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The ability to reliably form molecular junctions now allows measurement of the electrical conductance of single molecules and rapid advancement of
the field of molecular electronics. A wide variety of molecular structure-electrical property relationships have been proposed based on these
measurement, from “single parameter” models relating to the strength of molecule-electrode coupling, molecular length or energy of a critical
molecular orbital (MO) in the charge transport pathway, drawn from treating the molecule as a simple tunnel barrier, to more compete treatments
contained in a full Landauer-Büttiker model.1, 2 The role of quantum interference effects arising from the passage of the transmitting electron wave
through multiple energetically accessible levels in the molecule have also been identified.3, 4 Here we describe the design and synthesis of a range of
molecules to test some of these structure-property relationships and identify the more widely applicable model.5, 6
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Tuning Conductance Through Quantum Interference

Two conformations of the “molecular
tap” 19 changes the conductance
from on to off.

Correlations of Conductance 
with Molecular Length 

𝐺𝐺 ∝ 𝑒𝑒−𝛽𝛽𝛽𝛽
𝑙𝑙 = molecular length
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Correlation of conductance with 
molecular orbital energies
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Landauer-Büttiker model
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consider the alignment
of Fermi energy with MO

Modelling Molecular Conductance
Conductance measurement- Scanning Tunnelling Microscopy Break Junction (STM-BJ) Technique
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Tuning the DQI Dip
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BT DMBT SH SMe NH2

𝑎𝑎𝑋𝑋,𝑎𝑎𝑌𝑌 -1.12 -1.21 -1.22 -1.41 -1.44

𝑏𝑏𝐵𝐵 -0.31 -0.63 -1.37

𝑏𝑏𝐵𝐵 -1.17 -1.39 -1.00
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Molecular wires are designed to offer combinations of anchor groups, molecular length, HOMO energy and “aromaticity’' of the bridge in order to study
molecular structure-electrical property relationships
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A series of both organic and organometallic compounds were studied in the junction to test the different concepts of
the theory. We have found that the charge transport mechanism for single-channel transmission can be explained by
both the Landauer-Büttiker model and the Molecular Circuit rule. Furthermore, the multiple channel transmission
arises the quantum interference effect, which can be tuned by both position and conformation of the substituent.
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The position of the DQI dip is
proposed to be sensitive to
the position of substituents
on the bridge. Here we prove
this relationships and show
conformation of the pendant
group is also a factor.

The molecular junction can be described in
terms of independent ‘scattering’ regions
allowing conductance to be partitioned into a
sum of contributions from the ‘anchor’ and
‘bridge’ moieties, each described by a
characteristic numerical parameter (ax, ay, bB)
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