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Conductance of a phenylene-vinylene molecular wire: Contact gap and tilt angle dependence
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Charge transport through a molecular junction comprising an oligomer of p-phenylene-vinylene between
gold contacts has been investigated using density-functional theory and the nonequilibrium Green’s function
method. The influence of the contact gap geometry on the transport has been studied for elongated and
contracted gaps, as well as various molecular conformations. The calculated current-voltage characteristics
show an unusual increase in the low bias conductance with the contact separation. In contrast, for compressed
junctions the conductance displays only a very weak dependence on both the separation and related molecular
conformation. However, if the contraction of the gap between the electrodes is accommodated by tilting the
molecule, the conductance will increase with the tilting angle, in line with experimental observations. It is
demonstrated that the effect of tilting on transport can be interpreted in a similar way to the case of the
stretching the junction with a molecule in an upright position. The lowest conductance was observed for the
equilibrium gap geometry. With the dominant transport contribution arising from the 7 system of the frontier
junction orbitals, all the predicted increases in the conductance arise simply from the better band alignment
between relevant frontier orbitals at the nonequilibrium geometries at the expense of weaker coupling with the

contacts.
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I. INTRODUCTION

Over the past decade greater interest has arisen in molecu-
lar electronics, a rapidly growing field that is a prospective
successor to metal-oxide-semiconductor based electronics
(for a recent review see Ref. 1 and references therein). Elec-
tron transport through molecular junctions has been ex-
ploited to fabricate two- and three-terminal devices such as
rectifiers, memory switches, and transistors. However, there
remain many challenges to this promising technology, such
as device stability, reproducibility, and control over the trans-
port. Oligomers of p-phenylene-vinylene provide a promis-
ing platform for the fabrication of high conductivity molecu-
lar  devices. The  structural motif of  oligo-
p-phenylene-vinylene (OPV) consists of coplanar phenyl
moieties connected by vinylene links, which provide the con-
formational rigidity through a high rotational barrier and, at
the same time, extend the conjugation of the system. Owing
to these properties phenylene-vinylene polymers are fre-
quently used in the synthesis of organic semiconductor
devices.?> Recently, thiol-capped OPV derivatives deposited
between metal electrodes have been exploited for the fabri-
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cation of two- and three-terminal devices.>*® In parallel to
the experimental studies, significant progress has been made
in the modeling of molecular junctions, although quantitative
agreement between theory and experiments has remained
elusive.”8

The present computational work reports on the depen-
dence of the conductance of a molecular junction comprising
a thiol-capped OPV derivative with three-rings (OPV3) be-
tween gold contacts as a function of the contact gap separa-
tion. Both elongation and contraction of the junction away
from the equilibrium spacing have been studied. In addition,
the effects of the molecular tilting are investigated. For the
sake of simplicity, extensive reconstructions of the gold con-
tact surfaces’!! are not considered here. We find a general
trend of enhanced conductance as the geometry deviates
from the upright orientation of the molecular wire in the
optimal contact gap. This effect invariably arises because of
the reduced coupling strength at the contacts, which results
in the more favorable alignment of the relevant frontier or-
bitals with the Fermi level of the electrodes. For the com-
pressed junctions with a distorted OPV3 wire little variation
of conductance is found, owing to the resilience of the con-
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jugated frontier molecular orbitals. However, when OPV3 is
tilted a similar I-V curve to that of the elongated junctions is
predicted, again because of the better band line-up arising
through the reduced bonding at the interface. The latter find-
ings, while in agreement with recent experimental observa-
tions of Haiss et al.,'>!3 offer a different interpretation of
their results for related wires.

II. COMPUTATIONAL METHODOLOGY

Geometry optimizations were conducted using density-
functional theory (DFT) as implemented in the SIESTA
program.'*!> In the SIESTA methodology a linear combina-
tion of atomic orbitals is used to expand the Kohn-Sham
eigenstates. Core electrons and nuclei are replaced by norm-
conserving pseudopotentials in a fully separable form.'® The
modified scheme of Troullier and Martins'” was exploited to
generate pseudopotentials for Au, C, H, and S, with relativ-
istic corrections included for Au, C, and S. For the exchange
and correlation potential the functional of Perdew, Burke,
and Ernzerhof (PBE),'® a form of generalized gradient ap-
proximation (GGA), was used for both pseudopotential gen-
eration and in the actual calculations. The one-electron
Kohn-Sham eigenstates were expanded in a basis of strictly
localized!® numerical pseudoatomic orbitals.?? Basis func-
tions were obtained by finding the eigenfunctions of the iso-
lated atoms confined within a sphere. The range of the
atomic orbitals was chosen so as to obtain an energy increase
of 7 mRy arising due to the spherical confinement. This re-
sults in orbital confinement radii of 2.38-3.07 and 3.74 A
for the molecule and gold orbitals, respectively. For transport
calculations  smaller  energy  shifts have  been
recommended,?!?2 but because of the rather limited surface
area of the supercell (see below), the tighter confinement of
the orbitals is favorable, to minimize the overlap of periodic
images of the molecule. Thus, even in the case of the most
distorted geometry considered here, for which the minimal
distance between two atoms placed in different periodic rep-
lica was 5.57 A, the orbital overlap was still rather insignifi-
cant. A split-valence scheme was employed to generate a
single-{ basis set for the 6s and 5d states of Au, and a
double-{ basis set for the 1s state of H, 2s and 2p states of C,
3s and 3p states of S, with a single-{ shell of polarization
functions for all four elements. SIESTA uses an auxiliary real
space mesh to evaluate terms based on charge density and an
equivalent plane-wave cutoff of 350 Ry was used to deter-
mine the mesh spacing. All the atomic geometries were re-
laxed via conjugate gradient optimization until the forces
were smaller 10 meV A~'. While SIESTA supports spin-
polarized treatment of electrons, to reduce the computational
cost only unpolarized calculations have been employed in
the present work.

The optimized geometries from the SIESTA computa-
tions, as well as all the relevant computational parameters,
were subsequently employed in electron transport calcula-
tions. The latter were conducted using the nonequilibrium
Green’s function (NEGF) Landauer approach®® as imple-
mented in the SMEAGOL package,?*~?% which is interfaced
to SIESTA.
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The two-terminal device was modeled using a supercell
geometry of the Au(111) surface consisting of several atomic
layers and a vacuum gap in which the OPV3 molecule was
placed. The application of periodic boundary conditions
along all the three Cartesian directions yields an infinite ar-
ray of periodically repeated slabs separated by regions of
vacuum. The gold slab was 10 atomic layers thick and the
boundaries of the supercell were set up so that the single slab
forms the two contacts, with 5 Au atomic layers on each side.
The system was then partitioned into two leads and a scat-
tering region. The three layers of Au at the bottom and top of
the cell (i.e., the inner six layers of the slab) were the leads
and their geometries were fixed to the bulk positions. The
two Au layers below and above the vacuum region (i.e., the
outer two layers on each side of the slab) were taken as parts
of the extended molecule, with which they form the scatter-
ing region (this is the part treated at the NEGF self-
consistent level). The geometry of the extended molecule
was always optimized prior to the transport calculation. The
thickness of vacuum, i.e., the separation of the electrodes
varied from 19.57 to 24.57 A. A single OPV3 molecule was
inserted in the middle of the vacuum region, with S atoms
approximately above the threefold hollow sites. However,
because of the A-B-C stacking sequence of atomic layers on
the gold (111) surface, the two faces of the slabs are not fully
symmetric. Thus, if the S binding site on one of the contacts
is fcc hollow, its counterpart on the opposite contact is hcp
hollow. Consequently, the coupling at the thiolate-gold inter-
face will be somewhat stronger for the former site.?’

A (3X3) superstructure was employed for the Au(111)
surface resulting in nine gold atoms per layer. This represents
a moderate 1/9 OPV3 monolayer coverage, which guarantees
that the molecules in neighboring cells are sufficiently sepa-
rated (i.e., noninteracting).?’-3* For the geometry optimiza-
tions, as well as for the transport computations, the Brillouin
zone integrations were performed on a 3X3 k-point
Monkhorst-Pack mesh in the plane of the surface. For the
calculation of the bulk electronic structure of the gold leads
the reciprocal space was sampled on a 3 X3 X 100 grid, with
the denser sampling in the direction of transport. Finally, for
the optimizations of the gas phase OPV3 in a large supercell
only the I' point was used. In the transport calculations the
complex part of the integral leading to the charge density is
computed by using 25 energy points on the complex semi-
circle, 20 points along the line parallel to the real axis and
nine poles. The integral over real energies necessary at finite
bias is evaluated over at least 500 points.>*2

The lattice parameter of gold was obtained from bulk
computations of total energy versus the size of the unit cell.
While this property is needed as an input parameter to the
subsequent supercell computations, calculations of this type
are also useful as they provide indication of the accuracy of
the computational approach. The Brillouin zone integration
was performed on a Monkhorst-Pack 8 X 8 X 8 k-point mesh.
The fit to an equation of state gives a lattice constant of
4.196 A and a bulk modulus of 141 GPa. These values are in
an acceptable agreement with those from experiments,
4.08 A and 170 GPa, and in excellent agreement with those
evaluated with the PW91 functional by using an almost com-
plete plane-wave basis set, 4.2 A and 150 GPa.28 The band
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FIG. 1. The two isomers of OPV3

structure of gold evaluated with the single { plus polarization
function (SZP) basis set also shows remarkable similarity
with that from the plane-wave approach. The results from
these simple tests thus justify the use of the modest SZP
basis set for Au.

OPV3, without thiol ends better known as 1,4-
distyrylbenzene, can take two conformations illustrated in
Fig. 1, trans,cis and trans,trans. Because of the limited sur-
face area of the supercell and narrower profile of the former
conformation, most calculations employed this geometry.
However, for the equilibrium contact separation, we have
verified that the differences between the conductance of the
wire in the two conformations are negligible. Therefore the
trans,trans conformation was not further considered in the
present study.

III. RESULTS AND DISCUSSION

A. Wire elongation

The equilibrium separation for the junction was estimated
from the length of the OPV3 molecule in the gas phase and
previously calculated distances between sulfur and gold at-
oms on the surface for phenylthiol.”” It is commonly as-
sumed that thiols adsorb on gold dissociatively, i.e., by
breaking the S-H bond, although both chemisorbed and phy-
sisorbed species can be observed at equilibrium.*> Since dis-
sociation is the dominant mechanism, we have considered
the gas phase OPV3 in the dehydrogenated biradical form.
The optimized S-S distance was 19.63 A for the trans,cis
conformation. Assuming a distance of 2.52 A between the S
atom and the three Au atoms at the fcc hollow site of the
lower surface and 2.56 A at the hcp hollow site of the op-
posite, upper face, the equilibrium contact distance is set to
23.07 A for the OPV3 in the upright orientation. A subse-
quent optimization of the extended molecule did not cause
any notable change in the geometry. The calculated I-V char-
acteristics is shown in the upper panel of Fig. 2. It is inter-
esting to compare it with the one previously reported for

PHYSICAL REVIEW B 81, 155101 (2010)

= équii gu‘p ‘
+05 A gap 7
10~ +1.0A gap ,74
IR s
| equil gap Ref [36] S 1
»/»/ ' i
P 1
P>
- | —
< — 1 [ T
= équl]agdp
10— -2.0A gap === 7
o s A ]
L 0.5 A gap, 15° tilt g 1
L — 2.0 A& gap, 30 tilt P 4 1
0
i 7 |
L 7 b
/7
7
L= |
-2 7
P
-0, | w ‘ ]
1 0 1 2
V. [V]

bias

FIG. 2. (Color online) Upper panel: current vs bias voltage for
the junctions stretched away from the equilibrium geometry. Lower
panel: current vs bias voltage for the junctions contracted starting
from the equilibrium geometry.

OPV3,30 also shown in the upper panel of Fig. 2. Despite the
qualitative agreement, the discrepancies between the two are
clear: the previously published curve predicts a higher con-
ductance for low bias and it saturates earlier. For high biases
the two curves are in rather good agreement. The calcula-
tions in Ref. 36 employed symmetric electrodes with mol-
ecule adsorbed symmetrically in hollow fcc positions on
both electrodes. In the present calculations due to the
adopted geometry of the unit cell the molecule is adsorbed in
fcc hollow position at one electrode, and in the hcp hollow
position at the opposite one. An asymmetric coupling to the
electrodes usually results in the asymmetric potential profile
along the length of the molecule, having as a consequence
different alignment of molecular levels for positive and nega-
tive bias. The effect is normally seen as a slight rectification.
The I-V curves in Fig. 2 of the calculations presented in this
paper clearly demonstrate the slightly asymmetric curves
with respect to reversed bias voltages, as opposed to the
results presented in Ref. 36, where the curves were symmet-
ric with respect to bias direction. In addition, a part of the
difference in the I-V curves arises due the combination of
different pseudopotentials, basis sets, and exchange-
correlation flavors (LDA in Ref. 36 vs GGA here), and in
particular due to the different partition of the system into the
two leads and extended molecule.

From the equilibrium separation, the contact distance was
then gradually increased in steps of 0.5 A to a total of 1.5 A
extra gap elongation. For each step the molecule was placed
in the gap and optimized. Our calculations have confirmed
that, for these moderate junction elongations, OPV3 favor-
ably binds to both leads, rather than to a single side of the
junction.
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TABLE 1. Low bias conductance, o, of the OPV3 wire for the
considered junction geometries. AS-S is the difference in the sepa-
ration between two S atoms relative to the distance of 19.63 A for
an isolated biradical.

Gap separation AS-S o
(A) (A) (uS)
+1.5 +0.64 5.30
+1.0 +0.45 3.73
+0.5 +0.25 2.87
Equilibrium +0.03 2.40
-0.5 -0.43 2.56
-1.0 -1.20

-2.0 -2.32 2.55
-3.5 -3.93 2.57
—-0.5, 15° tilted +0.05 2.88
-2.0, 30° tilted +0.20 3.87

The calculated I-V characteristics for the stretched junc-
tions are shown in the upper panel of Fig. 2. Most of the
curves follow the familiar trend observed for the conjugated,
thiol-capped, molecular wires between gold contacts; a slow
increase in the current with the voltage for a low bias, fol-
lowed by a plateau or a drop, which results in a negative
differential resistance, and then a steeper increase. The I-V
curves manifest a high degree of symmetry between positive
and negative bias, which is expected given the rather sym-
metric geometry. It is interesting and counterintuitive that for
low and moderate bias voltages the junctions with wider gap
separation yield higher currents and, consequently, higher as-
sociated conductances at low bias, as Table I shows. This
phenomenon has already been noticed for
asymmetrically’’3° and symmetrically*® stretched junctions
with the prototypical phenyldithiol molecular wire. It arose
there because the peak in the transmission spectra associated
with the highest occupied molecular orbital (HOMO) moved
up in energy with increased contact separation, bringing it
closer to the Fermi level. Thus, even though the coupling
between the wire and the contacts gets weaker, it is more
than compensated by the better level alignment of the rel-
evant frontier orbitals.

B. Wire compression

Similarly to the case of elongated junctions, the geom-
etries of the compressed junctions were computed by reduc-
ing the contact distance gradually in steps of 0.5 A. The
process of compression is illustrated in Fig. 3. In the first
step, the molecule is only slightly bent away from that in
equilibrium. However, with the following step an important
conformational change takes place at the upper Au-S inter-
face; from the hcp hollow adsorption site in the first panel,
the upper S atom flips over the bridge site closer to the fcc
binding site. This transformation, and subsequent steps, can
be followed by looking at Fig. 4 of Ref. 27, which shows a
two-dimensional potential-energy surface (PES) for phe-
nylthiol on the Au(111) surface. When the gap is contracted
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FIG. 3. (Color online) The effect of gradual compression, in
steps of 0.5 A, on the OPV3 wire, starting from the equilibrium
geometry. Graphic produced with GDIS (Ref. 42) program.
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by 1.0 A the binding site for the S atom changes from hcp
(for phenyl group in upright orientation) to a site on the
minimum energy path between fcc (phenyl group in upright
orientation) and bridge (the plane of the phenyl group almost
parallel with the surface). Then, as the gap separation is fur-
ther reduced, the S atom is expected to shift slightly back,
closer to the bridge site with its phenyl ring tilted closer to
the surface. This is exactly what is observed in Fig. 3. Even-
tually, as the gap separation is reduced by 3.5 A, the upper S
atom is adsorbed vertically above the bridge site and its co-
ordinating ring is tilted at a large angle away from the up-
right conformation.

The change in the nature of the S-Au bond at the upper
surface over the series of compression steps is also reflected
in the change of the S-S distance. As Table I shows, a gap
compression of 0.5 A results in a smaller reduction in
0.43 A between the S ends. The difference of 0.07 A comes
from the reduction in S-Au bond lengths, indicating the at-
tractive interaction at the interfaces. However, during the
next step, in which the gap is compressed by a total of
1.0 A, the S-S distance is reduced even more, by 1.20 A.
This shows that the molecule shrinks at the expense of the
increased S-Au bond lengths, reflecting a more repulsive in-
teraction at the interface. The interaction becomes increas-
ingly more repulsive with every subsequent step, as the
changes in the S-S distance relative to the gap contraction,

155101-4



CONDUCTANCE OF A PHENYLENE-VINYLENE MOLECULAR...

B [ BEEEE
KRRRK i%,ﬁ@e

Zeens

‘{*\ ugy\
Y RNE
HAbEees

FIG. 4. (Color online) The orientation of the OPV3 wire in the
(a) 0.5 and (b) 2.0 A contracted junction tilted at an angle of 15°
and 30°, respectively. Graphic produced with GDIS (Ref. 42)
program.

shown in Table I, suggest. Interestingly, throughout this pro-
cess the S atom on the lower face remains adsorbed on the
fcc site and, in agreement with the previously computed
PES,?’ the associated phenyl ring, although tilted, remains
closer to the upright orientation.

The calculated I-V characteristics for three compressed
junctions are shown in the lower panel of Fig. 2. In contrast
to those for the elongated junctions in the upper panel, these
curves exhibit very little dispersion at low voltages. Hence, a
low bias conductance of ca. 2.5 uS is obtained for all three
cases, as reported in Table I. The curve for the 0.5 A com-
pressed junction deviates only marginally from that at equi-
librium separation, which is expected given the similar ge-
ometry. However, even for the very distorted geometries,
such as those at 2.0 and 3.5 A reduced separations, the as-
sociated characteristics exhibit substantial variance with the
equilibrium curve only at voltages in excess of 1 V.

It is clear that in a contracted junction the OPV3 wire
does not need to adopt a bent conformation such as the one
described above, but it can remain straight if it tilts away
from the normal. In fact, in a typical experimental setup in-
volving a rigid molecular wire, the reduced distance between
the contacts usually results in tilting the molecular orienta-
tions away from the surface normal.'>!3 Two tilted confor-
mations have been considered, at 15° and 30° away from the
normal, with contact gaps reduced by 0.5 and 2.0 A from
the equilibrium, respectively, and the molecular plane per-
pendicular to the contact surfaces. Both situations are illus-
trated in Fig. 4. The lower S atom is again located at the fcc
hollow site, while the upper S atom sits at the hcp hollow
and between the hcp hollow and bridge site for the 0.5 and
2.0 A compressed junctions, respectively. Hence, the ad-
sorption sites and, presumably, the associated electronic cou-
plings between the molecule and the electrodes, approxi-
mately match their counterpart bent conformations of Fig. 3.
However, the resulting currents, shown in the lower panel of
Fig. 2, differ substantially. The tilted wires yield a better low
bias conductance, as Table I shows. The characteristic of the
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30° tilted OPV3 wire, in particular, exhibits a higher conduc-
tance than any other compressed molecular junction consid-
ered in the present work.

C. Discussion

One of the interesting result of the present study is the
notably enhanced conductance of OPV3 with the separation
from the gold contacts. A similar effect has been predicted
for other molecular wires attached to gold electrodes via
thiol links.®37-#! Unfortunately there is no experimental evi-
dence of this behavior, e.g., recent measurements on related
molecular wires have detected an opposite and expected
trend, with the conductance increasing as the contact gap is
reduced.!?!3 However, it will be demonstrated below that the
predicted characteristics of “rigid” molecular wires in
stretched junctions might have already been manifested, al-
though indirectly.

The study of the distorted wire in a compressed junction
reveals more interesting details in the structural changes than
in the electronic properties. The zero bias transmission spec-
tra for the 0.5, 2.0, and 3.5 A contracted junctions are shown
in the three bottom panels of Fig. 5. The main effect of the
compression manifests in the contribution of the HOMO to
the transmission, which shifts slightly closer to the Fermi
level, resulting in slightly enhanced conductances, as Table I
shows. Thus, as in the case of the extended junctions, the
tradeoff between the better band alignment and the weaker
contact coupling yields the higher conductance. Actually, as
Table I shows, the minimum low bias conductance is pre-
dicted for the equilibrium geometry, where the bonding at the
contacts is optimal, while the relevant band alignment is the
least favorable.

OPV is considered to be a rigid system which owes its
good conducting properties to the highly conjugated planar
structure. Hence, it is somewhat surprising that even when
the structure is distorted from planar by bending and twisting
the rings, as is the case with the compressed 3.5 A junction,
high conductance is still preserved. An instructive insight
into this effect is provided by the comparison of the HOMO
of the wires in the equilibrium and compressed junction
(shown in Fig. 6). The HOMOs of the free molecule in the
equilibrium and distorted geometry, with H atoms restored,
also shown in Fig. 6. indicate that the H-S bonds have a
similar effect on the frontier orbitals as the Au-S bonds. The
qualitatively unchanged shape of the HOMO from the equi-
librium planar molecule to the heavily distorted wire in the
junction accounts for the nearly constant conductance for a
range of contracted gaps. Thus, it is not so much the confor-
mational rigidity of OPV that accounts for the good conduct-
ing properties as much as it is the resilience of its
m-conjugated system. Both are provided by the vinylene
links, though.

The low bias conductance of tilted OPV3 wires in con-
tracted junctions manifests an opposing trend to that of the
compressed distorted wires; namely, it increases with the tilt
angle (i.e., gap contraction). This effect has recently been
observed experimentally by Haiss ef al. for a series of “rigid”
molecular ~ wires,'>!3 including an oligo-phenylene-
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FIG. 5. (Color online) The zero-voltage transmission through
the OPV3 wire in extended (three top panels) and compressed
(three bottom panels) states. The fourth panel shows the transmis-
sion probability at the equilibrium junction geometry. The dashed
line shows the transmission coefficient for the the OPV3 wire in the
0.5 and 2.0 A contracted junction tilted at an angle of 15° (panels
three and five) and 30° (panels two and six), respectively. The en-
ergy is given relative to the Fermi level, Ef.

ethynylene derivative with three rings (OPE3), similar to the
OPV3. An explanation of this behavior is provided by the
zero bias transmission spectra in Fig. 5. The fifth and sixth
panels show the spectra for the 15° and 30° tilted OPV3
wires in the 0.5 and 2.0 A contracted junctions, respectively,
against their distorted counterparts. It is evident that contri-
bution around the Fermi level increases with the tilt angle, as
a consequence of the better band alignment. The distorted
wires do not show such a clear trend. In fact the spectra of
the distorted and tilted wires do not even look similar. How-
ever, if the latter are plotted against those of the elongated
junctions, as in the second and third panels of Fig. 5, the
resemblance is remarkable. Hence, similar low bias conduc-
tances are obtained for the 0.5 and 1.0 A stretched junctions
as for the 0.5 and 2.0 A contracted junctions, respectively,
shown in Table I. While this effect might seem unusual, a
closer look into the relevant geometrical parameters of the
tilted wires shows it is perfectly plausible. Namely, although
the gaps between the leads are contracted, the AS-S values in
the Table I show that the tilted wires are actually elongated.
In the case of the 15° tilted wire, the elongation is small,
only 0.05 A, and thus its spectrum should look more like
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FIG. 6. (Color online) Top: the shape of the HOMO of OPV3 in
the equilibrium and 3.5 A compressed junction. Bottom: the
HOMO of the isolated OPV3 molecule in the same backbone ge-
ometry (hydrogen atoms restored). Graphic produced with XCryS-
Den (Ref. 43) package.

that of the wire at the equilibrium position. Likewise, for the
30° tilted wire the elongation is slightly below that of the
0.5 A elongated junction, while its spectrum and the con-
ductance is closer to that of the 1.0 A case. Clearly, the
elongation of the wires is not the reason for their similar
conducting properties. Rather, it is the similar nature of the
electronic coupling to the electrodes that results in the simi-
lar spectra and conductance magnitudes. Because of the un-
favorable bond angles between the C-S and S-Au bonds in
the tilted orientation, the binding is weakened, which again
yields a better band alignment. Alternatively, one can view
the process of tilting the wire as that of keeping the wire
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upright and turning the contacts around sulfur hinges. This
puts some strain on the S-Au bonds and, in turn, also on the
backbone. But the key effect is the reduced binding at the
interface in an approximately symmetric fashion at both
ends. Originally the observed behavior was ascribed to an
increased coupling strength and broader resonances.'>!3 The
present findings oppose and challenge this view. Provided
our interpretations of those measurements are correct, the
desirable conductance regime through molecular wires
would be achievable simply through an accurate manipula-
tion of contact gap and wire orientation. In view of these
findings, our predictions regarding the enhanced conductance
of the OPV3 wire with symmetric separation from the con-
tacts appear realistic.

IV. CONCLUSIONS

The conductance of a single-molecule OPV3 wire be-
tween flat gold contacts has been modeled using the NEGF
based on DFT calculations. The effects of the contact gap
geometry on the conductance have been investigated. It has
been predicted that a gap elongation over a small range re-
sults in enhanced transport properties of the junction. In con-
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trast, the contraction of the gap that results in significant
molecular distortions is found to have little effect on the
charge transport. Finally, the contraction of the gap that
causes the wire to tilt at an angle from the surface normal is
found to be geometrically analogous to the case of a sym-
metrically stretched junction, with similarly improved trans-
port properties. The latter findings confirm previous experi-
mental observations, while providing a simple interpretation.
Given the “rigid” conjugated frontier orbitals of the wire, all
the present results are interpreted in terms of the better band
alignment of the nonequilibrium geometries at the expense
of coupling strength with the current/voltage electrodes.
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