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Selectively splitting a droplet using superhydrophobic 

stripes on hydrophilic surfaces† 

Dong Song,a Baowei Song,a* Haibao Hu,a * Xiaosong Du, b* and Feng Zhouc 

Superhydrophobic patterns were fabricated on hydrophilic 

surfaces by selective painting. The impinging process of water 

droplets on these hybrid surfaces was investigated. The 

droplet can be split by impinging on the hydrophilic surface 

with a single stripe at a high velocity. The time to split the 

droplet is independent of the impact velocity and it is smaller 

than the contact time of a droplet impinging on the fully 

superhydrophobic surface. The volume ratios of the split 

mini-droplets could be precisely controlled by adjusting the 

landing position of the original droplet. The droplet could be 

split uniformly into more mini-marbles by increasing the 

stripe numbers.  

 
Superhydrophobic surfaces are the surfaces with high contact angle 
and low contact angle hysteresis where the water droplets can roll 
off easily as seen in Figure 1a. It has received extensive attention in 
the past decades with applications in many fields, e.g. drag 
reduction1, 2, self-cleaning3, heat transfer enhancement4, anti-icing5, 
etc. While on the hydrophilic surfaces, as seen in Figure 1b, the 
contact angle is small and the droplets would stick on the surfaces 
even at a large tilted angle. The combination of superhydrophobicity 
and hydrophilicity on one surface gives rise to some exciting 
properties and potential engineering applications, e.g. patterning 
complex geometries with liquids6, 7, biomolecular manipulation at 
surface/interface8-11, offset printing12, open-air microfluidic device13-

15, droplet manipulation16, 17 and so on. By modifying the wetting 
characteristics of surfaces, we can move, deflect and sort droplets18 
or transport fluid without power input19. Using superhydrophobic 
blades, a droplet can be cut without formation of tiny satellite 
droplets20-22. To the best of knowledge, previous work has been 
focused on the fabrication techniques and characterization of the 
static wettability on these hybrid surfaces6. In this communication, 
we report a new application of these surfaces to split an impinging 
droplet by coated superhydrophobic stripes on a hydrophilic surface. 
These results provide insights into a route for miniaturized 
patterning/split of liquids and have a potential for manipulation of 
droplets in microfluidics and biomedical applications23. 

Superhydrophobic patterns were fabricated on a hydrophilic 
glass slide using a commercial coating, Ultra-Ever Dry (Ultra 
Tech International Inc). The substrate was patterned by shadow 
mask24 during the spray coating (air pressure ~ 0.5MPa). The 
sample was annealed in an oven at 60℃ for 10 minutes. 
Thickness of the coating (~ 50µm) was determined by 
profilometry. The impact process of droplets on the hybrid 
surfaces was captured using a high speed camera (MotionXtra 
NX-4, IDT Corporation) with 5000 fps at a resolution of 
600×600 pixels. The droplets were released from a stainless 

steel needle right above the surface. The diameter of the droplet 
is 3.1±0.2 mm. The impinging velocity was adjusted by varying 
the height of the needle from the surface. The landing position 
of the droplet on the surfaces was estimated from the image 
sequence. Each of the impact experiments were conducted at 
least 3 times.  

The coated surface is superhydrophobic with a contact angle 
about 165°and a contact angle hysteresis within 2° (Figure 1a). 
The glass substrate is hydrophilic with a contact angle around 
50°and a contact angle hysteresis 75°(Figure 1b). An instant 
picture of a droplet impinging on the hybrid surface is shown in 
Figure 1c. On the hydrophilic area the surface tension of the 
solid surface at the three-phase contact line, ��� � ��� � γ ∙
cos
��� , stretches the droplet outward thereby hindering the 
retraction of the three-phase contact line. Here γsg, γsl, γ, θphi are 
the surface tension of solid-gas, solid-liquid, liquid-gas and the 
contact angle on the hydrophilic surface, respectively. However 
on the superhydrophobic stripe, the surface tension of the solid 
surface at the three-phase contact line,	��� � ��� � γ ∙ cos
���, 
pulls the droplet inward along the direction parallel to the stripe 
inducing the three-phase contact line to retract fast, where θpho 
is the contact angle on the superhydrophobic surface. This 
unbalanced surface tension along the three-phase contact line 
enables the superhydrophobic stripe to act like a blade and split 
the droplet into halves eventually. 

 

 
Figure 1. Droplets on: (a) the superhydrophobic surface coated 
by Ultra-Ever Dry and (b) the hydrophilic glass slide. (c) The 
droplet impinging on the hydrophilic surface coated with a 
narrow superhydrophobic stripe (gray area). The impact velocity 
is 0.97m/s. Scale bar 2mm. 
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To gain more insights from the impact process on these 
surfaces, we investigated the details using a high speed camera. 
When a droplet impinged on a hydrophilic surface, as shown in 
Figure 2a (Video_Fig_2a.mpg in the Supporting Information), 
it would spread quickly to the maximum diameter and then 
recoils very slowly. The hydrophilic surface has a high surface 
energy in air and a low interfacial energy with water. This 
property enables the hydrophilic surface to absorb most of the 
kinetic energy of the droplet, leading to the droplet sticking 
onto the hydrophilic surface. However, the superhydrophobic 
surface behaves oppositely where the air trapped within the 
micro-structures even decreases the absorption of the kinetic 
energy. This gave rise to the droplet rebounce from the 
superhydrophobic surface (see Figure 2b and 
Video_Fig_2b.mpg in the Supporting Information). It is 
interesting to note that a vertical satellite jet formed on the top 
of the droplet at 18 ms. When a droplet impinged on the 
hydrophilic surface with a superhydrophobic stripe, as seen in 
Figure 2c (side view) and d (top view) (Video_Fig_2c.mpg and 
Video_Fig_2d.mpg in the Supporting Information), the 
maximum spreading diameter in the direction parallel to the 
stripe was greatly reduced, whereas the fluid retracted so fast 
on the superhydrophobic stripe that the droplet was split into 
halves in the end.  

 
The dynamic diameter of the droplet and length of the fluid 

on the superhydrophobic stripe area during the impact process 
is shown in Figure 3. The value is normalized by the droplet 
diameter (D0=3.1 mm). The weber number is in the terms of 
�� � �����/γ, where ρ, U are the water density and imping 
velocity, respectively. On the hydrophilic surface (filled 
squares in Figure 3), the droplet failed to recoil after spreading 
to the maximum diameter which is much larger than that on 
other surfaces. On the superhydrophobic surface (filled circles 
in Figure 3), the droplet retracts very fast after spreading to its 
maximum diameter leading to the total contact time within 18 
ms. On the hydrophilic surface with one hydrophobic stripe 
(hollow squares in Figure 3), the maximum diameter on the 
stripe is close to that on the fully coated superhydrophobic 

surface when the impinging velocity is the same. Surprisingly, 
the retraction velocity at the superhydrophobic stripe area is 
larger than that on the fully superhydrophobic surface 
corresponding to a splitting time around 12.2 ms. If we assume 
the droplet is a uniform flattened sheet with thickness h, the 
droplet would retract uniformly with the recoiling velocity as 
�� � �2�/�� ! 25. If the thickness is not uniform, the droplet 
would retract faster in the thinner region where there is less 
mass to accelerate. Bird et. al5 succeeded in reducing the 
contact time of a droplet by introducing a thin rib on the 
superhydrophobic surface. The reduced contact time can be 

estimated as ∆# � √%
%
�1 � �1 � '/ ! ∙ ( , where a is the 

thickness of the rib, and ( � ��)�*/�!+/� is the inertial-capillary 
timescale and R0 is the droplet radius. Because the thickness of 
our superhydrophobic coating is around 50µm, the reduced 
thickness of the droplet sheet on the coated stripe results in the 
faster retraction process and the smaller splitting time than 
those on the fully superhydrophobic surface. At a high impact 
velocity (the blue symbols and the inset a in Figure 3), 
corresponding to We ≥ 20, the droplet can be split with the 
splitting time irrespective of impinging velocities. This 
observation is consistent with previous study that the droplet 
contact time T is independent of the impact velocity26. Once the 
impact velocity is smaller than a critical value, i.e. We < 20 (the 
green symbols and the inset b in Figure 3), the droplet will 
remain intact upon impinging. 

 
The volume ratios of the split droplets can be controlled by 

adjusting the droplet landing position. Figure 4 shows the 
volume fractions of the split droplets as a function of the 
landing point moving from the center of the stripe to the right 
side of hydrophilic substrate. The volume fractions were 
normalized in term of: V/V0, where V0 is the volume of the 
original droplet. It is interesting to note that the volume ratio of 
the split droplets is in good agreement with the area ratio of the 
flattened droplet on two sides of the stripe at its maximum 
diameter. 

 
Figure 2. Impinging processes of droplets on (a) the hydrophilic 
glass surface, (b) the superhydrophobic surface, (c) and (d) the 
hydrophilic surface with one superhydrophobic stripe. The 
diameter of the droplet is 3.1 mm and the impact velocity is 0.97 
m/s. 

 
Figure 3. The dynamic diameter of the contact area changes as a 
function of time. The value is normalized by droplet diameter 
(D0 = 3.1 mm). (�) and (�) represent the three-phase contact 
line diameters on the hydrophilic surface and the 
superhydrophobic surface, respectively. The blue and green 
symbols correspond to the length of the fluid on the stripe area 
as marked in inset b.  Blue symbols (� � �) represent large 
weber numbers when the droplets were successfully split (as 
seen in the inset a). Green symbols (+ ×) represent smaller 
weber numbers when the droplets failed to be split (as seen in 
the inset b). 

Page 2 of 4Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



Phys. Chem. Chem. Phys. COMMUNICATION 

This journal is Phys. Chem. Chem. Phys. © The Royal Society of Chemistry 2015 Phys. Chem. Chem. Phys., 2015, 00, 1-3 | 3 

 
The droplet can be split into more mini-marbles by using more 

stripes. Figure 5(a, b, c) shows the results of a droplet impinging on 
a hydrophilic surface with two superhydrophobic stripes crossing 
each other. By varying the landing position, the droplet can be split 
into four satellite droplets with controllable volume ratios. As shown 
in Figure 5(a, d, e, f), the droplet can be uniformly split into multiple 
mini-marbles (n = 2, 3, 4 and 6) by landing the droplet on the center 
of the coated hydrophobic pattern. 

 

In summary, we reported a new method to split a droplet by 
introducing narrow superhydrophobic stripes on a hydrophilic 
surface. The unbalanced surface tension at the 
superhydrophobic/hydrophilic interface led to different retraction 
velocities and the final split of the droplet. The time to split the 
droplet by the superhydrophobic stripe is smaller than the contact 
time on the fully superhydrophobic surface, regardless of the 
impinging velocity. The droplet will not be split by the stripe if the 
impinging velocity is smaller than a critical value. By adjusting the 
droplet landing position, the droplet could be split into mini-droplets 
with controllable ratios. The droplet can be uniformly split into 
multiple mini-marbles by increasing the number of stripes. 
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