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Bioinspired photocatalytic hedgehog coating for super liquid 
repellency
Jyotirmoy Sarma, Zongqi Guo and Xianming Dai*

Super liquid repellency towards highly wetting liquids is of great interest for fundamental research and practical applications. 
Superomniphobic coatings have been made by forming re-entrant or doubly re-entrant morphologies that result in contact 
angles above 150o and contact angle hysteresis below 10o. While existing superomniphobic coatings rely on stringed 
nanoparticles to make re-entrant geometries, we show that a new type of superomniphobic surface is made by microscale 
hedgehog particles that combine the features of springtail inspired re-entrant microspheres with cicada wings inspired 
nanoneedles. Such a bioinspired hedgehog coating shows super liquid repellency from water to low surface tension liquids 
like dodecane with a surface tension of 25.3 mN m-1. The hedgehog particles provide re-entrant structures and the 
nanoneedles minimize the local liquid-solid adhesion due to the presence of air gaps. Moreover, we use a one-step approach 
to make scalable titanium dioxide hedgehog coatings with the photocatalytic property. Thus, the photocatalytic hedgehog 
coating can be easily converted to slippery liquid-infused porous surfaces under ultraviolet illumination in one-step. Such a 
photocatalytically activated slippery surface shows an ultralow contact angle hysteresis (≤ 1°) to highly wetting fluids with 
surface tensions as low as 16 mN m-1.

1. Introduction
Liquid repellent coatings are being broadly studied to explore 
the fundamental interfacial phenomena1-6, and due to their 
wide range of potential practical applications in self-cleaning7, 
drag reduction8, anti-corrosion9, anti-fouling10, fog harvesting11, 
chemical shielding12, thermal insulation13, and anti-/deicing14 to 
name a few. An ideal superomniphobic coating should ensure 
stable liquid repellency and should possess easy deposition 
through a simple process on substrates regardless of their size, 
shape, or composition. The overall performance of a liquid 
repellent coating is primarily dependent on the surface texture 
and surface chemistry. All these factors are interrelated; hence 
it is a complicated process to design a simple yet versatile 
superomniphobic coating. For a successful design, there has to 
be a coexistence of re-entrant curvature along with the surface 
chemistry and appropriate roughness1, 15. This allows the liquid 
droplet resting on the surface to be in the Cassie-Baxter state16 
maintaining an apparent contact angle (CA) larger than 150°, 
and a contact angle hysteresis (CAH) lower than 10°.

The re-entrant morphology on superomniphobic surfaces 
is inspired by the nanotextures found on the body of insects like 
springtail which keeps them non-wetted while coming in 
contact with oils. Most commonly, lithographic methods are 
used to fabricate re-entrant texture on flat silicon and complex 
geometries like wrinkled surfaces17, even replicating the 
springtail structure18, 19. However, such superomniphobic 
surfaces based on silicon involve complex micro/nano 

fabrication processes and are not scalable. Beyond silicon, re-
entrant texture can be fabricated on surfaces to render them 
superomniphobic either through nanoparticle coating4, 
electrospinning of polymers12, electrochemical etching20, and 
polymerization of fluorosilanes21, 22 and medical-grade 
cyanoacrylates23. Nanoparticulate superomniphobic coatings 
generally utilize stringed4, 24, 25 or modified nanoparticles26 
instead of discrete nanoparticles to create the re-entrant 
morphology. One such example is fumed silica which consists of 
tertiary particles formed by the agglomeration of stringed 
particles. This is because a coating made of simple spherical 
nanoparticles fails to repel liquids of low surface tensions24. The 
liquid droplets get pinned on these surfaces due to an 
insignificant re-entrant structure resulting in large CAH. 
Consequently, all micro/nanoparticle-based superomniphobic 
surfaces to date have leveraged stringed micro/nanoparticles to 
form re-entrant texture for successful repellency of low surface 
tension liquids. Hierarchically structured superoleophobic 
surfaces can achieve ultralow CAH with ultralow roll-off angles 
for low surface tension liquids due to reduced solid-liquid 
contact area27. A recent study reported a design strategy to 
create hierarchical micro/nano re-entrant texture by combining 
photolithography-based re-entrant microstructures with 
stringed nanoparticles28. This hierarchical surface could repel 
liquids with surface tensions as low as 26.5 mN m-1.
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Electronic Supplementary Information (ESI) available: Supplementary figures S1-6 
show the liquid repellency property, hedgehog particle synthesis criteria, 
parametric optimization of hedgehog coating, self-cleaning and coalescence-
induced jumping of low surface tension liquids. See DOI: 10.1039/x0xx00000x
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The presence of re-entrant curvature is not the only 
feasible solution for developing non-wetting surfaces. Insects 
like cicada’s wings never get wet due to the presence of needle-
like nanostructures on their wings29, 30. Nucleation of water 
droplets occurs in the nanoneedle structure but does not wet 
the surface due to Laplace expulsion between the textures 
which makes the droplets move outwards. However, the non-
wetting state vanishes above critical pressures which depend on 
the shape and size of the nanoneedles. Interestingly, this 
phenomenon is reversible only for conical shaped nanoneedles 
where the air gaps reappear spontaneously after 
depressurization31. However, the nanoneedle structure is only 
limited to repelling water, and cannot prevent liquid 
penetration into the structures when in contact with low 
surface tension liquids32. As such, if the liquid/solid surface area 
is increased, the nanoneedle structures are successful in 
repelling low surface tension liquids like hexadecane 
maintaining low interfacial adhesion, with a partial 
impregnation of the oil into the surface textures forming a 
penetration Cassie state32, 33. Researchers utilized hydrothermal 
etching of metal oxides to fabricate coatings comprising of 
flower-like microparticles to repel liquids with low surface 
tensions, as low as 27.5 mN m-1 such as hexadecane34, 35. These 
coatings rely on the re-entrant texture of the microparticles as 
well as the nanopetals/grooves to exhibit low solid/liquid 
adhesion. However, their performance for superomniphobicity 
was not quite satisfactory due to the lack of a proper design 
methodology of surface topography. These nanopetals/grooves 
must maintain a critical aspect ratio to have a non-wetting 
surface36. The wetting mode on a V-shaped nanopetal/groove 
is determined by the intrinsic contact angle θ and the angle of 
V-shape β, and the criteria for non-wettability is such that β < 
2θ – π. Reducing the β value can further improve non-
wettability.     

In this work, we fabricate ‘hedgehog’37 shaped sub-
micrometer titanium dioxide particles with a one-step 
hydrothermal method. The superomniphobic coating with 
hedgehog particles combines the re-entrant texture of a 
spherical microparticle with non-wetting characteristics of 

conical nanoneedles to achieve ultralow liquid/solid adhesion 
by enabling hierarchical micro/nano- airgaps at the liquid/solid 
interface. We show that by re-designing the topography of a 
spherical microparticle with coordinated nanoneedles, the 
dependence of superomniphobicity on stringed nanoparticles 
can be mitigated. Furthermore, the hedgehog particles do not 
rely on ribbed nanoneedle arrays but can achieve stable liquid 
repellency with surface tensions ranging from 72.8 to 25.3 mN 
m-1. This superomniphobic coating can readily be applied on 
various substrates like silicon, glass, wood, and cotton fabrics. 
In addition, because of the photocatalytic property of the TiO2 

and porous structure of this hedgehog coating, it can readily be 
converted to the slippery liquid infused porous surface (SLIPS) 
by infusion of silicone oil lubricant and UV light grafting in one 
step without the use of silane. This facile up-gradation results in 
enhanced liquid repellency performance, with even 
perfluorinated liquids like FC40 (γ = 16 mN m-1). 

2. Experimental
2.1 Materials
Titanium (IV) chloride (98+ %), titanium (IV) n-butoxide (99+ %), 
toluene, diiodomethane (99%, stabilized), n-hexadecane and n-
dodecane (99%) purchased from VWR were used as received. 
Heptadecafluoro-1,1,2,2-tetrahydrodecyltrichlorosilane (FDTS) 
was purchased from Gelest Inc. Plain glass slides 5 cm x 2.5 cm 
x 0.1 cm were purchased from Cornin. Wood and cotton wool 
were purchased from Office Depot and silicon wafers were 
purchased from University Wafers. Fumed silica (diameter 7 
nm) powder was purchased from Sigma-Aldrich. Ethanol (70%) 
was purchased from AlphaTec. Iron (II, III) oxide powder (95%) 
was purchased from Sigma-Aldrich, and NeverWet® multi-
surface water repellent coating spray was purchased from 
Amazon.

2.2 Synthesis of hedgehog particles
Titanium (IV) chloride was dissolved in deionized water in an 
ice-water bath under vigorous stirring to obtain a 50 wt. % 
aqueous TiCl4 solution. Then, 4 mL of titanium (IV) n-butoxide 

Figure 1. Schematic illustration for the design of hedgehog coating, i.e., a new superomniphobic surface that combines the springtail inspired re-entrant 
microspheres with cicada wings inspired nanoneedles. The hedgehog structure reduces the overall liquid/solid contact area compared with individual micro re-
entrant surface or the nanoneedle surface alone because of the robust air-cushions. The image for springtail has been courtesy of B. Valentine, and related SEM 
image of re-entrant structure (inset) has been adapted from Ref [15].© The Authors, some rights reserved; exclusive licensee AAAS. Distributed under a Creative 
Commons Attribution NonCommercial License 4.0 (CC BY-NC) http://creativecommons.org/licenses/by-nc/4.0/. The AFM image of nanoneedles has been 
adapted from Ref [25]. Cicada (Photo by FlyingPete at morguefile.com) and hedgehog (Photo by Erland at morguefile.com).
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(TBT) was dissolved in 30 mL of toluene in an ice-water bath, 
and this was followed by dropwise addition of the aqueous TiCl4 
into the TBT/toluene solution under stirring. The stirring of the 
solution continued for 1 h, after which the mixture was 
transferred into a 50 mL stainless steel autoclave lined with 
Teflon and held at 180°C in the oven for 4 h. Eventually, the 
autoclave was rapidly cooled under tap water, followed by 
washing of the precipitates with ethanol several times to 
remove organic impurities and centrifuged to separate TiO2 

nanoparticles from the hierarchical hedgehog TiO2 
microparticles. The resulting hedgehog particles were kept 
dispersed in ethanol. The dispersion could also be held at 70°C 
in the oven for 12 h to obtain the dry hedgehog particles. 

2.3 Fabrication of superomniphobic hedgehog coating
The glass and silicon substrates were washed with acetone and 
ethanol prior to use and dried under compressed dry air. A 
commercial organic binder (NeverWet®), comprising methyl 
isobutyl ketone, butyl acetate, and mineral spirits, was sprayed 
onto the substrates. The hedgehog particles dispersed in 
ethanol were then spin-coated immediately. The spin speed 
was fixed at 4000 rpm to obtain a uniform coating. This was 
followed by functionalization of the coated samples using ~100 
µL of heptadecafluoro-1,1,2,2-tetrahydrodecyltrichlorosilane 
(FDTS), and kept for 12 h at room temperature. For all our 
experiments, spin-coated samples were used.

2.4 Contact angle measurements
The static contact angle and roll-off angle measurements were 
conducted using a Ramé-Hart 290-U1 standard goniometer. 
Contact angle measurements were implemented by advancing 
and receding a small droplet of liquid (~5 µL) onto the coated 
substrate using 3-5 individual measurements at different 
positions on each sample. A syringe was used for water droplet, 
and a pipette was used for all other low surface tension liquids. 
The roll-off angles were measured by tilting the goniometer 
stage until the droplet (~5 µL) started rolling off the substrate.

2.5 Characterization
The hedgehog particle coated surfaces were imaged by 
scanning electron microscopy (SEM) using a Zeiss Supra 40 
scanning electron microscope at 15 kV. 

2.6 High-speed imaging
Droplet dynamics videos for coalescence-induced jumping of 
low surface tension liquid droplets were obtained using a 
Photron Fastcam SA4 high-speed camera at 3600 frames per 
second.

3. Results and discussion
3.1 Bioinspired design and wettability of the hedgehog coating
In this study, we report the design rationale for a 
superomniphobic coating that combines the springtail inspired 
micro re-entrant texture with cicada wings inspired conical 
nanoneedles to form the hierarchical hedgehog microparticle 
(Figure 1). This unique hedgehog structure consolidates the re-
entrant texture at the microscale and solidifies the air gaps at 
the nanoscale. Consequently, the solid/liquid interactions at the 
interface are substantially achieved. Titanium dioxide (TiO2) has 
been used as the material in our study owing to its 
photocatalytic property. It is also widely used in different 
coating applications like painting, dip- and spray coating.

Superomniphobic coatings in previous studies avoided the 
use of particles without any branched structure because they 
could not repel low surface tension oils due to the lack of 
appropriate re-entrant or overhang textures. A comparison of 
nanoparticles, stringed nanoparticles, and hedgehog particles 
has been demonstrated in Figure 2a. The SEM images of the 
corresponding surface morphologies are presented in Figure 2b 
with inset images of a droplet of dodecane resting on them, 
respectively. For water, each of the three coatings showed 
superhydrophobicity with contact angles of 157 ± 3°, 162 ± 2°, 
and 165 ± 1°, and CAH of 10 ± 2°, 5 ± 1°, and 3.5 ± 0.5°, 
respectively. While nanoparticles showed a slightly larger CAH, 
stringed nanoparticles and hedgehog particles are both non-
wetting to water droplets. However, nanoparticles failed to 
repel the low surface tension liquid of dodecane (γ = 25.3 mN 
m-1). It showed a CA of 142 ± 2.5° and CAH above 20° for 

Figure 2. Superomniphobic hedgehog coating. a. Schematic illustration of spherical, 
stringed nanoparticles and hedgehog particles. The yellow colour denotes 
fluorosilane. b. SEM images of spherical, stringed nanoparticles (re-used from Ref 
[20]) and hedgehog particles. Inset: A droplet of dodecane resting on each of the 
three surfaces. c. Contact angles of water and dodecane on the three surfaces. d. 
Contact angle hysteresis of water and dodecane on the three surfaces.
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dodecane droplets (Figure 2c). On the contrary, stringed 
nanoparticle coating fabricated with fumed silica showed a CA 
of 150 ± 2° with the corresponding hysteresis around 10°. 
Meanwhile, the hedgehog particle coating repelled dodecane 
quite easily with a CA of 153 ± 1° and CAH 8 ± 1°. Hence, coatings 
made of both stringed nanoparticles and hedgehog particles 
were superomniphobic towards liquids of surface tension as 
low as 25.3 mN m-1, and the hedgehog particles perform even 
better. This demonstrates that if spherical particles are re-
designed to have nanoscale air gaps and appropriate re-entrant 
texture, then coatings with such particles have comparable or 
better liquid repellency compared to coatings with existing 
stringed nanoparticles. This shed new light on the fabrication of 
superomniphobic surfaces.    

3.2 Synthesis of hedgehog particles and fabrication of 
superomniphobic coatings
The scalable and one-step synthesis of the hierarchical 
hedgehog particles takes place in a hydrothermal process 
(Figure 3a) with the influence of different reaction conditions 
including the ratio of reactants, reaction time, reaction 
temperature and concentration of reactants on the morphology 
and the size of the particles38. Titanium (IV) chloride was 
dissolved in deionized water in an ice-water bath under 
vigorous stirring to obtain a 50 wt. % aqueous TiCl4 solution. 
Then, 4 mL of titanium (IV) n-butoxide (also known as tetrabutyl 
titanate) (TBT) was dissolved in 30 mL of toluene in the ice-
water bath, and this was followed by a dropwise addition of the 
aqueous TiCl4 into the TBT/toluene solution under stirring. The 
stirring of the solution continued for 1 h, during which 
precipitation occurred at the bottom of the container. It is 
important that after 1 h of stirring, the mixture along with the 
precipitates was transferred into a 50 mL stainless steel 
autoclave that was lined with Teflon and held at 180°C in the 
oven for 4 h. Eventually, the autoclave was rapidly cooled under 
tap water to stop the further reaction, followed by washing the 
final precipitates with ethanol several times to remove any 
organic impurities and centrifuged to separate the hierarchical 
hedgehog TiO2 microparticles from the nanoparticles in the 
mixture. The morphology of the hedgehog coating and a single 
hedgehog particle is demonstrated through the scanning 
electron microscopy (SEM) images in Figure 3b. The diameter of 

a single hedgehog TiO2 microparticle synthesized at 180°C for 4 
h is in the range of 3-5 µm, with the nanoneedles growing 
radially from the core of the microspheres. 

The precursor ratio of reactants, reaction time, and reaction 
temperature were changed during the syntheses to investigate 
the influence of different reaction conditions and understand 
the formation mechanism of the hierarchical TiO2 
microspheres. Changing the reaction time can have a change in 
the morphology of the hedgehog microparticles. When the 
temperature is kept constant at 180°C for the hydrothermal 
reaction process for 2 h duration, 3D hierarchical hedgehog 
microspheres are developed as shown in Figure S1a. However, 
when the reaction process time is increased to 4 h at a constant 
reaction temperature of 180°C, the hedgehog microparticles 
show a more uniform structure as compared to the 2 h synthesis 
time (Figure S1b). The precursor ratio of TBT to TiCl4 plays a 
significant role in the morphology of the hedgehog 
microparticles. When the ratio of TBT: TiCl4 is 1:1.30, keeping 
the reaction temperature and reaction time constant at 180°C 
and 4 h, the resulting hedgehog particles are in the diameter 
range of 1-2 µm as shown in Figure S2a. These particles have 
hierarchical nanoneedles but do not represent the hedgehog 
structure as the nanoneedles are much thicker in shape. 
However, by decreasing the concentration of TiCl4 and changing 
the ratio of TBT: TiCl4 to 1:0.65 and keeping the other reaction 
conditions constant, hedgehog microparticles with 3D 
structures are obtained as shown in Figure S2b. The diameters 
of these microparticles are in the range of 3-5 µm. Another 
important thing to account for during the stirring of the 
aqueous TiCl4 into the TBT/ toluene mixture is the formation of 
the precipitate at the bottom of the container. We compared 
three different sample mixtures for studying the influence of 
the precipitate. The first sample was prepared by stirring the 
solution mixture for just 1 minute, the second sample was 
prepared by stirring the mixture for 30 minutes, and for the 
third sample, the solution mixture was stirred for 1 h, and then 
the three samples were transferred into the autoclave and kept 
in the oven at a reaction temperature of 180°C and a reaction 
time of 4 h. Finally, the results can be observed as shown 

Figure 4. Parametric optimization of the hedgehog coating. a. SEM images of 5 and 
10 spin-coating cycles. Scale bar: 100 µm. b. The contact angles and the 
corresponding roll-off angles for dodecane (γ = 25.3 mN m-1) with varying coating 
cycles. 10 coating cycles and above established uniform particle coverage 
rendering superoleophobicity which is shown in highlighted color. c. Dyed liquid 
droplets with increasing surface tension are resting on a silane-coated hedgehog 
surface. d. The repellency of liquids with various surface tensions (γ = 25.3-72.8 
mN m-1) on the hedgehog coating representing excellent superomniphobicity. 

Figure 3. Synthesis of hedgehog particles. a. Schematic illustration of the 
hydrothermal synthesis process for the hedgehog particles. b. SEM images of the 
final product showing the individual particle. Stirring time c. 1 min, d. 30 min, and 
e. 60 min, while keeping the other parameters the same, e.g., the reaction 
temperature, reaction time and precursor ratio of TBT:TiCl4 at 180°C, 4 h, and 
1:0.65, respectively. Scale bar: 2 µm.
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through the SEM images in Figure 3c, d and e where the 1-
minute stir produced a morphology of star-shaped 
microparticles with a diameter range of 1-2 µm, the 30-minute 
stir produced a morphology of microspheres and hierarchical 
nanospikes having a diameter of 2 µm approximately. The 
hierarchical nanospikes were not densely populated and lacked 
uniformity. While the 1 h stir produced the morphology of 
hedgehog particles with hierarchical nanoneedles which best 
resembles the hedgehog shape with an average diameter in the 
range of 3-5 µm. The final products from the three stirring times 
were tested for repellency towards dodecane (γ = 25.3 mN m-1) 
where only the hedgehog particles from the 1 h stir condition 
showed complete repellency with contact angle above 150° and 
hysteresis below 10° (Figure S3). The process of ethanol wash 
and centrifugation after taking out the product from the 
autoclave is quite important as it helps to get rid of TiO2 
nanoparticles formed during the process, which can usually 
occupy the gaps between the nanoneedles as shown in Figure 
S4. With this, we conclude that the reaction temperature, 
reaction time and precursor ratio can be varied to control the 
overall size and morphology of the hedgehog particles. The 
morphology of the hedgehog particles is the optimal when the 
precursor ratio of the reactants is 1:0.65, stirring is continued 
for 1 h, the reaction temperature is set at 180°C, and the 
reaction is 4 h in the oven. 

The synthesized hedgehog particles are hydrophilic in 
nature and can be dispersed well in 70% pure ethanol. The 
dispersion of hydrophilic hedgehog particles in ethanol is then 
spin- or dip-coated onto a substrate to form a uniform coating. 
The bonding of the particles to the substrate is facilitated using 
an organic binder comprising methyl isobutyl ketone, butyl 
acetate, and mineral spirits. This is followed by the 
functionalization of the coating using fluorosilane to lower its 
surface energy. The hedgehog coating can be scalable as it can 
be sprayed or dip-coated on to substrates. However, several 
layers might be necessary to achieve appropriate 
superomniphobicity.

3.3 Parametric optimization of hedgehog coating
The hedgehog coating with a 1-cycle spin coating at 5000 rpm 
followed by fluorosilanization yielded a superhydrophobic 
surface with a water contact angle of 163° and hysteresis 3.5°. 
A Wenzel state was observed in the case of dodecane with a 
contact angle of 142°, and the droplet was pinned because the 
substrate was not covered uniformly by hedgehog particles. 
This could be overcome with multiple spin-coating cycles to 

attain a surface with uniform particle coverage (Figure S5a, b 
and c). The SEM images in Figure 4a show the surface coverage 
of hedgehog particles after 5 and 10 spinning cycles. We found 
that after spin-coating of 8 cycles the hedgehog coating turned 
superomniphobic towards dodecane with CA just above 150° 
(Figure 4b). Further spin coating up to 10 cycles saw the 
dodecane CA rise to 153° with droplet rolling angle below 5°, 
and remained consistent after 12 cycles of spinning. Hence, a 
hedgehog coating with 10 spinning cycles was taken as a 
standard for all subsequent tests. The fabricated hedgehog 
coating with unique re-designing of the primary particle having 
hierarchical re-entrant nanoneedle textures was rendered to be 
a superomniphobic surface that repels liquids of various surface 
tension ranging from water (γ = 72.8 mN m-1) to dodecane (γ = 
25.3 mN m-1) as shown in Figure 4c, d. The contact angle 
hysteresis value for dodecane was 8 ± 1°, and the roll-off angle 
was measured to be 5°. 

Liquid repellent coatings are highly desired for solar panels, 
buildings, and vehicles due to their self-cleaning property. The 
superomniphobic hedgehog coating can exhibit excellent self-
cleaning property as demonstrated in Figure S6a, where iron 
oxide powders, imitated as dust contaminants, are removed by 
impacting water droplets without leaving any dust residue on 
the surface. The hedgehog coating also shows good 
performance in coalescence-induced jumping of low surface 
tension droplets. As shown in Figure S6b, two droplets of an 
ethanol-water mixture (γ = 47.6 mN m-1) of 5 µL volume each 
are made to coalesce with each other, resulting in successful 
induced jumping of the coalesced droplets of low surface 
tension. The hedgehog coating with characteristics of self-
cleaning and induced jumping of low surface tension droplets is 
versatile and substrate-independent as it can be applied on 
various surfaces like glass, silicon, and wood (Figure 5), and we 
demonstrated that water, as well as low surface tension liquid 
like dodecane, can easily roll off from the surface with a tilting 
angle as low as 5°. 

For the purpose of liquid repellency, there is no durability 
issue of the hedgehog coating as such. The surface is 
superomniphobic towards dodecane (γ = 25.3 mN m-1) even 
after 3 months of fabrication of the coating. However, the 
superomniphobic performance would not be sustainable if the 
surface gets abraded. This is because the texture of the 
hedgehog particles would be damaged due to breakage of the 
nanoneedles.

3.4 Facile one-step conversion of hedgehog coating to SLIPS
The hedgehog TiO2 coating can be easily converted to a slippery 
liquid infused porous surface (SLIPS) using a one-step strategy. 
SLIPS is a state-of-the-art liquid repellent surface, where the air 
lubricant within the porous structure is replaced with a liquid 
lubricant and is well known for its omniphobic nature with very 
low contact angle hysteresis (< 2.5°)3. The existing method for 
fabrication of a conventional SLIPS involves a couple of steps 
starting with functionalization of a porous/textured surface, 
followed by its impregnation with low surface energy, 
chemically inert lubricant to form a physically smooth and 
chemically homogeneous surface as shown in the schematic in 
Figure 6a. The functionalization step, which takes at least 4 h, is 
done to lower the surface energy of the porous texture so that 
a low surface tension lubricant can be immobilized stably within 
the surface texture. 

Figure 5. Substrate-independent superomniphobic hedgehog coating. Pictures 
showing hedgehog coating on various substrates such as glass, silicon and wood 
which have successful repellency towards a. water, and b. dodecane. 20 µL droplet 
is used. Scale bar: 2 mm.   
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Recent studies have shown that poly(dimethylsiloxane) 
(PDMS) can be grafted as polymer brush on the surface of 
metal-oxide photocatalysts from silicone oil (methyl-
terminated PDMS) under illumination39, 40. Titanium dioxide is 
well known for its photocatalytic property, and we have utilized 
this property to fabricate photocatalytic SLIPS. In a one-step 
process, we impregnate the bare hedgehog TiO2 coating with 
trimethylsiloxy-terminated PDMS (viscosity: 200 cSt) and 
simultaneously illuminate with UV light so that PDMS is grafted 
to the surface of the TiO2 hedgehog particles and the excess 
liquid PDMS acts as the infused lubricant (Figure 6b). The 
grafting is realized within 2 minutes with a UV light of 365 nm 
wavelength when the distance between the light source and the 
sample is within 5 cm. The grafted PDMS brushes act as the 
hydrophobic functionalized layer. Methyl-terminated PDMS has 
been selected due to its high thermal stability arising from the 
large bond energy (452 kJ mol-1), as well as its inherent low 
surface energy from the hydrophobic methyl side groups. The 
liquid lubricant remains stably locked within the hydrophobic 
layer because they both are chemically the same. The 
fabrication of photocatalytic SLIPS is facile not only because of 

the one-step process but also due to the significant reduction in 
time required for functionalization and is cost-effective. 

The photocatalytic property of metal oxide photocatalysts 
like TiO2 can degrade organic compounds like fluoroalkyl silanes 
when illuminated under UV light, due to the generation of free 
radicals which react with molecules of the organic compounds. 
Hence, conventional SLIPS with metal-oxide photocatalyst 
based porous texture cannot be utilized for applications directly 
under sunlight as it will lose its liquid repellent property due to 
decomposition of the functionalized hydrophobic layer. A 
conventional SLIPS that consisted of TiO2 hedgehog particles as 
a base layer with FDTS silane as the hydrophobic layer along 
with Krytox101 as the lubricant, lost its liquid repellency within 
15 min of UV illumination and was rendered hydrophilic (Figure 
6c). However, it was noted as shown in Figure 6d that if the 
lubricant is changed to silicone oil in the conventional SLIPS, its 
liquid repellency is mostly maintained even after UV 
illumination. The fact is that UV illumination decomposes the 
fluoroalkyl silane layer, but eventually starts grafting PDMS 
hydrophobic layer. Hence, to keep things simple and cost-
effective, by using a photocatalytic hedgehog SLIPS instead of a 
conventional SLIPS, the liquid repellency property can be kept 

Figure 6. Facile one-step fabrication of photocatalytic SLIPS. Schematic showing fabrication steps for a. conventional SLIPS and b. photocatalytic SLIPS. Photocatalytic SLIPS is 
made by simultaneous infusion of silicone oil onto hydrophilic hedgehog surface and UV light grafting of PDMS molecular chains within 2 minutes which render the surface to 
be hydrophobic. c. UV illumination (15 min) of conventional SLIPS with fluoroalkyl silane and Krytox101 lubricant lost water repellency. 20 µL water droplet dyed in blue wets 
the surface. d. UV illumination (15 min) of conventional SLIPS with fluoroalkyl silane hydrophobic layer and silicone oil lubricant maintained its water repellency. e. UV 
illumination (15 min) of photocatalytic SLIPS maintained water repellency. Scale bar for c, d, e: 1 cm. f. One-step photocatalytic SLIPS results in liquid repellency to perfluorinated 
liquids like FC40 (γ = 16 mN m-1). 
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intact even after long durations of UV illumination (Figure 6e). 
With the successful fabrication of the photocatalytic hedgehog 
SLIPS, the surface now showed an enhanced liquid repellency 
by repelling perfluorinated liquids like FC40 with surface 
tensions as low as 16 mN m-1 (Figure 6f) with a tilting angle of 
the substrate no more than 5° and achieving an ultralow contact 
angle hysteresis (≤ 1°). This forms a one-step approach to 
fabricate a stable photocatalytic hedgehog SLIPS that repels 
highly wetting liquids, such as FC40.

Conclusions
We have developed a multifunctional hedgehog particle with 
photocatalytic functionality that can repel liquids from water to 
FC40. We have put forward a new design strategy for 
developing a superomniphobic coating by combining the micro 
re-entrant textures surrounded with nanoneedle structures, 
i.e., hedgehog coating. This methodology introduces nano- 
airgaps with reduced liquid-solid interactions leading to an 
excellent liquid repellency with low contact angle hysteresis to 
low surface tension liquids like dodecane (γ = 25.3 mN m-1). This 
represents a new design rationale when most superomniphobic 
coatings rely on stringed nanoparticles. By changing the air 
lubricant to liquid lubricant, the liquid repellency can be 
enhanced significantly with repellency even to perfluorinated 
liquids (e.g., FC40) by a one-step conversion of the hydrophilic 
hedgehog coating to SLIPS through lubricant infusion and 
simultaneous UV illumination, which promotes grafting of 
PDMS polymer brushes utilizing the photocatalytic property of 
the hedgehog TiO2 particles. We envision that our 

superomniphobic coating can further be studied to improve the 
durability and explore potential applications, such as anti-
corrosion, anti-fouling, etc. 
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