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Abstract
A material made from the combination of dissimilar organic or inorganic 

components could enhance properties of the component material. A range of 
materials can be prepared by mixing one or more dissimilar organic or inorganic 
precursors. Several hydrophobic and superhydrophobic surfaces were 
fabricated by these combinations and used in a variety of applications. This 
review focuses on the recent advancement and advantages of hydrophobic and 
superhydrophobic surfaces prepared by the combinations of organic-inorganic 
components and their applications such as anti-stain coating, highly stable 
substrate fabrication, hybrid monoliths, selective oil absorption, non-stick and 
self-cleaning coatings, blood typing etc.

Keywords: Hydrophobic; Anti-stain coating; Superhydrophobic; 
Superoleophilic; Oil and solvent absorption; Self-cleaning

one or more dissimilar components such as organic or inorganic 
components to produce a single entity [1,2]. The obtained hybrid 
material should enhance a property of the component material over 
the pristine components or generate new properties for the material 
[2-4]. Organic-inorganic hybrid materials focused much attention in 
the recent days due to easy synthesis and ability to produce in large 
scale [1,2]. Hybrid materials were used in a variety of applications 
such as anti-stain coating, highly stable, selective oil and organic 
solvent absorption, non-stick and self-cleaning coatings, semi-
conducting channels, flexible substrate fabrication, drug delivery, 
cell adhesion and transporting, micro-patterning, switchable 
surfaces, photovoltaic applications, and in storage batteries, etc 
[1,2,5-19]. Multi-functional hybrid materials have been synthesized 
successfully using various types of functional groups [20-22]. Sol-gel 
method is a versatile way to synthesize a multi-functional material. 
Functional silanes and other functional precursors were used in 
most situations of sol-gel method to synthesize the functional 
hybrid material. Several ways were processed such as spin-coating, 
dip-coating, spraying, electro spinning, micro emulsion, extrusion 
and casting (etc.,), for the development of stable hybrid substrates, 
fibers, foams, powders, optical devices, monoliths, flexible substrates, 
and films for various applications [23-27]. Multi-functional hybrid 
materials were also synthesized using macro initiators by various 
polymerization techniques such as surface initiated atom transfer 
radical polymerization, controlled/living radical polymerization and 
emulsion polymerization etc., [20,21]. Functional hybrid materials 
also exhibit various surface properties such as hydrophilic (contact 
angle (CA) < 90°), hydrophobic (CA ≥ 90°) and superhydrophobic 
surface (CA ≥ 150°) [7,8,28]. The surface properties of the hybrid 
material can be switchable, depending on the processing conditions 
such as UV light, pH, laser, plasma source and temperature [17].

Hydrophobic and superhydrophobic surfaces fabricated from 
organic-inorganic hybrid materials gained much attention in many 
applications in the recent decades (Figure 1). This review deals with 
various organic-inorganic hybrid materials and their development 
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Introduction
A hybrid material is defined generally from the combination of 

Review Article

Hydrophobic and Superhydrophobic Organic-Inorganic 
Hybrids and their Applications
Nagappan S and Ha CS*
Department of Polymer Science and Engineering, Pusan 
National University, Busan 609-735, Republic of Korea 

*Corresponding author: Ha CS, Department of 
Polymer Science and Engineering, Pusan National 
University, Busan 609-735, Republic of Korea

Received: May 22, 2014; Accepted: July 02, 2014; 
Published: July 07, 2014

Austin
Publishing Group

A



Austin Chem Eng 1(1): id1003 (2014)  - Page - 02

Ha CS Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

for hydrophobic and superhydrophobic surface fabrication using 
Polymethylhydrosiloxane (PMHS), poly(vinyl chloride) (PVC), 
fluorinated methacrylate and mercapto functional monomers, 
various functional silane precursors, lotus leaf (Nelumbo nucifera, LL) 
and tree of heaven leaf (Ailanthus altissima, TL) powder [5-11]. We 
also cover some of the recent advancements and their applications of 
hydrophobic and superhydrophobic surfaces. PMHS is a well known 
siloxane component with high softness, solubility in common organic 
solvents, non-toxicity, inertness to air and moisture, low surface energy, 
hydrophobicity and thermally stable properties [5,6]. PMHS was used 
in various applications such as reducing agent for organic synthesis, 
fabrication of stable hydrophobic and superhydrophobic surfaces, 
coatings on glass, micro-fluidic chips, electronic packages, actuators, 
and optical fibers [5,6,29-31]. On the other hand, PVC is the most 
widely used polymer in electronic applications due to the excellent 
electrical insulation property, inherent flame-retardance, weathering 
stability, process ability, energy recovery and recyclability [7]. Various 
silane precursors, fluorinated methacrylate, and mercapto functional 
monomer were used to enhance the properties of PMHS and PVC in 
the hybrid systems [7]. Recently, we also developed novel bio-inspired 
hybrid micro-nano composites by the use of LL powder, PMHS, and 
functional silica ormosils. The obtained hybrid suspension showed 
highly stable superhydrophobicity on any substrate by simply drying 
the solvent at room temperature for a few minutes [8-11]. The hybrid 
loaded melamine sponge showed selective oil absorption from the oil 
spill on the water surface. Moreover the superhydrophobic sponge can 
also absorb various organic solvents and can be recycled for several 
times for the absorption of larger amounts of oils and organic solvents 
on the water surface or in under-water. The practical applications of 
these hybrid materials were discussed in two approaches such as 1) 
hydrophobic surface in the field of anti-stain coating, highly stable 
substrate fabrication, protein encapsulation, monolith for micro-
solid separation, and 2) superhydrophobic surface for selective oil 
and organic solvent absorption, non-stick and self-cleaning coatings, 
cell adhesion and proliferation, controlled drug delivery, controlled 
dye releasing, superhydrophobic and oleophobic coatings, and blood 
typing applications.

Hydrophobic and Superhydrophobic 
Surfaces and their Applications

Hydrophobic surfaces for anti-stain coatings
Anti-staining is the ability to resist stains or easily erase the 

stains on the coated substrate [5-7,32,33]. This could be achieved 
by using low surface energy starting materials. On the other hand, 
the stability of the coated substrate is also important criteria for 
creating stable properties. We achieved stable substrate by using 
PMHS with 2,2,3,4,4,4 hexafluorobutylmethacrylate (HFBMA) 
and tetraethoxysilane (TEOS) via a sol-gel reaction [5,6]. The spin 
coated PMHS (cured at 150°C for 24 h) showed a fractured surface 
morphology. On the other hand, the surface morphology of the 
PMHS was altered by the addition of HFBMA and TEOS. A smooth 
layered surface showed aggregated silica particle surface by increasing 
the TEOS content. The presence of micro/nanosilica particles on the 
fluorinated polymethylsiloxane/silica (FPMS/silica) hybrid showed 
hydrophobic properties [5,6]. The maximum roughness of the silica 
particles was ~27-35 nm, which depends on the concentration of TEOS 
content in the FPMS/silica hybrid surface. The mechanical hardness 
or scratch resistance of the coated substrate was checked by a pencil 
hardness tester. The spin coated organic-inorganic hybrid material 
showed good scratch resistance (≥ 4H) [5]. Meanwhile, the scratch 
resistance of the substrate was altered by changing the concentration 
of ethanol [5,6]. Increasing the concentration of ethanol would lead 
to enhance the scratch resistance (≥ 5H) of the hybrid substrate [5,6]. 
The enhanced scratch resistance is due to the presence of hexagonally 
packed low surface energy fluorine atom on the outer surface which 
is bounded strongly on the substrate by silica particles.

Anti-staining property was checked by using water and oil based 
pens by simply writing and erasing on the coated substrate [5-7]. 
The FPMS/silica hybrid material showed good erasing property 
for both oil and water based pens for over 8 times by wiper paper 
[5,6]. The obtained results explain that the low surface energy matrix 
with good adhesive property is responsible for developing anti-
stain coating. Transparency of the substrate is another important 
criterion for coating application. The FPMS/silica hybrid material 
showed 95% to 98% transparency in the visible region [5,6]. To 
enhance the anti-stain properties for practical applications, we also 
developed a novel metallopolymer hybrid material using PVC as a 
starting material [7]. A pre-synthesized iron-mercapto complex was 
grafted with PVC and then modified with mercapto silane precursor. 

 
Figure 1: Number of papers published in the last ten years under the topic of (A) hydrophobic/or hydrophobicity and (B) superhydrophobic/or superhydrophobicity 
(Source: ISI Web of Science).



Austin Chem Eng 1(1): id1003 (2014)  - Page - 03

Ha CS Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

The PVC metallopolymer showed very good hydrophobicity 
with CA ~143.27° ± 2.0° [7]. PVC has good transparency (98% at 
400 nm wavelength) in the visible region (Figure 2a-c). The poly 
(vinyl chloride-g-ferrotrimethylolpropane tris(3-thiopropionate))  
(PVCFeS) metallopolymer also maintains the transparency by drying 
up to 80°C for less than 24 h (Figure 2d-f). On the other hand, the 
transparency of the substrate was decreased by further increasing the 
drying temperature to 150°C (Figure 2g-k). Mercapto silane precursor 
and methyl silane precursor were introduced separately into the 
PVCFeS metallopolymer (mercapto silica functionalized PVCFeS 
(PVCFeS-SiSH), and methylsilica functionalized PVCFeS (PVCFeS-
SiMe) in order to enhance the transparency (Figure 2l and m) [7]. The 
hybrid metallopolymer maintained the transparency and enhances 
scratch resistance and anti-stain properties even by increasing the 
drying temperature to 150°C. This is due to higher boiling point of 
the mercapto silane precursor which maintains the colouration of 
metallopolymer and enhances other properties. PVC metallopolymer 
hybrid showed improved scratch resistance (> 8H) and anti-staining 
properties (more than 10 times of writing and erasing test) as 
compared to the hybrid material surface made from PMHS [5-7]. 
Due to excellent lubrication of PVC metallopolymer hybrid substrate, 
the surface can easily drag away the water droplet at the sliding angle. 
This can lead to the use of the surface in self-cleaning coatings for 
practical applications. The self-cleaning properties of the PVC 
metallopolymer hybrid substrate was checked by spreading activated 
charcoal powder on the surface followed by dropping water droplets 
on the substrate. The bare glass showed the adhesion of charcoal on 
the substrate. On the other hand, the adhesion property was reduced 
on the PVC metallopolymer and their hybrid substrate. This proved 
the excellent anti-stain property of the PVC metallopolymer hybrid 
[7].

Hydrophobic surfaces for other applications
Hydrophobic surfaces also favoured for protein encapsulation in 

the organically modified porous substrate [34]. Meena et al. studied 
the effect of protein encapsulation on various types of organically 
modified hydrophobic surfaces using two types of proteins such as 
apomyoglo bin (apoMb) and ribonuclease A [34]. They also studied 
the protein encapsulation on the untreated glass substrate. In most 
cases, apoMb is not favourable to hydrophobic environment due to the 
phase separation. Interestingly, they found that organically modified 

Figure 2: (a–c) Optical images of the spin coated poly(vinyl chloride) (PVC) substrate cured at room temperature, 80oC, and 150oC for 24 h. (d–f) poly(vinyl 
chloride-g-ferrotrimethylolpropane tris(3-thiopropionate)) (PVCFeS) metallopolymer substrates cured at room temperature, 40oC, 80oC for 1 h, (g) 80oC for 24 
h, (h and i) 100oC for 1 h and 7 h, (j) 120oC for 1 h and (k) 150oC for 30 min. (l and m) Mercaptosilica functionalized PVCFeS (PVCFeS-SiSH), and methylsilica 
functionalized PVCFeS (PVCFeS-SiMe) metallopolymer substrates cured at 150oC for 24 h. Reproduced with permission from [7], Nagappan S. et al. J Mater 
Chem A 2013; 1: 12144-12153. © 2013, Royal Society of Chemistry.

Figure 3: AFM image of a 10% ethyl-modified glass with encapsulated apoMb. 
Spiral chains of interconnected silica particles are evident. Reproduced with 
permission from [34], Menaa B. et al. Biomaterials 2008; 29: 2710-2718. © 
2008, Elsevier Ltd. 
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porous hydrophobic surface showed better encapsulation behavior 
to the proteins than hydrophilic untreated glass substrate. They 
predicted the encapsulation behavior mainly due to the concentration 
of organic component (~5–15%) treated on the hydrophilic glass 
substrate. The concentration may vary depending on the type of 
organic component used for surface treatment. Increasing the 
concentration of organic components may lead to phase separation 
or reduce the transparency of the treated surfaces. The increase in 
protein encapsulation efficiency is due to the increase in the fraction 
of properly folded functional enzymes. The surface morphology was 
changed by encapsulation of protein to the hydrophobic hybrid glass. 
This was confirmed from the atomic force microscopy (AFM) surface 
mean roughness value (Figure 3). The mean roughness was increased 
by the encapsulation of apoMb from 0.21 nm to 2.64 nm (Figure 3). 
Zheng et al. prepared hydrophobic organic-inorganic hybrid silica 
monolith with cation exchange functional group as a sorbent for 
micro-solid phase extraction (micro-SPE) [35]. The hybrid monolith 
showed aggregated spherical particles interconnected with macro 
pores with pore size around 5 µm and narrow distribution (Figure 
4). Macro porous structure is highly favourable for the permeability 
in the extraction application. A testing analysis such as sulfonamides 
(SAs) was mixed with milk and then separated by using micro-SPE. 
The separation efficiency of the mixture was monitored by high 
performance liquid chromatography (HPLC). The hydrophobic 
hybrid silica monolith showed excellent recyclability and separation 
efficiency of SAs and milk from the mixture [35].

Stable superhydrophobic surfaces for selective oil and 
organic solvent absorption

We successfully synthesized superhydrophobic polymethyl 
hydroxysiloxane (PMHOS) powder in one-pot using PMHS, ethanol 
and sodium hydroxide and hydrophobic phenyl substituted silica 
ormosil (PSiOr) using phenyltriethoxysilane (PTES) in the presence 
of oxalic acid and aqueous ammonia [8-10,13,24]. PMHOS powder 
can be used in various applications due to superhydrophobic and 
superoleophilic properties. The above properties of PMHOS gave an 
idea to use the material for the preparation of superhydrophobic hybrid 
micro-nanocomposites sponge for selective oil and organic solvent 
spill capture applications. The use of lotus leaf (LL) powder can also 

enhance the absorption behavior of the hybrid system. Introducing 
hydrophobic silica ormosil to the system can make the material more 
stable. Based on the ideas, a novel bio-inspired superhydrophobic 
hybrid micro-nanocomposite (LLPPSiOr) was prepared from the 
combination of LL powder, PMHOS, and PSiOr [8-10]. LLPPSiOr 
hybrid suspension showed excellent superhydrophobicity by the 
evaporation of solvents at room temperature on a range of substrate 
such as glass, laminating film, tree leaf (Ailanthus altissima), 
cotton cloth and laminating film with CA over 175° [8]. The 
superhydrophobicity was very stable (more than 6000 s) on the coated 
substrate even the substrate treated at 500°C for 5h. On the other hand, 
the substrate became superhydrophilic  by treating at 600°C for 5h. 
The substrate at room temperature also showed superoleophilicity by 
contact with dodecane (<5°) and soybean oil (<5°). On the other hand, 
the surface become switchable (superhydrophobic (θadv = 173.92° ± 
1.5°, θrec = 169.94° ± 1°, and H = 3.98°)) by the evaporation of dodecane. 
These switchable properties may play a key role in the absorption and 
separation of large amounts of low surface energy oils from water. 
The hybrid micro-nanocomposites loaded melamine sponge also 
exhibited superhydrophobicity. The superhydrophobic sponge was 
used for the absorption of various oils and organic solvent spills on 
the water surface or in under water.  

The absorption capacity (k) = [(Wb-Wa)/Wa × 100 (w/w %)] of 
various oils and organic solvents were calculated from the amount 
of oils and organic solvents absorbed before and after absorption [8]. 
Wb indicates the amount of oil or solvent absorbed by the absorbent, 
while Wa indicates the initial weight (before absorption) of the 
hybrid/PDMS sponge. The superhydrophobic hybrid sponge showed 
selective absorption of oils and solvents from the spills. The absorption 
behavior was tested for two types of hybrid sponge prepared at room 
temperature and at 100°C. The superhydrophobic hybrid sponge 
showed very high absorption to soybean oil (2544 w/w% for hybrid/
PDMS sponge) and various oils (corn, canola, diesel, and decane) 
and organic solvents (benzene, toluene, and chloroform) at room 
temperature and 100°C (Figure 5a-d). The absorption capacity was 
enhanced for the superhydrophobic hybrid sponge prepared at room 
temperature as compared with the sponge cured at 100°C (soybean 
oil, 2185 w/w% for hybrid/PDMS sponge). Several methods were used 

Figure 4: Scanning electron microscope images of the cross section of the hybrid silica monolith: wide view (left) and close-up view (right). Reproduced with 
permission from [35], Zheng MM. et al. J Chromatogr A 2009; 1216: 7739–7746. © 2009, Elsevier Ltd.



Austin Chem Eng 1(1): id1003 (2014)  - Page - 05

Ha CS Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

for the absorption and separation of oil spills on the water surface. 
On the other hand, superhydrophobic sponges and magnetically 
separable absorbents were used widely for absorption and separation 
of oil spills [8,36-39]. These absorbents also showed the maximum 
absorption and separation efficiency due to the excellent recyclable 
properties. Rao et al. fabricated superhydrophobic silica aerogels 
using methyltrimethoxysilane (MTMS) in the presence of acid and 
base catalyst [40]. The superhydrophobic silica aerogels showed 
excellent and uniform absorption and desorption behavior to various 
organic (alkenes, aromatics, alcohols) liquids (Figure 6) [40].

Superhydrophobic surfaces for non-stick and self 
cleaning applications

Non-stick and self-cleaning properties are depending on 
the sliding angle of the substrate surface. The free rotation and 
displacement of water droplets on the substrate surface can exhibit 
excellent self-cleaning behavior [8-11]. The non-stick property was 
tested on the superhydrophobic hybrid substrate by a water droplet 
(surface energy of water, 72 (mN/m)) or from the movements of water 
droplets on the substrate. Due to very high CA of the hybrid substrate 
can easily resist water droplets on the substrate. Superhydrophobic 
substrate can also easily drag away the water droplets and keep the 
substrate clean. This self-cleaning behavior was checked further 
by placing various dusts (zinc dust (<10μm), Portland cement, sea 
sand and carbon dust) on the drop coated or spin coated substrate 

followed by dropping water droplets [9,10,41]. The pollutants were 
collected by the droplets and drag away from the substrate (Figure 
7). This self-cleaning lotus leaf behavior was also achieved from the 
lotus leaf powder hybrid micro-nanocomposites. Similarly, Xu et al. 
fabricated superhydrophobic self-cleaning surface using titanium 
dioxide (TiO2)/high density polyethylene (HDPE) [41]. TiO2 in the 
HDPE have enhanced the self-cleaning properties of the substrate due 
to photo-oxidation of TiO2 in UV light [41]. The stability of the bio-
inspired hybrid micro-nanocomposites was also checked by varying 
the compositions of the starting materials [8-11]. The introduction of 
lotus leaf powder prepared at various drying temperatures (LL25°C, 
LL50°C and LL100°C) or hydrophilic silica nanoparticles (SiNPs) to 
the hybrid suspension (LL powder, PMHOS, and SiNPs (LLPSiNPs) 
hybrid micro-nanocomposites) showed stable hydrophobicity 
with spherical shape particles on the substrate [10]. Increasing 
the hydrophilic silica nanoparticles to the hybrid suspension also 
maintained the hydrophobicity on the coated substrate. We also 
prepared the bio-inspired hybrid micro-nanocomposites using 
another leaf powder such as TL powder [42]. The tree leaf powder 
showed better compatibility with the superhydrophobic PMHOS. The 
addition of hydrophobic PSiOr to the TLP suspension (TL powder 
and PMHOS in ethanol) also produced superhydrophobicity on any 
substrates. The surface property of the hybrid was tested at various 
temperatures of water droplets. The hybrid suspension maintains 

Figure 5: (a) Absorption of various oils and organic solvents by the superhydrophobic hybrid/PDMS sponge cured at room temperature (RT) and 100oC. (b) Optical 
image of the hybrid/PDMS sponge after the absorption of diesel oil. The complete superhydrophilic properties of the pristine sponge illustrated at the right corner of 
the inset figure and at the bottom (black dotted circle) of the water bath. The left corner inset figure shows the complete superhydrophobic properties of the hybrid/
PDMS sponge when immersed in water (silvery shine). (c,d) Graph of the absorption capacity to various oils (soybean (), corn (), canola (), diesel (), and 
decane oils ()) and various solvents (benzene (), toluene () and chloroform ()) of the hybrid loaded and surface treated sponge cured at room temperature 
Reproduced with permission from [8], Nagappan S. et al. J Mater Chem A 2013; 1: 6761-6769. © 2013, Royal Society of Chemistry.
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the superhydrophobicity to cold and hot water. The addition of 
water droplet at 0oC or below 0°C maintains the superhydrophobicity 
with stable contact angle as obtained for water droplet at room 
temperature. The obtained results show the anti-icing property of the 
substrate. The superhydrophobicity was maintained on the substrate 
by placing water droplet temperature up to 50°C. Further increasing 
the water droplets temperature to 60°C to 80°C, the surface CA was 
reduced to hydrophobic by the nucleation of the hot water droplet 
on the substrate. Meanwhile, the superhydrophobicity can retain 
on the substrate by replacing the hot water droplet and placing the 
room temperature water droplet on the same place. The TL powder, 
PMHOS and PSiOr hybrid micro-nanocomposites (TLPPSiOr) also 
showed excellent non-stick and self-cleaning properties. 

Superhydrophobic surfaces for other applications
Superhydrophobic surfaces were also used in other applications 

such as cell adhesion and proliferation, drug delivery, organic dye 
loading and release, self-healing coatings, anti-corrosion, anti-
fouling, and blood typing etc., [11,43-50]. Alves et al. developed 
novel bio-inspired hydrophobic (controlled) and superhydrophobic 
membrane surfaces using poly (L-lactic acid) (PLA) by casting the 
PLA solution into the Petri dish and checked the cell adhesion and 
proliferation of the film [43]. They found that superhydrophobic 
membrane surface showed excellent repellency to cell adhesion 
and proliferation to bone marrow derived cell. The cell adhesion 

Figure 6: Photographs showing various stages of shrinkage and spring back 
during desorption of hexane from the aerogel. Reproduced with permission 
from [40], Rao AV. et al. J Colloid Interface Sci. 2007; 305: 124–132. © 2007, 
Elsevier Ltd.

behavior was also checked by dipping in simulated body fluid (SBF) 
for more than 20 days. The hydrophobic surface showed smooth 
layer on the controlled membrane surface (Figure 8). On the other 
hand, superhydrophobic membrane surface maintained the surface 
properties even dipped in SBF solution for 21 days. In some cases 
cells can adhere to the superhydrophobic surfaces depending on the 
type of cell used for adhesion. Yohe et al. developed electrospun mesh 
using poly (glycerol monostearate-co-ε-caprolactone) (PGC-C18) 
[44]. 7-ethyl-10-hydroxycamptothecin (SN-38, anticancer agent) 
drug was loaded in the PGC-C18 mesh and observed the controlled 
drug delivery behavior. The entrapped air present in the electrospun 
nanofiber mesh can maintain the superhydrophobicity of the mesh 
in a buffer solution and releases the drug in a controlled fashion 
of intervals. In another case, Manna et al., fabricated a novel 
superhydrophobic films using a mixture of branched poly (ethylene 
eimine) (PEI) and poly (2-Vinyl-4,4-dimethylazlactone) (PVDMA) 
by layer by layer technique [45]. The fabricated PEI/PVDMA film 
was loaded with fluorophore tetramethylrhodamine (TMR) dye 
and observed the dye releasing behavior from the superhydrophobic 
surface. TMR dye was loaded quickly on the polymer matrix (within 
80 s). On the other hand, the polymer film showed slower release 
behavior (over one year). The obtained results showed the controlled 
release behavior of the dye loaded substrate. The author’s also 
explained the self-healing behavior of the PEI/PVDMA film [46]. 
The PEI/PVDMA film losses the superhydrophobic behavior under 
crushing. On the other hand, the superhydrophobicity was recovered 
by dipping the PEI/PVDMA film in water for few seconds (15 s). 
This self-healing, self-cleaning and controlled dye releasing behavior 
can lead to use of the material for textile and other applications. 

Figure 7: The self-cleaning effect of water droplets on the TiO2-HDPE 
composite superhydrophobic surface (a-c), and sticky water droplets (marked) 
on a normal flat HDPE surface put vertically (d). The black contaminates 
are fine carbon particulates with an average size of 1 μm. Reproduced with 
permission from [41], Xu QF. et al. ACS Appl Mater Interfaces 2013; 5: 
8915−8924. © 2013, American Chemical Society.
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Figure 8: RBMCs onto (A) control films and (B) superhydrophobic substrates after 21 days of culture. The white arrow identifies the only cell that was observed in 
the later surface. Reproduced with permission from [43], Alves NM. et al. J Biomed Mater Res A 2009; 91A: 480-488. © 2009, Wiley-VCH, Weinheim, Germany.

Dong et al. fabricated superhydrophobic and oleophobic surface 
using fluorinated polyhedral oligomeric silsesquioxane (FPOSS) by 
spin coating method [49]. The spin coated surface resisted water 
droplet on the surface and was dragged away from the substrate in 
a fraction of seconds. More recently, Li et al. used superhydrophobic 
surface for the identification of six types of blood groups from 
their aggregation behavior with antibodies [50]. Blood types were 
identified by haemagglutination reaction in a conventional method. 
The reaction was carried out by placing a blood droplet on the 
superhydrophobic surface followed by the addition of anti-body. The 
interaction of anti-body and antigens in haemagglutination reaction 
results to the phase separation of red blood cells (RBCs) (Figure 9). 
The separation of agglutinated RBCs was observed clearly from the 
plasma phase by the introduction of anti-body to the antigen (Figure 
9). The use of superhydrophobic paper surface by this method is 
quite simple, low-cost and environmental friendly to detect blood 
types. Superhydrophobic materials were used in numerous fields of 
applications in the recent decades. More and more novel materials 
are also continuously developed by several research groups and their 
applications will be extendable for the future applications.

Conclusions and Future Perspectives
In this review, we discussed the fabrication of hydrophobic and 

superhydrophobic surfaces from PMHS, PVC, lotus leaf and tree of 
heaven leaf powders and from silane precursors (etc.) and their vast 
applications in anti-stain coatings, highly stable surfaces fabrication, 
protein encapsulation, monolith for micro-solid separation, selective 
oil and organic solvent absorption, non-stick and self-cleaning 
coatings etc. We also discussed various applications of hydrophobic 
and superhydrophobic surfaces. Hydrophobic and superhydrophobic 
properties are important surface properties for practical applications 
in a wide range of field. Today, the growth of coating materials was 
established in various applications. The dramatic growth of the 
materials with hydrophobic or superhydrophobic property on the 
coated substrate can lead to extend the life of the substrate for several 
years. On the other hand, cost, easy processability, environmental-
friendness and stability of the substrate for air and moisture are 
among the most important criteria to consider for the establishment 
of hydrophobic or superhydrophobic materials for practical 
applications.  

Figure 9: Photos of the blood agglutination of the six blood samples 
(A+, A−, B+, AB+, O+ and O−) when they are respectively mixed with three 
antibodies (Anti-A, Anti-B and Anti-D) on superhydrophobic surface. The 
red star represents blood aggregation was found in that photo. The blood 
type can be determined by observing the aggregation of blood with different 
antibodies. Reproduced with permission from [50], Li L. et al. Colloids Surf B: 
Biointerfaces. 2013; 106: 176-180. © 2013, Elsevier Ltd.
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