑇𝑒𝑛𝑣 298.15 K

h 5 W m-2 K-1 𝑇𝜆 ‒ 𝑇𝑖3𝑂5
𝑠 332.65 K

𝜎 5.68×10-8 W m-2 K-4 𝑇𝛽 ‒ 𝑇𝑖3𝑂5
𝑠 318.95 K

𝜀𝑠 0.97 𝑇𝑁𝐿 ‒ 𝑇3
𝑠 334.45 K

𝜂𝑠𝑜𝑙𝑎𝑟 0.922 Δ𝑇 27.3 K

𝐶𝑁𝐿 ‒ 𝑇3
𝑠 0.776 J g-1 °C-1 𝜆𝑃𝐸 0.029 W m-2 k -1

Table. S2. Parameters used to calculate solar-to-steam efficiency and enthalpy of water 

evaporation

𝐶𝑜𝑝𝑡 1 𝐴2𝐷 1.5205×10-3 m-2

P 1 kW m-2 𝑚𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 0.05 kg

t 1 h 𝑇2𝐷 310.85 K

𝜀2𝐷 0.97 𝑇𝑒𝑛𝑣 298.15 K

h 5 W m-2 K-1 Δ𝑇𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 2.4 K

𝜎 5.68×10-8 W m-2 K-4 𝑇𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 303.25 K



𝐶𝑏𝑢𝑙𝑘 𝑤𝑎𝑡𝑒𝑟 4.2×103 J kg-1 K-1 𝑢1 𝑠𝑢𝑛 1.79 kg m-2 h-1

𝜂𝑠𝑜𝑙𝑎𝑟 0.8865 𝑢𝑑𝑎𝑟𝑘 0.22 kg m-2 h-1

Table. S3. Comprehensive performance of other 3D evaporation systems

PTCMs
Absorption

[%]

Evaporation rate

[kg m-2 h-1]

Efficiency

[%]
Ref.

nanocarbon composite of graphene 

oxide and carbon nanotubes
- 1.59 100 [9]

mixed metal oxide - 2.04 nearly 100 [10]

polypyrrole 99.2 1.70 93.8 [11]

λ-Ti3O5 96.4 6.09 95.92 [12]

carbonized bamboo 99.2 3.13 132 [13]

nanoink-stained PVA sponge 96.5 2.15 - [14]

bamboo leaf-derived carbon and 

macroporous melamine foam 
94 2.29 93.95 [15]

nature SP, PDA, PSBMA, cellulose 

nanofibers and melanin hybrids
97 3.79 97.7 [16]

cellulose and alginate 97 1.33 90.6 [17]

hydrophobic pyrrole 95 3.65 - [18]

flower–like graphene - 3.0 93.83 [19]

porous carbon polyhedron 99 2.74 98.2 [20]

MnO2 85 2.67 89.5% [21]



Fig. S4. SEM imagine and EDS plane-scanning elemental mappings of 3D evaporation 

system  
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