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AFRICA CHAIR IN NANOSCIENCES & 

NANOTECHNOLOGY 
 RESEARCH FOCUS: 

�Nanomaterials for Energy 
�Nanophotonics, 
�Nanomaterials by green Processing, 
�Nanomaterials & biomimics, 
�Nanomaterials & Radiations:  
I-Nanostructures for neutrons trapping & neutron life time, 
II-H+ induced magnetism in Carbon based nanosystems, 
III-H+induced Superconductivity in WO3-d bronzes,  
IV-Nano-suspensions  by γ-radiolysis, 
V-IBA Radiations hardness of nanomaterials. 
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−Surface Tension: Hg 
 

  
 
 
 
 
 
 
 

Archimedes 
~  ρgV 

 

Atomic roughness 
 σ ~ 0.5Å 

 

Hg swimming pool 
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Ground State Configuration 
 
�Au[Kr] 5d106s1, 
�Hg[Kr] 5d106s2,   Noble gas behaviour 
�Th[Kr] 6s26p1, 
 
    
 
      
 
 
 
 

�Relativistic contraction & “S” orthogonality: 
 
�me = m0/√(1-v/c) 
�r0 =4 e0 h2/ p e2 me  
 
�Relativistic contraction of “S” Orbitals: 
“1s” shell electrons: v/c =80/137 ≈0.58:Radial shrinkage 
of 23% 
�Valence electrons less bounded: Do not act really as 
Sea electrons as in standard 
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Hg 
 

 Top: Liquid 

“h” 

Bottom: solid 

≈ 8800 m       

 

 

 

10 000m 

ΔP ≈ ρ g h 
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Gravity dominant 
~  φ3 

 

Surface tension 
dominant 
~  φ2 

 

Free surface  
Surface atoms 

 

Inner atoms 
 Highest Surface Tension@ 293K: γ ≈ 486 10-3 SI A
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Surface atoms 
 
 
 
 
 
 
 
 

Inner volume 
atoms 

 

Electronic density ρe 
 
 
 
 
 
 

Inner volume 

 

Depth: Z 
 

Inner volume 
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THEORETICAL PREDICTIONS: 
 
�Jellium Model, 
�DFT Formalism, 
�Non-Local Pseudo-Potential, 
�Perturbation Expansion to 2nd Order in e-ion Pseudo-Potential 
“Chacon-Gomez, PRB. 1992”  
 
SURFACE ATOMIC  ORDER at Hg Liquid- INTERFACE  “SOLID Hg” REQUIRES 

EXTERNAL HIGH PRESSURE 
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 D.A Young, in «phase Diagrams of the Elements», University of California Press, 1991 

 

ΔP≈ 8 γ/φ, 
 
γ ≈ 486 10-3 N/m,  
0.76 GPa, 
 

 φ/2 ≈ 1.28 nm, 
 
Nano-Scaled 
Mercury 
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Voids 
 
 
 
 
 
 
 

Open 
framework 

 
 
 
 
 
 
 
 
 

Tubular open 
tunnels 

 Asbestos host 
matrix 
(Kumzerov & al, 2003) 

 
Vycor  host glass 
(Charnaya, 2001) 

 
 
Ultra-porous 
Carbon host matrix 
(Kasperovich, 2003) 

 

Mg3SiO5(OH)4 

(Chrysotile asbestos) 

φint≈3.5-20 nm 

φext≈30-50 nm  
 

L ≈ 1cm 
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Lamellar turbostratic 
Host BN 

 

+ +X Hg(C2H3O2) 

Isolated 
Nano-Hg 

 
 
 
 
 
 
 
 

NANO 2015, 6-11 Dec.15, Tamil Nadu-India 

NANO: LOCALIZATION & CONFINEMENT 
  



 
 

 
  

−Surface Tension 
 

  
 
 
 
 
 
 
 

            
 
           BN host matrix 

Isolated 
Nano-Hg 

A
SP

-C
ER

N
 W

e
b

in
a

r 1
1-

08
-2

02
0 

 

NANO: LOCALIZATION & CONFINEMENT 
  



 
 

 
  

−Surface Tension 
 

  
 
 
 
 
 
 
 

 
BN coating 

             layer 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Host BN 

 

φ >> 3 nm 
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≠ Scattering cases 

      

• Rayleigh type      

 σ α 1/λ4, D< l  
 

 

• Mie  type                

D≅ λ , not analytically 
solvable for arbitrarily 
shapes  

 

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

  

D 
 
 
 
 
 

λ
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�e wave-packet localization“Anderson, 1958”,  
�Scaling theory of localization “Brahams, 1979”,  
�Microwave localiz. by 2-D “Dalichaouch, 1991”, 
�Light localiz. in disordered Sys “Wiersma, 1997”, 
�Light localiz. By cold atoms “Labeyrie, 1999”, 
�Multiple light scattering by atoms “Kaiser, 2000”, 
�Lasing in disordered media“Cao, 2000”, 
�Nanowire lasers“Maslov, 2003”, 
�Optical necklace states 1-D “Bertolotti,2005”, 
�Lasing in single nanowire “Agarwal, 2005”, 
�Anderson loc. In CNTs“Maaza & al, 2007”. 
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1-Free naoparticles 

2-Nano-composites 

3-nano-Tubular systems 

4-Nano-sandwich systems 

5-Nano-Multilayered systs. 
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• CNTs SHAPE ANISOTROPY : Exploration as 

• Alternative to crystal lattice for particles 
channeling guiding/ 0.34 nm free space 
between graphitic sheets/ still ≈2 standard 
crystal lattice   

    

• Possible new source for Hard X-rays  
“Letokhov, PLA  2002” 

• Highly directional γ-rays source for selective 
photo-nuclear reactions                             
“Letokhov, PLA.2003-Artru,  PRL.2004”. 
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•Semi-Disordered media, the transport of light  with wavelength “l” 
depends strongly on the length scales of the system. Relevant scales are 
the transport mean free path “ξ”, the distance after which the 
propagation direction of light is randomized & sample thickness “D”.   

                                                                  .  

•3 main scattering processes can take place in such Semi-Disordered 
media with total transmission “T”:                                              .                                                                                  

(i)  Diffusive scattering in non –absorbing medium: λ<ξ<<D, T≅ ξ/D             

(ii) Weak Anderson Loc.: 2πξ/λ →1, T≅1/D2                                                

(iii) Strong Anderson Loc.: 2πξ << λ, T≅exp(-D/ Dloc)                            . 
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(i)  Diffusive scattering in non –absorbing medium: λ<ξ<<D, T≅ ξ/D             

(ii) Weak Anderson Loc.: 2πξ/λ →1, T≅1/D2                                                

(iii) Strong Anderson Loc.: 2πξ << λ, T≅exp(-D/ Dloc)                            . 
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Spaghetti-type Ship-shaped type 
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• Ez=E0exp(-z/ξDepth) 

• ξDepth=(λ/2πnCrys)(sin2θ–(nCNTs/nCryst)2)1/2 

• Germanium crystal: 

- nGe≈ 4.0 in IR-FIR 

 

• ξDepth (σ= 1000cm-1)= 

-ZnSe: 1.66 µm 

-AMTIR: 1.46µm 

- Ge: 0.65µm 

• High rupture modulus:  7 103Psi 
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ICTP Buea-Cameroon 3-13/11/2015 

• Interference: ≅ 40 maxima, Δσ ≅ 105 cm-1  

• Envelope: Exponential  decay 
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•  σk =½  k nCav DCav  

• Δσ = ½ nCav DCav ≅ 105 cm-1: DCav≈47µm/ <LCNTs>0.6-3.7 µm   

•R =(ΔσHWHM2π nCavDcav)+√((Δσmax2π nCavDcav)2+4))/2≈66.4% !!  
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−Anderson Localization 
 

  
 
 
 
 
 
 
 

NANO: LOCALIZATION & CONFINEMENT 
  

•  σk =½  k (n2
Cav –sin2φ) 

•  TEM: <LCNTs>0.6-3.7 µm, Transversal≈ 1-15 graphitic layers    

Δσ ≈ 7-52 107 cm-1 !!!! 
ΔσExp ≈ 150-185 cm-1  
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ICTP Buea-Cameroon 3-13/11/2015 

. 
→ As the absorption maxima with an exponential decaying 

envelope, occurs at equal Δσ, it might be generated by a resonating 
cavity of an optical length nCAV DCAV ; DCAV ≈ 46.7 µm due to the 

ship-shaped CNTs (0.06- 3.7 µm long): signature of a strong 
Anderson localization. 
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Θ Θ

 

hv 
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�Liquid lens with tunable focus “f” 
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  �Liquid lens with tunable focus “f” 

�”Varioptic/ Singapore” liquid lens 
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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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•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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CONF-2015 BRICS 3-5 March 2015 

 
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” 
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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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