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Abstract: For obtaining molecular devices using metal-molecule-metal junctions, it is necessary to
fabricate a steady conductive bridge-structure; that is stable chemical bonds need to be established from
a single conductive molecule to two facing electrodes. In the present paper, we show that the steadiness
of a conductive bridge-structure depends on the molecular structure of the bridge molecule for nanogap
junctions using three types of modified oligo(phenylene vinylene)s (OPVs): R,ω-bis(thioacetate) oligo-
(phenylene vinylene) (OPV1), R,ω-bis(methylthioacetate) oligo(phenylene vinylene) (OPV2), and OPV2
consisting of ethoxy side chains (OPV3). We examined the change in resistance between the molecule-
bridged junction and a bare junction in each of the experimental Au-OPV-Au junctions to confirm whether
molecules formed steady bridges. Herein, the outcomes of whether molecules formed steady bridges were
defined in terms of three types of result; successful, possible and failure. We define the ratio of the number
of successful junctions to the total number of experimental junctions as successful rate. A 60% successful
rate for OPV3 was higher than for the other two molecules whose successful rates were estimated to be
∼10%. We propose that conjugated molecules consisting of methylthioacetate termini and short alkoxy
side chains are well suited for fabricating a steady conductive bridge-structure between two facing electrodes.

Introduction

For the realization of molecular devices with metal-molecule-
metal junctions containing functional molecules, a number of
studies have been conducted previous to this study.1-4 In
particular, studies on potential ‘‘molecular nanowires” based
on dithiol terminatedπ-conjugated oligomers is proceeding at
a rapid pace. Typical Au-nanowire-Au junctions formed with
oligo(phenylene vinylene) (OPV),5-11 oligo(phenylene ethy-

nylene) (OPE),5-9,12-17 oligo(phenylene) (OP),18,19 and oligo-
(thiophene) (OT),20-22 have been reported. Since the OPV
backbone consists of a higher degree of planarity, and thus better
π-conjugation, than those for OPE or the other molecules,9,23-24

Au-OPV-Au junctions always show higher electronic con-
ductance than other conjugated oligomers.5-9 For example,
Blum et al. showed that the resistance of a cross-wire tunneling
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junction consisting of self-assembled monolayers (SAMs) of
OPV with butoxy side-chain molecules was estimated to be 0.5
( 0.2 MΩ.6 They also showed that the cross-wire junction
contains∼1000 molecules as calculated using a resistance of
0.6( 0.1 GΩ for single OPV molecules obtained from scanning
tunneling microscopy (STM) measurements.6 We also have
successfully measured current-voltage (IV) characteristics of
Au-polythiophene-Au25 and Au-OPV-Au junctions10 (using
the setup illustrated in Figure 1) and have confirmed an increase
in the conductance of the molecule-bridged junction. In addition,
we have measured the dependence of conductance on temper-
ature for the Au-OPV-Au junction yielding characteristic
hopping conduction behavior, and the activation energyEa was
estimated to be∼34 meV.10

However, for practical applications of molecular devices, it
is very important to fabricate a steady conductive bridge-
structure, wherein stable chemical bonds are established from
a single conductive molecule to two facing electrodes. We
consider that such steadiness of the conductive bridge-structure
is dependent on the molecular structure of the bridge molecule,
since the possibility of stable chemical bond formation is
strongly affected by such a conjugated molecular structure. We
have therefore compared the increase in steadiness of a
conductive bridge-structure junction using three types ofR,ω-
bis(thiolate) oligo(phenylene vinylene)s (OPV) molecules as
shown in Table 1: 1,4-bis[4′-(thioacetyl)styryl] benzene (OPV1),
a fully conjugated molecule; 1,4-bis[4′-(methyl thioacetyl)styryl]
benzene (OPV2), in which the conjugation is broken near the

Au-S-contacts by a methylene spacer; 1,4-diethoxy-2,5-bis-
[4′-(methylthioacetyl)styryl] benzene (OPV3), in which the
solubility in organic solvents is improved by introducing ethoxy
side chains.

In this paper, the average resistance and activation energy of
these three Au-OPV-Au junctions are estimated as reference
data for comparing the similar experimental results of other
papers.6,20 The molecular alignment on the Au surface is
investigated by X-ray photoelectron spectroscopy (XPS) analysis
to discuss the steadiness relationship between bridge-structures.

Experimental Section

The fabrication procedure for sub-5 nm gap electrodes less than 5
nm on a silica chip is described in our previous paper10 and Supporting
Information. The basic experimental processing involves immersing a
clean gold surface of sub-5 nm gap electrodes into a solution containing
the OPV molecules with thioacetate (-SAc) or methyl thioacetate
(-CH2SAc) termini. The protective acetyl groups were removed just
prior to immersion of the gold electrodes into the molecule solution.
To 4 mL of 0.1 mM OPV2 or OPV3 solution in dichloromethane was
added 20µL of 28% aqueous ammonia, and 1.5 mL of 2 mM
pyrrolidine solution in dichloromethane was added to 4 mL of 0.1 mM
OPV1 in dichloromethane. The solution was incubated for 10 min to
deprotect the thiol group, which converts thioacetate termini to thiolate
termini. A clean electrode chip was then immersed into the OPV
solution at room temperature for a period of 12-24 h. After removal
from the solution, the electrodes were thoroughly rinsed with dichlo-
romethane and then dried with nitrogen. The current through the
molecule was measured in a vacuum using an electrometer (Keithley
6517A) for a(1V bias.

We characterized the monolayer formed from the OPVs on Au
surfaces (Au 50 nm/Cr 2 nm evaporated onto silicon oxide/Si), which
were fabricated using the same evaporation conditions to fabricate
nanogap electrodes, using XPS, sum frequency generation (SFG),
ellipsometry, and tapping-mode atomic force microscopy (AFM). The
XPS spectroscopy was observed using XPS (Theta Probe-System,
Thermo VG Scientific Inc.) with a monochromatic Al KR X-ray source,
1486.6 eV. The binding energy was calibrated using the Au(4f7/2) peak
energy with 84.0 eV as the energy standard. The X-ray power, the
pass energy of the analyzer, and the takeoff angle of photoelectrons
were respectively set at 45 W, 50 eV, and 90°. The energy resolution
of this system is less than 0.65 eV, as estimated by the Ag(3d5/2) peak
width under our measurement conditions.

Results and Discussions

1. IV Characteristics. Initially, we examined the change in
IV behavior between the bare junction and the molecule-bridged
junction for each of the experimental Au-OPV-Au junctions
to confirm whether the molecules were steadily bridged. The
IV behavior changes for the Au-OPV-Au junctions were
defined in terms of three types of behavior:successful, possible,
and failure. The resistance values of the experimental bare
junctions varied from 10 TΩ to 10ΜΩ, as calculated from the
slopes of the line in theIV ohmic region from-0.05 to+0.05
V. Thus, to illustrate the three types ofIV behaviors, we sorted
one set of Au-OPV2-Au junctions in which their bare
junctions had a similar resistance,∼10 GΩ. The successful,
possible,and failure exemplifications of the Au-OPV2-Au
junction are shown in Figure 2.

In Figure 2(a1) the overall amplitude of the current of the
successfulmolecule-bridged Au-OPV2-Au junction is larger
than that of its bare junction. In Figure 2(a2), allIV curves of
the successfulbridged junction are almost linear lines in the

(25) Naitoh, Y.; Tsukagoshi, K.; Murata, K.; Mizutani, W.e-J. Surf. Sci.
Nanotechnol.2003, 1, 41.

Figure 1. Schematic illustration forIV measurements of Au-OPV2-Au
junction.

Table 1. Molecular Structures, Spectroscopic Data for the OPV
Molecules

a The calculated length of the molecule from sulfur atom to sulfur atom.
b Absorption maximum in dichloromethane.c Emission maximum in dichlo-
romethane.
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ohmic region, i.e., in the range of-0.05 to+0.05 V. This steady
IV behavior is interpreted as steady bridge-structure, wherein
stable chemical Au-S bonds are formed from a single bridge
molecule to two facing electrodes. The temperature-dependent
IV characteristics of thissuccessfulAu-OPV2-Au junction at
the ohmic region can be clearly observed in Figure 3(b1).
Analyzing the data in Figure 3(b1) using the hopping conduction

of the equation,10,13,20

yields Arrhenius plots of the temperature dependence of
conductance as shown in Figure 3(b2).AH is the proportionality
constant, andkB is the Boltzmann constant. The Arrhenius plots

Figure 2. Change inIV behavior between a bare junction (dashed line) and the molecule-bridged junction (solid line) shows three types ofIV behavior for
an exemplificative Au-OPV2-Au junction: (a1)successful, (b1) possible, (c1) and (d1)failure. Their IV characteristics at ohmic regions are magnified in
(a2), (b2), and (c2) and (d2), respectively.

Figure 3. Temperature-dependentIV characteristics, the Arrhenius plots of temperature dependence of conductance, and the estimation ofEa for exemplificative
successfulOPV1, OPV2, and OPV3 junctions are shown in (a1,a2), (b1,b2), and (c1,c2), respectively. The estimated activation energiesEa of the OPV1,
OPV2, and OPV3 junctions are 66.0, 41.1, 30.2 meV, respectively.

I/V ) AH exp(-Ea/kBT) (1)
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show linear dependence around the high-temperature region
(J150 K >) and the activation energyEa is estimated to be
41.1 meV. Since the temperature dependence in the low-
temperature region (j150 K) was gradually changed, the
conduction mechanism is not the simple hopping conduction.
However, because we could measure clear temperature depen-
dence in the high-temperature region, it can be considered that
the hopping conduction is dominant at least in the region.13

Similarly, the temperature-dependentIV characteristics, the
Arrhenius plots, and the estimation ofEa for the exemplificative
successfulAu-OPV1-Au and Au-OPV3-Au junctions are
shown in Figure 3(a1,a2) and Figure 3(c1,c2), respectively. The
estimatedEa for the OPV1 and OPV3 junctions are 105.4 and
30.2 meV respectively.

In possiblecases, as shown in Figure 2(b1), theIV behavior
of the Au-OPV2-Au junction is similar to that of the
successfuljunction. However, the currents in these junctions
increase unstably in the high-voltage region. Also, a distorted
IV curve was obtained in the ohmic region as shown in Figure
2(b2). These unstableIV behaviors were interpreted as being
the result of an unsteady bridge-structure where either of the
Au-S bonds of the molecule might be unstable when a higher
voltage is applied.

In failure cases, as shown in Figure 2(c1) for example, the
current amplitude of the molecule-bridged Au-OPV2-Au
junction is a slightly higher than that of its bare junction.
However, in the ohmic region, the amplitudes of some of the
IV curves of thefailure junction are lower than those of its bare
junction, as shown in Figure 2(c2). The results indicate that a
bridge-structure was not fabricated in the nanogap; i.e., tunneling
is the dominant mechanism of the observed current. In Figure
2(d1), another kind offailure junction shows that the overall
amplitude of the current of the Au-OPV3-Au junction is lower
than that of its bare junction. The reverse result was clearly
observed in the ohmic region as shown in Figure 2(d2). The
reverse behavior was interpreted as due to a brittle bridge-
structure; i.e., either of the Au-S bonds of the bridging molecule
could separate together with Au atoms from the electrodes,
thereby damaging the structure of the electrode.

2. Bridging Rate

The resistance of each of the experimental Au-OPV-Au
junctions was calculated from the slope of the line in theIV
ohmic region, from-0.05 to+0.05 V. The resistances of both
the bare junction and the molecule-bridged junction for each
of the Au-OPV1-Au junctions are shown in Figure 4. Among
the 58 Au-OPV1-Au junction samples examined, there were
19 bridging junctions that contained only 5successfuljunctions
and 14possiblejunctions. Thus, the bridging rate was 19/58 or
32.8%. After excluding 14possible junctions from the 19
bridging junctions, thesuccessfulrate was down to 5/58, or
8.6%. In Figure 5, the bridging rate of the Au-OPV2-Au
junctions is 32/52 or 61.5%. After excluding 25possible
junctions from the 32 bridging junctions, thesuccessfulrate is
only 7/52 or 13.5%. In Figure 6, the bridging rate of the Au-
OPV3-Au junction is 25/27 or 92.6%. After excluding 9
possiblejunctions from 25 bridging junctions, thesuccessful
rate became 16/27 or 59.3%. The bridging-rate trend thus
obtained is OPV1) 32.8% less than OPV2) 61.5% less than
OPV3 ) 92.6%. Thesuccessfulrate trend is OPV1) 8.6%
less than OPV2) 13.5% less than OPV3) 59.3%. The results
indicate that OPV3 is the optimum molecule for the fabrication

Figure 4. Change in resistance of Au-OPV1-Au junctions between a
molecule-bridged junction and a bare junction is defined in terms of three
types of results:successful, possible, andfailure. The bridging rate is 19/
58 (32.8%), and thesuccessfulrate is 5/58 (8.6%). The resistanceR is
calculated from the slope of the line in theIV ohmic region, from-0.05 to
+0.05 V.

Figure 5. Change in resistance of Au-OPV2-Au junctions between the
molecule-bridged junction and the bare junction. The bridging rate is 32/
52 (61.5%), and thesuccessfulrate is 7/52 (13.5%).

Figure 6. Change in resistance of Au-OPV3-Au junctions between the
molecule-bridged junction and the bare junction. The bridging rate is 25/
27 (92.6%), and thesuccessfulrate is 16/27 (59.3%).
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of steady Au-OPV-Au junctions compared to the other OPVs
examined in this study.

3. XPS Analysis

We clarify that the increase in thesuccessfulrate is decided
on the basis of the change in molecular alignment morphology
resulting from XPS analysis. We have attempted to discuss
molecular alignments on the gold surface based on detailed XPS
analysis of sulfur peaks, since the peak ratio of the sulfur peak
position reflects the molecular alignment and packing density.
For XPS measurements, since we only measure chemical states
of a molecular layer bound on one side, the detailed surface
situation is different from that inside nanogap electrodes.
However, we believe that such a measurement is not necessarily
meaningless.

It has been reported that the S(2p3/2) binding energies for
unbound alkane thiols and dialkyl disulfide are between 163
and 164 eV, and after self-assembly of these molecules onto a
gold surface, the S(2p3/2) binding energy deceases to 162
eV.26-29 We also found another sulfur species around 161 eV,
and this 161 eV peak is often seen in less densely packed
SAMs.28 It was considered that the peak at 161 eV is isolated
sulfur, which is assigned to “atomic sulfur produced by C-S
cleavage” or “another sulfur without C-S cleavage”.28

The S(2p3/2) peaks of OPV-Au surfaces observed are
collected in Table 2 and Figure 7. In the case of OPV1 both
the unbound sulfur peak at 163-164 eV and the bound sulfur
peak at 162.2 eV were observed. Both the S(2p3/2)/Au(4f) and
C(1s)/Au(4f) ratios of 0.08 and 0.74 for OPV1 were lower than
those for OPV2, which were 0.14 and 1.94, respectively. It is
considered that in the case of OPV1 a lower surface coverage
was formed than that for OPV2. Thus, the molecular axis of
OPV1 is tilted onto the gold surface, as shown in Figure 8a,
which resulted in low surface coverage. Seferos et al.24 have
also reported that the molecular axis of OPV1 is tilted up to
∼30° from the gold surface from ellipsometry measurements,
supporting our assumption concerning OPV1. On the other hand,
we considered that the molecular axis of OPV2 is vertical to
the gold surface as shown in Figure 8b, which resulted in high
surface coverage. Thus, the photoelectrons emitted from the
bound sulfur atom of OPV2 around 162 eV are partly shielded
by the conjugated molecular planes. As shown in Table 2, the
S(2p3/2) area ratio of bound sulfur is 16.9% for OPV2 and is
lower than that of OPV1 at 30.9%.

In addition, the orientation of an aromatic moiety exhibits a
pronounced dependence on the length of the alkane spacer, i.e.,

the number of methylene groups in R-(CH2)m-SH.30,31For m
) odd on gold orm ) even on silver, the molecules stand up
more vertically on the substrates. Form ) even on gold orm
) odd on silver, the molecular axes tilt onto the metal surface,
resulting in low surface coverage. The aligned molecular
morphologies of OPV1 and OPV2 on the gold surface as
obtained using XPS analysis are also in agreement with this
odd-even effect.

In the case of OPV3, as shown in Table 2, the S(2p3/2) area
ratio of bound sulfur for OPV3. 24.2%, is larger than that of
OPV2, 16.9%; i.e., the photoelectrons emitted from the bound
sulfur atom of OPV3 which are shielded by the conjugated
molecular planes are fewer than those from the bound sulfur
atom of OPV2. Thus, the molecular axis of OPV3 is tilted onto
the gold surface, as shown in Figure 8c. Likewise, Seferos et
al. demonstrated that dithiol-terminated OPV molecules with
linear hexyloxy-substituted structures form less ordered SAMs
on an Au, surface compared to unsubstituted OPVs, and
generally yield low thicknesses.24

To follow up on the molecular conformations which were
estimated using XPS on Au surfaces, we tried to estimate the
thicknesses of the OPV films using the following three methods,
sum frequency generation (SFG), ellipsometry, and atomic force
microscopy (AFM). In the case of SFG, we can expect to
evaluate the molecular angles with focusing on the peaks of
phenylenes around 1600 cm-1. However, since the structures
of OPVs are symmetrical and the coverage of OPV films is
poor, we could not detect clear peaks for all OPVs. In the case
of ellipsometry, the measurement of molecular thickness is too
sensitive with the light at 60° and 70° angles of incidence. (the
analysis of thickness was done using a polyethylene database).
Thus, we concluded that it is difficult to determine molecular
thickness of a very thin OPV film, even if other researchers
could estimate the thickness using this method. Finally, we
carried out the comparison of roughness on the Au surface which
was measured by AFM. This comparison of roughness was
recorded in Table 5 and Supporting Information in the study
by Seferos et al.24 The average roughness was estimated using
six root-mean-square values of 2µm × 2 µm images which
were randomly positioned on surfaces. The average roughnesses
of bare Au and Au surfaces covered by OPV1, OPV2, and
OPV3 films were 0.50, 0.51, 1.03, and 0.56 nm, respectively.
The roughness of OPV2 is especially large among four surfaces.
The AFM results suggested that the OPV2 film was the thickest
and the molecular angle of OPV2 was the closest to vertical
among three OPVs as shown in Figure 8. The AFM results were
suitable to the thickness which was suggested by the discussion
of the shielding effect of sulfur peaks in XPS spectra.

4. Steadiness of Bridge-Structures

We considered that the steadiness of the Au-OPV-Au
junctions was dependent on the alignment of OPV molecules
on the junction. We propose that after formation of OPV1
steadied alignment, a small number of the as-grown bridged
molecules were attracted by neighboring molecules and were
then tilted down for agreeing with the lying-down alignment
which is illustrated in Figure 8a. By the same token, although

(26) Castner, D. G.; Hinds, K.; Grainger, D. W.Langmuir1996, 12, 5083.
(27) Ishida, T.; Hara, M.; Kojima, I.; Tsuneda, S.; Nishida, N.; Sasabe, H.; Knoll,

W. Langmuir1998, 14, 2092.
(28) Ishida, T.; Choi, N.; Mizutani, W.; Tokumoto, H.; Kojima, I.; Azehara,

H.; Hokari, H.; Akiba, U.; Fujihira, M.Langmuir1999, 15, 6799.
(29) Ishida, T.; Fukushima, H.; Mizutani, W.; Miyashita, S.; Ogiso, H.; Ozaki,

K.; Tokumoto, H.Langmuir2002, 18, 83.

(30) Rong, H.-T.; Frey, S.; Yang, Y.-J.; Zharnikov, M.; Buck, M.; Wu¨hn, M.;
Wöll, C.; Helmchen, G.Langmuir2001, 17, 1582.

(31) Tao, Y.-T.; Wu, C.-C.; Eu, J.-Y.; Lin, W.-L.Langmuir 1997, 13, 4018.

Table 2. Elemental Composition Estimated from XPS Peak Areas
for OPVs on Au Surfaces

sample

S(2p3/2)
area ratio of
unbound S

at 163−164 eV

S(2p3/2)
area ratio of

bound S
at 162 eV

S(2p3/2)
area ratio of
isolated S
at 161 eV S(2p)/Au(4f) C(1s)/Au(4f)

OPV1 33.3% 30.9% 35.6% 0.08 0.74
OPV2 83.1% 16.9% - 0.14 1.94
OPV3 40.3% 24.2% 35.4% 0.15 0.81
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the stand-up alignment of OPV2 might be more likely to form
a steady structure than the lying-down alignment of OPV1, the
successfulrate of OPV2 is also poor. We consider that both
the molecular angle and the variation of end groups do not
necessarily affect to thesuccessfulrate. However, by comparing
the above results of OPV2 and OPV3, it became clear that the
presence of the ethoxy parts of OPV molecules work for
improvements of thesuccessfulrate. The reason the ethoxy parts
work for the improvements might be explained by the following
model. In the bridging using OPV1 or OPV2, the OPVs
adsorbed on the gold surface may be tightly fixed by surround-
ing OPVs, and the orientations of the OPVs are limited. On the
other hand, in the case of Au-OPV3-Au junctions, we suggest
that the single OPV3 was not so influenced by the neighboring
molecules, resulting from the existence of ethoxy side chains.
It means that the molecular axis of OPV3 has higher orienta-
tional freedom than those of OPV1 and OPV2. Thesuccessful
rate of Au-OPV-Au junctions reflects the dependence on
steadiness of the bridge-structures.

5. Conductivity and Activation Energy ( Ea)

The estimated resistance trend of the Au-OPV-Au junctions
is OPV2 153( 91 MΩ > OPV3 92( 32 MΩ > OPV1 91(
75 MΩ. Although all data show substantial margins of error,
we attempted to estimate the number of molecules within an
Au-OPV3-Au junction by using the resistance of a single
OPV3-like molecule (ethoxy side chains of OPV3 were
substituted by butoxy side chains) of 0.6( 0.1 GΩ.6

At this moment, it is difficult to identify the title angle of
the bridged OPV3 molecules as shown in Figure 8c, which
changes the conductance of Au-OPV3-Au junctions. How-
ever, the number of molecules bridged in an Au-OPV3-Au
junction is estimated to be about 10, which is quite small
compared to the 1000 molecules of a cross-junction with SAMs
of OPV3-like molecules.6

The activation energyEa of hopping conduction for each
successfulAu-OPV-Au junction was also estimated. The
average activation energy trend obtained is OPV1 94.5( 39.9
meV > OPV2 47.3( 8.6 meV> OPV3 33.7( 4.3 meV. The
estimated activation energies of the OPV junctions match that
of dithiol-terminated terthiophene of 10-100 meV.20

In addition, we tried to prove a bold assumption that the
change of the activation energy of successful Au-OPV-Au
junctions depended on the change of the band gap of OPV
molecules. Herein, Bre´das and Heeger indicated that the band
gap of molecules was usually in agreement with the value
deduced from optical absorption measurements.32 The absorption
energy trend of the OPV molecules is OPV2 3.41 eV> OPV1
3.37 eV > OPV3 3.17 eV as listed in Table 1. A plot of
activation energies of Au-OPV-Au junctions versus absorption
energies of OPV molecules is shown in Figure 9. Regrettably,

(32) Brédas, J. L.; Heeger, A. J.Chem. Phys. Lett.1994, 217, 507.

Figure 7. S(2p) XPS spectra of OPV-Au surfaces: (a) OPV1, (b) OPV2, and (c) OPV3.

Figure 8. Schematic images of molecular alignments of OPVs on Au
surfaces: (a) OPV1, (b) OPV2, and (c) OPV3.

Figure 9. Plot of activation energy of Au-OPV-Au junctions vs
absorption energy of the OPV molecules.
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an explainable and reliable dependence is not demonstrated in
Figure 9 although the three kinds of OPV molecules have the
same backbone of 1,4-distyrylbenzene. However, it is clear that
the OPV3 molecule of the lowest absorption energy achieved
successful Au-OPV3-Au junctions of the lowest activation
energy. Especially, the difference inEa between Au-OPV2-
Au and Au-OPV3-Au junctions reveals the effect of side
chains, wherein the donor, ethoxy side chains of OPV3,
increases the energy level of the HOMO with a reduction in
the band gap.32 It can be considered that the change of the energy
level effects the decrease ofEa.

Conclusions

We have demonstrated that the steadiness of a conductive
bridge-structure depends on the molecular structure of the bridge
molecule. Thesuccessfulrate trend of the Au-OPV-Au
junctions is OPV1 8.6%< OPV2 13.5%< OPV3 59.3%, which
is commensurate with the shift in steadiness of the conductive
bridge-structure: stable chemical bonds are established or
broken for a single conductive molecule from two facing
electrodes. The elevatedsuccessfulrate of Au-OPV3-Au
junctions results from the isolation of the bridged molecular
wire between two facing Au surfaces. On the other hand, the
OPV1 and OPV2 molecular axes are fixed by the surrounding
molecules on the surfaces of electrodes, forming a brittle bridge-

structure. We propose that conjugated molecules consisting of
methylthioacetate termini and short alkoxy side chains are well
suited for fabricating a steady conductive bridge-structure
between two facing electrodes.
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