K\T\(/ﬂ

Introduction and Methodology:

©® Molecular electronics and metal complexes

e Main coordination complexes used in

molecular electronics: porphyrins,
phthalocyanins, ferrocenes, and

terpyridines. Urgent need to expand the

vocabulary

——ne usual position of functionalization
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Distinct profiles of 1/V curves:

(a) Conduction (b) Rectification (c) Insulation
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® Molecular rectification

e Rectification is the diode-like
property of modulating an
asymmetric flow of electric

current, or, transferring
electrons in a unidirectional
way. In macroscopic electrical

circuitry, rectifiers such as

vacuum tubes and solid-state
diodes control the mobility of

current, thus enabling

electrons to flow in one

direction from a given point A

to a point B, while preventing
reversibility from point B to

point A.
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(c) Asymmetric mechanism
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(d) Unimolecular mechanism
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M, & M, transfer requires D*-o-A-< D°-0-A° formation (shown)
M, > M, transfer requires D*-o-A"—> D%o-A° formation (not shown)

® Methodology (@) 7-
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e Monolayers and multilayers have been used 2 50
with remarkable success in the preparation of 2 40
molecular rectifiers. These films are often £ 5]
obtained via isothermal compression of gzo_
surfactants or surface-acting agents. @ ]
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(a) Surface pressure vs. average area per molecule; 1650 1600 1550 1500 1450
(b) Pockels-Langmuir film at the air/water interface
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microscopy with collapse; (c) IR of
[Fe''L4] and IRRAS of [Fe"'L>] LB film
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Current Rectification:
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O Archetypes for five-coordinate Fe'' surfactants

HSEelll and Ga'"' archetype

(a) [FeLy] {°¢ (b)

s and geometries:
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Idealized five-coordinate ligand fields

Trigonal bipyramidal Square pyramidal
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® Rectification with five-coordinate Fe'! surfactants

Currently studied "SFe'" rectifiers and Cu" insulator:
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Examples of surface

®)

morphology and assembly

fabrication:

(a) AFM of an LB film for [
on quartz used in heig

measurements to determine

monolayer thickness,(

thickness (nm) vs. number of

layers plot from mono to 15
layers; (c) an optical micrograph
of the Au|LB|Au assembly; (d)
schematic view of the assembly

layout.
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Modulation of the Fermi|SOMO Energies in ">3d> Fe!' Complexes for Current Rectification

Electrode/orbital arguments:

©

Observed rectification ratios

Selected 1/V curves:
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(a) rectification and (b) symmetrical response upon

a sigmoidal curve after a few full
[Cu'Le] scans.

e Species [Fe'(L8)(OMe),] was
probed on EGaln/Ga,0,|LB|Au
assemblies and showed RR of 300
between +1 V.
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repeated cycles for [Fe''L], (c) rectification for
[Fe"'(L®)CI], and (d) insulation for [Cu''L®]

@ Fermi/SOMO/HOMO arguments

[Fe"'(L®)(Cl)] & [Cu"(L®)] in Au|LB|Au [Fe"'(L8)(OMe),] in EGaln|LB|Au
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® Multimetallic systems for rectification enhancement

e Lanznaster, Heeg, Yee, McGarvey & Verani, Inorg. Chem. 2007, 46,
72 ¢ Lesh, Shanmugam, Allard, Lanznaster, Heeg, Rodgers, Shearer &
Verani, Inorg. Chem. 2010, 49, 7226 * Weeraratne, Baydoun &
Verani, Dalton Trans., 2018, submitted.

e A possible consequence of ET
through the SOMOs is that the
incoming electron originated at the Au
electrode will likely be spin polarized.

e While this possibility will require
further evaluation, it may also explain
the modest rectification ratios (RR)
observed for these systems.

e Aiming to address this issue, we are
considering multimetallic species in
which the presence of more than one
HSEelll center may “amplify” the
number of electrons being transferred
by molecule.
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