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S1. Microscale observations of dropwise condensation

Video S1. Observation of nucleation when the sample is placed with a tilt angle of ~45< The field
of view is 51 pm <59 um.

Video S2. Observation of nucleation when the sample is horizontally placed. The field of view is
84 um x73 pum.

Video S3. Observation of nucleation at a large view field. The field of view is 145 um =124 um.

S2. Chemical compositions of nanowire bunches

Chemical compositions of the as-prepared hierarchical nanowire bunches are analyzed by
energy-dispersive x-ray spectroscopy (EDS) under SEM. Figure S1a shows the elemental mapping
of the whole area in the SEM image. The result indicates that the S element, which represents the
hydrophobic layer (C1gH3sS)), can be detected in all the regions, including the top and the sidewall
of nanowire bunches. The content of the detected S element on the sidewall is lower than the top
of the nanowire bunch in Figure Sla. We speculate that the majority of S element on the sidewall
is not detected as the sidewall is not in the same plane with the top surface. To confirm the
speculation, we reduce the scan area and characterize the local regions of the sidewall. As expected,
more S element is detected around the top of the nanowire bunch and the lower part of the sidewall,
as shown in Figure S1b and S1c. During the condensation process, preferential nucleation occurs
around the top of nanowire bunches, where there exists hydrophobic layer. Above all, the EDS
results show that the hydrophobic layer is deposited on the nanowire arrays homogeneously, and

chemical compositions do not govern the preferential nucleation phenomenon.
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Figure S1. Elemental mapping of as-prepared hierarchical superhydrophobic nanowire bunches.
(a) Elemental mapping of the whole area in the SEM image. (b) Elemental mapping of the region
around the top of the nanowire bunch (c) Elemental mapping of the bottom of the sidewall of the
nanowire bunch.

S3. Theoretical analyses of the nucleation energy barrier

Using the classical nucleation theory, the capillary approximation and Young’ equation, the
nucleation free energy barrier of the critical nucleus AG can be expressed as:'*

AG = — ,OVdrop

N, kT InS +0o,(S,, —S, cosb) (S1)

Where M, p, and a1y are the molecular mass of the water, density, surface tension of water. Na and
ke are the Avogadro’s number and Boltzmann constant. T, S, and 6 represent the temperature, the
supersaturation, and the contact angle. Sy and Ss are the liquid-vapor interfacial area and liquid-
solid contact area.

The nucleation droplet radius re is: 2
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Where Ty, AT, and h¢g are the vapor temperature, surface subcooling, and latent heat.

Then we analyze the solid-liquid contact characteristics at different regions of a nanowire
bunch, thus calculating Sy and Sis, as shown in Figure S2, S3. The curvature radius in all the
calculation is equal to re (Equation S3). Figure S2a shows the initial droplet on the top of a

nanowire. The related parameters can be calculated from the geometries.

r=r (S3)

3
Viop :%(1—003 0’ (2+cos) (S4)
S,, = 27r*(1—cosf) (S5)
S, =xr’sin*0 (S6)

By substituting Equations S2-S6 into Equation S1, the energy barrier for nucleation on the
top of a nanowire AG; can be obtained:

AG, = %7”’20',\, (2-3cosd+cos’ 0) (S7)

Figure S2b shows the initial droplet on the nanogrooves of nano-steps. According to the model
proposed by Jin et al,® the related parameters can be calculated as:

rop

V, -%r3[cosélsin2 @sin —cos (3 —cos” §) 5 +4sin~'(sin gsin %)] (S8)

SIV:r2[4sin1(sin§sin%)—2ﬂcos o] (S9)

S,,=S,,=r’sin?(sin 8- B) (S10)

The nucleation energy barrier for nucleation on nano-steps AG> can be calculated by
substituting Equations S8-S10 into Equation S1:

AG, = % r’o, {cosé’sin2 @sin —cos@(3—sin® @) f+4sin~*(sin gsin %)J (S11)
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Where « is the crossectional angle of nano-grooves in the nano-steps.
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Figure S2. Sketch showing nucleation occurs (a) on the top of nanowires and (b) on the

nano-steps around the top of nanowire bunches.

Figure S3 shows initial droplets on the gaps between two nanowires. The related

parameters can also be calculated from the geometry:

dlz\/R2 +r? —2Rrcosé,

dZ:\/R2 +r? —2Rr cosé,

glz\/(5)2+1—2500301
r r
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S,=S,,=27R*(2—cos ¢, —C0S p,) (S19)

cos ¢, =(R-rcosé,)/d, (S20)
cosy,=(r-Rcosé,)/d, (S21)
cos ¢, =(R-rcosé,)/d, (S22)
cosy,=(r-Rcosé,)/d, (S23)
,=2(+'R? + 12 —2Rr cos 6 —R) (S24)
,=JR? +1? —2Rrcos@ —R+r (S25)

The energy barrier for nucleation in the gaps between two nanowires AG3 can be deduced by
substituting Equations S13-S25 into Equation S1:

s 5 B—00501 B—cos@2
R 4-31 -31
2 1-—cosé, 1-—cosé, R g g
AG, :§7Z'|’26|V r + r +(—j R ! R 2
% 92 r ——C0s6, — —C0s0, (S26)
(T )+ (L )’
L 9 9, i

Where 61 and @ are the droplet contact angles on two neighboring nanowires. When the
nanowire interspace | < Iy, the solid-liquid interfacial area and liquid-vapor interfacial area
are constant, as shown in Figure S3a and S3b. The contact angles are expressed as:

01=0:=0 (S27)

Where 6 is the contact angle of plain hydrophobic surface. When | = Iy, the initial droplet
forms on the individual nanowire:

6= 0 (S28)
6,=180° (S29)

When |, <I<ly, the initial droplet forms between two nanowires,
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6= 06 (S30)

R?+r2—(1-d, +2R)’

cosé,= R

(S31)

By substituting Equation S27, Equations S28-S29 or Equations S30-S31 into Equation S26,
the relationship between the nucleation energy barrier and the nanowire interspace / can be

obtained (Figure 5h).
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Figure S3. Sketch showing the solid-liquid contact characteristics (a-c) on the gaps between
nanowires when the nanowire interspace is small, (d) on an individual nanowire when the

nanowire interspace is larger than . () The relative parameters when calculating nucleation
barriers.

S4. ESEM Setup
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Figure S4. Schematic of the experimental setup (a) and the photo of Peltier cooler (b) in ESEM.

S5. The statistic of nucleation positions

We further study the nucleation positions at different sections of the hierarchical surface, as
shown in Figure S5. (Figure Sba is corresponding to Video S3). The size of each section is 147
umx127 um. Seventy-two nucleation events are observed and 10 % of nucleation events occur at

the bottom or sidewall of nanowire bunches.
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Figure S5. Images showing droplet nucleation characteristics on (a) section 1 and (b) section 2
of the hierarchical surface. (c) The statistic of nucleation events on different regions of nanowire
bunches.
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