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Structure of the molecular diode : Nanotube / Molecules / Silicon

nanotube
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Silicon
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negative differential resistance (NDR) effect
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NDR peak should appear whenever an energy level of the molecule comes
into resonance with the electrons of the conduction band of the silicon or
holes in the valence band of the silicon.

Nano Letters 4, 55 (2004)
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Sequential synthesis of a 5-t-c monolayer on silicon (L. Baraton Ph. D Thesis)

:

—»

Post-functionalization way
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Approach used in the project

== Direct Grafting

& - o~

== Chosen compounds

Terthiophene derivative

s. J \ s
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R~ S

R= CH=CH,, CH,SH

Electron donor (p-type)

Naphthalene derivative

0, 0
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R= CH=CH,, CH,SH

Electron acceptor (n-type)
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Optics and redox properties of the conjugated systems

In CH,Cl,,
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Energy level of the compounds targeted
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Synthesis of p-type compound : Terthiophene derivative (3T)

Synthesis of alkene and thiol
compounds

N N
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Synthesis of n-type compound : Naphthalene tetracarboxiimide (Naph)

Synthesis of alkene and thiol

compounds
NH2(CH2)5CH Acétate d'ammonium
H O-n-PrOH CHCl, ACOH
¢
13

Br

Br
Phtalimide de potassium AcS- K+ NH NH,
—>
Acétone EtOH

Br
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Geometries optimisation of 3T and Naph thiols derivatives

3TSH NaphSH

Gaussian 98 DFT (Becke3lyp), Bases : 6-31G*.
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SAMs on gold

Conditions

Thiol Concentration : 103M

crea Solvent : Methylene Chloride/Ethanol 6=100-110°

Reaction time : 24 hours

Contact angle measurements
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XPS analysis of SAMs on gold
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FT-IR analysis of SAMs on gold
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Cyclic voltamperometry of a SAM of 3TSH on gold
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Morphology of the SAMs - STM

DodecaneSH NaphthSH
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I/V measurements - STM

DodecaneSH 3TSH NaphthSH
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I (HA)

Contact with InGa Eutectic and I/V measurements

* Whitesides & al. , Angew.Chem.Int.Ed. 47, 142 [2008]
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Hydrosilation reaction mechanism on SIH
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Grafting of the alkenes compounds on silicon

Different ways were tested for the 3T derivative:

&0

¥ Sublimation - sublimation impossible
/¥ Dilution =2 re-oxidation of the silicon

¥ Irradiation - degradation

Different ways were tested for the Naphth derivative:

¥ Sublimation - sublimation impossible
¥ Neat > mp>200°

/¥ Dilution = re-oxidation of the silicon
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Grafting of the 3T on silicon p++ (100)

Conditions : Neat, 150°C, under vacuum, 12H

(E:] Contact angle of 105°

XPS :
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Grafting of the Naph on silicon n++ (111)

Conditions : Neat, 220°C, 2H, under vacuum (10-" mbar)

(E:] Contact angle of 100°

XPS analysis:
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Conclusion of the first part

- Synthesis of two new c-n-c compounds with Thiol or alkene functions

- Monolayers on gold and on silicon (Contact angle, XPS, infrared
spectroscopy, STM).

- NapthSH has a better packing than 3TSH on gold.

- I/V measurements on gold (STM and Eutectic InGa) next on silicon
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Grafting on silicon via diazonium salts Coll. CEA-DAE

Synthesis of
N-(2-(4-diazoniophenyl)ethyl)-N’-hexylnaphthalene-1,8:4,5-tetracarboxydiimide tetrafluoroborate
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Grafting on potentio-dynamic condition on silicon Coll. CEA-DAE
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Analysis and characterizations of the thin films Coll. CEA-DAE

- Contact Angle : 70°

@3 - Infrared spectrum
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Analysis and characterizations of the thin films Coll. CEA-DAE
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Analysis and characterizations of the thin films Coll. CEA-DAE
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CV recorded for the electrografted organic layers on Si grafted using the reduction
of diazonium salt.

Chimie des Surfaces et Interfaces £C$N




2x10°

1x10°°-
<
5
@)
-1x107°
-2)(10-6 T T T T T T T T T
-2 -1 0 1 2
Bias (V)

Current-voltage characteristic of the c—n—c layers (12 nm) grafted on Si
using diazonium salt
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I STM

STM Au STM | tip

Au e tip Au
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