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Nanopillar densities were measured as number of nanopillars per surface area using SEM
images, top view mode. Lengths (L) were measured using SEM images, cross section view.
Having knowns such as pillar density/surface, length and base radius (r), we could further
calculate Wenzel roughness defined in Wenzel model as a ratio of actual, microscopic area
(etched area) to apparent area, the projection of the microscopic area on the plane (smooth

area).

Since smooth area equals 1, therefore roughness equals etched area.

Etched area = (total area - area occupied by pillars) + area of pillars

Etched area = (1 - area occupied by pillars) + area of pillars

area of pillars = W}C (nr x (r + V12 +12)) (Eqg. S1)

area of occupied by pillars = pmarﬂ;w;c (nr?) (Eq. S2)



Bactericidal effieciency (BE) is determined based on the percentage of bacteria recovered from

bSi versus control surface. The following equation was used for calculation:

.. .. _ _ #colonies after incubation on bSi
bactericial ef ficiency = 100 — ( #oolonies af ter incubation onSi 100) (Eqg. S3)
Table S1. Morphological and physical features of strains used in this study.
Characteristic E. P. fluorescens R. R. B.
coli sphaeroides capsulatus subtilis
Strain DH5a SBW25 Arshl ua3 NCBI 3610
Cell shape rod rod rod rod rod
Cell size: diameter
(um) 05-1 0.5-0.6 06-1 0.5-1.2 1
length (um) 1.7-2.5% 1.5 - 22 1.5-2.53 2-2.5% 3-5°
Motility*® Peritrichously Multiple Single polar  Single lateral  Peritrichously
flagellated polar flagella flagellum flagellum flagellated
Cell rigidity:
Viscoelastic 0.056 and 0.044 and
parameters 0.54 0.81*
ki and k2 (Nm2)’
Longitudinal® 50-150 100-200* 100-200
Young’s modulus
(MPa)
Biofilm formation + + + + +

*data for P. aeruginosa
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Fig. S1 Growth of E. coli on various control surfaces, including silicon wafers (Si), air-plasma
treated silicon wafers (Si-OH), glass cover slides (glass), and air-plasma treated glass cover slides
(glass-OH), versus cells in static liquid culture (prepared in microfuge tubes with turbidity
measured as ODgoo values). Surface studies commenced when 20 pl droplets (1.6 x 107 cfu/ml)
were placed on the control surfaces and incubated in the humidity-controlled reaction chambers

(Figure 3A) at RT.
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Fig. S2 Distributions of nanopillar lengths of black silicon etched for 1.5, 3, 5, 10, 15, 20 and 30

min.



Fig. S3 SEM micrographs (top views) presenting the nanotopography of black silicon fabricated

using a range of etching times: 1.5, 5, 20 and 30 min. Scale bars are preserved at 1 um in all

images.
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Fig. S4 The temporal evolution of the sharpness of the bSi nanopillars — as parameterized by the

tip angle (a) — during the fabrication process, spanning 1.5 to 30 min. The inset schematically

r

represents how the tip angle was calculated with the equation: « = 2 - arctan(—) based upon

Ltip

the radius (r) and measured tip length (L) of the nanopillars.
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Fig. S5 Distributions of nanopillar pitches for black silicon fabricated for 1.5, 3, 5, 10, 15, 20 and
30 min (bottom to top) that correspond to nanopillar lengths of 0.4, 0.7, 1.2, 2.5, 3.6 4.8, and 6.7
um, respectively. Pitch is the distance between two spikes at the closest proximity (pitch =

spacing + base diameter) as diagrammed on Figure 2d.
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Fig. S6 (a) Graphic representation of water droplet behavior in the Wenzel model, Cassie-Baxter
model, and an intermediate state. The equations describe the Wenzel model where ¢ is the
Young’s contact angle on the flat surface and r is roughness and the Cassie-Baxter model (C-B),
where & is the Young’s contact angle on the flat surface and ¢s is the fraction of the liquid’s base
in contact with the solid surface.’ (b) Lateral images of black silicon before and after the
deposition of 20 ul of H,0. Upper and lower rows correspond to bSi with long and short pillars,
respectively. Scale bars are 2 mm. The inset presents a magnified view of droplet on the

superhydrophilic surface. The wafer thickness and maximum meniscus height are given in um.
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Fig. S7 Bacterial viability on black silicon surface. Colony forming units (cfu) are measured by
plating E. coli cells exposed to etched (bSi) and smooth (control) surfaces for various times on

LB agar.



Fig. S8 SEM images of bSi etched for 1.5 min. The average nanopillar length is 390 nm (Table 1).
Scale bars are 100 nm (top) and 1 um (bottom). These images emphasize the blunt nature of the
tips of these nanopillars with tip angle (i.e., sharpness) averaging 442, with many displaying

onion-like features.
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Fig. S9 The viability of (a) R. sphaeroides, (b) P. fluorescens, (c) R. capsulatus, and (d) B. subtilis on
the bSi surface (3.6 um). Colony forming units were measured by plating after exposure to etched
(bSi) and smooth (control) surfaces in rich media for 2 or 4 h at room temperature. Cells clearly
multiplied on the smooth surfaces whereas cells were killed or their growth inhibited on the
nanostructured surfaces. The values are expressed as means = SD (n = 3 independent

experiments).
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P. fluorescens B. subtilis

Fig. S10 Confocal microscopic images of P. fluorescens and B. subtilis attached to the surface of
bSi (3.6 um that corresponds sharp nanopillars) at 0, 2 and 4 h of incubation. Cells were stained
with bacterial viability kit where green and red dyes label live and dead cells, respectively. Scale

bar 10 um.
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Fig. S11 SEM micrograph of E. coli with sharp nanopillar passing through. Scale bar 1 um.
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Fig. S12 The motility (velocity, black, and angle between cell orientation and velocity, blue) of
single bacterial cells observed during initial interactions with either the benchmark bSi (a) or
control (b) surfaces. In normal swimming periods (green), the bacteria move with high velocities
and with relatively small angles between the cell’s orientation and its velocity (<10 degrees).
Motions can be briefly interrupted [yellow; 2.5-3.5 s, (a); 5-34 s, (b)] when the cell is likely in
contact with the surface. Subsequently, a normal (b) or an irregular motion resumes [time
interval 3.6-6.5 s, light peach coloring, (a)]. In the latter, the direction of the cell’s motion is

uncorrelated with its orientation. Moreover, its velocity becomes greatly reduced, resembling
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that of the bulk flow. Although the cell is no longer attached to the surface, it likely lost its
swimming ability and is just carried away by the external flow. Final permanent attachment [e.g,
after 7.5 seconds in (a), dark orange] is characterized by zero velocity and random cell
orientation. The cell interacting with bSi (a) was presumably killed when motility was terminated
between 2.5-3.5 seconds. In contrast, the behavior and motility of the cell in contact with the

control surface (b) was not altered by surface contact.
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