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Research Interests/Expertise: 

• Biological (Natural) Materials 

• Bio-inspired (Biomimetic)Materials  

• Bio-medical Materials 

• Bio-mechanics/Biomineralization 

• Surface Science & Coating 

Technologies 

 

Tough inorganic/organic multilayer 

composites inspired from the design of 

abalone nacre 

Biological Adhesives & Multi-Functional Surfaces 

Bio-inspired Composites/Coatings  

Multifunctional Surfaces 
Controlled by Wettability 

Bone & Mineralized Tissues/ Biomedical Materials 

Untreated Demineralized Deproteinized 

3D Micro-CT Images of Trabecular Bone  

Collagen Fibrils Bone Minerals Bone and Mineral-related Diseases 



Water Collection: Our Approach - Dam 

 

Hoover Dam (USA) 石門水庫洩洪 

石門水庫淤積 長江三峽大壩 
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Water Collection: Nature’s Approach 

Forest Leaves 

Plants on the 

forest floor 

Root systems 
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Multifunctional Surfaces in 

Nature 

http://organic-gardening.site27.com/lotus-plant-benefits/lotus-leaf/ 
Guo, Z. and W. Liu, Plant Science, 2007. 172(6): p. 1103-1112. 

5 http://ocean.si.edu/ocean-photos/biomimicry-shark-denticles 
Y.Y. Yan et al.  Advances in Colloid and Interface Science 169 (2011) 80–105 
Barthlott, Wilhelm, et al.  Advanced Materials 22.21 (2010): 2325-2328. 

100μm 



Multifunctional Surfaces of Plants 

 Stratification of plant epidermis   

 - Cuticle: cutin + wax  

 - Pectine layer 

     - Cell wall 

     - Plasma membrane     

 Epicuticular waxes are important 
for the functionality   

 Multi-functionality:  

     (A) transport barrier 

 (B) surface wettability 

 (C) anti-adhesive, self-cleaning 

 (D) signaling, sensing 

 (E) optical properties: protection 
against harmful radiation 

 (F) mechanical properties 

 (G) reduction of surface temperature 
by increasing turbulent air flow 

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178 
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Water and wetland plants:                                        

experts in water repellent and self-cleaning  

 Why water plants develop water 

repellent surface? 

 CO2 diffuses 10,000 times more 

slowly through water than air; 

water layers on leaves reduce 

the uptake of CO2  

 The growth of microorganisms 

(bacteria and fungi) is limited by 

water shortage on plant surface 

 

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178 
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CA < 10˚=> Super-hydrophilic 

10˚≦ CA<90˚=> Hydrophilic 

90˚≦ CA<150˚=> Hydrophobic 

CA ≧150˚=> Super-hydrophobic 

 

Definition of Wettability 

θ 

Smooth surface 

γ S/G −γ S/L = γL/G cosθ 

θ: Contact angle 

Yan, Y.Y., N. Gao, and W. Advances in Colloid and Interface Science, 2011. 169(2): p. 80-105. 
Young, T., Philosophical Transactions of the Royal Society of London, 1805. 95: p. 65-87. 
Wenzel, R.NIndustrial & Engineering Chemistry, 1936. 28(8): p. 988-994. 
Cassie, A. and S. Baxter, Transactions of the Faraday Society, 1944. 40: p. 546-551. 
 
 

Wenzel Model Cassie-Baxter Model 
cosθW = 𝑟cosθ cosθCB = 𝑓 cosθ + 1 − 1 

Rough surface 

8 
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Image credit: W. Barthlott 

Lotus Leaf 

Hydrophilic surfaces have 

contact angles below 90. 

 

Hydrophobic surfaces have 
angles above 90°.  
 

For the lotus, this angle can 
be as high as 160°. 

The surface of the lotus leaf 

has small pillars covered by 

a smaller scale protrusions 

covered with wax.  



The Lotus-Effect in action: 

self-cleaning surfaces 

 CA≥150°, CAH≤10° 

 Smooth hydrophobic 
surface 

 Super hydrophobic 
surface 
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Lotusan®  paint  

http://www.biomimicryinstitute.org/ 
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Plants of hot and arid environment:                     

surviving strategies  

 Extreme environmental conditions: 

low water availability, intensive 

solar radiation, high temperature, 

sand abrasion, etc. 

 Functional surface structures: 

 - water absorption 

 - water storage 

 - reduce water evaporation 

 - optical properties:  

       reflection of visible light and UV 

       UV-absorption 

 - wear resistant     
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Water absorption and storage 

Pelecyphora aselliformis 
http://farm1.static.flickr.com/203/473347954_d5bc9d7d00.jpg 

Mesenbryanthemum crystallinum 
http://www.redescepalcala.org/ciencias1/Flora/imagenes_2/

mesembryanthemum_crystallinum.jpg 

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178 

Porous thorns for water absorption  

Water storage vesicles  

Copyright ©  2015 陳柏宇副教授  All rights reserved. 



Reduction of water loss 

sunken stomata  wax covered stomata  wax chimneys  

Rhipsalis spec. Aloe vera 

Aloe porphyrostachys 

Colletia cruciata 

http://mydnafragrance.com/perfume/ima

ges/AloeVeraPlant_Full.jpg 

http://www.strangewonderfulthings.com/Colletia

_paradoxa_cruciata_Anchor_Tree_0007.jpg 

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178 
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Protection from harmful solar radiation  

 Visible light/UV reflective structures 

 - 3-D structured waxes and wax crusts 

 - dense coverage with air-filled hairs 

 UV-B absorbing compounds 

3-D structured waxes  Dense layer of hairs 

Kalanchoe pumila Salvia spec. 

K. Koch, B. Bhushan, W. Barthlott, Prog Mater Sci 54 (2009) 137-178 
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Water Harvesting Beetle 

Parker & Lawrence Nature 2001;414:33 
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Water Harvesting Mechanism 
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Carnivorous Plants 

• Nutrient-deficient environment (N, P) 

• Specialized multifunctional surface: attracting, capturing, 
retaining and digesting    

Flytrap 

Albert, V.A., Williams, S.E., and Chase, M.W. (1992). Science 257 (5076): 1491–1495 
http://en.wikipedia.org/wiki/Carnivorous_plant. 
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Butterworts 

Drosera 

Utricularia 

Sarracenia 
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Nepenthes 

N. x miranda 

N. x hookeriana 

N. x ventrata 

Peristome 
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Capture Mechanism of 

Nepenthes-Peristome 

• Nectar attracts insects 
• Water film forms in wet and moist 

environment  
• Frictionless and slippery surface 
• Efficient trapping mechanism 

23 

http://www.youtube.com/watch?v=ya2ndp1OrPQ 
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Peristome-Microstructure 

Hsu, C. P., Lin, Y. M., & Chen, P. Y. JOM 67.4 (2015): 744-753. 

Microstructure  First-order   Second-order  

Height  150μm  5μm  

Width   250μm  5μm  

Spacing  450μm  40μm  

Hierarchical structure 
• Ridge-like stripe 
• Large and small grooves 
• Epidermal cells cover on    

the surface 
• Radial orientation 
• Small cavity 

Top view 

Radial section Radial section 

Top view 

Tangential section 

Radial  

section 

Tangential section 
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Capture Mechanism of 

Nepenthes-Waxy zone 

C.P Hsu, Y-M Lin, P-Y Chen. JOM (2015) 
Scholz, I., et al., J Exp Biol, 2010. 213(Pt 7): p. 1115-25. 

Fragile wax crystals 
• Hamper the locomotion of insect 
• stick on the foot of prey 
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Waxy zone 

• Hydrophobic surface 
•  Contact angle ~130° 
 

Waxy zone 

3-D Plate-like wax 

Hsu, C. P., Lin, Y. M., & Chen, P. Y. JOM 67.4 (2015): 744-753. Copyright ©  2015 陳柏宇副教授  All rights reserved. 
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Digestive zone 

Digestive zone 

• Hydrophilic surface 
•  Contact angle ~56° 

• Glands cover the inner surface 

Hsu, C. P., Lin, Y. M., & Chen, P. Y. JOM 67.4 (2015): 744-753. Copyright ©  2015 陳柏宇副教授  All rights reserved. 
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Replication Process 

PDMS 
Peristome(CPD-treated) 

Negative mold 

Positive mold(replica) Poly(dimethylsiloxane)(PDMS) 

Norland Optical Adhesive (NOA63) 

Polymer 

(Hydrophobic) 

(Hydrophilic) 
Mercapto-ester 
Triallyl Isocyanurate Copyright ©  2015 陳柏宇副教授  All rights reserved. 
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SEM - Replicas 

Negative mold NOA 63 PDMS 

The microstructure is successfully replicated by both polymers 

Positive mold 



Substrate Distance Time(sec) Original θ θ(average) 

Slide 

20cm 

10 
50o 

124.5o 

20 122.6o 

Flat 
PDMS 

10 
110o 

135.9o 

20 133.9o 

PDMS 
replica 

10 
140o Water repellent 

20 

Contact Angle Measurement of 

Coated Surfaces 

• Particles provide additional roughness which increases contact angle 

• Increasing spray time doesn't affect the value of contact angle 

• With the hierarchical microstructure, coated surfaces become water repellent 

30 
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BBML, NTHU 

Superhydrophobic/Oleophobic Surfaces in Nature 

31 Helbig R, Nickerl J, Neinhuis C, Werner C, J. PLoS ONE , 2011, 6, 9 

Rice leaf 

Lotus leaf 

Surface of Springtails 

Kerstin Koch, Bharat Bhushan, Wilhelm Barthlott, Prog. Mater. Sci., 2009, 54, 137 

T.-S. Wong, T. Sun, L. Feng, J. Aizenberg, and G. Editors, 
Materials Research Society, vol. 38, pp. 366-371, 2013. 



BBML, NTHU 
Working Principle of Facile Route for 

Developing Omniphobic Surfaces 

• A two-short-step method. 

• The entire process is under atmospheric 
pressure and room temperature. 

• Self-assembly formed porous tungsten 
oxide coating with submicro- and 
nanoscaled hierarchical structures. 

• Superior liquid repellency toward water 
and hexadecane.  

32 
Layer of Fluoroalkylsilane (FAS) 
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BBML, NTHU 

Morphology and Wettability Characterizations 

(f) 

33 

(e) 

2.5 mins 3.5 mins 4.5 mins 5.5 mins 

Optimized condition 
• Tungsten is the major content for the composition of the hierarchical structured coating. 
• Roughness of coating increased upon increasing process time. 

1st level: 10-20 nm nanoparticles, 2nd level: 50-70 
nm  clusters, 3rd level: 100-200 nm aggregates 

1st  

2nd   

3rd    
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BBML, NTHU 

Superhydrophobicity Stability for Coating 

Still remained good water 
repellency at 325℃. 

34 

After 384 hrs, without significant 
drop of the SCA for water.  

FAS  
modification 

Wenzel state 

air air air 

Cassie Baxter state 
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BBML, NTHU 

Dynamic Behavior Observations 

Glass/ Silicon wafer Tissue paper 

Modified Normal 

35 

PET Film 

• Series of images showing a droplet of PET 
film in DI water rolling  back  and  forth  on  
the  surface  bent  into  a  U-shape. 
 

• Trajectory of the water droplet shows that 
at least four times cycle before it stops. 

• ∆𝑬 = - 15.3%  for half cycle  

164 ms 

270 ms 

382 ms 

489 ms 

583 ms 

767 ms 

861 ms 

913 ms 

5 mm 

2 mm 

144 ms 
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生物材料 
仿生材料  

  

生物相容性 
環境友善性 

  

機械性質: 
強度、韌性、彈性
延展性、輕量化 

光學性質: 
透光性、抗UV、
顏色、擬態、  
光子晶體 表面性質: 

親疏水性、表面
吸附、抗沾黏、

低阻抗 

高效率 
低耗能 

  

自我修復  
再生能力 

  
生醫材料 

組織工程  

再生醫學 

生物感測器 

綠色材料 

環保材料  

仿生綠建築 

太陽能電池 

再生能源 

節能省電系統 

高效率傳輸 

 

結構性色彩、光通訊 

光電元件、顯示器 

隱形、擬態材料 

表面改質、表面科學 

超疏水性、自潔表面 

可重複吸附之表面 

水中吸附 

抗菌表面 

低阻抗表面 

紡織、功能性布料 

航太、汽車工業 

新型複合材料 

抗震結構設計 

強化玻璃、陶瓷 

運動用品 

智慧型材料 

多功能材料 
仿生機器人 

奈微米機電系統 

仿生材料之未來展望與應用 
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更多訊息與聯絡方式: 

實驗室網頁 
http://www.mse.nthu.edu.tw/~poyuchen/  

陳柏宇 副教授 
poyuchen@mx.nthu.edu.tw 



BBML, NTHU 
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