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Self-assembled monolayers (SAMs) formed by dissymmetric tetrathiafulvalene (TTF) derivatives on gold
(111) are prepared, and the structural and electrical properties have been studied. The TTFs are united to the
metal through two S-Au bonds while the other “end” bears two long alkyl chains. Observations based on a
combination of surface characterization techniques including ellipsometry, FTIR, contact angle, STM, and
AFM suggest that these monolayers are disordered or at least loosely packed in the lateral dimensions.
Conduction through these molecular SAMs is remarkably high given that the length of the “insulating” alkyl
chains attached to the TTF unit is on the order of 15-20 Å, a situation that arises in part from the tilted
orientation of the molecules with respect to the surface and the loosely packed structure of the alkyl chains.
Currents rivaling those in conjugated candidate “molecular wires” such as carotene dithiols and oligo-phenylene-
ethynylenes are observed. The resistance of a single molecule in a SAM, determined in a two-terminal geometry
using c-AFM, is estimated to be 25.7( 0.3 GΩ.

Introduction

The understanding of electronic conduction through and
between organic molecules is of fundamental importance in
molecular electronics,1-4 electrochemistry,5 and biochemistry.6-7

To address and access the electronic properties of these
molecules, a suitable organization method is necessary. Self-
assembly of appropriately substituted molecules on metals is a
general technique to deposit molecules in a monolayer.8,9 One
of our objectives is to adsorb and address redox-active organic
molecules on surfaces, and to self-assemble systems comprised
of these molecules. Tetrathiafulvalene (TTF) derivatives are
ideally suited as components in this type of system because they
are reversible and stable electron donors.10,11Their cation mixed
valence radical salts represent an important class of conducting
molecular materials,12,13 and they have been incorporated as
units in molecular machines.14-15

In this work, we report a new self-assembled monolayer
(SAM) formed by tethering TTF derivatives through two thiolate
groups directly to a gold surface (Scheme 1). The chemistry is
tailored such that the Au-S- bond is linked directly to the
TTF group, rather than being connected as a terminal group to
an alkanethiol bonded to the gold surface. This indirect linkage
was most common in previous studies on the self-assembly of
molecules incorporating TTF units on metals.16-23 We have
employed a wide range of characterization techniques including
ellipsometry, Fourier transform infrared spectroscopy (FTIR),
contact angle, scanning tunneling microscopy (STM), and
atomic force microscopy (AFM) to characterize these mono-
layers. Electron transport measurements through the TTF
molecules have been carried out at controlled forces in a two-

terminal geometry using a metal-coated conducting atomic force
microscope (c-AFM).
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SCHEME 1: Preparation of Dithiolates 1 and 2, a
Schematic Description of the SAM Formation Process,
and a Cartoon of the SAM Structure of the SAM of 1
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Experimental Section

Synthesis.The TTF derivatives1 and 2 were prepared as
thiolates by deprotecting3 and4 (Scheme 1) in situ following
the method developed by Becher and co-workers24,25 by the
addition of an excess of cesium hydroxide monohydrate
(Aldrich) dissolved in degassed absolute ethanol and stirring
for 10 min prior to the substrate immersion (Scheme 1). The
intermediates326 and 425 are known compounds and were
prepared according to procedures described in the literature.

Monolayer Preparation. All glassware was cleaned using
piranha solution (1:3 hydrogen peroxide/sulfuric acid) and was
washed with 18.3 MΩ cm water. Epitaxial Au(111) on mica
(Molecular Imaging, Phoenix, AZ) was annealed using a
reducing H2 flame to both remove organic contaminants and
facilitate reconstruction of the Au(111) surface. Postannealing,
the Au(111) surface was immediately transferred to an inert
atmosphere where SAMs of the TTF derivatives1 and2 were
formed by placing the substrate in a 0.6µM solution of 3 and
4 in particle-free, distilled tetrahydrofuran (THF). Just prior to
deposition,3 and4 were completely deprotected24 as described
above. The substrate samples were rinsed with fresh THF and
toluene and were used immediately.

Ellipsomety. The thickness of the SAMs was measured using
a Gaertner L125b Ellipsometer equipped with a 632.8 nm He-
Ne laser. The laser beam was 1 mm in diameter impinging on
the sample at an incident angle of 70° with respect to the surface
normal. The polarizer was set at 45°. The gold substrate was
hydrogen flame annealed to produce a contaminant-free recon-
structed Au(111) surface immediately prior to ellipsometric
baseline measurements to obtain accurate optical constants of
the bare gold substrate. The values reported are an average of
five repetitions on five to nine spots from two to three samples
for each monolayer/blank sample. A refractive index (n) of 1.50
was assumed for the organic films measured.8,9 The thickness
is only moderately sensitiVe to the exact value ofn chosen. For
example, a change inn from 1.45 to 1.55 (or a change of∼7%)
results in a change of only∼2.5% in the calculated thickness.
Optical ellipsometry has been widely used to determine the
average monolayer thickness of films ofn-alkylthiols.8,9 We
measured the thickness of dodecanethiol (C12S) and eicosaneth-
iol (C20S) SAMs as references prior to our sample data
acquisition. The variation of measured thickness was(1 Å for
then-alkylthiol SAMs and(2 Å for the TTF derivative SAMs.

IR Spectroscopy.Bulk IR spectra of the compounds3 and
4 in KBr were acquired from the average of four scans using a
standard transmission infrared spectrometer (Fourier Perkin-
Elmer, Spectrum one) with a resolution of 4 cm-1. Single
reflection ATR (attenuated total reflection) IR spectra for the
n-alkylmonothiol and compounds1 and2 SAMs were obtained
using a 65° incidence Ge ATR crystal (Harrick Scientific
GATR) in a Bruker IFS 66v/s spectrometer. This system uses
an MCT detector cooled with liquid nitrogen to collect the
reflected light. A KBr beam splitter was used for mid-IR. Spectra
were run in a vacuum at<2 mbar pressure and referenced to
background spectra previously determined for the crystal under
the same conditions. All spectra were collected at a resolution
of 4 cm-1 over 1024 scans in the 6000-400 cm-1 range. The
reference gold substrates were H2 flame annealed immediately
prior to the background collection.

Contact Angle Measurements.Advancing water contact
angles were measured by growing small sessile drops on the
monolayer surface (1-3 mm diameter) from a fused-silica
tubing with an inner diameter of 20µm and driven with a push-
pull syringe pump. A Hunt CCD camera with a 7× magnifica-

tion was used to monitor and record the data. We considered
the maximum advancing contact angle defined by Dettre and
Johnson27 as the angle observed in the limit that the drop is
advanced quasistatically over a motionless surface. Water used
for contact angles was distilled, deionized, and filtered.

Scanning Probe Microscopy and Spectroscopy.All STM
images were obtained using a PicoSPM with the sample under
toluene with electrochemically etched Pt-Ir tips. The operating
set point was 12 pA with a tip bias of-1.0 V. For c-AFM
experiments, microfabricated Pt-coated silicon cantilevers with
a spring constant of 0.35 N/m (www.spmtips.com, CSC11) were
used in the contact mode. Measurements were made with a
PicoSPM conducting atomic force microscope (Molecular
Imaging, Phoenix, AZ), keeping the sample submerged in
freshly distilled toluene during measurements. The solvent
reduces contamination and minimizes the adhesion between the
AFM tip and the sample.

Results and Discussion

Ellipsometric Thickness Measurements.The thickness of
dodecanethiol and eicosanethiol SAMs were measured prior to
the sample data acquisition, and the values obtained for these
samples are in excellent agreement with the literature data (Table
1).28 The thickness of the SAMs formed by TTF derivatives1
and2 were found to be 10.5 and 21.1 Å, respectively (Table
1). These thicknesses are smaller than those expected for a
completely extended molecular all-anti alkyl chain conformation
directed perpendicularly away from the gold surface. Indeed,
the measured thickness for1 (of 10.5 Å) is actually less than
that of the fully extended alkyl chain component, i.e., dodec-
anethiol whose SAM has a measured thickness of about 15 Å.
Because the measured thicknesses for our calibrants match those
expected remarkably well, we rule out any underestimation of
the SAM thickness. The shorter measured lengths can be
understood as the molecules in the assembly being tilted with
respect to the gold substrate. Consideration of molecular models
gives a likely scenario for the arrangement of1 and 2 in the
SAMs in which the TTF moiety extends away from the surface
at an angle (a parallel arrangement is disfavored by the anchor
geometry of the disulfide and goes against other evidence
presented here) and the alkyl chains attached to the TTF extend
away following approximately the same angle so as to prevent
void space. We will discuss the packing of the chains in the
next section.

IR Measurements.In Table 2 we present the peak positions
for C-H stretching modes in HS(CH2)nCH3 and in the TTF
derivatives in crystalline, solid, and liquid states and in an
adsorbed state on gold. The location of the peak frequencies of
theν(CH2) modes provides information about the intermolecular

TABLE 1: Ellipsometric Thickness and Advancing Contact
Angles for TTF Derivatives SAMs of 1 and 2 on Au(111)

SAM

extended
molecular
length (Å)

obsd
thicknessa

(Å) θ(H2O)b

(-S)2TTF(SC12H25)2 1 25.0c 10.5( 2.3 92.6( 1.3
(-S)2TTF(SC18H37)2 2 32.5c 21.1( 1.7 94.5( 2.0
HS(CH2)11CH3

d C12S 14.4e 15.4( 1.2 100.8( 1.2
HS(CH2)19CH3

d C20S 21.9e 22.8( 1.3 103.4( 1.1

a Observed ellipsometric thickness.b Advancing water contact angle.
c Calculated length derived from assumption of fully extended all-anti
alkyl chain conformation and TTF molecule perpendicular to the gold
surface using Hyperchem program.d SAMs used as a reference.
e Calculated length considering an all-anti alkyl chain conformation tilt
of 30°.28
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environment of the alkyl chains in the SAMs. Porter et al.28

showed that the locations of these peaks are sensitive to the
extent of the lateral van der Waals interactions between long
n-alkyl chains ofn-alkylmonothiol monolayers on gold. The
peak positions for assemblies ofn-alkylmonothiol with long
alkyl chains (longer than decanethiol) corresponded to those of
the bulk crystalline phase, whereas the peak position for
n-alkylmonothiol with shorter alkyl chains approached that for
the pure liquid as a result of a more disordered structure in the
monolayers. Our infrared measurements ofn-alkylmonothiol
monolayers reproduce these results, and the TTF derivative
SAMs show a similar trend for these peak frequencies (Figure
1). The peak position for theνa(CH2) mode of monolayers of
compounds1 and2 are higher than the values obtained for the
corresponding solid state spectra of the compounds and lie closer
to the value obtained for liquid staten-alkylmonothiols. We
observe the same tendency for theνs(CH2) stretching. These
data suggest a disordered or liquidlike packing environment in
the monolayer16 and are consistent with the ellipsometric results,
and they give the idea of a disordered packing of the alkyl chains
which cannot adopt coparallel arrangements because of the steric
constraints at the dithio unit at the head of the TTF core. The
peak assignment of the other bands in the infrared spectra of
monolayers of1 and2 are in excellent agreement with previous
reports.16

Contact Angle Measurements.Table 1 contains the results
of advancing contact angle measurements for C12S and C20S
monolayers on gold using water as a contacting medium. The
measured advancing water contact angles for thesen-alkyl-
monothiol monolayers are 100.8° and 103.4°, respectively.
These values are somewhat smaller than those reported in the
literature.29-31 The discrepancy between the two could be due
to the differences between sample preparation and the difficulties
in interpreting advancing contact angles. However, we broadly
observe the expected trends. Bain et al.30 observed consistent
advancing water contact angles of∼110° for n-alkanethiol
monolayers (CH3(CH2)nSH) withn > 5 and they noted a marked
dropoff in the contact angles whenn < 5, indicating either that
the probe liquid sensed the underlying gold or that an increased
disorder was present in the short-chain monolayers. In the case
of the monolayers1 and2, we observe advancing water contact
angles of 92.6° and 94.5°, respectively. These lower values
relative to those for the alkanethiol monolayers are a further
indication of a disordered or liquidlike packing of the alkyl
chains in the TTF SAMs.

Scanning Probe Microscopy.Both STM and AFM can
provide a direct image of the structure of monolayers at the
molecular or even atomic scale. In the common with the
monolayers formed byn-alkanethiols, single Au atom deep
terraces and pitlike defects were found for the SAMs of
compounds1 (Figure 2 A-C) and2 (not shown). Terraces are
decorated with a large number of pitlike defects (also called
vacancy islands). These pits are typically one Au atom deep
but are of variable widths and shapes (Figure 2A-C). The pits
observed in alkanethiol SAMs display similar characteristics:
depths are sharply centered on 2.5 Å (1 Au atom is 2.88 Å),
while the variation in the pit diameters is large, and the shape
is typically circular. The irregularity in shape of the pits in the
TTF SAMs has been observed in TTF SAMs before18 and
attributed to the liquidlike packing of the chemisorbed mol-
ecules.18 It should be noted that the high density of defects is
proportional to the number of molecular domains32 and is further
proof of the disorder (although these defects constitute disorder
of a different kind). Figure 2C shows a constant-current STM
image of 25× 50 nm2 area of a monolayer of1 in which bright
points are observed with dimensions consistent with individual
molecules.

Conducting AFM images obtained for monolayers of1 are
consistent with the STM images (Figure 3). While the topog-
raphy shows the relatively poor resolution expected for contact
mode measurements and the kind of tip employed, current
images show a conducting monolayer with an electronic
morphology very similar to that observed for this monolayer
by STM, with a grainy texture.

Scanning Probe Spectroscopy.The interpretation of mea-
surements of currents through SAMs of the type described here

TABLE 2: Peak Positions for HS(CH2)nCH3 and TTF Derivatives C-H Stretching Modes in Crystalline, Solid, and Liquid
States and Adsorbed at Gold

mode

struct group C-H str mode 3 (in KBr)a,b 4 (in KBr)a,b 1 SAMb 2 SAMb C8S liquidc C22S crystallinec C12S SAMb,d C20S SAMb,d

-CH2- νa 2918 2919 2925 2925 2924 2918 2920 2919
νs 2849 2850 2852 2852 2855 2851 2850 2850

-CH3- νa(ip) e e 2960 2960 e e 2964 2962
νa(op) e e e e 2957 2956 e e

νs(FR) e e e e e e e e

νs(FR) e e 2872 2871 e e 2875 2875

a We present solid-state IR data of compounds3 and4 instead of compounds1 and2 because they are unstable in air.25 b Peak positions are
determined as the average of two independent spectra with standard deviation of(1 cm-1. c Values reported in ref 28 for 1-docosanethiol (C22S)
and 1-octanethiol (C8S). d SAMs used as a reference.e These bands are masked by theν(CH2) bands.

Figure 1. Infrared spectra of (A) self-assembled HS(CH2)nCH3 and
TTF derivatives on gold and (B) solid TTF derivatives without baseline
correction.
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are generally more complex when compared with measurements
on single molecules (for example by attaching nanoparticles to
dithiols as described by Cui et al.33) This complexity is in part
due to the lack of knowledge of the exact number of molecules
of the SAM contacted by the tip, and also because of the role
of stress in the measured currents. Both these effects are
generally correlated, and a careful measurement (especially of
the latter effect) is important for meaningful interpretation of
data. The contact force dependence of the measured current has

been studied for monolayers of compound1, and we describe
the procedure and the analysis below. Currents were recorded
simultaneously and independently along with tip displacement
as the tip was pushed into a monolayer of1 on Au(111). Data
were taken at a fixed bias with the samples in toluene under
argon. In AFM, the deflection of the tip is a direct measure of
the contact force. The measured deflection was converted to a
force using the spring constant of the cantilever and the
deflection signal (Figure 4A). The force “curve” has the typical
shape: zero force experienced between the tip and the sample
at large separations, a sudden discontinuous “snapping” at
contact, followed by a linear region where the probe is pushed
rigidly up with the sample. The slope in this region is essentially
unity (tip displacement) sample displacement), but there is a
small (subnanometer) change in the film thickness as it deforms
under the applied stress. The deformation of a film under a
contact force can be characterized using the Hertzian model34

that describes a spherical tip of radiusR indenting into a uniform
elastic film. The contact radius,r, depends on the force,F,
according to

whereK is an effective modulus given by

E1 is the Young’s modulus for the monolayer (1010 N/m2)35

andE2 is the modulus for the tip (1.7× 1011 N/m2).34 ν1 andν2

are the Poisson ratios for the materials, and we assume them to
be 0.33. This leads to a value ofK ) 1.4 × 1010 N/m2. The
effective spring constant of the film is given byKr so that
deformation,δz, is given byF/(Kr) or

The tunneling current (I) is proportional to the contact area
multiplied by exp(-â(z-δz)) so that its force dependence is
given by

Figure 2. (A) Constant-current 200× 200 nm2 area STM images
(tunneling current) 12 pA, sample bias voltage) -1.0 V) of a SAM
of 1. (B) A 40 × 75 nm2 zoom-in from (A) that shows one Au atom
step (white arrow). (C) A 25× 50 nm2 zoom showing higher resolution.

Figure 3. Constant-force 200× 200 nm2 area showing simultaneously
acquired (A) topography and (B) current measured on a SAM of1
using a Pt-coated AFM tip.

Figure 4. (A) Current and force measured as a conducting AFM
cantilever is moved toward a SAM of1 formed on the Au(111) surface.
Nominal contact is achieved at zero distance (0 nm). Negative values
imply continued motion toward the Au(111) interface (increasing force).
The inset shows the direct relation between current and force. (B) Plot
that shows the linear relation between ln(I/F2/3) and F2/3, whereI is
current andF is force.

r ) [FR/K]1/3 (1)

K-1 ) (3/4)[(1 - ν1
2)/E1 + (1 - ν2

2)/E2] (2)

δz ) F2/3/(K2/3R1/3) (3)
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where

Thus, the slope from a plot of ln(I/F2/3) andF2/3 should be a
direct measure ofC in this model. A measure ofC enables us
to determineâs, which represents the change in tunnel current
with change in the dimension of a compressible gap filled with
the molecular material. (This number isnot the same as the
electronic decay constant for through-bond tunneling.) Fits to
the data for the monolayer of1 are shown in Figure 4B showing
a linear regression (Rfit ) 0.94) in agreement with the theory
described in this paragraph resulting in a value ofC ) 0.96
(nN)-2/3. Theâs calculated from this value ofC considering a
tip radius (R) of ∼20 nm is 1.5 Å-1. This value is larger than
those for SAMs formed by alkanethiols, probably as a result of
both the mechanical and electrical properties of the monolayers
discussed here which incorporate both rigid aromatic sections
and alkyl chains.

We have also measured the current-voltage curves by
lowering the platinum-coated c-AFM probe onto different spots
of the monolayer1, and recording the current as the probe bias
was swept (typically at a rate of 1 V/s). Both the sweep rate
and the range of the sweep were varied to ensure that
reproducible data were obtained and that the data were free from
hysteresis. A maximum bias of slightly over(1 V could be
applied without bias-dependent changes of the current-voltage
characteristics from sweep to sweep, and measurements were
made only up to(1 V. All the I(V) curves recorded in different
spots for forces between 4 and 5 nN have essentially the same
shape, although the variations in the absolute magnitude of the
currents were relatively large and lead to large standard
deviations. It is important to appreciate that becauseI(V) data
are collected from a combination of several tips on different
spots on the sample, and although the forces are controlled, small
force instabilities (for example, due to charging during a bias
sweep) are inevitable. The resulting variability is difficult to
control or monitor and typically results in a large standard
deviation, especially when SAMs are touched with the AFM
tip (Figure 5).

A readily observable feature of the conductance spectra is
the smooth asymmetry (Figure 5) which arises from (a) the
inherent asymmetry of the junction because the metals contact-
ing the molecule at the ends are differentscovalent gold at the
substrate side and a platinum tip contacting noncovalently at
the other endsand (b) the junction contains regions that are
thinner or wider than the average thickness (10.5 Å) due to
“disorder” or “fluidity” in the SAM formed from 1, as
highlighted earlier.

The I(V) curve presented in Figure 5A is the average of 55
measurements in different areas of the monolayers in the range
of force between 4 and 5 nN. Below, we describe how we
calculate the resistance through a single molecule in a SAM of
1. Considering an average contact force of 4 nN and a tip radius
(R) of ∼20 nm (a conservative estimate according to electron
microscopy measurements), we can determine a contact radius
(r) of 1.8 nm using eq 1. This value corresponds to a tip area
of 10.1 nm2. The distance between the two thiol groups attached
to the TTF unit is 0.33 nm, corresponding to an area per
molecule of 0.34 nm2. Using these values for the tip area and
area per molecule and assuming close packing (to give a lower
limit for the conductance), we then would have approximately
30 molecules under the tip. Dividing the averaged curve (Figure

5A) by 30, we obtain a new curve with an ohmic region (Rfit )
0.999) with a resistance of (25.7( 0.3) × 109 Ω (Figure 5B).
This corresponds to the resistance of a single molecule in a
SAM of 1. This estimate contrasts with measurements where
the resistances are determined on single molecules.33

TTF SAMS vs “Molecular Wires”. Before analyzing how
the TTF molecules compare both with other candidate molecular
wires and with an ideal quantum wire, it is important to
appreciate a few different methodologies by which measure-
ments are typically made. With the two-terminal geometry
possible with the c-AFM, there are two different routes to
address the electrical characteristics of individual molecules.
The first, as we have described here, measures the properties
of an ensemble of molecules with a clear dependence of current
on the force; this is described as a “mechanical contact”.
Alternately, isolating or inserting a dithiol in an insulating SAM
and chemically attaching a nanoparticle to the free thiol end of
the dithiol species results in a large area contact pad with which
the molecule can be addressed.33 Because the area of the dithiol
plus nanoparticle system is relatively large (compared with a
single molecule in a SAM), and because a metal-metal bond
can be formed between the c-AFM tip and the nanoparticle,
these experiments tend to selectively measure the electrical
characteristic of a single (or a few) molecules at one time.33 In
general, the measured current is independent of the applied force
as well. c-AFM measurements on dithiols with nanoparticles
attached are thus described as measurements with “covalent or
chemical contacts”. An important difference between measure-
ments made with mechanical and covalent contacts is that the
measured currents are much larger in the latter, underlining the
pivotal role played by the interface in electron transport at the
nanoscale (contact resistance is an important parameter in the
bulk as well). As an example, the resistance of octanedithiol is
900 ( 50 MΩ,36 which is at least 4 orders of magnitude less
resistive than the analogous octane monothiol.37 Resistances
measured with covalent contacts for carotenedithiol38 and 2,5-
di(phenylethynyl-4′-thioacetyl)benzene (TPE)39 are 4.9( 0.2
and 52( 18 GΩ, respectively.40 The conjugated carotenedithiol
(28 carbons atoms) is nearly as long as the TTF molecule1,

I ∝ F2/3 exp(CF2/3) (4)

C ) [âs/(K
2/3R1/3)] (5)

Figure 5. (A) The curve shown is 4% of the points of an average of
55 I(V)’s recorded with the tip contacting different spots of SAMs of
1 for two samples (the standard error is shown). (B) From the ohmic
region, low-bias region, the resistance of a molecule of1 is determined
to be 25.7( 0.3 GW.

SAMs of TTF Derivatives on Au(111) J. Phys. Chem. B, Vol. 108, No. 22, 20047217



whereas the TPE molecule contains 16 carbon atoms along its
length. First, it is remarkable that the resistance of the TTF
molecule1, 25.7( 0.3 GΩ, is between these two values despite
its hypothetical molecular length (25 Å). This value represents
a very large conductance, especially for a molecule with
mechanical contacts. All data presented indicate that the
molecules of1 are loosely packed in the SAM and that both
the alkanethiol chains attached to the main TTF skeleton and
the aromatic cores themselves are not perpendicular but tilted
with respect to the normal to the Au(111) surface, and there is
an essentially fluidlike and nonuniform alkyl chain coating.
Thus, the metal-coated c-AFM tip may almost directly contact
the bulk of the TTF unit, which in any case is not perpendicular
to the surface, resulting in the large currents observed.

Conclusions

The monolayers of molecules of1 and2 which are linked to
a Au(111) surface through a 1,2-ethylene dithiolate residue pack
spontaneously on Au(111), although the packing in lateral
dimensions is not dense because of the lack of favorable
interactions between the alkyl chains. This is the first time, to
our knowledge, that this type of moiety has been used as a
binding unit for a gold surface. c-AFM measurements allowed
us to estimate the resistance of a single molecule of1 as 25.7
( 0.3 GΩ, which is remarkably conductive for an organic
molecule with mechanical contacts. The TTF unit itself is
relatively short and is comparable to the length of 1-octanethiol
or ∼11 Å. The measured resistance through 1-octanethiol
monolayers is.100 GΩ,37 with an exact determination limited
at very low currents by noise; this clearly indicates that the TTF
unit itself is an excellent medium for electron transport. On the
basis of these observations, we suggest that the dithiol variants
of 1 would be ideal as candidate molecular wires,41 in the type
of SAMs described here, or in other self-assembled systems.42,43
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