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Fig. S1 a-f SEM images of Ni-MOFs, Ni/C-550, Ni/C-600, Ni/C-650, Ni/C-700, and Ni/C-750.
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Fig. S2 a, b TEM images of Ni/C-700. c HRTEM of Ni/C-700. d, e TEM images of Ni/C-750. f HRTEM of 

Ni/C-750.
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Fig. S3 a, b SEM images of MF, and MF with Ni/C. 
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Fig. S4 Energy efficiencies of 10.0 wt% NaCl solution evaporation without and with the aid of Janus scaffold 

and Janus evaporator.
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Fig. S5 IR images of Janus evaporator over time under different irradiation intensities.
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Fig. S6 XRD pattern of Ni/C-700 after 12 hours irradiation in NaCl solution.
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Fig. S7 a Evaporation flux variation. b Evaporation rates and c energy conversion efficiencies of 10.0 wt% 

NaCl solution with and without the aid of Janus evaporator and hydrophobic evaporator.
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Fig. S8 Variation of the water evaporation rate of Janus evaporator and hydrophobic evaporator.
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Fig. S9 Variation of the water evaporation rate with different Ni/C-700 loading.
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Fig. S10 SEM images with different resolutions of the upper layer of Janus evaporator at excessive loadings.
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Fig. S11 Variation of evaporation rate with time for Janus scaffold operating in NaCl solutions with different 

concentrations.
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Table S1 Water evaporation performance of evaporation ever published (under AM1.5 
irradiation).

Evaporator
Evaporation rate/ 
(kg m-2 h-1)

Salt concentration Duration reference

porous carbon polyhedron 2.74 seawater 10 h [1]

Sandwich-Structured 
evaporator

2.67 seawater 27 h [2]

MnO/C 2.15 seawater 30 h [3]

CB/PMMA-PAN 1.3 3.5wt% NaCl 16 days [4]

CB/ MF / EPE 1.24 3.5wt% NaCl 16 cycles [5]

carbon fiber/ PEHG/ 
polystyrene foam

1.0 15 wt% NaCl 11 cycles [6]

a water lily–inspired 
hierarchical structure

1.27 10 wt% brine 18 days [7]

Our work 1.56 10 wt% NaCl 14 days /
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Fig. S12 Evaporation rate variation of Janus evaporator in Bohai seawater for 12h.



15

Fig. S13 a, b XRD patterns of Ni/C-t and the local enlargement in the 2θ range of 22°-30°.

The characteristic peaks at 44.51°, 51.81°, and 76.41° correspond to the (111), (200), and (220) 

planes of face-centered cubic metal nickel (JCPDS No. 04-0850), respectively. With the 

increase of pyrolysis temperature, the characteristic peaks of nickel gradually become sharp, 

which may be because the high-temperature pyrolysis process improves the crystallinity of 

nickel, and large particles of nickel appear at the same time [8]. The other characteristic peaks 

in Ni/C-550, Ni/C-600, and Ni/C-650 are precisely matched with crystalline carbon (JCPDS 

No. 80-0004). A locally enlarged XRD pattern shows weak graphite (JCPDS No. 41-1487) 

diffraction peaks at 26.3° in Ni/C-650, Ni/C-700, and Ni/C-750. Moreover, with the increase 

in pyrolysis temperature, the diffraction peaks of crystalline carbon gradually weaken, and the 

graphite diffraction peaks gradually sharpen, indicating that the crystalline carbon in the carbon 
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shell can transform into graphitic carbon at high temperatures.
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Fig. S14 XPS spectra of Ni/C-700: a survey scan spectrum; high resolution spectra of b-d Ni 2p, O 1s, and 

C1s, respectively. 

As shown in the above figures, C, O, and Ni elements are detected, where the O may come 

from oxygen-containing functional groups in MOF synthesis. We note that the limited Ni ratio 

is because the nickel particles are encapsulated within the carbon shell, which cannot be readily 

detected. The peaks at 852.7 eV (Ni2p3/2) and 870.4 eV (Ni2p1/2) are typical features of Ni(0) 

(Fig. S14b), and the Ni-C peaks appear at 860.9 eV (Ni2p3/2) and 880.0 eV (Ni2p1/2) [9,10]. 

The peaks stay at 855.8 and 874.1 eV may be attributed to Ni–O–C bond at the surface of Ni 

nanoparticles [10,11]. The O 1s spectrum can be deconvoluted into two peaks (Fig. S14c), 

which are assigned to C–O–Ni (530.2 eV) around the nickel core and surface C–OH (532.1 

eV), respectively [11,12]. The two peaks in high resolution C 1s spectrum with binding 

energies of 284.6 and 285.9 indicate the presence of C=C/C-C and C-OH in the carbon shell 
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[11,13].
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Fig. S15 Raman spectra of Ni/C-t.

There are two peaks in the range of 800-2000 cm-1, the one at ~1350 cm-1 is defined as D band, 

and the other at ~1580 cm-1 is defined as G band. The intensity ratio of D and G band (ID/IG) is 

used to evaluate the relative graphitization of carbon materials [14,15]. The ID/IG values of 

Ni/C-550, Ni/C-600, Ni/C-650, Ni/C-700, and Ni/C-750 are 0.92, 0.89, 0.86, 0.83, and 0.78, 

respectively. The values gradually decrease, which further indicates that the degree of 

graphitization gradually increases from Ni/C-550 to Ni/C-750.
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Fig. S16 TG curves of different Ni/C-t.

To determine the carbon content in Ni/C, TG analysis was performed in air, from room 

temperature to 800°C with a temperature increase rate of 10°C/min. The weight increase in 

200-370°C is caused by the oxidation of Ni. Another significant weight decreases at 370-550°C 

is caused by carbon combustion. As the temperature increases, the carbon is completely 

removed and the remaining mass (wt% R) after TG analysis is the mass of NiO. Thus, we 

deduce the carbon content in each sample based on the final mass and equation (2)：

carbon            (2)

𝑀(𝑁𝑖)
𝑀(𝑁𝑖𝑂)

𝑤𝑡% 𝑅 = 1 ‒ 𝑤𝑡 % 

where wt R%, wt % carbon, M(Ni), and M (NiO) refer to the remaining weight, carbon 

content, and formula amounts of Ni and NiO, respectively. The calculation results suggest that 

the specific contents of carbon in Ni/C-550, Ni/C-600, Ni/C-650, Ni/C-700, and Ni/C-750 are 

24.0 wt%, 23.0 wt%, 22.4 wt%, 21.6 wt%, and 20.7 wt%.
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Fig. S17 Models for FDTD simulations. a A single Ni nanoparticle with a diameter of 500 nm. b A group 

of Ni nanoparticles with an average diameter of 20 nm and a spacing of 4 nm. c A group of Ni nanoparticles 

with an average diameter of 90 nm and a spacing of 40 nm.
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