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In this communication, we report experimental and theoretical Table 1. Molecular Structures, Calculated HOMO—-LUMO Gap
current-voltage (V) characteristics which demonstrate that bond-  (£o). Caloulated (Ceqc) and Measured (Gieas) Relative Junction
length alternation plays an important role in determining the i

conductance of molecular wires. Charge transport across organic compound molecular structure E;(eV)' Gea® Guess”
molecules as a function of molecular structure has previously been

investigated with a variety of experimental measurements including c12 AcS(CH;)128Ac 7.11 1 1
electrochemical,scanning probé,donorbridge-accepto and

mercury drop electrodeas well as theoretical calculatiohdwo OPE Acs— = =-")-shc 3.51 10 15

particular classes of molecular wires oligo(phenylene ethynylene)
(OPE) and oligo(phenylene vinylene) (OPV) have been the focus Acs/ SAc

o . OPV 3.12 78 46
of much studytb-d.e.2a.b34)/hile it has previously been argued that BuO
the higher planarity of OPV makes |t.a better mqlecular wire than 2 E, is the HOMO-LUMO gap calculated from density-functional theory
OPE, the measurements and theoretical calculations presented herg the B3LYP/6-31G* level® Junction conductance (I/V) at 0.5 V normal-
highlight a second important contribution to molecular wire ized to the conductance of the C12 junction.
conductance: the extent of bond-length alternation along the
mr-conjugated molecular backbone.

The |-V characteristics of self-assembled monolayers (SAMs)
of the three molecules investigated (Table 1) are measured with a
crossed-wire tunnel junction (Figure 1). The crossed-wire tunnel
junction is formed from two 1@m Au wires, one modified with
a SAM of the molecule of interest. The wires are mounted to a
custom built test-stage so that they are crossed, and the wire spacing V=
is controlled by the Lorentz force: dc current in one wire deflects
itin a magnetic field B). This deflection current is slowly increased
to bring the wires gently together, forming a junction at the contact
point. By comparison to other charge transport measurements, we \
calculate that the junction containsl0® molecules®* We have B
previously used this experimental configuration to investigate the Figure 1. Schematic representation of the crossed-wire tunnel junction
role that metatmolecule contacts play in charge transport across (not to scale). All measurements were made in a nitrogen purged Faraday
monolayer§. cage at room temperature.

Figure 2A shows the experimentat-V characteristics for
junctions formed from monolayers of the three classes of molecules techniques under the approximation that the entire potential drop
studied. The error bars associated with the measurements aréccurs at the metalmolecule interfaces. The details of the
attributed to variations in junction area between independent theoretical methods used here have been reported previously.
junctions. Multiple measurements on the same junction show a Briefly, the EHT/GF treatment allows the calculation of the
much smaller deviation. As would be expected, there is a clear transmission function, which is then implemented within the
diﬁerence in the magnitude of Charge transport across mono'ayerSLandaue‘lLButtiker formalism to Calculate the—l\/ CharaCteriStiC§.
of the electrically insulatingr-bonded alkane (C12) and that of While we have previously shown that junctions with asymmetric
the z-conjugated oligo(phenylene ethynylene) (OPE) and oligo- metak-molecule contacts can have unequal voltage drops at the
(phenylene vinylene) (OPV) molecular wires. The difference in WO metak-molecule interfaces, resulting in asymmetrie M
conductance for OPE and OPV is discussed below. characteristics, all of the junctions in this study have symmetric

To better understand the physical basis for the measuremems’metal—molecule attachments, and thus the voltage drop is expected
we calculated the+V characteristics for the junctions studied using t© be split equally at both interfacés.

extended Hakel theory (EHT) and Green’s functions (GF) The calculgted +V characteristics are in excellent qualitative
agreement with the experimental measurements (Figure 2B). Both

experiment and theory show the same trend in molecular conduc-

f Deflection

Current

* To whom correspondence should be addressed. E-mail: J.G.K., kushmerick@

?rl.navy.mil; R.S., rshashidhar@cbmse.nrl.navy.mil. tance, C12< OPE < OPV (Table 1) Now we turn our attention
img‘r’tﬂvv'-‘;fgﬁ‘]’ﬁ‘nbae?gi’?o’y' to the differences in charge transport for OPE and OPV. It has
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differences in charge transport acrassonjugated molecular wires.

A .4 OPV B OPV
Lt - OPE OPE We are currently adding low-temperature capabilities to our crossed-
100 ol rth 107 wire molecular electronics test-bed to further unravel the relative
'I'-.. _ importance of internal rotations and bond-length alternation in
< St g . molecular wires.
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Ry ofz 0; 076 ofs 1?0 00 sz 0?4 ofs ofs ﬂo preparation, and bond lengths for OPE and OPV (PDF). This material
Voltage (V) is available free of charge via the Internet at http:/pubs.acs.org.

Figure 2. Experimental (A) and theoretical (B) plots of current (logarithmic
scale) as a function of the applied bias voltage for junctions formed from
the three compounds studied. The theoretical traces are given in units of
the quantum of current €/h V).

mr-conjugation of OPV systems as compared to that of OPE (in
which the phenylene rings are freely rotating at room temperature)
explain the more facile charge transport in OF¢:£10Charge
transport calculations as a function of coplanarity demonstrate that
conductance is reduced when the rings of an OPE system are
perpendicular to each oth&r While we do not dispute that the
increased coplanarity of OPV should enhance its conductivity
relative to OPE (at least in isolated molecules), our calculations
indicate a second important contribution. Because the transport
calculations reported in Figure 2B were performed for individual
molecules rigidly fixed at their energy minimized structures
(approximately planar for both molecules), the differences in
conductance cannot be attributed to disruptiontefonjugation
from phenylene ring rotation. Instead, the higher conductivity is
due to the smaller bond-length alternation in OPV as compared to
that in OPE.

If we consider the molecules as one-dimensional crystals, we
see that the short (1.218 A) ethynylene linkage in OPE disrupts
the periodicity of ther-conjugated molecular backbone (1.41
0.01 A) more drastically than the vinylene linkage in OPV (1.352
A, backbone= 1.41+ 0.03 A) (see Supporting Information). We
also know, from studies of conducting polymers, the size of the
energy gap between the highest occupied and lowest unoccupied
molecular orbitals (HOMG LUMO gap) is directly related to the
extent of bond-length alternatiddand thus the greater bond-length
alternation in OPE causes a larger HOMOUMO gap relative to
the OPV system (Table 1). Because, at low applied bias, transport
is dominated by charge carrier tunneling inside the HOM@MO
gap, the smaller gap of OPV leads to higher conductance. In the
language of solid-state physics, OPV can be thought of as having
a smaller Peierls distortion than OPE and thus acts more like a
one-dimensional meta#.

In summary, we have measured theV characteristics of three
classes of molecules with a crossed-wire tunnel junction. The
measured +V characteristics are in good agreement withVI
characteristics calculated from extendettkil theory coupled with
a Green'’s function approach and point out that the degree of bond-
length alternation needs to be considered to fully understand
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