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2-HISTORICAL BACKGROUND: FROM FARADAY TO
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" MULTISKILLED Human Capta DEVELOPMENT- |
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U2ACN2:  UNESCO UNISA ITLABS/NRF
AFRICA CHAIR IN NANOSCIENCES &
» NANOTECHNOLOGY

FIGURE 5: TOP COLLABORATING COUNTRIES FOR SIX AFRICAN COUNTRIES

0
gurkina F2°

Cameroon

ZimbabWe Congo

o\ Cog,
7™ €4 Voire

My

eidoiyia

Source: OECD, Nature Publishing, World Economic Forum 2012

Source: Web of Science™; Analysis: Wolfram Mathematica® 7
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NANOTECHNOLOGY
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UZ2ACNZ:  UNESCO UNISA ITLABS/NRF
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 fime

I-H* induced magnetism in Carbon based nanosystems, i

II-H*induced Superconductivity in WO,  bronzes,

IV-Nano-suspensions by y-radiolysis,

V-IBA Radiations hardness of nanomaterials.

Maaza@tlabs.ac.za

Maazam@unisa.ac.za

UNISA ==
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NANO-1:
RELATIVISTIC CONTRACTION

& DIRAC CORRECTION
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RELATIVISTIC CONITR. & DIRAC CORREC.
—-Surface Tension: Hg  Hg swimming pool

Mercury Telescope Spins Up

Pending solid science from the new Large Zenith Telescope, a group of
scientists hopes to build an extremely large—and extremely cheap—
array of liquid mercury telescopes.

L vantage. On

Ermanno Borra sity pearheaded the Large Zenith Tele-
Quebec, Canada. In the e 80 cope, the new
rra resurrected the idea of liquid i telescope. It is located about

pare(

1850
Ernesto S
that they can’ ilted, he (0 SUNY Sto:
stuck wi rip of s Univer
$500 0
Liquid mirror telesco
to surveying cla;

glass mirror tele
would cost.
ventional Liquid assets
the hole but you have to re  The cost difference lies larg

with a lot of people. Cost, cost, cost. in the ease of spinning a liquid
That’s what it’s all about. into a smooth parabola com-

Archimedes Atomic roughness

(o]
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RELATIVISTIC CONIR. & DIRAC CORREC.
-Surface Tension

Ground State Configuration

e AU[Kr] 5d'04s],
= *Hg[Kr] 5d'%s2, Noble gas behaviour
I °Th[Kr] és26p],

*Relativistic contraction & “S” orthogonality:

'm, = my/V(1-v/c)
- rp=4e,h?/pe’m,

" <Relativistic contraction of “S” Orbitals:
“1s” shell electrons: v/c =80/137 =0.58:Radial shrinkage
of 23%

*Valence electrons less bounded:
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RELATIVISTIC CONITR. & DIRAC CORREC.
—Surface Tension: HY

Top: Liquid
~ 8800 m

AP =pgh Wl

o Bottom: soli
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RELATIVISTIC CONITR. & DIRAC CORREC.
=Surface Tension f
Free surface

Surface tension Surface atoms

Gravity dominant dominant

Inner atoms

Highest Surface Tension@ 293K: y = 486 103 S|

(@)
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N
0
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NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension

Electronic density p,

Surface a’rom:_._‘_.‘_‘_‘_.‘_‘_
—a _6.'_.‘._‘_.3_._.
_'_‘_._‘_.'_‘ .....

Inner volume

Inner volume
atoms

Depth: Z

Inner volume
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NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension

Electronic density p,

Inner volume

Inner volume
atoms

THEORETICAL PREDICTIONS:

e Jellium Model,

*DFT Formalism,

Non-Local Pseudo-Potential,
*Perturbation Expansion to 2"d Order in e-ion Pseudo-Potential
“Chacon-Gomez, PRB. 1992

Inner volume

SURFACE ATOMIC ORDER at Hg Liquid- INTERFACE “SOLID Hg” REQUIRES
EXTERNAL HIGH PRESSURE

ASP-CERN Webinar 11-08-2020




NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension

MERCURY

Hcp

AP= 8 v/, - ®

v= 486 103 N/m,
0.76 GPq,

$G/2 ~ 1.28 nm,

Nano-Scaled
Mercury

] i
300 400 500 600

Temperature (K)

100 200

ASP-CERN Webinar 11-08-2020 D.A Young, in «phase Diagrams of the Elementsy, University of California Press, 1991



NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension

Vycor host glass
(Charnaya, 2001)

Open
framework

Mg,SiO(OH } Ultra-porous
9:5105(OH)s Carbon host matrix

(Chrysotile asbestos) \ - - (Kasperovich, 2003)
(I)infs3.5-20 nm

P oxt=30-50 nm
Tubular open

L~1em L ES
~
Asbestos host
matrix
(Kumzerov & al, 2003)

ASP-CERN Webinar 11-08-2020




_|
Z
LL]
>
LL]
-
T
Z
O
O
od
Z
O
<
™
]
<
O
O
—

NANO

—Surface Tension
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NANO: LOCALIZATION & CONFINEMENT
=Surface Tension aoiated

BN host matrix

(@)
AN
o
o
[50)
<
N

O
£
0

)
<
pd
[a'4
L
O
o
%)
<




NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension

BN coating
layer
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NANQO: LOCALIZATION & CONFINEMENT
-Surface Tension ol U
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NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension
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NANQ: LOCALIZATION & CONFINEMENT
-Surface Tension

Electronic density
BN [211]
BN [oor]

N

-— [ Crystallographic Relaxation of Nano Hg
e e —]

Inner
volume
atoms

Inner volume

Intensity (a.u.)

Inner
volume

atoms ? l
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NANO-SCALED SYSTEMS:
LOCALIZATION & CONFINEMENT
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

D

# Scattering cases

*Rayleigh type

// oa 1/A14 D<|
f o

] |

A

L
“” ’_> ‘Mie type

¢
D= A, not analytically
solvable for arbitrarily

shapes

Anderson loc.:
2 disordered syst.
Random walk type

ASP-CERN Webinar 11-08-2020




NANQO: LOCALIZATION & CONFINEMENT

—-Anderson Localization

“Anderson, 1958",
“Brahams, 1979",
“Dalichaouch, 1991",
“Wiersma, 1997",
“Labeyrie, 1999",
“Kaiser, 2000",
“Cao, 2000",
“Maslov, 2003",
"“Bertolotti,2005",
“"Agarwal, 2005",
"Maaza & al, 20077

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

1-Free naoparticles

4-Nano-sandwich systems

2-Nano-composites

5-Nano-Multilayered systs.
gt
3-nano-Tubular syste .}
i?\

\“\
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

e Alfernative to crystal lattice for particles
channeling guiding/ free space
between graphific sheets/ still =

*Possible new source for

“Letokhov, PLA 2002”

*Highly directional for selective A YIIRINGEL
photo-nuclear reactions 2

“Letokhov, PLA.2003-Arfru, PRL.2004”

ASP-CERN Webinar 11-08-2020




NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

*Semi-Disordered media, the transport of light with wavelength “I”
depends strongly on the length scales of the system. Relevant scales are
the transport mean free path “¢” 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 fransmission “T":

(i) Diffusive scattering in non —absorbing medium: A<tE<<D, T= £/D

(i) Weak Anderson Loc.: 2a&/A —1, T=1/D?
(ili) Strong Anderson Loc.: 2xE << A, Tzexp(-D/ D,..)

ASP-CERN Webinar 11-08-2020




NANQO: LOCALIZATION & CONFINEMENT

(i) Diffusive scattering in non —absorbing medium: A<tE<<D, T= £/D

(i) Weak Andffrson Loc.: 2aE/\ —1, T=1/D?
(iii) Strong Andilerson Lo\ 2ntE << A, T=exp(-D/ D)

7
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

Spaghetti-type Ship-shaped type

ASP-CERN Webinar 11-08-2020
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

z -0 5 Depth TRANSMITTED BEAM

2 2\1/2
5 Depth Crys CNTs/ ! 'Cryst ”;:E,NCIDENT BEAM

. ATR CRYSTAL
eGermanium crystal:

.~ 4.0in IR-FIR

SAMPLE

5 Depth (

InSe: 1.66 um
EVANESCENT WAVE
AMTIR: 1.46um E: = Eo EXP(-2/()

*High rupture modulus: 7 103Psi
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NANO: LOCALIZATION & CONFINEMENT
—Anderson Localizatfion

Aite

—+— SHIP-SHAPED CNIs

L

+_ﬁ}—+——+-\\+ﬂ+
5 e

ABSORBANCE

ABSORBANCE
b —
iy

S

et

T . ) . ) ' T v 1 T
1000 2000 3000 4000 2000 1000
q
WAVENUMBER (o ) WAVENUMBER (cv")
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

—+— SHIP-SHAPED CNIs

b

ir+

3 4

5 3

+ E1
i £

" m+++—|—+—+-+l—H+

ABSORBANCE
=

Tttt — At ——+

Rimaus e

2000
WAVENUMBER (cw'')

eInterference:

*Envelope:




NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

—+— SHIP-SHAPED CNIs

L
O
<
o
&
Q
72]
s
<

I
2000
WAVENUMBER (cw")
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

ABSORBANCE
=)

WAVENUMBER (cv')

— 1 -1
_ /2 I’.'Cav DCav

R =(AO'HWHM27E nCachav)_l'\/((AO-maXZTE nCachav)2+4))/2
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

ABSORBANCE

WAVENUMBER (cw")

* 0, =2 k (n?g,, —Sin%¢)

* TEM: <Lep\1s>0.6-3.7 um, Transversal= 1-15 graphitic layers

Ac =~ 7-52 107 cm-1 1111

Aog,, = 150-185 cm!
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NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

‘ EXP(-Ac)
"

\
3
\
||
||

.l AW S | Y RESONANT
S S e h OPTICAL PATH
D=k/2 o

w
(3]
<zt
)
o
O
7]
]
<
a]
w
@
z
o
o
=z

I 15I00 ' 30I00 ‘ 45I00
WAVENUMBER (cm™)

— As the absorption maxima with an exponential decaying
envelope, occurs at equal Ao, it might be generated by a resonating
cavity of an optical length ncyy Deay 5 Deay = 46.7 um due to the
ship-shaped CNTs (0.06- 3.7 um long): signature of a strong
Anderson localization.

ICTP Buea-Cameroon 3-13/11/2015



NANQO: LOCALIZATION & CONFINEMENT
—-Anderson Localization

' A ol )
). Nanotechnol

C.N.R. (2002) “Organometallic route to carbon nanotubes

9. p.1571

2 2 2 Rich: C.. alavoine . Schultz, P.. Ebessen, and  Mink«
On the possible optical resonance in carbon ' cular self-assembly of ok, desivatives o cabea menotdbes’
nanotubes based cavities

(1998) “Channeling of fast charged and neutral particles in
S0 n 30

1996) “Hard X-radiation emitted by a charged particle
1 a carbon nanotube”, Phs. Lert A, Vol. 222, No. 6, p424
mov V. and Letokhov, V.S 7)) “Carbon nanotubes and fullentes in high-energy and
H H H H s. Lett. A, Vol. 226 3-4.p.244
Localization of lightina . . _ e R
i 3 Ispinian, K.A. and vago, N.K. {2005) “Carbon

disordered medium iy s P R\

Diederik S. Wiersma*, Paolo Bartolini’, Ad Lagendijk' & . — e  RD. Yane. P. and Savkallv. R. {2002
Roberto Righini C.. Chos, H.J., Ks D, Vang, P. and Saykally, R. (2002

*Single gallium nitride

sigle cadmivm sulfide

Xu, LY., ZI DZ., Chang, SH., Ho, 8T, Seechg, EW.. L,
R.P.H. (2000} “Sp confinement of laser light in active random media®, Phys

. Vol. 84, No. 24,
1) “Reflection of gusded modes in
Vol. 83, p
Absence of diffusion in certain random lattices™, Phys. Rey
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i 20402) “Organometallic precursor route to carbon nanotubes’
Jonrnal of Statistical Physics, Vol. 76, pp. 983-1003, 1994 74, No. 9, p.1571
caling theory of localization’, Phyy. B
Lee, P.A. and Ramakr V. (1985) ‘Disordered electronic systems”, Ke
Vol. 57
. . - . Mott, N.F. (1990} Meral-snswlator Transitions, Taylor & Francis, New York, London
Localization of Electromagnetic and o D e L . .
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NANQO: LOCALIZATION & CONFINEMENT

-Anderson Localizatio
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On the possible optical resonance in carbon nanotul

A. Govindaraj and C.N.R. Rao

Jawaharlal Nehru Centre for Advanced Scientific Re
Akkur, Bangalore-560 064, India
E-mail: Govind/@jncasr.ac.in E-mail: Corraolc
Abstract: An enhanced interference phenomenon in
wavenumber profiles of ship-shaped carbon nanotube
observed by attenuated total reflection at room tem
temperature interference phenomenon was considered a:
from an optical resonance effect and that single carl
act as individual Fabry-Perot or Lummer-Gehrcke res
demonstrated that this interference phenomenon cou
type localisation phenomenon due to resonant modes in
ship-shaped carbon nanotubes nanopowder which cou
resonant cavity.

Keywords: carbon nanotubes; attenuated total reflectic
cavity; infrared spectroscopy: multiple scattering and ranc
localisation phenomenon.

Reference to this paper should be made as follows: Maa
Ndwandwe, M.O., Cingo, N., Beye, A.C., Govindaraj,
(2007) “On the possible optical resonance in carbon nano
Int. J. Nanotechnol., Vol. 4, No. 6, pp.638—650.

Biographical notes: Dr. M. Maaza holds a MSc and Ph
and Photonics at the Nanoscale from Panis VI Univers:
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NANQO:

Liquid lens with funable focus “f”
liquid lens

Optical axis

/’ f Exemples de lentilles liquides
La fenétre optique est de 2,3 et 3 mm

www.bulletins-electroniques.com/ti/132_07.htm
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NANO:

Liquid lens with tunable focus “f”

1/f=(n-1)(1/Ry-1/
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