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IV-Nano-suspensions  by γ-radiolysis, 
V-IBA Radiations hardness of nanomaterials. 
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4 589 844 “IBM”=      1 “6M”         1Tb= ? IBM 
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- Human hair  
  10-50 µm 

 
 
 
 
 
- Red blood cell   
   2-5µm 
 
 
 
 
 
- DNA strand  
   2-5 nm 
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NANO-BACKGROUND: FUNDAMENTALS 
                    SURFACE/VOLUME 
 

L 
 
 
 
 
 

L/6 
 
 
 
 
 

6x6x6= 216 
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 216 x6 active surfaces 
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                    SURFACE/VOLUME 
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NANO-BACKGROUND: FUNDAMENTALS 
                    SURFACE/VOLUME 
 

1 kg of particles of 1 mm3  
has the same surface area as  

1 mg of particles of 1 nm3  
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NANO-BACKGROUND: FUNDAMENTALS 

-3-D Symmetry  
Broken for Surface 
Atoms, 
 

-Localized States 

Carriers/ phonons 
confinement, 

-High Surface/Volume  
> 50% “1/φ” 
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Δx . Δp≅h/2π
 
 
 
 
 

Liz Marzin, Mater.Today.2004 
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NANO-BACKGROUND: FUNDAMENTALS 
                    SURFACE COORDINATION 
 

Tb/Tm = 1+(2/LρsR) [γs-γl(ρs/ρl)2/3)] 
 
 
 
 
 

Buffat et al, Phys. Rev.A, 1976 



 
 

 
 

 
 

 
 

E= n2k2/8m L2 
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Δx . Δp≅h/2π
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1: Piezoelectrics 
 
 
 
 
 

2: Field emission 
 
 
 
 
 

3: Lasing µ-cavity 
 
 
 
 
 

4: Sunscreen  
 
 
 
 
 

5: Gas sensing 
 
 
 
 
 

6: Electro-screening  
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“ZnO”, Wang & al, Optics , Mater. Today, 2003 
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NANO-BACKGROUND: FUNDAMENTALS 
   ELECTRODYNAMICS/ METAMATERIALS 
 
Electric permitivity:              ε   n =±√(εμ)  
Magnetic permeability:  μ 
 
 



 
 

 
 

UNESCO Africa Chair in Nano: Lecture 2015-3�SANHARP PROGRAM, Faure 14 September 2010 

NANO-BACKGROUND: FUNDAMENTALS 
   ELECTRODYNAMICS/ METAMATERIALS 
 
Electric permitivity:              ε < 0  n =±√(εμ)  
Magnetic permeability:  μ < 0  n < 0  
(D. Veselago, 1963, J. Pendry, 2000) 
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NANO-BACKGROUND: FUNDAMENTALS 
         TOOLS: ATOMIC MANIPULATION 
 



 
 

 
 

NANO-BACKGROUND: FUNDAMENTALS 
   ADVANCED SYNTHESIS/CHARACT. TECHS. 
 
Variety of cost effective/mass scale syntheis techs. 
Fore front characterization techs. 
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−Surface Tension Tunability 
 

  
 
 
 
 
 
 
 

NANO: LOCALIZATION & CONFINEMENT 
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�Liquid lens with tunable focus “f” 
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NANO: LOCALIZATION & CONFINEMENT 
  

CONF-2015 BRICS 3-5 March 2015 

�Liquid lens with tunable focus “f” 
�”Varioptic/ Singapore” liquid lens 
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−Surface Tension Tunability 
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-Wenzel, R.N. Industrial and Engeneering Chemistry, 1936, 28, 988-994. 
-Cassie, A.B.D.; Baxter, S. Transactions of the Faraday Society, 1944, 40, 546-551 
- Johnson R.E., Dettre R.H., Adv. Chem. Ser.43, 1964, 112-135 [H2O/ Wax substrates] 

cosΘ* = f1 cosΘ1 +f1 cosΘ2) 
Wenzel/Cassie model 

Θ*

Θ
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−Surface Tension Tunability 
 

  
 
 
 
 
 
 
 

NANO: LOCALIZATION & CONFINEMENT 
   

 
 
 
 

•ZnO: Wurtzite structure 
•O-lattice shifted by 0.382 fraction of cell unit 
heigth “c” from te Zn-latt. 
•Reference: Basal Hexagonal plane (001) 
Zn sites: (000)   and  (2/3, 1/3,1/2) 
O sites:   (0,0,0.382)    and (2/3, 1/3,1/2+0.382) 
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1/f = (n-1)(1/R1-1/R2) 
 

 
R1-1/R2) 
 

 
R1 
 

 
R2 
 

 
n 
 

 
f 
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�Liquid lens with tunable focus “f” 
 
 
 
 
 



 
 

 
  

−Surface Tension Tunability 
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≠ Scattering cases 

      

• Rayleigh type       

s α 1/λ4, D< λ  
 

 

• Mie  type  D≅λ, not 
analytically solvable 
for arbitrarily shapes  

 

•Anderson loc.:           
½ disordered syst.  
Random walk type 

  

D 
 
 
 
 
 

λ
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MOTT-TRANSITION & MULTI-
FUNCTIONALITY 
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−Mott nano-scaled oxides 
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NANO: MOTT PHASE TRANSION 
  �VO2  & bandgap tunability 

 
 
 
 
 

T < 68°C/ 
Semiconductor 

T > 68°C 
Metallic 

•  Tt~68
°C 
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NANO: MOTT PHASE TRANSION 
  �VO2  & bandgap tunability 

 
 
 
 
 

�Quality of the 1st order Mott eletronic transition 
 
 
 
 

T < 68°C/ 
Semicon 

T > 68°C 
Metallic 

•  Tt~68°C 

ASP-CERN Webinar 11-08-2020  



 
 

 
  

−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
   

1959: F. J. Morin, Phys. Rev. Lett. 3, 34, 
1968: Sir N. Mott, various seminal contributions. 
1968: D. Adler, Rev. Mod. Phys. 40 (4) 714.  
1975: 15A. Zylbersztejn and N. F. Mott, Phys. Rev. B 11, 4383.  
1994: Sella & Maaza, Maters. Coatings Tech., 23, 1750. 
2000: M. Maaza et al, Optical Materials 15, 41-45 . 
2005: S. Biermann et al, Phys. Rev. Lett. 94, 026404.  
2004: A. Cavalleri, & al, PRB 70,161102.  “Phase transition measurements: 150 fs” 
2005: D. Baum & A. Zewail.  “Time resolved/4-D crystallography” 
2007: M. M. Qazilbash et al, Science 318, 1750.  
2007: D. Ruzmetov et al, Phys. Rev. B 75, 195102.  
2007: K. Nagashima, T. Yanagida et al, J. Appl. Phys. 101, 026103. 
2008: A. Sharoni, J. G. Ramirez, and I. K. Schuller, Phys. Rev. Lett. 101, 026404.  
2008: G. Willinger et al, Nano Lett. 8, 4201. 
2009: E. U. Donev, R. Lopez, L. C. Feldman, J. R. F. Haglund, Nano Lett. 9, 702,  
2010: A. C. Jones et al, Nano Lett. 10, 1574. 
2011: A. Tselev,   et al, Nano Lett. 10, 2003. 
2012: M. Maaza, T. Kerdja et al, Optics Comms, Vol. 285, Issue 6, 1190-1193. 
2014: S. Biermann et al, Phys. Rev. Lett. 94, 026404.  
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 NANO: MOTT PHASE TRANSION 
  VO2: Mott type oxide/ Reversible MIT @ T=67.8oC 

VO2:Utrafast Reversible MIT transition τVO2=120 fs  �

•VO2(M): insulator, IR transparent, monoclinic phase 
•VO2(R): metallic, IR reflective, rutile phase  

•ΔR electrical resistivity is 105 below/above τVO2 
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V-V dilatation ~Femto (V-V: 2.88Å) 
Lattice expansion: ~Pico (V-V: 2.65Å, 3.12Å) 
 

Baum, Zewail et al., Science 318 (5851), 788.  

V4+ 

Localized electrons 

Free electrons 

V4+ 
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−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

Low T phase 
Monoclinic (P21/c) 

High T phase 
Tetragonal (P42/mnm) 
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−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

ASP-CERN Webinar 11-08-2020  



 
 

 
 

ICTP Buea-Cameroon 3-13/11/2015 
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(n(ω) +jk(ω))2=ε∞ + ε1(ω) +ε2(ω) +ε3(ω) 
 
 
 
ε∞    :”Cte contribution due to high freq. electronic transitions” 

 
ε1(ω)= [(εs-ε∞)ωt

2]/[ωt
2-jωΓ0] 

” εs: Static dielectric funct (ω=0),  

ε2(ω)=Σj=1
n[fjω0j

2]/[ω0j
2-ω2 +jωγi] 

” ωt , ω0j
2: Resonant freq. of oscillators whose energies correspond to abs. peaks 

” fj : Oscillator strength “multiple Lorenz oscillators” 
” Γ0 , ” γj : Broadening/ Damping factors  

ε3(ω)= ωp
2 [-ω2+jωΓd] 

”Drude component” 

 
 
 

Lorentz comp. 
Semicon. state 

Drude comp 
Metallic state 
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−Mott nano-scaled oxides 
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n = n(ω, Temperature) 
 
 

[n2 (T,ω)-1]/[n2(T,ω)+2]=ρ(T)αρ(ρ,T)/3ε0 
 
 
2nε0 dn/dT=-[(n2 +2)(n2 -1)]. ζ(T) 
 
ζ(T)=αρ[1-(V/αρ)(δαρ/δV)T]+[(δαρ/δΤ)V/3αρ] 
 
 

From Lorenz  formula 

“ρ: Oscillator density” 



 
 

 
  

−Refractive index tunability 
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τ~180 fs 
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NANO: MOTT PHASE TRANSION 
  �VO2  tunability & Smart Windows nano-Coatings 

 
 
 
 
 

   T<68°C T>68°C 

-Smart windows/air conditioning sector 
-Vacuum based processing: Sputtering 
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  �VO2  tunability & Smart Windows nano-Coatings 
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NANO: MOTT PHASE TRANSION 
  �VO2  tunability & Smart Windows nano-Coatings 

 
 
 
 
 

-Tuning down the Transition Temperaure: W/Mo doping 
-Good TVIS but not satisfactory ΔTIR 
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NANO: MOTT PHASE TRANSION 
  �VO2  tunability & Smart Windows nano-Coatings 

 
 
 
 
 

VO2 based coatings 

-Tuning the Emissivity ε(T): Space applications  
             ASP-CERN Webinar 11-08-2020  



 
 

 
 NANO: MOTT PHASE TRANSITION 
  �VO2  tunability & Nanosatellites 

 
 
 
 
 

�
 

�Multi-functionality: Heat control in small satelittes 
�JAXA, ESA, Canadian Space Agency,  
�SANSA:  Sumbandilla: ≈ 81 kg/ZACube ≈ 1.175 kg 
 
 

ASP-CERN Webinar 11-08-2020  



 
 

 
 NANO: MOTT PHASE TRANSITION 
  �VO2  tunability & Nanosatellites 

 
 
 
 
 

Gev 
 
 
 
 
MeV 
 
 
KeV 
 
 
eV 

Erosion 

Puncture 

Leakage 
sputtering 

Radiation  
damage 
degradation 

+/- 

Latchap 

Interf. 

Cosmic Rays 

Solar flare 
particles 

Rad. Belt particles 

Energetic 
plasma 

Low energy  
plasma 

Neutral  
O-atoms 

Debris meteorites 



 
 

 
 NANO: MOTT PHASE TRANSION 
  �VO2  tunability & IR Optical Limiters 

 
 
 
 
 

τ~180 fs 
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NANO: MOTT PHASE TRANSION 
  �VO2  tunability & Tunable Femto nano-plasmonics 
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 ωp2=  
(ne2/em meff)/(1+ 2εd(ω,T)) 
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NANO: MOTT PHASE TRANSION 
  �VO2  tunability & Tunable Femto nano-plasmonics 
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NANO: MOTT PHASE TRANSION 
  �VO2  & Single nano-particle ultrafast gating 
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�

�Mott phase transition in “Single nano-Grains” 
�Possible Ultrafast & Tuneable VO2 based gating �

 

 
 
 
 
 
 

�
�Granular VO2 film                �Thick VO2 film                                  �STM set up 
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NANO: MOTT PHASE TRANSION 
  �VO2  & Single nano-particle ultrafast gating 
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�Proof of concept: J. Nanoparticles Research (2014) 
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CONF-2015 BRICS 3-5 March 2015 CONF-2015 BRICS 3-5 March 2015 

�VO2  & Single nano-particle ultrafast gating 
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Optically  
active oxide 

 

Tunable 
Ultrafast 

Opto-electronic gate 
�

“OFF” 
�
�
�
�
�
�

“ON” 
�

 

(carriers) 

 

Metallic electrodes 
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�VO2  & RT Hydrogen gas sensing 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

Source: U.S. Department of Energy, 2005�ASP-CERN Webinar 11-08-2020  



 
 

 
  

�VO2  & RT Hydrogen gas sensing 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

Transition to a Hydrogen Economy 
Source:  U.S. DoE 2006-8, FP5-6, MITI/MEXT-2007 
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�VO2  & RT Hydrogen gas sensing 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

 
● H2:  One of most explosive/ignition mix range with air of all gases 
with few exceptions; acetylene, silane, ethylene oxide. 
● H2: Odorless and leaks cannot be detected by smell. 

 

●Sensitivity: Chemical Surface activity 
●Operational Temperature: Low temp. functionality 
●Detection threshold: Low threshold of detection 
●Selectivity: Gas identification 

MAJOR REQUIREMENTS FOR A GAS SENSOR 
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�VO2  & RT Hydrogen gas sensing 
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−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

2 
nm

�
 20

 n
m
�

 1µ
m
�

 

 
● Nanobelts: 20-150 nm in the transversal direction & a  
   length ≥ 20μm with a thickness less than 10 nm. 
 
● VO2 (A): specific interspacing d(011)~ 0.600 nm.  
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−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

● Different H2 partial pressures equivalent to 140, 90, 50, 14, 0.17 ppm of 
H2 (N2 carrier): Standard gas sensing BUT at RT. 
● Average response time are ~840, 890, 1080, 1020, 1050s for 140, 90, 50, 
14 and 0.17 ppm of H2respectively.  
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−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

 
 

 
 

 
 

 
 

MULTI-VALENCE OXIDES:  VO2 
�
�
�
�
�
�
�
�

 
 
Phase Diagram 
•V has abundant oxidation states: 0,….+5,  
•Large binary : VO2+x (−0.5 ≤ x ≤ 0.5),  
•V2O5, V3O7, V4O9, V6O13, VO2, V2O3,  
 
VO2: 
• Polymorphic system 
• VO2 (A), VO2 (B), VO2 (M), VO2 (R) 
• Active/non active phases.  
• Stress controlled 
• VO2(M-R) 
 
 
 
 
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
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−Mott nano-scaled oxides 
 

  
 
 
 
 
 
 
 

NANO: MOTT PHASE TRANSION 
  

CONF-2015 BRICS 3-5 March 2015 

  
 
 
 
 
  
�
�
�
�
�
�
•V-O has abundant crystallographic states 
•VO2Narrow P-T-% range: Challenging synthesis 
•Targeted VO2 M-R active phase: PLD �



 
 

 
 

 

NANO-3:  
NANO IN NATURE 
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NANO IN NATURE: NATURAL NANO-FACTORIES 

NANO-3:  
NANO IN NATURE 

Magnetostatic Bacteria 
-Marine Spirillum Strain MV4 
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NANO IN NATURE: NATURAL NANO-FACTORIES 

Magnetostatic Bacteria 
-(100) FeS2 or (111) Fe3O4 nano-crystals  
 
 
 
 

50 nm 
 
 
 
 
 

ASP-CERN Webinar 11-08-2020  



 
 

 
 

UNESCO Africa Chair in Nano: Lecture 2015-3�

NANO IN NATURE: NAT. PHOTOSYNTHESIS 

IAS  18th Conference, Doha-Qatar, 20-25th /10-2011�

Photon           Photo   e-Transport                             Physiology 
Absorption     Chemistry                      Biochemistry 
       fs           ps             ns           ms          ms-s               >>> 1s 
       
 
 
 
 
 Grana 
 
 
 
 
 

Cell 
wall 
 
 
 
 
 

Thyalakoids 
 
 
 
 
 

Chloroplast wall 
 
 
 
 
 

<10nm 
 
 
 
 
 



 
 

 
 

Photon           Photo   e-Transport                             Physiology 
Absorption     Chemistry                      Biochemistry 
       fs           ps             ns           ms          ms-s               >>> 1s 
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U2ACN2: NANO IN NATURE 
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Spider Silk  

        

  Argiope 
trifasciata 1.3  1-10  1.2  30  100  

  Nephila 
clavipes 1.3  1-10  1.8  30  130  

 Silkworm 

  Bombyx 
mori 1.3  5  0.6  12  50  

     Nylon 6.6 1.1  5  0.9  18  80  
     Kevlar 49  1.4  130  3.6  3  50  
    PBO 1.6  270  5.8  3  70  
     Steel 7.8  200  3.0  2  6  

Hammond et al, MIT, Science, 2005 

Density  Elasticity    Tensile         Breaking     Toughness 
(g/cm3)  Modulus     strength       Strain    

 (GPa)  (GPa)  (%)  (MJ/m3) 

+ ≅45 nm 
 
 
 
 
 



 
 

 
 

NANO IN NATURE: LEAVE’ SURF. TENSION 

cosΘ* = f1 cosΘ1 +f1 cosΘ2)  

Θ

Barthlott, W., Neinhuis, C. Planta 1997, 202, 1-8. 40 nm 
 
 
 
 
 

Θ*
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NANO APPLICATIONS:  
SURFACE TENSION TUNABILITY  
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-Gecko’s adhesion syst 
& Van der Waals. 
-m-elastic hairs: Setae 
Setae: nano-fibers Spatula 
 
 
 
 
 
 

≅250 nm 
 
 
 
 
 

NANO IN NATURE: GECKO ADHESIVE SYST. 
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