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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Hydrophilic patterns were fabricated on 
hydrophobic surfaces by laser 
processing. 

• This laser processing method is suitable 
for many substrates. 

• Hydrophilic patterned slippery surfaces 
showed excellent droplet anisotropy. 

• Hydrophilic patterned slippery surfaces 
showed excellent fog harvest 
performance.  
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A B S T R A C T   

The rapid and controllable sliding of droplets on anisotropic slippery liquid infused porous surfaces (SLIPS) has 
promising application prospects in the fields of energy, lab-on-a-chip, etc. In this work, the fabrication of hy
drophilic patterned SLIPS on copper substrates that can achieve efficient droplet transport and fog harvest was 
reported. A single superhydrophilic stripe and array of superhydrophilic stripes were fabricated on SLIPS 
background, respectively. Contact angles, sliding angles and contact angle hysteresis of the surfaces were 
investigated and analyzed. Results showed that hydrophilic patterned SLIPS with superhydrophilic stripe array 
had remarkable anisotropy in contact angle hysteresis in the parallel and perpendicular directions due to the 
large energy barrier induced by liquid surface tension in the direction perpendicular to the stripes, which can be 
used to transport droplets rapidly and precisely. In addition, the fog harvest performance, as a typical example of 
droplet transport, was significantly improved on hydrophilic patterned SLIPS due to high nucleation density on 
the hydrophilic SLIPS, high condensate mobility, efficient condensate transferring from SLIPS to super
hydrophilic stripes and liquid shedding along the stripes for departing.   

1. Introduction 

Superhydrophobic surfaces (with water contact angle > 150◦) play 
critical roles in a wide range of engineering applications, such as self- 
cleaning, anti-icing, drag reduction, oil-water separation due to ultra
low affinity toward water.[1–7] In addition, droplet manipulations, such 
as droplet storage, transport and mixing, which have been intensively 
used in microfluidic devices,[8] high-throughput cell screening,[9] etc., 
as well as their recently developed application in water harvest,[10] 

were readily achievable by introducing either external field (magnetism, 
electrostatic field, light and thermal)[11–13] or high adhesion hydro
philic/hydrophobic patterns on superhydrophobic background.[14–18] 
For instance, An et al. realized effective control of both static droplets 
and mobile droplets for their transport in multi-channel systems by light 
source.[13] Shiratori et al. used techniques based on complete hydro
phobicity to design both dynamic and static hydrophobic/hydrophilic 
patterned surfaces to control the direction of droplet movement.[15] 
Hou et al. fabricated superhydrophilic triangle patterns on 
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superhydrophobic surfaces via laser ablation, thus facilitating the 
transport of condensate.[16] However, superhydrophobic surfaces that 
function based on air cushions trapped in micro/nano structures tended 
to be damaged in harsh working conditions, especially in the application 
of water harvesting where fog condensed and grew within the micro/
nano structure, leading to complete flooding.[19–21] Inspired by the 
Nepenthes pitcher, slippery liquid-infused porous surfaces (SLIPS) with 
ultra-low contact angle hysteresis, self-healing, and pressure stability 
have been widely studied.[22] Droplets on the SLIPS infused with 
lubricant moved easily due to the ultralow siding resistance at the 
droplet-lubricant interface and were hard to penetrate into the struc
tures beneath the lubricant to damage the surface. The robust SLIPS 
enlightened various applications from water collection, self-cleaning, 
corrosion protection to anti-icing.[23–30] For instance, Wang et al. 
fabricated SLIPS on zinc surfaces with the hydrothermal method and 
found that the SLIPS exhibited better corrosion resistance compared 
with superhydrophobic surfaces.[28] On homogeneous SLIPS, sliding 
resistance in all directions along the surface was low and consistent, 
namely, droplet movement was easy to initiate but it was hard to control 
the sliding direction.[31] Directional motion of droplets on SLIPS can be 
achieved by controlling the topology of the droplet-lubricant interface. 
[32–38] For instance, inspired by the beetle’s bumpy surface geometry 
in enhancing condensation, Park et al. designed surfaces covered with 
slippery asymmetric bumps; condensate droplets can be transported on 
the fabricated SLIPS against gravity due to the capillary force.[33] Ling 
et al. proposed a method using an inkjet printer to define slippery pat
terns to fabricate the bowl-like SLIPS on poly (dimethylsiloxane) 
(PDMS) substrates, the patterned slippery surface can be employed as a 
microfluidic device to guide, transport and mix droplets.[34] In addition 
to topological SLIPS that activated directional droplet movement via 
control of droplet footprint, SLIPS with patterns with different wetta
bility (superhydrophilic patterns) are good candidates as the super
hydrophilic patterns have strong anisotropic adhesion while the SLIPS 
background is robust enough to resist the droplet pinning for long-term 
operation in harsh applications, for example, fog harvest. A few notable 
studies succeeded in the fabrication of hydrophilic patterned SLIPS for 
droplet motion control and water collection.[39,40] However, the 
chemical methods used in these studies were complex and limited to a 
few materials. Hence, the development of simple and universal methods 
for creating stable hydrophilic patterned SLIPS with excellent droplet 
manipulation ability still attracts considerable interest. 

In this work, a high-efficient, low cost and easy-implemented tech
nique, laser ablation, was proposed to fabricate hydrophilic patterned 
SLIPS on copper substrates for fog harvest by combining the slippery 
property of the peristome of Nepenthes and hydrophilic patches inspired 
by Desert beetle. The thermal conductivity of copper is ~397 W/m⋅K, 
which is very high and makes copper one of the most important mate
rials for heat transfer devices. The fog harvest is conducted via phase 
change (condensation), which is highly dependent of thermal conduc
tivity of substrate materials. High thermal conductivity manifests high 
heat transfer and thereby improved fog harvest rate. Both the wettability 
stability and droplet motion behavior on the surfaces were investigated 
before demonstrating a potential application for fog harvest. Results 
showed that the hydrophilic patterned SLIPS were capable of precisely 
guiding water movement, and were suitable for efficiently transferring 
and draining collected water during fog harvest. The droplet manipu
lation and demonstrated enhanced fog harvest on the biomimetic sur
face may provide a reference for developing new facilities for water 
collection, such as fog harvest and desalination. 

2. Materials and methods 

2.1. Materials 

Copper sheets (40 mm × 40 mm × 2 mm) were purchased from 
Suzhou Metal Material Manufacturer (China). Fluoroalkylsilane [FAS, 

C8F13H4Si (OCH2CH3)3] and hydroxy-terminated polydimethylsiloxane 
(HTPDMS, viscosity of 40 cst at 25 ◦C) were purchased from Macklin 
Co., Ltd (China). Silicon oil (viscosity of 20 cst at 25 ◦C) was obtained 
from Dow Corning Co. Ltd. Krytox 1525 (viscosity of 250 cst at 25 ◦C) 
and Fomblin Y25/6 (viscosity of 276 cst at 25 ◦C) were obtained from 
Sigma-Aldrich. All chemicals were analytically pure and were used as 
received. 

2.2. Fabrication of homogeneous nanotextured SLIPS 

Polished copper sheets were first ablated using a UV laser marking 
machine (KY-M-UV3L, Wuhan Keyi, China) with an average output 
power of 2.0 W, power intensity of 3.9 J⋅cm− 2, high scanning rate of 
1500 mm⋅s− 1. The ablated sample was then ultrasonically cleaned in 95 
wt% ethanol for 3 min to remove excess deposits before being immersed 
in 1 wt% ethanol solution with fluoroalkylsilane [FAS, C8F13H4Si 
(OCH2CH3)3] for 90 min to lower the surface energy and dried at 120 ℃ 
for 30 min. Homogeneous SLIPS were obtained by infusing lubricant and 
rinsing under running water to remove the excess lubricant. The thick
ness of the lubricant can be controlled by varying the rinsing time. The 
quality of the remaining lubricant on the surface was measured by a 
precision electronic balance (JB5374–91, Mettler Toledo, ShangHai), 
and the thickness was calculated assuming the lubricant was uniform. 

2.3. Fabrication of hydrophilic patterned SLIPS 

Superhydrophilic patterns were fabricated on the prepared super
hydrophobic background using a UV laser marking machine (KY-M- 
UV3L, Wuhan Keyi). The power of 2.0 W and the laser speed of 1000 
mm⋅s− 1 were held constant during the process. After the hydrophilic 
patterns were patched, the hydrophilic patterned SLIPS were obtained 
after infusing lubricant followed by fully rinsing under running water to 
remove excess lubricant and to retain essential water on the super
hydrophilic patterns. Infusing and rinsing steps should be switched to 
some lubricants that have higher affinity for the substrates such as 
Krytox 1525 and Fomblin Y25/6. 

2.4. Fog harvest 

A chamber with controlled temperature and humidity was designed 
to test the fog harvest performance. Ultrasonic humidifiers were used to 
generate water mist and the humidity in the chamber was controlled by 
a humidity sensor. A Peltier cooling plate was fixed on the bracket in the 
chamber and the temperature of the sample placed vertically on the 
cooling plate was controlled by a temperature sensor. When the sample 
temperature was lower than the water mist temperature, condensation 
occurred on the surface of the sample and the condensate was collected 
by the container directly below the sample. The weight of the container 
before and after collection was measured by a high-resolution analytical 
balance (ME204E, Mettler-Toledo Inc., Switzerland), and the difference 
between the two weights was the mass of the harvested fog. Therefore, 
the fog harvest rate (Mf) can be calculated as: 

Mf = M/tS (1)  

where M is weight of fog harvest, t is the collection time and S is surface 
area of the sample. 

2.5. Characterization 

The micro morphology of as-prepared surfaces was analysed using a 
scanning electron microscope (SEM, Ultra60, Zeiss, Germany) and a 
digital microscope (VHX-600, Keyence, Japan). Static contact angles 
and contact angle hysteresis were characterized with a goniometer 
(Rame-Hart 290, USA). Elements of the surface were characterized with 
energy-dispersive spectroscopy (EDS, Ultim Max). Images and videos of 
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droplet motion on the SLIPS were taken by a digital camera with 1000 
ftp high-speed recording function (RX100M5, Sony, Japan). The mass of 
the remaining lubricant was measured with a precision electronic bal
ance (JB5374–91, Mettler Toledo, Shanghai). 

3. Results and discussion 

3.1. Construction of hydrophilic patterned SLIPS 

Inspired by the water harvesting strategy of Desert beetles and 
slippery peristome of Nepenthes pitcher plants (Fig. 1a), hydrophilic 
patterned SLIPS consisting of Nepenthes-like SLIPS background and 
Desert beetle-like superhydrophilic stripe patterns were designed and 
fabricated via laser ablation for creating microstructures on copper 
substrates, FAS modification for acquiring superhydrophobicity, second 
laser ablation for patching superhydrophilic patterns and finally 
infusing lubricant for finally obtaining the surface (Fig. 1b). On the 
surface, high dense condensate nucleated on the SLIPS was transferred 
to the superhydrophilic patterns due to the Laplace pressure difference 
for converging and draining away with the aid of gravity once con
tacting the pattern. (Fig. 1c). 

As shown in Fig. 2a, dense hierarchical papilla microstructures with 
nano villus, which were crucial for superwetting, were produced on the 
copper substrates by taking advantage of phase explosion, melting and 
resolidification during laser ablation. Fig. S1 shows the schematic dia
gram of the nanosecond pulse laser scanning in the experiment. The 
morphology of the grooves in the scanning area in Fig. 2a was created by 
the resolidification and accumulation of the molten material.[41] After 
surface modification in 1 wt% FAS (fluoroalkylsilane) ethanol solution, 
elements of C, Si and F were detected, which demonstrated that Si-O-Si 
and C-F groups with low surface energy were successfully assembled on 
the surface. A 5 μL water droplet dispensed on such a surface had a 

contact angle of ~161◦ and a sliding angle of ~2.5◦, displaying excellent 
static and dynamic superhydrophobicity. 

To patch superhydrophilic patterns on the superhydrophobic back
ground, the dependence of the output laser power and scanning rate on 
the wettability of laser ablated area was investigated (Fig. S2). When 
output laser power was set as 2.0 W and scanning rate was 
1000 mm⋅s− 1, superhydrophobicity of the surface was completed 
erased, reaching a superhydrophilic state with contact angle close to 0◦. 
SEM images of the ablated superhydrophilic patterns presented hierar
chical microstructures similar to the superhydrophobic surfaces. How
ever, elements of Si and F, which represent the low surface energy 
groups of Si-O-Si and C-F in the superhydrophilic region were greatly 
reduced in EDS spectrum (Fig. 2b). Superhydrophilic patterns with 
different shapes were easy to fabricate by designing scanning path of 
laser using mapping software. Finally, the hydrophilic patterned SLIPS 
(SLIPS with superhydrophilic patterns) were obtained after infusing 
lubricant followed by fully rinsing under running water to remove 
excess lubricant and retain essential water on the superhydrophilic 
patterns. Infusing and rinsing steps should be switched to some lubri
cants that have higher affinity for the substrates. 

3.2. Droplet behavior on hydrophilic patterned SLIPS 

The physicochemical properties (viscosity and surface tension) of 
lubricants affected the viscous force between water and lubricant, 
determined whether the droplet was cloaked and the sliding resistance. 
As a result, the lubricant should be selected carefully before creating the 
hydrophilic patterned SLIPS. Four different lubricants including 
hydroxy-terminated polydimethylsiloxane (HTPDMS), silicone oil 
(PDMS), Krytox 1525 and Fomblin Y25/6 were used to infuse the 
superhydrophobic surface with a single superhydrophilic stripe pattern 
to create single stripe patterned SLIPS (Table S1). Water droplets 

Fig. 1. Construction of hydrophilic patterned SLIPS: (a) A Desert beetle with hydrophilic bumps on its back and a Nepenthes pitcher plant with slippery peristome. (b) 
Processing method of hydrophilic patterned SLIPS. (c) Condensation process of moisture on hydrophilic patterned SLIPS. 
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dispensed on the stripe showed excellent sliding anisotropy (Fig. 2c). For 
example, the parallel sliding angle (SA‖) and perpendicular angle (SA⊥) 
of a 10 μL water droplet on a 0.1 mm wide stripe patterned on HTPDMS 
infused SLIPS were 3.2◦ and 24◦, respectively (Fig. 2d, Fig. 2e and Movie 
S1). The interface of the droplet on the stripe pattern was composite, 
consisting of a droplet-pattern interface and a droplet-lubricant inter
face. The droplet needed to overcome viscous force at the droplet-water 
interface on the stripe and at the droplet-lubricant interface on the 
surrounding SLIPS when the droplet slid along the stripe. The viscous 
force could be ignored due to the low sliding velocity, which made it 
easy for the droplet to slide along the stripe. However, the droplet must 
break the droplet-water interfacial surface tension from the stripe, 
which is much larger than the viscous force, to slide in the direction 
perpendicular to the stripe. Different degrees of SA anisotropy were 
achievable by changing the type of lubricant or stripe width. For the 
same lubricant, by increasing the width of the pattern, the SA⊥ increased 
until a pinning state occurred while the SA‖ remained a very low level. 
For different lubricants, experimental measurements showed that the 
sliding anisotropy of the droplet increased mainly as the surface tension 
of the lubricant decreased, because the droplet needed to overcome the 
higher energy barrier caused by the increased wetting gradient. In 
addition, the motion of droplets on the superhydrophilic stripes with 

different depths was studied, and results demonstrated that depth had 
little effect on sliding anisotropy (Fig. S3). 

The above results showed that SLIPS with a single superhydrophilic 
stripe had excellent sliding anisotropy, which could be used to effi
ciently guide droplet transport. On the basis of the above analysis, SLIPS 
with array of superhydrophilic stripes were created to enhance the 
sliding anisotropy. Stripe arrays with widths of 0.3 mm, 0.4 mm and 
0.5 mm, respectively, were fabricated on SLIPS infused with four types 
of lubricants. The stripe spacing was set to be equal to the width. Fig. 3a 
presented the elongated shape of a 20 μL droplet dispensed on the SLIPS 
with 0.5 mm wide superhydrophilic stripes, which manifested that 
droplet tended to spread along the stripe due to the capillary force and to 
be confined perpendicularly due to the energy barrier induced by the 
stripes. The parallel contact angle (CA‖) and perpendicular contact angle 
(CA⊥) of the droplet on the surface were 37◦ and 55◦, respectively, 
indicating obvious static contact angle anisotropy (Fig. 3b and Fig. 3c). 
Fig. 3d and Fig. 3e described the CA‖ and CA⊥ versus stripe widths and 
spacings. Results showed that contact angles trended to increase with 
the decrease of stripe spacing. 

The SA‖ and SA⊥ on hydrophilic patterned SLIPS with super
hydrophilic stripe array also showed obvious anisotropy (Fig. 3f and 
Fig. 3g). The experimental results showed that the sliding anisotropy 

Fig. 2. Droplet behavior on SLIPS with single superhydrophilic stripe: (a) SEM images of superhydrophobic and superhydrophilic regions before lubricant infusing. 
(b) EDS spectra of superhydrophobic and superhydrophilic regions. (c) Parallel and perpendicular sliding angles of a 10 μL droplet on single superhydrophilic stripe 
with different widths patterned on SLIPS infused with different lubricants. (d) Time-lapse series photos of a 10 μL droplet sliding in the parallel direction to the 
hydrophilic. (e) Time-lapse series photos of a 10 μL droplet sliding in the perpendicular direction to the hydrophilic and their corresponding schematic diagram. 
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was related to the width and spacing of the stripe and the type of 
lubricant. When low surface tension lubricants such as PDMS, Y25/6, 
and K1525 were used, the width and spacing of the stripes had little 
effect on the sliding anisotropy, the droplet could reach a pinning state 
in the perpendicular direction while SA‖ remained a very low level for 
all stripe widths ranging from 0.3 to 0.5 mm. For the surfaces infused 
with HTPDMS, the energy barrier that the droplet had to overcome for 
move in the perpendicular direction became smaller because the wetting 
gradient between the superhydrophilic region and the SLIPS region 
decreased. As a result, the sliding anisotropy was relatively low and was 
obviously related to the widths and spacings of the stripes. The sliding 
anisotropy of the droplet trended to increase with the decrease of the 
spacing and width because the increasing number of hydrophilic stripes 
led to greater sliding resistance to the droplet. 

In order to demonstrate the feasibility of transporting droplets using 
the hydrophilic patterned SLIPS, SLIPS patterned with array of S-shaped 
stripes with a width and spacing of 0.3 mm were fabricated to transport 
a 10 μL droplet. As shown in Fig. 3h, the 10 μL droplet released from the 
syringe precisely moved along the S-shaped stripes with the aid of 
gravity at an average velocity of 100 mm⋅s− 1 (Movie S2). 

The sliding resistance Fre for droplets sliding on a surface can be 
calculated using the following equilibrium formula:[42–44]. 

Fre = ρgVsinα (2)  

where ρ is the density of the droplet (g⋅cm− 3), g is the gravitational 
acceleration, V is the volume of the droplet, and α is the sliding angle of 
the droplet. 

In order to better explain the mechanism of sliding anisotropy on the 
hydrophilic patterned SLIPS, a classic sliding resistance model (Fur
midge equation) was adopted to analyze the sliding resistance: 

Fre = γ⋅Wdp(CosθR − CosθA) (3)  

where γ is the surface tension between the droplet and the surrounding 
medium, Wdp is the width of the droplet interface perpendicular to the 
sliding direction, θA and θR are advancing and receding contact angle, 
respectively. 

It can be concluded from the above equation that Wdp and contact 
angle hysteresis (defined as the difference between advancing and 
receding contact angle) dominate the sliding resistance. As a result, 
advancing and receding contact angles in directions perpendicular and 
parallel to the stripes of different samples were measured and compared 
(Fig. 4a and Fig. 4b). Results showed that the contact angle hysteresis in 
the perpendicular direction was much larger than that in the parallel 
direction. Meanwhile, the picture of the droplet showed that the length 
of the droplet in the perpendicular direction is smaller than that in the 
parallel direction. In the perpendicular direction, the increase in Wdp 
and the contact angle hysteresis leads to an increase in the sliding 
resistance of the droplets, which requires an increase in the gravity 

Fig. 3. Droplet behavior on SLIPS with array of superhydrophilic stripes: (a) A droplet on the SLIPS with superhydrophilic stripes. (b) Image of the droplet in parallel 
direction. (c) Image of the droplet in perpendicular direction. (d) The parallel and perpendicular CAs and (f) SAs of 10 μL droplets on array of superhydrophilic stripes 
with different widths (The stripe width was the same as the stripe spacing and four different lubricants were used). (e) Contact angle and (g) sliding angle anisotropy 
of droplets. (h) Time-lapse photos of transporting a 10 μL droplet on SLIPS with array of S-shaped stripes (the widths and spacings of the stripes were both 0.3 mm, 
and the surface was infused with PDMS). 
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component to overcome the adhesion resistance, thus the SA⊥ is much 
larger than SA‖. In addition, the type of lubricant significantly affects the 
contact angle hysteresis. For HTPDMS with high surface tension, as the 
wetting gradient decreases, the contact angle hysteresis of the droplet 
also decreases, which leads to that the anisotropy of the droplet in two 
directions is not particularly significant. In contrast, the width and 
spacing of the superhydrophilic stripes have little impact on the contact 
angle hysteresis of the droplet. Therefore, for droplet motion control, the 
selection of lubricant should take precedence over the stripe array 
design. 

3.3. Fog harvest 

Fog harvest is the foundation of water collection systems, power 
generation, thermal management, desalination and other energy appli
cations.[45–49] For fog harvest, droplet transport on the surface is 
critical for condensing droplets for rapid removal. However, at present, 
there are few functional surfaces that are suitable for harsh working 
conditions and have excellent fog harvest performance. The hydrophilic 
patterned SLIPS designed in this work exhibited excellent droplet 
nucleation and removal ability, as well as high durability when working 
in harsh environments, thus having great potential in fog harvest. 

The fog harvest performances of several bio-inspired surfaces 
including superhydrophobic surfaces (SHOS), homogeneous SLIPS and 
hydrophilic patterned SLIPS with superhydrophilic stripe array were 
investigated. In order to study the effect of the arrangement of super
hydrophilic stripes on the fog harvest rate, superhydrophilic stripes with 
spacing of 0.3 mm, 0.6 mm, 0.9 mm and 1.2 mm were designed and 

fabricated on SLIPS background, on which the width of the super
hydrophilic stripes was fixed at 0.3 mm. Those samples were denoted for 
simplicity as SSP0.3, SSP0.6, SSP0.9 and SSP1.2, respectively. In addi
tion, the physicochemical properties (viscosity and surface tension) of 
lubricants also affect the rate and durability of fog harvest. Therefore, 
the hydrophobic lubricant Y25/6 (θ = 108◦) with higher viscosity and 
the hydrophilic lubricant HTPDMS (θ = 80◦) with lower viscosity were 
used to create homogeneous SLIPS and hydrophilic patterned SLIPS with 
superhydrophilic stripe array for the fog collection experiment. Mean
while, in order to eliminate the influence of lubricant thickness on the 
condensation performance, the thickness of the lubricant retained on all 
samples was controlled at about 10 µm (Fig. S4). The prepared samples 
were attached on the cooling plate in the designed experimental 
chamber. The temperature of the sample was set to 10 ± 1 ◦C. The hu
midity in the sealed chamber was set to 70 ± 1% and the temperature in 
the chamber was 30 ± 1 ◦C. Fig. 5a and Fig. 5b showed the fog harvest 
rate of several different surfaces infused with hydrophilic and hydro
phobic lubricants, respectively. 

On the superhydrophobic surface, dropwise condensation could be 
observed (Fig. 5c and Movie S3). When the condensate grew to a certain 
size, they merged into big droplets. In the process of merging, the surface 
energy of the droplets was converted into kinetic energy that finally 
drove droplets to jump off the surface, a phenomenon known as the 
jumping droplet phenomenon. However, the results showed that the 
condensation efficiency on superhydrophobic surfaces was relatively 
lower than that on SLIPS. Three assumptions are as follows: (1) low 
contact angle of SLIPS represents a large footprint, which means a large 
effective area for heat transfer and is beneficial for high density 

Fig. 4. Advancing angles, receding angles and contact angle hysteresis (a) in parallel direction and (b) in perpendicular direction.  
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nucleation; (2) the low sliding resistance of SLIPS facilitates the move
ment of condensate and improves the ability of condensate drainage; (3) 
the homogeneous lubricant prohibits the nucleation in the microstruc
tures underneath the lubricant, which avoid the flooding. 

On the homogeneous SLIPS, once small condensate came into con
tact with each other, they would merge into large droplets. When the 
large droplets grew to a certain size, they would slide off the surface with 
the aid of gravity and sweep off the small droplets in their falling paths. 
The surface was thereby renewed and the next cycle of the condensation 

process was repeated (Fig. 5d and Movie S4). In addition, results indi
cated that the fog harvest performance of hydrophilic SLIPS was better 
than that of hydrophobic SLIPS (Fig. 5a and Fig. 5b), which verified the 
assumption (1).[19] However, hydrophilic SLIPS still suffered from 
relatively low condensate drainage efficiency despite the fact that the 
condensate departing resistance was smaller than that on super
hydrophobic surfaces. 

On the hydrophilic patterned SLIPS with superhydrophilic stripes, 
dropwise condensation occurred on the SLIPS areas, while filmwise 

Fig. 5. Fog harvest on superhydrophobic surfaces (SHOS), SLIPS and hydrophilic patterned SLIPS: (a) Fog harvest rates on different surfaces (hydrophilic SLIPS 
infused with HTPDMS). (b) Fog harvest rates on different surfaces (hydrophobic SLIPS infused with Y25/6). (c) The jumping phenomenon of condensate droplets on 
superhydrophobic surface. (d) Falling phenomenon of condensate droplets on hydrophilic SLIPS. (e) Merging, transferring and transporting of droplets on the SLIPS 
with arrays of superhydrophilic stripes. (During the test, all samples were placed vertically). 

B. Qi et al.                                                                                                                                                                                                                                        



Colloids and Surfaces A: Physicochemical and Engineering Aspects 640 (2022) 128398

8

condensation occurred on the superhydrophilic stripe region. When the 
condensate on the SLIPS areas merged and grew to reach the boundary 
of the superhydrophilic stripe region, they would be transferred to the 
stripe due to capillary force, and the condensate would be transported 
along the stripe with the aid of gravity to the tail end for finally 
departing (Fig. 5e and Movie S5). Compared with homogeneous SLIPS, 
the superhydrophilic stripe was more conducive for condensate to 
quickly depart from the surface, thus improving the efficiency of fog 
harvest on the surface. In addition, the SLIPS with superhydrophilic 
stripes was robust and could sustain condensation for more than six 
hours (Fig. S5). 

Over all, superhydrophilic stripes on hydrophilic patterned SLIPS 
promoted the rapid shedding of condensate droplets, and for fog harvest, 
hydrophilic lubricants were better than hydrophobic lubricants. In 
addition, the arrangement of superhydrophilic stripes also affected fog 
harvest efficiency. The results showed that arrays of superhydrophilic 
stripes with a spacing of 0.6 mm brought the greatest synergistic 
changes to the growth and separation of condensate droplets. The fog 
harvest efficiency of SSP0.6 was 160.38 mg⋅h− 1⋅cm− 2, which was 27% 
higher than that of homogeneous hydrophilic SLIPS (126 mg⋅h− 1⋅cm− 2), 
and higher than 98.94 mg⋅h− 1⋅cm− 2 from Yang’s work (where the de
gree of supercooling was 20 ◦C, and the relative humidity was 85%), and 
higher than 91.06 mg⋅h− 1⋅cm− 2 from Liu’s work (where the degree of 
supercooling was 22 ◦C, and the relative humidity was 70%).[50,51]. 

4. Conclusion 

In summary, the hydrophilic patterned SLIPS with superhydrophilic 
stripes were created using a simple pulsed UV laser processing technique 
to achieve directional droplet transport and rapid fog harvest by 
combining the slippery property of the peristome of Nepenthes and hy
drophilic patterns inspired by Desert beetle. Droplet behavior on the 
hydrophilic patterned SLIPS with a single superhydrophilic stripe and 
stripe array was investigated in experiments. Results showed that static 
contact angle and dynamic sliding angle on the surface were signifi
cantly anisotropic which is ascribed to the surface tension-induced large 
energy barrier in the direction perpendicular to the stripes and low 
sliding viscous force along the stripes. Therein, the sliding anisotropy of 
the droplet was related to the type of lubricant as well as the width and 
spacing of the hydrophilic stripe. The droplet can slide accurately along 
the designed S-shaped hydrophilic pattern on an inclined surface by 
taking advantage of sliding anisotropy. In addition, it was found that the 
fog harvest rate was enhanced on hydrophilic patterned SLIPS compared 
with superhydrophobic surfaces and homogeneous SLIPS due to the low 
sliding resistance of condensate on SLIPS, efficient condensate trans
ferring from SLIPS to superhydrophilic stripes and liquid shedding along 
the stripes for departing. 

This simple and efficient UV laser processing technique used to 
fabricate functional surfaces can be extended to different substrates. In 
addition, the hydrophilic patterned SLIPS proposed in this work have 
potential applications, such as lab-on-a-chip devices and the energy 
harvesting field. 
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