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Table S1. Geometric parameters of nanostructures fabricated on Silicon and PEGDMAs. (n = 

number of PEG repeating units) 

 Si n = 4.5 n = 9 n = 13.5 

Height (nm) 551±7 499±18 495±16 496±15 

Interpillar distance (nm) 366±16 355±18 353±11 352±19 

Diameter at top (nm) 104±5 113±11 112±15 109±9 

Diameter at bottom (nm) 246±22 235±7 234±24 233±26 

 

 

Figure S1. Contact angle measurement on flat i) Si, and PEGDMA with ii) 4.5 iii) 9 and iv) 13.5 

PEG repeating units. 10 µL water was dropped on each surface for the contact angle measurement. 

 

 

Figure S2. a) Top-view SEM images of E. coli incubated on flat Si in a static incubator at 37 ℃ 

for 4 h.  b) Tilted-view SEM images of S. aureus incubated on flat Si in a static incubator at 37 ℃ 

for 4 h. All scale bars are 2 µm. 
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Figure S3. Force (nN) required to bend nanopillars of different stiffnesses (PEGDMA with PEG 

repeating units of 4.5, 9, and 13.5) as a function of displacement δ in nm on the nanopillar tip. 
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Table S2. Table of symbols and values used in the calculation of the surface-tension-induced 

forece and pressure on the bacterial membrane as a function of relative liquid level during the 

water evaporatuion.  

Symbol Value Description 

𝑑 110 nm Diameter of nanostructures 

𝑝 350 nm Pitch of nanostructures 

𝑓 0.0160 Solid area fraction of cylindrical posts 

𝑟! 250 nm Radius of bacterium 

𝐿 2.00 µm Length of bacterium 

D 500 nm Diameter of bacterium 

𝛾"#  72 mN m-1 Interfacial tension of water-gas1 

𝜃$" 28° Contact angle between cell and liquid droplet2 

𝛼 0° < 𝛼	< 180° Angle of three-phase interface at hemispherical edge 

H 0 nm < H < 500 nm Liquid level 

 

For systems exposed to air, Valiei et. al.3 showed the considerable force exerted on the 

bacterial membrane upon the drying process, known as the capillary force. During the evaporation 

process, this capillary force arises as the liquid level decreases to a value smaller than the bacterial 

cell height. Thus, to quantify the pressure applied on the bacterial membrane following substrate 

adhesion, we quantified the force due to the surface tension applied over the projected area of the 

bacterial membrane by the nanoarray, taking into account the solid area fraction. The surface 

tension is induced upon exposure to air in the direction toward the interior of the nanopillars 

vertically along the 𝑧-axis. This surface tension in our system acts around the periphery of the 

meniscus of a water droplet at the water-air interface and is thus derived to obtain the following3: 

𝐹%& = ∫𝛾"#𝑑𝑙      (1) 
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where 𝛾"#   is in interfacial tension of the water-air interface and is integrated over the entire 

meniscus perimeter. Assuming a constant cell-liquid contact angle, 𝜃$", and idealized bacterium 

with hemispherical caps of radius 𝑟!  and body length 𝐿, Eq. 1 can be simplified as follows to 

describe the force at any point along the evaporation process defined by 𝛼, or the angle of the 

three-phase contact line at the bacterium hemispherical edge: 

𝐹%& = 2𝛾"# sin(𝛼 + 𝜃$") (𝜋𝑟! sin 𝛼 + 𝐿)							0 ≤ 𝛼 ≤ 𝜋                          (2) 

where 𝜃$" is the bacterium-LB media contact angle, and all remaining variables have been 

previously defined. 

The correlation between relative liquid level (H/D) and 𝛼 can be further described in Eq 3. 

'
(
= )!(+,-./(0))

(
     (3) 

where H is the liquid level and D is the diameter of the bacterium. 

Finally, to compare quantities among cells of varying areas, it is useful to utilize the 

calculated force applied normalized by its respective projected area in contact with a cylindrical 

post to describe the pressure induced on the bacterial membrane by the nanoarray: 

𝑃%& =
2"#

(3)!$45)!")6
                     (4) 

where 𝑓 is the solid area fraction that describes the bacterium’s projected surface area in 

contact with a nanocylinder. 
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Figure S4 Surface-tension-induced force (nN) and the resulted pressure (MPa) applied on the 

membrane of a) E. coli and b) S. aureus as a function of the relative liquid level (H/D) during the 

water evaporation. 

 

 

Figure S5. a) Top-view SEM images of E. coli incubated on flat Si in a static incubator at 37 ℃ 

for 4 h followed by 60 s drying in air. b) Tilted-view SEM images of S. aureus incubated on flat 

Si in a static incubator at 37 ℃ for 4 h followed by 60 s drying in air. All scale bars are 2 µm. 
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