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  Nature is the great source of inspiration for creating unique 

structures with special functions. The termite wing, one of the representative 

examples of water-repelling surfaces, consists of an array of long hairs and 

nanoarchitecture with different dimension scale. Herein, we introduced a method of 

preparing hierarchical structures and water-repellency of the surfaces with different 

drop impact scenarios. Hierarchical structures were prepared with mixtures of UV-

curable polyurethane acrylate (PUA) and silica moiety using the replica molding 

technique, followed by the selective oxygen plasma etching of PUA. In order to 

achieve the enhanced hydrophobicity, fluorinated moieties were attached to the 

etched surfaces to lower the surface energy. As a result, these hierarchical surfaces 

showed many different drop impact scenarios by varying impact speed, drop size, 

and the geometry of the surfaces. Finally, TiO2 nanoparticles were introduced to 
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fabricate 3-tier hierarchical structures in order to enhance superhydrophobicity by 

enlarging the surface area, resulting in extremely high water-repellency and high 

transparency for future applications. 

 

Keywords: Biomimetics, Water-Repelling Properties, Superhydrophobic Surfaces, 

Hierarchical Structures, Termite Wings. 
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Chapter 1. Introduction 

 

Nowadays, wetting property of the surface has become one of most 

essential parts of surface study in a wide range of industrial and academic fields 

such as thin film coating process, NEMS/MEMS, and micro/nanofluidics1. Even 

though the tremendous amount of studies have been conducted in worldwide, from 

theories2 to applications3, many researchers4-5 have reported their works realizing 

superhydrophobicity6, self-cleaning property7-8, and etc., without in-depth 

discussion of the fundamental principles9 which govern the wettability of the 

substrate. Fundamental wetting principles10, which were developed by Wenzel11 

and Cassie-Baxter12, states that wettability of the rough surface is governed by the 

surface geometry and chemical composition of the substrate. And nature is the 

great source of inspiration13 for realizing superhydrophobicity by mimicking the 

unique structures of creatures. As a representative example, lotus leaves14 and 

termite wings are well-known for their multi-dimensional hierarchical15 structures 

with special functions.  

 In this work, we present multi-dimensional hierarchical surfaces with 

special functions as robust superhydrophobicity and high transparency. These 

surfaces were designed to have tailored properties by tuning the geometric 

parameters of the surface. In order to prepare microstructure and hierarchical 

structures, UV-curable liquid precursors were exploited as replica molding material 



2 
 

and subsequently selective etching by O2 plasma was used. After O2 plasma 

treatment which usually turns the substrate into hydrophilic, F-SAM treatment was 

used to lower surface energy in order to realize the superhydrophobic surfaces. 

Finally, imprinting lithography was used to fabricate 3-tier hierarchical structures 

with TiO2 nanoparticles by using a PDMS mold as a stamp.  
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Chapter 2. Experimental 

2.1 Materials 

For mold materials, polyurethane acrylate (PUA, MINS 301 RM, Minuta 

Tech), and polydimethylsiloxane (PDMS, Sylgard 184 Silicon elastomer, Dow 

Corning) were used. TiO2 paste (DSL 18NR-T, Dyesol) was used to fabricate 

multi-dimensional hierarchical TiO2 surfaces. To realize hydrophobicity of the 

substrate 1H,1H,2H,2H-perfluorooctyltriethoxysilane (98%, Sigma-Aldrich) was 

exploited. 

 

2.2 UV-Assisted Micromolding of Pillar Pattern 

Silicon master pattern, fabricated by photolithography, was used as a mold 

to prepare PDMS replica pattern by replica molding. The intensely stirred mixture 

of PDMS precursor and crosslinker (10:1 by weight) with full of air bubbles was 

poured onto the Si master and evacuated in the desiccator for more than 30 minutes 

until all the air bubbles were removed.  And then, the sample was located inside of 

the convection oven heated up to 60 ºC for 6 hours to achieve fully heat-cured 

PDMS. Several drops of the homogeneous mixtures of acrylate-functionalized 

polysiloxane and multi-functional acrylated prepolymer (PUA, MINS 301 RM) 

were dispensed onto the as-prepared PDMS hole pattern where polyethylene 

terephthalate (PET) film was gently pushed to the PUA and PDMS mold, followed 

by the exposure of UV for 3 minutes for partial curing of the PUA. Since adhesion 
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of PUA on PET is much stronger than on PDMS, PUA pillar patterns could be 

obtained with the backbone of PET film very easily by peeling of the PET film 

from the PDMS substrate. 

 

2.3 Selective Etching of Polymers by Oxygen Plasma 

 PUA substrate (MINS 301 RM), as described earlier, consists of the 

homogeneous mixture of acrylate-functionalized polysiloxane (Ac-PSi) and multi-

functional acrylated prepolymer. The multi-functional acrylated prepolymer moiety 

of as-prepared PUA substrate was selectively etched by oxygen plasma, while Ac-

PSi was oxidized to silica remained not etched. Therefore, the oxygen plasma 

etching step induced roughness on the scale of several tens of nanometers so that 

microstructures of the PUA surface transformed into hierarchical structures with 

amplified wettability. The oxygen plasma etching process (RIE 80 plus, Oxford 

Instrument) was completed at 50 mTorr total gas pressure, oxygen gas flow rate of 

10 standard cubic centimeters per minute (sccm), and RF power of 200 W. 

 

2.4 Fabrication of 3-Tier Hierarchical TiO2 Structures 

 Electron blocking layer on the Si wafer was formed by spin-coating 0.1 M 

of Ti (IV) bis(ethyl acetoacetato)-diisopropoxide dissolved in 1-butanol, then 

sintering at 500°C, to enhance the adhesion between TiO2 paste and the substrate. 

Nanostructured structures were fabricated by the doctor blade method with TiO2 
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paste (DSL 18NR-T, Dyesol) onto the silicon wafer. On top of the doctor blade 

coated TiO2 paste with the thickness of 7 μm, pillar-patterned structures were 

fabricated by the soft-molding method with as-prepared PDMS mold. After 

pressing the TiO2 paste with the PDMS molds, samples were firstly annealed at 

70°C for 10 min to remove solvents. The PDMS molds were detached from the 

TiO2 microstructures, followed by the sintering process at 500°C for 15 min to 

remove entire organic components of the paste. 

 

2.5 F-SAM Treatment 

Since etched PUA hierarchical structures by oxygen plasma and as-

prepared TiO2 microstructures are almost completely wetted even by a single 

droplet of water, the samples were hydrophobized by fluorinated self-assembled 

monolayer (F-SAM) treatment to achieve superhydrophobicity. The substrates 

were dipped in the 0.1 M solution of 1H,1H,2H,2H-perfluorooctyltriethoxysilane 

in n-hexane for 10 minutes, followed by spin-coating of the same hydrophobizing 

reagent on the substrate with 3000 rpm for 30 seconds. After F-SAM treatment, 

PUA hierarchical structures and patterned TiO2 surfaces were gently rinsed with 

flowing n-hexane for the purpose of removal of surplus F-SAM reagents. 

Subsequently the substrates were heated up to 80 degree Celsius for 30 minutes to 

achieve chemical bonding between silicons perfectly. 
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2.6 Measurements 

Contact angle measurements were made with contact angle analyzer (Drop 

Shape Analysis System DSA100, Kruss) by gently depositing water and 

diiodomethane droplets of 1 µL on the microstructured and hierarchically 

structured substrates. And SEM images were taken using FE-SEM (JSM-6701F, 

JEOL) at an acceleration voltage of 5.0 kV and average working distance of 8.0 

mm. PUA samples were coated with Pt layer of 6 nm by the sputter deposition 

before analysis and TiO2 samples were not required to coated with any metal 

layers due to their inherent conducting properties. Drop impact experiments were 

taken by high-speed camera (Fastcam SA2, Photron) at the frame rate of 5000 fps 

with macro lens (Sigma 105 mm f/2.8 EX DG Macro Lens).  
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Chapter 3. Results and Discussion 

 

3.1 Biomimetic Water-Repelling Hierarchical PUA Surfaces 

3.1.1 Geometric Design of Hierarchical Surfaces 

Hierarchical structures are necessary to achieve extremely high water-

repellency of the surface, and Scheme 1 shows a schematic illustration of 

fabrication of PUA hierarchical structures mimicking termite wings. The pillar-

shaped silicon master was produced by conventional photolithography and dry 

etching process. After fabrication of the silicon master, we prepared PDMS mold 

by casting PDMS prepolymer on the master. PDMS prepolymer consists of 

precursor and curing agent with the mixing ratio of 10:1 and was cured at 60 °C for 

6 hr in the convection oven. The homogeneous photocurable liquid precursor, 

which consists of acrylated prepolymer and acrylate-functionalized polysiloxane 

(Ac-PSi), was dispensed on the as-prepared PDMS mold and gently pushed by 

PET film to make a conformal contact with PDMS mold. After fabrication of 

pillar-structured PUA pattern, we etched the polymer pattern with oxygen plasma. 

In the etching process by oxygen plasma, Ac-PSi was reacted with the radicals and 

ions of oxygen to produce silicon oxide, while polymer surface was physically 

etched to achieve selective etching. Selective etching process induced 

nanoroughness on the microstructured PUA pillar structure, resulting in the 

hierarchical structure. 
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Scheme 1. A Schematic Illustration for the Fabrication of the Hierarchical 

Structures  
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3.1.2 Dependence of Wettability on Surface Geometry 

For the fundamental study of the dependence of wettability on the surface 

geometry, PUA pillar arrays with the diameter (L) of 5 μm, the height (H) of 10 

μm, and the space between pillars (S) varying from 2.5 to 40 μm were prepared for 

the each of the microstructures and hierarchical structures. Shown in Figure 1(a) is 

a top view of the SEM image of the surface of the micropillar array with the 

spacing ratio (S/L) of 0.5. When we enlarge the image, as shown in Figure 1(b), it 

is confirmed that the surface is smooth as it is prepared and the micropillar is well-

formed by replica molding. In contrast, Figure 1(c) shows a planar view of the 

SEM image of the hierarchical pillar structures of PUA with the image of 

nanoroughness less than 150 nm on the surface. Since plasma etching process is 

highly anisotropic, as shown in Figure 1(d), it is obvious that nanoscale roughness 

was formed only in the perpendicular direction of the surface not on the side of the 

pillar. 

For the investigation of the wettability dependence on the surface geometry 

and the nanoscale roughness of the surface, total 12 different types of patterns by 

different S/L ratios of 0.5, 1, 2, 4, 6, 8 for each of microstructures and hierarchical 

structures. Figure 1(e), (f), (g), (h) shows several samples of microstructured pillar 

patterns of the S/L ratios of 0.5, 1, 2, 4, respectively. 

Wettability of the surface is generally affected by two main factors: surface 

energy and surface geometry of the substrate. Generally surface energy is 

determined by the inherent property of the material and could be controlled by 
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surface treatment. Herein, we used the PUA as the substrate of which inherent 

surface energy is not low enough to realize superhydrophobicity. Therefore, F-

SAM treatment was exploited to tune the surface energy of the substrate and 

achieve extremely high hydrophobicity. Once the surface energy of the material is 

fixed, the main parameter to control the wettability of the substrate is the geometry 

(morphology) of the surface. In order to investigate the dependence of the 

wettability on the substrate, we prepared 12 different kinds of microstructures and 

hierarchical pillar structures and measured static contact angles of each samples. 

For hydrophobic surfaces (θ > 90°), the dry solid has a surface energy lower 

than the wet one from the analysis of Young equation16, 

γSV = 𝛾𝑆𝐿 + 𝛾𝑐𝑜𝑠𝜃 

where γIJ is the surface tension for an interface between phases I and J (above the 

indices are S, L, V for solid, liquid, and vapor, respectively). Thus, the surface 

energy of the composite interface of solid, liquid and vapor is lower than that of the 

homogeneous interface of solid and liquid. 

 Generally when we discuss the wettability of the flat substrate, the contact 

angle of the water droplet on such surface is solely dependent on the surface energy 

of the material. However, when it comes to explain the wetting phenomena of the 

rough surfaces, there are 2 types of models explaining such phenomena: Wenzel 

and Cassie-Baxter models. 

 Wenzel configuration denotes the homogeneous contact between the liquid 

droplet and the solid substrate. Denoting by r the solid roughness factor (i.e. the 
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ratio of the actual surface area over the apparent surface area), a single 

displacement of dx of the contact line explains a change of surface energy per unit 

area17: 

dF
dx

= r(γSL − 𝛾𝑆𝑉) + 𝛾𝑐𝑜𝑠𝜃 

Since F is minimal at equilibrium, we take dF/dx = 0 at the equilibrium which 

yields Wenzel’s relation18: 

cosθ∗ = 𝑟 cos𝜃 

where θ is Young’s contact angle at the flat substrate, r is roughness factor of the 

substrate, and θ* is apparent contact angle at the rough substrate. 

 However, Cassie-Baxter model explains the exactly opposite wetting 

phenomena as Wenzel model explains, where the liquid droplet, solid substrate, 

and air pockets between the roughness solid substrate create the composite 

interface. Taking the same approach as when we explains Wenzel model, the 

contact angle could be obtained by considering a infinitesimally small 

displacement of the contact line, dx. The change of surface energy per unit length, 

dF, could be written as19: 

dF = φs(𝛾𝑆𝐿 − 𝛾𝑆𝑉)𝑑𝑥 + (1 − 𝜑𝑆)𝛾𝑑𝑥 + 𝛾𝑑𝑥 cos𝜃∗ 

where φS is the fraction of the solid/liquid interface below the droplet. Substituting 

Young’s equation to the equation above, and taking the minimal of F shows20: 

cos𝜃∗ = −1 + 𝜑𝑆(cos𝜃 + 1) 
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The contact angle jumps to a value which is very close to π, if the air trapping is 

realized, then slowly increases with increasing solid fraction φS. And apparent 

contact angle of π cannot be achieved (total drying), because θ* = π implies solid 

fraction φS = 0, which means the droplet is literally not sitting on top of the surface. 

Figure 2 shows the water droplets images which sat on both of the 

microstructures and hierarchical structures as spacing ratio increases. In case of 

microstructure, the contact angles of the droplets starts to increase as the spacing 

ratio (S/L) varies from 0.5 to 1, while contact angles of the water drops gradually 

decreases as S/L varies from 2 to 8. However, PUA hierarchical structures with 

anisotropic nanoroughness tend to sustain very high contact angle even if the 

spacing ratio of the pillars varies from 0.5 to 8. 

Microstructures and hierarchical structures have different tendency of the 

wettability as spacing ratio increases, as shown in Figure 3. Wetting transitions of 

water droplets sat on the microstructures are shown in Figure 3(a). As spacing 

ratio varies from 0.5 to 1, the droplets tends to follow Cassie model with composite 

interface of solid/liquid/air, but after the spacing ratio of 2 (up to 8) contact angles 

of the droplets dramatically decreases (i.e., Cassie-Wenzel transition21). Cassie-

Wenzel transition occurs because the air trapped between the micro-pillars could 

easily escape from where it used to be as the spacing between pillars increases. 

On the other hand, no Cassie-Wenzel transition could be observed in case of 

the droplets sat on hierarchical structures with nanoroughness, which is shown as 

Figure 3(b). Originally water drops on top of the hierarchical structures are 
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sustained by air pockets in the nanoroughness on top of the micro-pillars, so that 

the etched surfaces (i.e., hierarchical surfaces) compare well with the Cassie model. 

Nanoroughness on top of the micro-pillars could capture air pockets better than the 

microstructures could, because the nanoroughness has much larger surface area 

compared with the space between pillars. As a result, hierarchical structures 

sustains very high contact angle over than 160° and repel water droplets very 

efficiently. And the contact angle hysteresis is lower than 10° which means low 

adhesion between water droplets and the substrate.  
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Figure 1. SEM Micrographs of the (a), (b) Microstructures and (c), (d) 

Hierarchical Structures. Sequentially Selected SEM Images of the Microstructures 

with the Spacing Ratio of (e) 0.5, (f) 1, (g) 2, (h) 4. 

  



15 
 

 

 

Figure 2. Water Droplets Sat on the Microstructures and Hierarchical Structures 

in the Increasing Order of the Spacing Ratios. 
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Figure 3. Comparison with Cassie and Wenzel Models on the (a) Microstructures 

and (b) Hierarchical Surfaces. 
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3.1.3 Drop Impact Dynamics on Hierarchical Surfaces 

Previously, drop impact experiments were conducted by some research 

groups22, usually explaining observed phenomena qualitatively. Drop impact 

experiments were conducted in different samples with micro-pillars and 

nanoroughness. Total 14 samples were prepared including flat PUA, PUA with 

nanoroughness, microstructures, and hierarchical structures, which have spacing 

ratio of 0.5, 1, 2, 4, 6, 8, respectively. Figure 4 shows some remarkable drop 

impact scenarios which were observed with high-speed camera in the condition of 

5000 fps. Drop impact scenarios on the flat PUA, PUA with nanoroughness, 

microstructure, and hierarchical structure with spacing ratio of 1 were shown in the 

figure 4(a), (b), (c), (d), respectively. The volume of the impacting water droplet 

was 10 μL and the impact speed was 0.9 m/s. 

On the flat PUA surface where the actual surface area equals the apparent 

surface area (i.e., Wenzel’s roughness factor of 1) water droplets did not bounce off 

the surface but solely deposited on the surface. And the drop impacting the PUA 

with nanoroughness showed partial rebound, because the actual surface area was 

increased compared with flat PUA surface. In case of the microstructure, the 

surface with the spacing ratio of 0.5 showed partial rebound, while after the 

spacing ratio of 1 the surfaces could not repel the impacting droplets efficiently. 

However, droplets impacting hierarchical structures with up to the spacing ratio of 

1 did completely rebound from the surfaces for several times even after first impact, 
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while for the surfaces with the spacing ratio of higher than 1 barely showed 

complete rebounds but only showed partial rebounds. 

These results are not completely matched with the static contact angle 

measurements which imply hierarchical structures are much more water-repelling 

than microstructure. Even though the hierarchical structures showed better water-

repellency than the microstructures with the same spacing ratio did, the droplets 

impacting the hierarchical structures with the spacing ratio of 8 of which the 

contact angle were measured as high as 160° were simply not bouncing off the 

surfaces but sticking on the surfaces. 
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Figure 4. Drop Impact Scenarios on (a) the Flat Substrate, (b) the Substrate with 

Nanoroughness, (c) the Microstructure (with the S/L of 1), and (d) the Hierarchical 

Structure (with the S/L of 1).  
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3.2 Transparent Robust Superhydrophobic Surfaces by 3-

Tier Hierarchical Structures with TiO2 Nanoparticles 

3.2.1 Enhanced Superhydrophobic Surfaces by 3-Tier Hierarchy 

3-Tier hierarchical surfaces were fabricated with TiO2 nanoparticles to 

overcome the limited water-repellancy of the PUA hierarchical surfaces when it 

comes to drop impact experiments. Scheme 2 shows schematic diagram of the 

fabrication of 3-tier hierarchical surfaces with TiO2 nanoparticles. The PUA 

hierarchical surfaces were prepared as the same procedures shown in Scheme 1, 

and PDMS hierarchical hole patterns were fabricated by replica molding of as-

prepared PUA hierarchical structures. And then, the 3-tier hierarchical surfaces 

with TiO2 nanoparticles were fabricated by imprinting TiO2 paste with as-prepared 

PDMS mold. The fabrication procedure of the 3-tier hierarchical structure includes 

sintering step at high temperature over 500℃, so all the organic compounds were 

evaporated and inorganic compounds tend to be oxidized. Therefore, the same 

reagent as used in the preparation of superhydrophobic hierarchical surfaces is 

exploited to adsorb on the TiO2. Since the several tens of nanometer scale 

roughness is added to the hierarchical surface, we chose to call this structure 3-tier 

hierarchical surface. 

Figure 5 shows the SEM images of the 3-tier hierarchical structure with TiO2 

nanoparticles of which spacing ratio is 2. Shown in Figure 5(a), taking a glimpse 

at the 3-tier hierarchical structure with low magnification, it looks similar to the 2-
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tier hierarchical structure. However, if we look at the 3-tier hierarchical structure 

with high magnification, the 3-tier hierarchical structure consists of TiO2 

nanoparticles of several tens of nanometers. 

We measured the static contact angles of the water droplets on the 3-tier 

hierarchical surfaces as spacing ratio between the pillars increases, as shown in 

Figure 6, so that we could study the dependence of the wettability on the geometry 

of the surfaces. The 3-tier hierarchical surfaces were even more hydrophobic than 

the PUA 2-tier hierarchical surfaces measuring contact angle, and also, the water 

droplet on the 3-tier hierarchical surfaces followed Cassie-Baxter model up to the 

spacing ratio of 14. 

For the quantitative study of wettability of the 3-tier hierarchical surfaces, we 

measured advancing and receding contact angles of the water droplets on the 

surfaces, as shown in Figure 7. As the spacing ratio of the each surface increases, 

receding contact angles gradually increased as well as advancing contact angles, 

following Cassie-Baxter model up to the spacing ratio of 14. Receding contact 

angle increased even more than advancing contact angle did as spacing ratio 

increased, which implies the contact angle hysteresis was lowered and the adhesion 

of the water droplet on the substrate was decreased gradually. Because several tens 

of nanometers scale roughness was added to 2-tier hierarchical structures by 

patterning hierarchical structure with TiO2 nanoparticles of 20 nm, even more air 

pockets were formed between the nanoparticles, resulting in more hydrophobic 

properties of the substrate. 
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Scheme 2. A Schematic Illustration of the Fabrication of 3-Tier Hierarchical 

Surfaces with TiO2 Nanoparticles. 
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Figure 5. SEM Micrographs of the 3-Tier Hierarchical Surface with TiO2 

Nanoparticles with the S/L of 2. 
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Figure 6. Water Droplets Sat on the 3-Tier Hierarchical Structures in Increasing 

Order of Spacing Ratios. 

  



25 
 

 

 

Figure 7. Dynamic Contact Angle Measurements of Water Droplets Sat on 3-Tier 

Hierarchical Surfaces with TiO2 Nanoparticles. 
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3.2.2 Drop Impact Dynamics on 3-Tier Hierarchical Surfaces 

The original purpose of introducing nanoroughness to the 2-tier hierarchical 

surfaces was to overcome the limit of the water-repellency of the 2-tier hierarchical 

structures. So we prepared 3-tier hierarchical structures with 6 different spacing 

ratios from 1 to 14, and took high-speed images of the drop impacting the surfaces 

with the shutter speed of 5000 fps. In case of 2-tier hierarchical structures, water 

droplets tends to have the drop impact scenario of complete rebounds to partial 

rebounds as the spacing ratio increases, because of the decrease in actual 

hydrophobic surface area. Even though the actual hydrophobic area which the 

water droplets impact, 3-tier hierarchical structures have extremely large surface 

area compared with 2-tier hierarchical surfaces as well as the roughness along with 

the sidewalls, so that all the droplets impacting the surfaces completely rebounded. 

Figure 8 shows the drop impact scenario of complete rebound shown in 3-tier 

hierarchical surfaces with the spacing ratio of 14.  
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Figure 8. A Drop Impact Scenario of a Water Droplet on the 3-Tier Hierarchical 

Surface with the Spacing Ratio of 14.  
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3.2.3 Applications: Transparency 

Generally, superhydrophobic surfaces tend to have too much roughness to 

achieve high transparency23. Surface roughness in micrometer scale induces visible 

light scattering so that the transparency of the surface could not be realized. 

However, superhydrophobic surface with nanoscale roughness does not induce the 

scattering of visible light, resulting in both superhydrophobicity and transparency. 

Figure 9 shows the image of comparing the transparency of the 3-tier hierarchical 

structures with the spacing ratio of 1 and 14. As stated above, 3-tier hierarchical 

structures with relatively small value of spacing ratio could induce the scattering of 

the visible light, while scattering of the visible light could not be induced by the 

pillars with large spacing ratio. As a result, we fabricated 3-tier hierarchical 

structures with the spacing ratio of 14, which realize both high transparency and 

extreme superhydrophobicity with robustness. 
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Figure 9. A Comparison of the Transparency of 3-Tier Hierarchical Surfaces on 

the Glass Substrate with Different Spacing Ratios: S/L of (a) 1, and (b) 14. 
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Chapter 4. Conclusion 

 

In summary, we have fabricated biomimetic water-repellent hierarchical 

surfaces by replica molding technique which is cheap and useful for mass pattern 

production. The droplets on the hierarchical structures have high contact angle and 

low contact angle hysteresis in comparison with those on the microstructures. As 

the spacing ratio increased, on the hierarchical structures, the contact angles 

remained as high as 160°, while the drop impact scenarios varied from complete 

rebounds to partial rebounds. In order to overcome the limitation of the hierarchical 

structures in the drop impact experiments, TiO2 nanoparticles were introduced to 

form the hierarchical structures, resulting in 3-tier hierarchical surfaces with TiO2 

nanoparticles with both of extreme water-repellency and high transparency. 

  

 

  



31 
 

References 

 

1. C, Cottin-Bizonne; JL, Barrat; L, Bocquet; E, Charlaix, Low-friction flows 

of liquid at nanopatterned interfaces. Nat. Mater. 2003, 2, 237. 

2. M, Nosonovsky, Multiscale roughness and stability of superhydrophobic 

biomimetic interfaces. Langmuir 2007, 23, 3157. 

3. L, Gao; TJ, McCarthy, A commercially available perfectly hydrophobic 

material. Langmuir 2007, 23, 9125. 

4. XT, Zhang; O, Sato; A, Fujishima, Water ultrarepellency induced by 

nanocolumnar ZnO surface. Langmuir 2004, 20, 6065. 

5. G, Carbone; L, Mangialardi, Hydrophobic properties of a wavy rough 

substrate. Eur. Phy. J. E 2005, 16, 67. 

6. L, Gao; TJ, McCarthy, A perfectly hydrophobic surface. JACS 2006, 128, 

9052. 

7. L, Gao; TJ, McCarthy, “Artificial lotus leaf” prepared using a 1945 patent 

and a commercial textile. Langmuir 2006, 22, 5998. 

8. L, Gao; TJ, McCarthy, The “lotus effect” explained: two reasons why two 

length scales of topography are important. Langmuir 2006, 22, 2966. 

9. Quéré, David, Wetting and Roughness. Annual Review of Materials 

Research 2008, 38 (1), 71-99. 

10. H, Kusumaatmaja; JM, Yeomans, Modeling contact angle hysteresis on 

chemically patterned and superhydrophobic surfaces. Langmuir 2007, 23, 6019. 



32 
 

11. RN, Wenzel, Resistance of solid surfaces to wetting by water. Ind. Eng. 

Chem. 1936, 28, 988. 

12. ABD, Cassie; S, Baxter, Wettability of porous surfaces. Trans. Faraday 

Soc. 1944, 40, 546. 

13. A, Otten; S, Herminghaus, How plants keep dry: a physicist's point of view. 

Langmuir 2004, 20, 2405. 

14. A, Marmur, The lotus effect: superhydrophobicity and metastability. 

Langmuir 2004, 20, 3517. 

15. NJ, Shirtcliffe; G, McHale; MI, Newton; C, Chabrol; CC, Perry, Dual-

scale roughness produces unusually water-repellent surfaces. Adv. Mater. 2004, 16, 

1929. 

16. T, Young, An essay on the cohesion of fluids. Philos. Trans. R. Soc. A 

1805, 95, 65. 

17. D, Öner; TJ, McCarthy, Ultrahydrophobic surfaces. Effects of topography 

length scales on wettability. Langmuir 2000, 16, 7777. 

18. G, Wolansky; A, Marmur, Apparent contact angles on rough surfaces: the 

Wenzel equation revisited. Colloids Surf. A 1999, 156, 381. 

19. A, Lafuma; D, Quéré, Superhydrophobic states. Nat. Mater. 2003, 2, 457. 

20. J, Bico; U, Thiele; D, Quéré, Wetting of textured surfaces. Colloids Surf. A 

2002, 206, 41. 



33 
 

21. E, Bormashenko; R, Pogreb; G, Whyman; Y, Bormashenko; M, Erlich, 

Vibration-induced Cassie-Wenzel wetting transition on rough surfaces. Appl. Phys. 

Lett. 2007, 90, 201917. 

22. (a) M, Reyssat; A, Pépin; F, Marty; Y, Chen; D, Quéré, Bouncing 

transitions on microtextured materials. Europhys. Lett. 2006, 74, 306; (b) D, 

Richard; D, Quéré, Bouncing water drops. Europhys. Lett. 2000, 50, 769. 

23. A, Nakajima; K, Hashimoto; T, Watanabe; K, Takai; G, Yamauchi, 

Transparent superhydrophobic thin films with self-cleaning properties. Langmuir 

2000, 16, 7044. 

 

 


	Chapter 1. Introduction .
	Chapter 2. Experimental
	2.1 Materials.
	2.2 UV-Assisted Micromolding of Pillar Pattern.
	2.3 Selective Etching of Polymers by Oxygen Plasma 
	2.4 Fabrication of 3-Tier Hierarchical TiO2 Surfaces 
	2.5 F-SAM Treatment .
	2.6 Measurements .

	Chapter 3. Results and Discussion 
	3.1 Biomimetic Water-Repelling Hierarchical PUA Surfaces.
	3.1.1 Geometric Design of Hierarchical Surfaces 
	3.1.2 Dependence of Wettability on Surface Geometry
	3.1.3 Drop Impact Dynamics on Hierarchical Surfaces

	3.2 Transparent Robust Superhydrophobic Surfaces by 3-Tier Hierarchical Structures with TiO

	Nanoparticles
	3.2.1 Enhanced Superhydrophobic Surfaces by 3-Tier Hierarchy
	3.2.2 Drop Impact Dynamics on 3-Tier Hierarchical Surfaces.
	3.2.3 Applications: Transparency

	Chapter 4. Conclusion


<startpage>9
Chapter 1. Introduction . 1
Chapter 2. Experimental 3
 2.1 Materials. 3
 2.2 UV-Assisted Micromolding of Pillar Pattern. 3
 2.3 Selective Etching of Polymers by Oxygen Plasma  4
 2.4 Fabrication of 3-Tier Hierarchical TiO2 Surfaces  4
 2.5 F-SAM Treatment . 5
 2.6 Measurements . 6
Chapter 3. Results and Discussion  7
 3.1 Biomimetic Water-Repelling Hierarchical PUA Surfaces. 7
  3.1.1 Geometric Design of Hierarchical Surfaces  7
  3.1.2 Dependence of Wettability on Surface Geometry 9
  3.1.3 Drop Impact Dynamics on Hierarchical Surfaces 17
 3.2 Transparent Robust Superhydrophobic Surfaces by 3-Tier Hierarchical Structures with TiO 2
Nanoparticles 20
  3.2.1 Enhanced Superhydrophobic Surfaces by 3-Tier Hierarchy 20
  3.2.2 Drop Impact Dynamics on 3-Tier Hierarchical Surfaces. 26
  3.2.3 Applications: Transparency 28
Chapter 4. Conclusion 30
</body>

