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Table S1. Geometric dimensions and wetting properties of the flat alumina and diverse nanoporous AAO surfaces. 𝐷, 𝑆, 

𝐻 are the diameter, interpore distance and height of pores, respectively. 𝜃𝑎𝑑𝑣 is the advancing contact angle, 𝜃𝑟𝑒𝑐 is the 

receding contact angle and their difference  𝜃  𝜃𝑎𝑑𝑣 − 𝜃𝑟𝑒𝑐 is the contact angle hysteresis. 

𝑫/nm 0 57±5 83±7 232±36 321±28 362±29 552±55 599±57 653±84 

𝑺/nm - 98±6 124±8 424±39 454±49 465±52 942±110 1004±73 1023±104 

𝑯/μm - 5±1 

𝜽𝒂𝒑𝒑/° 100±2 134±3 145±1 148±5 149±3 151±1 151±1 150±4 150±3 

𝜽𝒂𝒅𝒗/° 110±2 143±2 153±5 153±2 154±1 155±1 155±1 155±2 155±1 

𝜽𝒓𝒆𝒄/° 90±1 56±2 104±1 144±2 148±4 149±3 149±3 151±1 150±1 

 𝜽/° 20±2 87±3 48±5 9±1 6±3 6±2 6±3 4±2 6±2 

 

Table S2. The roughness factor (𝑟𝑊), the solid fraction (𝑓𝑆), and the fractions of the liquid-solid (𝑓𝑆𝐿) and liquid-air (𝑓𝐿𝐴) 

interfacial areas of diverse nonwetting nanoporous surfaces. 

𝑫/nm 57±5 83±7 232±36 321±28 362±29 552±55 599±57 653±84 

𝒓𝑾 97±14 69±12 33±8 32±8 24±6 13±4 13±3 12±3 

𝒇𝑺 0.53±0.01 0.42±0.01 0.60±0.01 0.39±0.02 0.35±0.01 0.58±0.01 0.61±0.01 0.57±0.01 

𝒇𝑳𝑺 1.13±0.06 0.73±0.06 1.20±0.09 0.68±0.11 0.32±0.03 1.34±0.09 0.89±0.07 0.77±0.05 

𝒇𝑳𝑨 0.53±0.02 0.65±0.02 0.39±0.04 0.60±0.07 0.81±0.03 0.36±0.03 0.55±0.04 0.68±0.03 
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Figure S1. Nanomechanical maps on a nonwetting nanoporous surface. (a-d) In situ AFM stiffness (a, b) and (c, d) 

adhesion images of the nanoporous surface with 𝐷 ≈ 362 𝑛𝑚 in air (a, c) and beneath a water droplet (b, d). (e, f) The 

corresponding cross-section profiles along the indicated scanning lines. Note that the stiffness and adhesion profiles [blue 

dashed lines in (e) and (f), respectively] on solid areas do not reflect the real stiffness and adhesion values because the 

employed soft cantilevers are not suitable for characterizing the rigid alumina. 
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Figure S2. Evolution of cross-sectional profiles of a scan line on the underwater nanoporous surface with 𝐷 ≈ 653 nm 

together with the first and last topographic images. 

 
 

1 2 3 4 5
0

40

80

120

160

d
 (

n
m

)

F (nN)  
Figure S3. Water penetration depth 𝑑 versus the scanning force 𝐹 extracted from Figure 4b in the main text. 
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Figure S4. Representative in situ force curves acquired at indenting forces of 2 nN (a) and 3 nN (b) on the same 

nanomeniscus showed in Figure 5a. 
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Experimental parameters 

Supplementary data S1:  

In situ AFM images were captured at different times (see file names) on the nanoporous surface with 𝐷 ≈ 362 𝑛𝑚 after 

the water droplet was deposited.  

Probe: SNL-A; Scan size: 3μm; Scan rate: 1Hz; Peak Force Amplitude: 100nm; Peak Force Frequency: 2kHz; Peak 

Force setpoint: 1nN. 

 

Supplementary data S2:  

In situ AFM images captured at different scanning forces (see file names) on the nanoporous surface with 𝐷 ≈ 362 𝑛𝑚 

underneath the water droplet. 

Probe: SNL-A; Scan size: 3μm; Scan rate: 1Hz; Peak Force Amplitude: 100nm; Peak Force Frequency: 2kHz. 

 

Supplementary data S3:  

Force curves acquired at different indenting forces on the nanoporous surface with 𝐷 ≈ 653 𝑛𝑚 underneath the water 

droplet. 

Probe: SNL-A; Ramp rate: 1Hz; Ramp Size: 500nm. 

No.0-29: indenting force 1nN (0-26 on meniscus center, 27-29 on alumina part). 

No.30-59: indenting force 2nN (30-56 on meniscus center, 57-59 on alumina part). 

No.60-89: indenting force 3nN (60-86 on meniscus center, 87-89 on alumina part). 

 


