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S1 Supplementary Images of Superhydrophobic Nanostructures

Figure S1 shows scanning electron microscope (SEM) images of the nano-patterned surfaces used: with the pillar diameter of
(a) 200 nm and (b) 400 nm.
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Referee Report 1: 
The paper “Universal wetting transition of an evaporating water droplet on hydrophobic micro- 
and nano-structures” shows a series of interesting experiments on water wetting behaviors on 
nano-patterned structures. They first took advantage of the modern nano-fabrication technique to 
prepare their samples with I-line projection photolithography followed by silicon etching, result-
ing in highly reliable and repeatable nano-structured surfaces. They then studied the wetting be-
havior of water on such surfaces with various aspect ratio and spacing ratio that generate the ma-
jor controlling parameters of the work-surface roughness and solid fraction. They examined the 
wetting transition of a drying droplet on the nano-structures and proposed a thermodynamic 
model to interpret their experimental data. The work presented in this paper is very interesting 
and unique, comparing to previous wetting papers on micro-structures. The paper is very-well 
organized and constructed. The data of the paper is solid and well-interpreted. I’ll suggest accep-
tance of this paper after the authors taking care of the following minor revisions. 

Our Reply: 
We thank the referee for his/her time, comments, and careful reading. We are glad to know the 
positive reviews from the referee: “work is interesting and unique, the paper is well-organized 
and constructed, and the data is solid and well-interpreted”. We address referee’s comments point 
by point below and thank for the suggestions, which leads to a better paper.   

Referee 1: 
(1) As the key feature of the structures made in this work, the nano-pillars should have precise 

structures with well-defined morphology. It’ll be helpful for the audiences to see an enlarged 
SEM image of the nano-pillars to clearly demonstrate the geometry. 

Our Reply: 
We added the following two enlarged SEM pictures of the nano-structures used in the SI 
to show the well-defined nano-patterns (of the diameter of 200 and 400 nm, respectively). 

“SEM picture: Figure S1 shows SEM images of the nano-patterned surfaces with the pil-
lar diameter of (a) 200 nm and (b) 400 nm.” 
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(a) (b)

Figure S1 SEM Images of Superhydrophobic Nanostructures used: the nano-cylinders of diameter of 200 nm and 400 nm in (a) and (b),
respectively.

S2 Non-spherical drop shape and gravitational effect
Figure S2 shows a representative image of an initial droplet shape and the fitting result of contact angle ( 165◦) by the ADSA
method (dashed red line), which solves the Laplace equation with the gravitational effect [44] (by O. Rio and A. Neumann). The
fitting result is compared to a spherical cap approximation, which is based on (1) the same droplet volume and contact angle (in
yellow) or (2) the same volume and contact radius (in blue). As revealed in Fig. S2, the drop is deformed by gravity since the
drop height is similar to the capillary length. As a result, the ADSA method is used to increase the accuracy of the measurement
of the droplet volume, contact angle and radius. During evaporation, as time increases the drop becomes smaller and converges
to a spherical cap (as gravity becomes negligible). From the figure, one can see that a deviation from the spherical cap can
induce a significant error on the contact angle (by 15◦) or radius measurements. This may result in a discrepancy observed on
the experimental dimensionless evaporation rate in Figure 3, where spherical shape is assumed in the both evaporation models.
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Referee 2: 
2) “The impaled (Wenzel) state makes the surface sticky “ Please explain what is meant by 
sticky, I don’t think of ‘sticky’ as a sufficiently clear terminology for a paper of this quality. 

Our Reply: The term "sticky" refers to a surface with high retention force, which is character-
ized by surface tension times contact angle hysteresis [45] and droplet width (Furmidge 
1962). We’ve clarified this terminology in the text and added a reference on the expression of the 
retention forces. New change: “The impaled (Wenzel) state makes the surface sticky by increas-
ing the retention forces (Furmidge 1962) via an increase of the contact angle hysteresis and con-
tact radius, resulting in a loss of superhydrophobicity [46]”. 

3) (possibly related to my last point) I think there is a problem with fig 1: the droplets shown are 
not spherical caps. Likely the aspect ratio of the original image is not retained, but since the 
droplets are submillimetric and and certainly smaller than the capillary length there is a minor 
issue here (Fig 4 is fine). 

Our Reply: The aspect ratio of the image, Figure 1 is actually retained, and the droplet shapes 
shown are real. In figure 1, the droplets have a volume of 10 µL and a contact angle around 165°. 
By using the spherical cap approximation one can found the height of the droplet to be 2.63 mm, 
which is similar to the capillary length (2.71 mm). Thus, at such high contact angle the droplet is 
deformed by gravity, and the spherical cap approximation is not excellent and hence cannot be 
used. This is the reason we used the ADSA method, which solve the Laplace equation together 
with the gravitational effects to extract the volume, contact angle, and contact radius. We’ve add 
following discussion and a figure regarding the non-spherical shape of the drop in the SI. We 
thank the referee for this comment, which adds clear description of the influence of the gravity 
on the drop shape in the new version. 

!  
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Figure S2 Non-spherical drop shape. A representative image of an initial droplet having a volume of 10 µL and a contact angle around 165◦

by the ADSA method (shown by dashed red line). Whereas, different fitting results are found by spherical cap approximations using (1) the
same droplet volume and contact angle (in yellow line) or (2) the same volume and contact radius (in blue line). By using the spherical cap
approximation one can found the height of the droplet to be 2.63 mm, similar to the capillary length (of 2.71 mm). Thus, at such high contact
angle the droplet is deformed by gravity.

S3 Supplementary Note on Evaporation Flux
Sessile drop evaporation is assumed to be quasi-steady (so that diffusion time scale is much smaller than total evaporation time),
and the surface is included by imposing a null vapor flux through the substrate normal. Under these conditions, the mass outflux
is given by:

Ṁ =
dM
dt

=−πRbD(cS− c∞) f (θ), (1)

f (θ) =
sinθ

1+ cosθ
+4

∞∫
0

1+ cosh2θτ

sinh2πτ
tanh((π−θ)τ)dτ, (2)

where M is the droplet mass, D is the vapor diffusion coefficient, cS is the saturated vapor concentration at the drop surface, c∞

is the vapor concentration at infinity, Rb is the base radius, and θ is the contact angle. The drop shape is modeled as a spherical
cap. The non-uniform vapor concentration field induced by the substrate is expressed by the function f , which depends solely on
the contact angle.

Experiments were conducted at 25◦C with 16% relative humidity (Ha). Under these conditions water density is ρ = 997.04
kg/m3, vapor diffusion coefficient is D = 28.2 10−6 m2/s, the saturated vapor concentration is cS = 2.3 10−3 kg/m3, and the vapor
concentration at infinity is c∞ = HacS.

S4 Error Analysis of Contact Angle
The contact angle in previous studies is usually extracted based on the drop base radius (Rb) and height (H) using the spherical
cap approximation (θ = cos−1

(
Rb

2−H2
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)
). The measurement error or uncertainty of Rb and H can contribute to the uncertainty

of the contact angle, estimated using the following analysis of error propagation.
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The equation can be simplifies:

∆θ =
2
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2∆H2.
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By assuming typical value as Rb ≈ H ≈ 200µm and ∆Rb ≈ ∆H ≈ 20µm, the resulting error on the contact angle is:

∆θ ≈
√

2∆Rb

Rb
≈ 8.1◦

This error or uncertainty can contribute to the partial deviation observed between the theoretical prediction and the experimental
data in Fig. 5.

S5 Supplementary Video
The video shows the wetting transition during drop evaporation on a low roughness surface (D = 200 nm, H = 1 µm, P=2 µm and
r = 1.16) corresponding to the data in Fig 4. During the first stage, the droplet evaporates in a Cassie-Baxter state, with a moving
contact line. Once the contact angle reach the critical contact angle (149.5◦), after 945 s, the drop transits toward a completely
wetting (Wenzel) state.
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