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Overview on applications

Unique properties:
Strongest and stiffest materials on earth, Young’s modulus
≈ 1 TPa
Very high thermal conductivity, 4000 W/m.K
Very high current density 109A/cm2 - Ballistic electron transport -
Superconductivity at low temperature
Darkest ever - a carpet of nanotube - 99.9% light adsorption
Large surface area - large aspect ratio

Promising applications:
NEMS, field emission, FETs, multifunctional composites,
(bio-)sensors, supercapacitors, medical devices, drugs and ...
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Nanoelectromechanical systems (NEMS)
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Outline

1 Mechanical properties
2 Electrostatic properties
3 Electromechanical properties
4 Selection of nanotubes using physisorption.
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Mechanics

1. Mechanical properties of CNTs
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Theoretical method

Interatomic interaction: AIREBO potential function
Stuart et al, JCP 112, 6472 (2000).
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Empirical potential

The interatomic potential Up ⇀ AIREBO

Stuart et al, JCP 112, 6472 (2000).

Parameters fitted to a database of small hydrocarbon, graphite and diamond lattices.
JCP 112, 6472 (2000).
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Tensile deformation via Molecular Dynamics
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Non-linear elasticity under tensile loading

Ref: Z. WANG et al., (2008), F.N.C.N., accepted

Zhao WANG (UTINAM - DSC) Electromechanics of Carbon Nanotubes 2008 10 / 40



Torsion of CNTs via Molecular Dynamics Simulations
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Ultimate Twist Rate

Ref: Z. WANG et al., submitted to Comput. Mat. Sci.
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Electrostatics

2. Electrostatic properties of CNTs

Experimental Collaborators:
M. Zdrojek, Warsaw University of Technology, Poland
T. Mélin , ISEN, IEMN, Villeneuve d’Ascq, France
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Charge injection experiment
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For each carbon atom

Atomic electric polarization:

Charge-dipole model:
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Formulation of electrostatic energy

Uelec : For a systems with N atoms:
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Final formula for Charge-dipole model:

The equilibrium state of the dipole and charge distribution should correspond
to the minimum value of Uelec . ⇒

Last step:
Solution of Linear Algebraic Equations : LAPACK
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Charge distribution
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Charge enhancement
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Charge distribution
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Experimental verification
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Enhancement ratio vs. tube Radius R

Ref: Z. WANG et al., Phys. Rev. B 78, 085425 (2008)
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Enhancement ratio vs. tube Radius R

Ref: Z. WANG et al., Phys. Rev. B 78, 085425 (2008)
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Enhancement ratio vs. tube Radius R

Ref: Z. WANG et al., Phys. Rev. B 78, 085425 (2008)
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Nanotube bundles
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Nanotube bundles
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MWCNTs in an external field
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Electromechanics

3. Electromechanical properties of CNTs
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Electric-field induced deformation
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Electric-field induced deformation

Zhao WANG (UTINAM - DSC) Electromechanics of Carbon Nanotubes 2008 26 / 40



Potential energy

Total potential energy of system:

U tot = Uelec + U ia

Uelec : Electric-field induced energy.
Semiconducting CNTs ⇀ regularized Dipole-only model.

Langlet et al, Carbon 44, 2883 (2006).

Metallic CNTs ⇀ regularized Charge-Dipole model.

Mayer, PRB 75, 045407 (2007).

U ia: potential energy due to chemical bonds and long-range
interactions.
Adaptive interatomic reactive empirical bond order (AIREBO) potential.

Stuart et al, JCP 112, 6472 (2000).

Equilibrium configuration of atoms in CNTs:

Minimization U tot . (Algorithm: conjugated gradient)
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Molecular simulations
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Molecular simulations
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Influence of field strength E
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Influence of field strength E
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Influence of field direction
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Electrostriction
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Effects of tube geometry

Ref: Z. WANG et al., Phys. Rev. B 75, 205414 (2007)

76, 195434 (2007)
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Effects of defects
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Physisorption

4. Selection of nanotubes - physisorption

Experimental Collaborators:
S. Meunier, University of Strasbourg, France.
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Molecules used in experiment
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Simulation

Adsorption of chiral molecules on nanotube surface at room
temperature.
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Results
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Conclusions et Perspectives

1 Elasticité non-linéaire de nanotubes (CNTs) - Modèle AIREBO -
déformation axiale sous forte contraintes

2 Torsion de CNTs - taux de torsion ultime - énergie de déformation

3 Répartition de charges électriques nettes sur des CNTs - Modèle
charge-dipôle - Comparaison avec l’expérience

4 Déformation de CNTs dans des champs électriques - Modèle Combiné -
Dépendance: champ et géométrie

5 Interaction CNT <-> molécules organiques - Méthode MD -
Comparaison avec l’expérience

I Effets de la température - MD

II Effets du substrat

III Couplage avec la conductivité

IV Adsorption de surfactants - milieu aqueux
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Thanks

Merci à Tous!
for further calculation details:

wangwzhao.googlepages.com
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