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Fig. S1 Relationship curve between typical NH4OH concentrations and freezing points.
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Fig. S2 TEM image of Au/N-RGO mesh taken from the aerogel.
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Fig. S3 (A) Full XPS spectra of N-RGO aerogel and pristine GO. (B) The peak area ratio of 

pyridinic N, pyrrolic N and graphitic N to all N 1s.
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Fig. S4 Raman spectra of N-RGO aerogel and pristine GO.
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Fig. S5 Comparison of infrared image recorded the temperature of ring-like Au/N-RGO (A) with 

gradient (B) with uniform and small-sized channels, and (C) with uniform and large-sized channels 

after light irradiation (2 kW∙m-2) for 1 hour.
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Supplementary Note
Note S1. The calculation of photothermal conversion efficiency.

Notably, as the temperature reaches equilibrium, the input thermal energy converted from 

light, is regarded as equal to the heat flowing among the exposed surface of Au/N-RGO aerogel 

and the surrounding. Herein, the photothermal conversion efficiency (E) can be calculated from 

equation S1:[1]

                                                            (1)
E =

h·(T2–T1)
ρL 

where h is the convection heat transfer coefficient (W·m-2·K-1), T2 and T1 are the weighted 

average temperatures of Au/N-RGO aerogel after and before light irradiation (K), respectively. 

The temperature was recorded from infrared images. ρL is the light power density (W·m–2). In this 

work, h = 25 W·m–2·K–1, ρL = 2 kW·m–2.
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Table S1. Comparison of the photothermal conversion efficiency.

Materials

Photothermal 

conversion 

efficiency (%)

Light 

intensity 

(kW·m-2)

Reference

Gradient ring-like Au/N-RGO 80.0 2 This work

Oxygen plasma treated graphene 53.5 3 [2]

Hierarchical graphene 69.2 3 [3]

Carbonized mushroom 42.5 1 [4]

Nickel/Cobalt/Polydopamine 32.2 1 [5]

Au/Polyacrylonitrile 30.0 1 [6]

Hydroxyapatite/Polydopamine/Chitosan 60.0 1 [7]

Data were given or calculated in the respective references.
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Fig. S6 Concentrated water pumping in the center of (A) the ring-like Au/N-RGO aerogel with 

gradient microchannels, which was not observed in (B) the ring-like Au/N-RGO aerogel with 

uniform and small-sized microchannels, or (C) the ring-like Au/N-RGO aerogel with uniform and 

large-sized microchannels. The right inset showed the color reference images of anhydrous silicon 

spheres under different relative humidity conditions.
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Fig. S7 The mass change as a function of evaporation time, (B) the evaporation rate (black bar) 

and the solar-to-vapor conversion efficiency (white bar) of ring-like N-RGO aerogels with or 

without gradient. “Gradient” represented gradient channels, “uniform I” represented the uniform 

and small-sized channels, “uniform II” represented the uniform and large-sized channels.
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Note S2. The calculation of energy gained from environment.

As shown in Fig. S3, the exposed side surface had a lower temperature than that of surrounding, 

which could gain energy from the surrounding. The energy (E) gained from environment can be 

calculated by the following equation S2:[8]

E =−Aside·ɛ·σ (Tside
4 − Ts

4) − Aside·h (Tside − Ts)                                        (2)

where Aside is the side wall surface area, Tside is the average temperature of side surface, Ts is the 

surrounding temperature, ɛ is emissivity of the graphene absorber, σ is the Stefan–Boltzmann 

constant, and h is the average convection heat transfer coefficient. In this work, the energy of N-

RGO evaporator gained from environment was 30.03 mW.
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Fig. S8 The infrared image of ring-like Au/N-RGO aerogel during water evaporation. The white 

circles highlight the boundary lines of different parts.
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Table S2. Comparison of the solar-to-vapor conversion efficiency.

Materials

Solar-to-vapor 

conversion 

efficiency (%)

Light intensity 

(kW·m-2)
Reference

Gradient ring-like Au/N-RGO 97.1 2 This work

Au/anodized aluminum oxide 57.0 20 [9]

Au/bacterial nanocellulose aerogel 76.3 51 [10]

Ag/PVDF 29.6 23 [11]

Graphene sponge 89.6 1 [12]

3D graphene 87.0 1 [13]

Carbon nanofiber/Carbon nanotube 88.5 2 [14]

Wood/Carbon nanotubes 85.3 2 [15]

PVDF represents the polyvinylidene fluoride. Data were given or calculated in the respective 

references.
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Fig. S9 SEM images showing the change of preplaced NaCl on top surface of (A) honeycomb-like 

Au/ aerogel and (B) ring-like Au/ N-RGO aerogel after evaporation for one hour.
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Fig. S10 The relationship between electrical resistance of NaCl aqueous solution against the 

adding mass of NaCl into the simulated salty water.
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Fig. S11 The mass change as a function of evaporation time, recording the water evaporation 

performance achieved by gradient ring-like Au/N-RGO aerogels before and after the simulated 

beating for 30 min.
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Fig. S12 (A) The schematic illustration and (B) optical image of the setup for self-pumping 

chemical conversion reaction.
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Fig. S13 The comparison of bulky water before and after anti-gravity catalyzing. The arrows 

highlighted the trace number of 4-aminophenol (4-AP) products.
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