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Abstract
We report
on several
steps that
are of interest
for electrical
transport
studies
on single
molecular
wires.
Current-voltage
measurements
on monolayers
of phthalocyaninepolysiloxane
wires as a function
of temperature
are consistent
with the spacecharge-limited-current
model.
Isolated
wires
are firmly
immobilized
on a substrate
corrugated
with
metal
electrodes
by
embedding
them
in a Langmuir-Blodgett
monolayer
of cellulose.
High-resolution
atomic-force-microscopy
images
have been
obtained
of a single
molecular
wire bridging
two closely
spaced
electrodes.
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The issue of electron
transport
within
single
molecules
is relevant
for a number
of scientific
areas,
ranging
from
the field
of organic
devices
like FETs
[l] and LEDs
[2] to
studies
of electron
transfer
in proteins
[3].
Furthermore,
it is the central
topic
for possible
electronic
devices
on a
molecular
scale [4]. Currently,
various
experimental
routes
are being explored
to measure
the conductivity
of individual
molecules
[5]. Among
the main experimental
challenges
are
the realization
of ultra-small
electrodes
to link the molecule
to the macroscopic
world,
synthesis
of suitable
molecules,
methods
to deposit
them in a controlled
way, and imaging
at
the molecular
scale. In this paper
we will discuss
results
on
these topics
for our specific
approach
to measure
electronic
transport
in a single
molecular
wire.
We study
phthalocyaninepolysiloxane
(PcPS)
polymers
[6] (see inset
Fig.1).
These
are 20 to 50 nm long stacks
of
Si-phthalocyanine
monomers
linked
by oxygen
atoms.
The
monomer
repeat
distance
of 0.33 nm generates
orbital
overlap between
the monomers
which
accounts
for the mechanical rigidity
and renders
the polymer
a one-dimensional
semiconductor.

2. Electronic

transport

in monolayers

of PcPS

wires

In order
to make
an evaluation
of the conductivity
of
the PcPS
wires,
we have investigated
the inplane
electrical
transport
of monolayers
of PcPS
wires.
Langmuir-Blodgett
monolayers
were deposited
on interdigitated
Pt electrodes
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with
electrode
spacings
of 0.2 pm and 1 pm.
Figure
1 displays a set of current-voltage
curves
taken
at different
temperatures
for a sample
with 0.2 pm spaced
electrodes
(dotted lines).
The currents
are two orders
of magnitude
higher
than
the leakage
current
from
electrode
to electrode
and
hysteresis
was negligible.
At low bias one can distinguish
a
linear
I-V
relation.
This is in line with
Pt-PcPS
contacts
being ohmic,
which
can be expected
from the work functions
of the two materials
(N5.7eV
and N5eV
respectively).
The
data appear
to be consistent
with the space-charge-limitedcurrent
(SCLC)
model
[7].
This
model
applies
when
the
concentration
of injected
charge
carriers
exceeds
the concentration
of intrinsic
charge
carriers.
The bias voltage
V,
marks
the point
where
these two concentrations
are equal.
When
V >>
V, space charge
builds
up which
results
in a
power-law
I-V
curve.
The specific
form
of the I-V
relation
depends
on the trap
distribution.
A common
approach
is
to consider
an exponential
trap
distribution.
A single
analytical
expression
for both the ohmic
and SCLC
regime
can
be derived
[8,9].
Fits of this formula
(solid
lines in Fig.1)
appear
to yield excellent
agreement
with the data except
at
the highest
temperatures.
The conductivity
appears
to be low (10-l’
S/cm
at RT).
This
follows
from
the considerable
HOMO-LUMO
gap of
PcPS (- 1.5 eV). In the undoped
state,
this results
in a low
concentration
of charge
carriers
and corresponding
low conductivity.
The current
through
a single
undoped
molecule
is therefore
undetectably
low (10-l’
A). Low conductivities
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2: AFA4 image

top of four Pt
arrows
bridges

1: Inplane current through a monolayer of PcPS
function of applied
voltage at various temperafines are fits to the space-charge-limited-current
The inset is a schematic drawing of PcPS (Rr =CHs,
=(C&)7
CL%).
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are a general issue for experiments
on single wires, since
most considered molecules have a bandgap of at least 1 eV.
Chemical and electrochemical
doping studies of the PcPS
Preliminary
results
monolayers are currently
underway.
show that conductivity
can be increased by at least 3 orders
of magnitude.
An alternative for increasing the conductivity
may be the field effect. Field-effect gates have been realized
by using highly doped Si wafers with a 100 nm layer of thermally grown oxide as substrates. The application
of a gate
voltage on a monolayer sample results only in a slight current increase up to about a factor of two. It is preceeded by
large transient currents, that can not merely be accounted
for by the different capacitors in the circuit. This may be
related to remnant oxygen dopants that are mobile under
the electric field.
3. Electrical

contacts

to a single

PcPS

wire

For any experiment on isolated single molecules as well
as for the atomic force microscopy (AFM) imaging process,
controlled deposition and immobilization
of the molecules is
crucial. Molecules that are adsorbed on a hat surface generally are mobile and will aggregate into clusters. In our work,
the PcPS polymers are embedded in a Langmuir-Blodgett
monolayer of insulating isopentylcellulose
[lo], resulting in
a firm immobilization
on the substrate. The LB layers can
be deposited with various PcPS/cellulose
ratios.
Figure 2 is an AFM image of four electrodes with a
closest spacing of about 25 nm, covered with a mixed

PcPS/cellulose
monolayer. The PcPS molecules tend to order head-to-tail
which accounts for apparent wire lengths of
more than 100 nm. The observed height of maximal 1.4 nm
is consistent with the known diameter difference between
PcPS and cellulose. The LB transfer apparently is not disturbed by the corrugation introduced by the electrodes. The
PcPS wire indicated by the two arrows is seen to bridge two
of the four electrodes.
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