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Functional Molecular Junctions...

1974 : Aviram and Ratner

Can we develop all the basic functions of common electronic
components at nanoscale
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Electronic processes in a SAM/metal interfaces

UMONS

AP =AV,,, +BD

A® = Total Work Function Shift.

BD =Bond Dipole, interfacial electronic reorganization
upon formation of the Au-S bond and surface reconstruction

effects.

AV, = molecular contribution from the dipole supported
by the molecular backbone.

EVHC

-
-
-
-
-
-
-
-
e
-

LUMO

HOMO

NanoSpain
ConfF @©° 2017

Electron Density Reorganization

Ap(z) =p Au(lll)/mol(z) ~(Pma(2)*+p Au(lll)(z))
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UMONS

Molecular Junctions

Interface Dipoles
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UMONS

Transmission atQ0V

* Energy alignment of the molecular TC relative to the metal Fermi level: €, /€,

* Interplay between interfacial and intramolecular electronic couplings.

“Voltage = 0V Transmission Spectrum: gives the probability of one electron across
the junction through the molecule in a coherent regime.

(MPSH) analysis

s — LUTC

Interfacial coupling (I', /T'y) — hybridization:
Strong hybridization «& Wide peak
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Current Across Molecules u MONS

“Voltage = 0V Transmission Spectrum within a transmission window
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Landauer-Biittiker Formalism

« T(E,V): transmission probability at applied bias (V)
* W, =EpteV/2: chemical potential of the electrodes.
* E;: metal Fermi energy

e f(E-p): Fermi Dirac distribution function.
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Materials, Objetives and Methodology
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Molecular Wires
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Objetives

Modulation of the Work Function of a metal substrate.

J J 3 N 2

Energetic alignment of the molecular transport channels relative to

the metallic Fermi level.

Conductivity , simulation the I-V curves and analyzing them from
the evolution of the transmission spectra under bias.
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Modulation of the Metal Work-Function Q MONS

Electron Density Reorganization

0 10 1P l 0 X:(A) 30 40 4
eV AD, D, AVgy BD  Ad, @,
OPN -0.969 3.862 (0.001) -2.160 1.191 * *

OPF -1.051 3.780(0.081) -2.293 1242 -1.025 4.175 (0.005)
OPE  -0.970 3.861(0.000) -2306 1336 -1.020 4.180 (0.000)
OPS -1.071 3.760(0.101) -2.262 1191 -0.926 4.274 (0.094)

l® upon absorption with respect to the clean Au (111) surface
Substitution weakly modifies the ® of Au (111) z:x

* SKPM measurements (Not for OPN, yet)
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Transmission and MPSH analysis at equilibrium

TOV LA €, (eV)
OPN 0.016 2029  0.389
OPF 0.019 §20.29 0371
OPE 0.021 §20.29  0.349
OPS 0.039 ¥1930  0.286

A

Fermi Level

Energy (eV)
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Energy-Level Alignment at equlibrium

UMONS

| 1.705 1.654
ol 1499 - 1519 1622 1 560
1.346 i 1.337
— 1.701 1198 —
0.967
%‘ Isolated SAMonGold Junction
>
>
= } . Fermi Level
i Fermi-Level Pinning Effect
-0.286
-0, -0.389 -0.3M1 -0.349 "Lt
444 0333 0560 0480 -0.491
- -0.660 SLX04 === ===
Au -0.715 - 0556 -0.550 -0.539 -0.529
-0.855
).853 0962 -0.979 410914 -0.994 9934 1003
1297 L83
OPN OPF OPE OPS OPN OPF OPE  OPS OPN OPF OPE  OPS
g, (eV) Iso SAM on Gold Junction Exp
OPN 0.855 0.660 0.389 *
OPF 0.751 0.562 0371 g 0.61
OPE 0.444 0.480 0.349 0.59
OPS 0.353 0.491 0.286 0.51
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* CP-AFM measurements (Not for OPN, yet)



Application of Bias u MONS

Transmission

Current (pLA)
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CONTINUOUS INCREASE OF CURRENT
HOMO follows the destabilized electrode! ‘ Intramolecular >Interfacial Coupling
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Application of Bias u MONS
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I-V Curves —
6
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Experimental curves obtained by means CP-AFM Junction, geometry is unknown
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Conclusions

1.- ® modulation is dominated by changes in the net moment dipole along the perpendicular
direction to metal surface.

2.- The appearance of interface dipoles, makes the energy of the dominant molecular
transmission channel, insensitive to functional group substitutions, pointing a Fermi Level
Pinning Effect .

3.- The final 1/V response is due to a compromise between the degree of orbital polarization/
hybridization with the electrodes, governing the screening or amplify the electric field across the
molecular backbone.

4.- Theory allows rationalize the 1/V characteristics in well-defined molecular architectures, in
contrast to many experimental results using different techniques and lacking details about the
exact contact geometry or the number of molecules in the junction.
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