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We have bridged a pair of gold electrodes with various arrangements of gold nanoparticles stabi-
lized with citrate molecules. The resulting devices exhibited current fluctuations at a constant bias
voltage and fluctuations of the differential conductance as a function of the bias voltage. These fluc-
tuations were attributed to the interplay of molecular conformation, charge switching, and breaking
of the links at the interface molecules–electrode. We found that, for all investigated samples, the
contact resistance at the interface molecules–electrode was by about one order of magnitude larger
than that between nanoparticles coupled by citrate molecules. We conclude that the mechanism of
charge transport can be viewed as a series of discrete steps involving initial hopping (injection) of
the charge from the left-hand-side gold electrode to the molecules, tunnelling of the charge through
the molecules–nanoparticle–molecules (MNM) unit, hopping to the next MNM unit, etc., and finally
hopping (extraction) of the charge to the right-hand-side gold electrode.
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1. Introduction

Charge transport through nanoparticle (NP) assem-
blies represents a fundamental process that controls
their physical properties, which are determined by the
coupling and arrangement of individual NPs and de-
pend on their size, shape, and composition. Theory and
experiments unveil that, at sufficiently low temperature
below a threshold voltage Vt, no current flows through
the particle array, while above Vt the current increases,
according to the power law I ∼ (V −Vt)ζ with ζ = 1
in a one-dimensional and ranging between 5/3 and 2
in a two-dimensional array [1 – 3]. I denotes the cur-
rent, V the voltage. Electronic coupling between indi-
vidual particles is influenced by inter-NP spacing and
by stabilizer molecules capping the NPs. The inherent
possibility of a switching between different molecu-
lar conformations represents one peculiarity of these
molecules which can strongly influence charge trans-
port. Citrate represents a common electrostatically sta-
bilizing agent for gold NPs, because the particles are
typically synthesized through a citric acid reduction
reaction [4]. Switching of the molecular conductance
of citrate was demonstrated by Wang et al. [5], where

they used mechanical stretching of two conformers of
citrate capped on and linked between the gold NPs.

The influence of stabilizer molecules on charge
transport through NP arrays has been reported re-
cently [6 – 8], where we have examined charge trans-
port between two gold electrodes bridged by a sin-
gle gold NP or by one- and two-dimensional chains
of those (about 8 – 10 particles within the chain). Such
a configuration exhibits linear current–voltage (I–V )
characteristics and current fluctuations in the range
3 – 100 mHz at constant bias voltage. Moreover, we ob-
served fluctuations of the differential conductance as
a function of the bias voltage. We assume that these
fluctuations arose from equally probable conforma-
tional changes of all citrate molecules along the chain
of NPs induced by charge transfer through those, in-
dependently of their location along the chain of NPs
or at the electrode interface. In following, we present
a comparative analysis of I–V characteristics for chains
of NPs having variable size (both length and width).
We demonstrate that the resistance between gold elec-
trodes and gold NPs coated with citrate molecules
is significantly higher as compared to the resistance
between two such citrate-coated NPs. The conduc-
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tance fluctuations can be attributed to interplay be-
tween the molecular conformation, charge switching,
and breaking of the bonds, taking place at the interface
molecule–electrode. We found that the main contribu-
tion to the charge transport in chains of NPs resulted
from hopping.

2. Experiment

Figure 1a schematically illustrates the configura-
tion investigated. The initial Au/Cr contact pads lo-
cated on a SiO2/Si substrate were formed by pho-
tolithography, where gold and chromium thin films
have been electron beam deposited. The layer sequence
(and thickness) from top to bottom is Au (20 nm)/Cr
(5 nm)/SiO2 (230 nm)/Si (0.7 mm). A 100 nm or
200 nm wide, 32 nm deep, and 4 µm long nanogap
between electrodes has been formed by focused ion
beam (FIB) patterning [9]. Hereto, we have used a dual
beam system (FEI Helios Nanolab 600), combining
a 30 keV (1 pA) gallium ion beam with a scanning
electron microscope (SEM). After FIB patterning, we
measured a resistance of the non-connected gold elec-
trodes of each sample being larger than 1014 Ω (Keith-

Fig. 1. (a) Schematic illustration of the NP chain located in
between two gold electrodes. (b) SEM image of the small
chain of particles (Sample 1) connecting the gold electrodes.
(c) and (d): SEM images of the wide chain of particles (Sam-
ple 2) connecting the gold electrodes before and after FIB
patterning, respectively. The dashed lines indicate a gap be-
tween the gold electrodes.

ley 6430). The samples and the corresponding two-
pin holder were placed into a double-shielding box for
measurement.

Deposition of NPs in between the gold electrodes
was achieved via pinning the droplet edge of the so-
lution with a concentration of 1.2 · 1011 particles/mL
at the appropriate position between the gold elec-
trodes [9, 10]. As a result, a concentric ring-like array
of NPs forms along the droplet edge. The size of the
array strongly depends on pinning time and substrate
temperature. After having positioned the NPs in be-
tween the gold electrodes, the place surrounding a de-
sired particle chain was additionally patterned with
FIB. With this procedure, unwanted connections be-
tween the electrodes were removed. As examples, two
representative samples are shown in Figure 1b – 1d,
where the gold electrodes are bridged by a different
number of gold particles.

3. Experimental Results

The I–V characteristics of the samples investigated
were recorded by two-contact-mode measurements at
300 K. A maximal bias voltage V applied to each sam-
ple was taken in correspondence to the resistance of
the sample. As a criterion in the entire regime of the
applied voltage, we have chosen the current so that
its maximal value amounted to about 1 pA for small
samples and 10 pA for wide samples. It is essential
to limit the charge transport, because larger values of
the current typically cause degradation of the junc-
tion, probably due to excessive heat dissipation or
due to local displacement of particles within a chain.
We have observed current fluctuations at constant bias
voltage. To examine the nature of such peculiarity,
we have recorded the current over time at intervals
of 625 ms. All five samples investigated show simi-
lar and reproducible results. The typical temporal be-
haviour of the current I(t) at V = 4 mV for Sample 1
and at V = 200 mV for Sample 2 is displayed in Fig-
ure 2a and 2b, where the current randomly fluctuates
around a mean value. Figure 2c and 2d illustrate the
corresponding distributions of I(t) for Samples 1 and
2, respectively. For a description of the I–V character-
istics, we determined a mean value of this distribution,
I0, and its standard deviation, Is, which we interpreted
as fluctuation amplitude. The designation of I0 and Is
is illustrated schematically in Figure 2. For compari-
son, we investigated the I(t) behaviour of a resistor
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Fig. 2. (a) and (b): Typical time depen-
dence of the current I(t) for Samples 1
and 2 recorded at bias voltage 4 mV
and 200 mV, respectively. I0 and Is are
the mean current and its standard de-
viation (fluctuation amplitude), respec-
tively. The lower curve in (a) displays
the dependence I(t) for a resistor. Note,
the I axis span amounts 0.2 pA in (a)
and 2 pA in (b). (c) and (d): Correspond-
ing distributions for Samples 1 and 2,
respectively.

Fig. 3. (a) and (b): I0–V characteristics
measured one after another for Sam-
ples 1 and 2. R1, R2, and etc. indicate
the corresponding values of the sam-
ple resistance. (c) and (d): Differen-
tial conductance dI0/dV for Sample 1
(Curve 3) and for Sample 2 (Curve 2)
shown in parts (a) and (b), respectively.
(e) and (f): Log–log plot of the I0–V
curves for Samples 1 and 2 shown in
parts (a) and (b) with the best-fit of
exponent ζ .
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with 1.3·1010 Ω (thermal noise) and did not observe
any similarly pronounced fluctuations (lower curve in
Fig. 2a). This clearly demonstrates that the fluctua-
tions solely result from the presence of NP junctions.
We found that, independent of the configuration of the
particle chain, by increasing the current through an in-
crease of the bias voltage, the relative fluctuation am-
plitude Is/I0 amounts to about 0.05, roughly indepen-
dent of the applied voltage. A Fourier analysis of the
I(t) fluctuations measured at different bias voltage in-
dicates that the frequency of the dominant fluctuations
lies in the range 3 – 100 mHz [6, 7].

Typical I0–V characteristics for two samples with
a different number of particles in the chain are il-
lustrated in Figure 3a and 3b, respectively. There are
two important observations: (i) Two sequentially mea-
sured I0–V curves can exhibit increased conductance
of the chain (Fig. 3a). (ii) Subsequently measured I0–V
curves may also have a lower conductance (Fig. 3b).
These peculiarities of the individual I0–V curves can
be clearly seen in Figure 3c and 3d, where the de-
pendence of the differential conductance (dI0/dV ) on
voltage is presented. A further important observation
is the following: The amplitude of the random fluctua-
tions of the differential conductance increases with the
voltage applied. These experimental findings indicate
that not only the value of the applied voltage, but also
the state of the conducting path in the particle chain,
which may depend on the history of the sample, can
affect its conductance. Figure 3e and 3f demonstrate
that all I0–V curves shown in Figure 3a and 3b follow
the same power-law scaling I0 ∼V ζ with an exponent
ζ ≈ 1. Such value of the exponent ζ indicates a linear
behaviour for charge transport in the chain of particles,
i.e., a linear conduction path. Again, comparison of the
I0–V curves for a small chain of particles and for a wide
chain demonstrates the similarity in behaviour.

4. Discussion

The theoretical approach I ∼ (V −Vt)ζ for the sin-
gle electron charging effect in arrays of particles de-
veloped by Middleton and Wingreen [1] considers
only the zero-temperature limit, where the local en-
ergy levels are delineated and barriers between neigh-
bouring sites are well defined. That means that, for
a bias voltage lower than Vt, charge transport should
not occur. The latter differs from the results of our ex-
periment, where due to thermal energy a finite conduc-

tance g0 = dI0/dV even at V = 0 and T = 300 K takes
place. Figure 3c and 3d illustrate that the conductance
g0 amounts to about 5 ·10−10 A/V and 2 ·10−11 A/V
for Samples 1 and 2, respectively. The linear suppres-
sion of the threshold voltage Vt(T ) with temperature
was considered by Bezryadin et al. [11] and Elteto
et al. [12] in studies of one-dimensional nanoparti-
cle chains, where the dependence Vt(T ) ≈ Vt(0) −
NpkBT/e was established, where Np is the number of
particles in the chain. That means that, with increas-
ing temperature, the nonlinear I–V characteristics, de-
scribed by the power law I ∼ (V −Vt)ζ , monotonously
shifts to the left until a constant conductance g0 at
V = 0 is reached. In other words, if energy levels for
the transport of electrons from one site to another are
distributed within bkBT , thermally excited electrons
can be transferred to neighbouring sites. The param-
eter b describes the extent of thermal broadening and
depends on details of the electronic level distribution
(b = 2.4, [12]).

Figure 4a schematically illustrates a single par-
ticle Aun with chemisorbed citrate molecules con-
necting a gold electrode Aue (on the right). A vari-
ety of interactions between citrate molecule and gold
electrode is possible, ranging from a physisorption
to a chemisorption. The physisorbed citrate molecule
interacts only weakly with gold atoms and, corre-
spondingly, charge transfer is more difficult (weak
coupling). Chemisorption is characterized by cova-

Fig. 4. (a) Schematic illustration of a single gold particle Aun
stabilized with citrate molecules (denoted as MNM, box)
connecting a gold electrode Aue (on the right). (b) Schematic
illustration of the one-dimensional chain of particles and
hopping transport through that. The rectangular boxes rep-
resent MNM units (local hopping site) shown in part (a). The
arrows represent thermally activated charge hopping over the
barriers between local sites.
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lent bonds which makes charge transfer between gold
atoms and citrate molecule easier (strong coupling). In
between weak and strong coupling, other types of in-
teraction are possible, based on interface effects like
integer charge transfer through tunnelling (physisorp-
tion), rearrangement of electron densities and attrac-
tion through image forces (physisorption), and par-
tial charge transfer (weak chemisorption) [13 – 15]. As
a result of metal–molecule coupling, the electron or-
bitals of citrate molecules can hybridize with states of
the gold atoms. Consequently, the original molecular
levels broaden and shift compared to a free molecule in
vacuum. For example, in the case of covalently linked
molecules (chemisorption), the broadening can be sev-
eral hundred meV [16], i.e., much larger than the ther-
mal energy at room temperature (26 meV).

It was already demonstrated that the maximum sat-
uration coverage of a gold particle by citrate molecules
amounts to about 2.7 molecules/nm2 [17, 18]. For
a particle with a diameter of 20 nm, we assume that
on average at each Aue–Aun junction about 10 cit-
rate molecules oriented in parallel can link the NP
to the electrode, and about 20 molecules can trans-
fer a charge across a Aun–Aun junction (10 molecules
from each particle). Considering the preparation proce-
dure of the devices investigated, we conclude that the
citrate molecules are chemisorbed on the gold nanopar-
ticle (bond Aun–O) and physisorbed on the gold elec-
trode (bond Aue–O). In other words, in devices where
a chain of particles bridges the gold electrodes, the
physical links of Aue–O at the two electrode interfaces
determine the properties of the device. That means that
the experimentally observed I–V curves are to a large
extent determined by the physical bonds Aue–O, rather
than by intrinsic molecular properties or the chemical
bonds Aun–O. The resistance of the devices investi-
gated lies in the range (109 – 1011) Ω, and we conclude
that the high device resistance is due to the contact re-
sistance between electrode and molecules. This can be
confirmed by comparing the resistance of Sample 1
to that of Sample 2. For geometrical reasons, it was
expected that the resistance of Sample 2 will be sig-
nificantly smaller compared to Sample 1, but it is the
wrong way.

For understanding the current fluctuations at the
fixed voltage, we take into account (Fig. 2) a molecu-
lar switching mechanism that includes conformational
changes, electrostatic charge trapping at defects, and
metal–molecule contact breaking. The conformational

change is consistent with a voltage-induced chemi-
cal structure variation involving changes in molecu-
lar conformation with charge redistribution along the
molecule [19 – 21]. The charge switching can appear
when the lifetime of the tunnelling electron on the
molecule is sufficiently long by a mechanism that sta-
bilizes the extra charge on the molecule [22 – 24].
The metal–molecule contact breaking is caused by
changes in the bond between the molecules and the
gold electrode [20]. We assume the following scenario
for switching events that may occur at the molecule–
electrode interface. By injecting electrons into the cit-
rate molecule, a conformational/orientational change
in the molecule is initiated, where the O–C–O group
physically connecting to the gold electrode can be ro-
tated around the C–C axis of the citrate molecule [25].
Note, depending on the bias voltage applied to the
samples, the thermal energy kBT ≈ 26 meV can play
an important or even dominant role in the rotation of
the O–C–O group. Due to the rotation of the O–C–O
group, the length of the distance between electrode
and molecule increases. The larger distance reduces
the tunnelling coupling between molecule and elec-
trode, and the corresponding ionic reorganization on
the surface of the gold electrode due to an added elec-
tron on the molecule can even stabilize this charge
state. The bare Aue–O bond energy has been estimated
to 90 meV for –COOH adsorption on the gold sur-
face [26, 27], which is too large for allowing the break-
ing of the bonds at room temperature by an applied
bias voltage of few mV only. Thus, the comparatively
small activation energy for the breaking of the bonds
in the case of our experiments seems to be a conse-
quence of the weakened Aue–O bonds due to con-
formational changes of the citrate molecule [20]. In
this case, the transmission probability Te is exponen-
tially sensitive to changes in the distance of the Aue–O
bond, de: Te ≈ exp(−2kde), where k is the decay con-
stant. A similar processes can arise at the molecule–
molecule interface, where the length of the O–O bond
between two molecules connecting neighbouring par-
ticles in the junction Aun–Aun may be modified during
the charge transfer.

Figure 3e and 3f demonstrate that I0–V curves in-
dicate a linear behaviour for charge transport through
the small and the wide chains of particles. Several
mechanisms of charge transport through the junctions
metal–molecule–metal give rise to the linear I–V char-
acteristics at low bias voltage, which are coherent tun-
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nelling, incoherent tunnelling, and hopping. Coher-
ent tunnelling is characterized by the probability of
an electron transfer through a barrier of some thick-
ness and height, where the phase of the electron does
not change. The transmission rate of the coherent tun-
nelling decreases exponentially with barrier thickness
and is small over distances larger than 2.5 nm, where
charge transport can usually be described by an inco-
herent tunnelling or hopping [28]. In the case of in-
coherent tunnelling, the electron tunnels along a se-
ries of sites separated by potential wells, where the
residence time of the electron is large enough to dis-
turb its phase, and the process is formulated as a series
of discrete steps. Both, coherent and incoherent tun-
nelling exhibit two main features: (i) exponential de-
pendence on barrier thickness L and (ii) weak depen-
dence on temperature. These properties are expressed
as [29]

R = R0 exp(βL) , (1)

where R0 gives the effective contact resistance and β =
2(2mφ)1/2/h̄ a structure-dependent tunnelling attenu-
ation factor. φ means the effective tunnelling barrier
height, m the electron effective mass, and h̄ Planck’s
constant.

Hopping is a thermally activated process, where the
transmission rate of the electrons follows a classical
Arrhenius relation. Hereto, the electron can traverse
one or more sites, like in incoherent tunnelling, but
for the case of hopping, the involvement of a nuclear
motion (bond rotation, bond stretching) becomes nec-
essary. That means, electron transfer over the barrier
cannot occur until the thermal motion of nuclei results
in a favourable molecular geometry, i.e., the molecule
must rearrange for electron transfer. Hopping transport
exhibits two main characteristics: (i) the transmission
rate varies with barrier thickness as 1/L, because hop-
ping involves a series of transitions between sites, and
(ii) strong dependence on temperature. These proper-
ties can be expressed in terms of a resistance as [29]

R = R0 +αL = R0 +α∞Lexp

(
Ea

kBT

)
, (2)

where α = α∞ exp(Ea/kBT ) is a molecular specific pa-
rameter with units of resistance per unit length and Ea

the activation energy associated with hopping (bond
rotation, bond stretching).

For simplicity, we denoted a unit ‘molecules–
nanoparticle–molecules’ as MNM unit (box in Fig 4a).

Correspondingly, the single current path in the chain
of particles schematically outlined in Figure 4b con-
sists of several such MNM units connected in series,
where the orientation of the xz-plane of the individual
units can be different. We conclude that the main con-
tribution to the charge transport in chains of particles is
provided by hopping. This mechanism can be regarded
as a series of discrete steps initially involving the hop-
ping (injection) of a charge from the left-hand-side
electrode to the MNM unit, tunnelling of the charge
through the MNM unit, hopping to the next MNM unit,
etc., and finally hopping (extraction) of the charge to
the right-hand-side electrode. An evaluation of the con-
tact resistance and that of the MNM unit was deduced
from the I0–V curves in Figure 3a (Curve 3) and Fig-
ure 3b (Curve 2) with (2), where Ea, Rm = α∞L, and
R0 were treated as variable parameters. It is found that
a good agreement between the experimental data and
the model for Sample 1 is obtained with Ea = 24 meV,
R0 = 2.7·109 Ω, and Rm = 3.5·107 Ω. For Sample 2,
we had to take Ea = 25 meV, R0 = 4.4·1010 Ω, and
Rm = 1.2·109 Ω. We, furthermore, deduced that the
contact resistance R0 is larger than Rm by about one
order of magnitude for all samples investigated. The
resistance Rm means the sum of resistance contribu-
tions described with (1) and (2) excluding R0. It is not
possible to separate these two contributions to charge
transport on the basis of I–V characteristics. Moreover,
the influence of the interface molecule–molecule (most
likely via an O–O link) cannot clearly be identified.
Hereto, measurements of the I–V curves at different
temperatures would be necessary.

Figure 3c and 3d show that the fluctuations of
dI0/dV (V ) are not exactly periodic. The mean pe-
riod ∆V of these fluctuations can be roughly evalu-
ated to about 0.5 – 1 mV for Sample 1 and 5 – 7 mV
for Sample 2. The ratio of the values of ∆V for dif-
ferent samples correlates with the ratio of the values
of the contact resistance R0. Consequently, we believe
that the fluctuations of the differential conductance
dI0/dV (V ) most likely originate from the Aue–O in-
terface, as a result of the interplay between molecular
conformation, charge switching, and breaking of the
links. The quasi-periodicity of the dI0/dV (V ) fluctu-
ations can be understood as a consequence of the ro-
tation of the O–C–O group around the C–C axis of
the citrate molecule (at the Aue–O interface). When
many citrate molecules connected in parallel partici-
pate at the charge transport, only the ‘mean frequen-
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cies’ of dI0/dV (V ) oscillations can be observed ex-
perimentally (Fig. 3).

We have demonstrated that, for all samples inves-
tigated, the conductance of a sample, deduced from
two sequentially measured I–V curves, decreases for
the third and all following measurements. The latter
can be caused due to the displacement of the parti-
cles within a chain, caused by the acting electric field
or due to the heating of the sample at the interface
electrode–molecule as a consequence of the high con-
tact resistance.

5. Conclusion

We have bridged a pair of gold electrodes through
small and wide chains of gold nanoparticles, which
were stabilized by a coating of citrate molecules. We
performed a comparative analysis of current–voltage
characteristics for chains of nanoparticles having vari-
able size. Besides stochastic current fluctuations at
a constant bias voltage and quasi-periodic fluctuations
of the differential conductance arising from conforma-
tional changes of citrate molecules, we also observed

that the arrangement and distribution of nanoparticles
can be changed by the electric field applied, contribut-
ing to conductance fluctuations and leading to irre-
versible changes and finally rupture of the conduct-
ing bridge. Although in all cases gold is bridged by
the same citrate molecules, a significantly higher re-
sistance between gold electrodes and the citrate coated
gold nanoparticles was found as compared to the resis-
tance between identical nanoparticles. Such difference
is attributed to the fact that citrate molecules are chem-
ically attached to the nanoparticles, but are only phys-
ically interacting with the electrodes. Thus, the resis-
tance of the bridge is not only a function of the number
of molecular contacts, but also depends on the strength
of the individual interactions between metal conductor
and molecules.
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[15] S. Karthäuser, J. Phys.: Condens. Matter 23, 013001
(2011).

[16] S. J. van der Molen and P. Liljeroth, J. Phys.: Condens.
Matter 22, 133001 (2010).

[17] J. Kunze, I. Burgess, R. Nichols, C. Buess-Herman,
and J. Lipkowski, J. Electroanal. Chem. 599, 147
(2007).

[18] M. Mabuchi, T. Takenaka, Y. Fujiyoshi, and N. Uyeda,
Surface Sci. 119, 150 (1982).

[19] Z. J. Donhauser, B. A. Mantooth, K. F. Kelly, L. A.
Bumm, J. D. Bumm, J. D. Monnell, J. J. Stapleton,
D. W. Rice Jr., A. M. Rawlett, D. L. Allara, J. M. Tour,
and P. S. Weiss, Science 292, 2303 (2001).

[20] G. K. Ramachandran, T. J. Hopson, A. M. Rawlett,
L. A. Nagahara, A. Primak, and S. M. Lindsay, Science
300, 1413 (2003).

[21] S. L. Lim, N.-J. Li, J.-M. Lu, Q.-D. Ling, C. X. Zhu,
and E.-T. Kang, ACS Appl. Mater. Interfaces 1, 60
(2009).

http://dx.doi.org/10.1103/PhysRevLett.71.3198
http://dx.doi.org/10.1103/PhysRevLett.71.3198
http://dx.doi.org/10.1103/PhysRevLett.87.186807
http://dx.doi.org/10.1103/PhysRevLett.87.186807
http://dx.doi.org/10.1103/PhysRevB.71.205412
http://dx.doi.org/10.1103/PhysRevB.71.205412
http://dx.doi.org/10.1039/df9511100055
http://dx.doi.org/10.1039/df9511100055
http://dx.doi.org/10.1021/ja901156x
http://dx.doi.org/10.1021/ja901156x
http://dx.doi.org/10.1021/ja901156x
http://dx.doi.org/10.1103/PhysRevB.82.155437
http://dx.doi.org/10.1103/PhysRevB.82.155437
http://dx.doi.org/10.1016/j.physleta.2011.08.076
http://dx.doi.org/10.1016/j.physleta.2011.08.076
http://dx.doi.org/10.1002/pssr.201105453
http://dx.doi.org/10.1002/pssr.201105453
http://dx.doi.org/10.1063/1.3494608
http://dx.doi.org/10.1063/1.3494608
http://dx.doi.org/10.1063/1.123941
http://dx.doi.org/10.1063/1.123941
http://dx.doi.org/10.1103/PhysRevB.71.064206
http://dx.doi.org/10.1103/PhysRevB.71.064206
http://dx.doi.org/10.1002/(SICI)1521-4095(199906)11:8<605::AID-ADMA605>3.0.CO;2-Q
http://dx.doi.org/10.1002/(SICI)1521-4095(199906)11:8<605::AID-ADMA605>3.0.CO;2-Q
http://dx.doi.org/10.1002/adma.200802893
http://dx.doi.org/10.1002/adma.200802893
http://dx.doi.org/10.1088/0953-8984/23/1/013001
http://dx.doi.org/10.1088/0953-8984/23/1/013001
http://dx.doi.org/10.1088/0953-8984/22/13/133001
http://dx.doi.org/10.1088/0953-8984/22/13/133001
http://dx.doi.org/10.1016/j.jelechem.2005.12.020
http://dx.doi.org/10.1016/j.jelechem.2005.12.020
http://dx.doi.org/10.1016/j.jelechem.2005.12.020
http://dx.doi.org/10.1016/0039-6028(82)90289-8
http://dx.doi.org/10.1016/0039-6028(82)90289-8
http://dx.doi.org/10.1126/science.1060294
http://dx.doi.org/10.1126/science.1060294
http://dx.doi.org/10.1126/science.1060294
http://dx.doi.org/10.1126/science.1060294
http://dx.doi.org/10.1126/science.1083825
http://dx.doi.org/10.1126/science.1083825
http://dx.doi.org/10.1126/science.1083825
http://dx.doi.org/10.1021/am800001e
http://dx.doi.org/10.1021/am800001e
http://dx.doi.org/10.1021/am800001e


164 L. V. Govor and J. Parisi · Conductance Fluctuations in Chains of Particles

[22] J. Repp, G. Meyer, F. E. Olsson, and M. Persson, Sci-
ence 305, 493 (2004).

[23] F. E. Olsson, S. Paavilainen, M. Persson, J. Repp, and
G. Meyer, Phys. Rev. Lett. 98, 176803 (2007).

[24] S. W. Wu, N. Ogawa, G. V. Nazin, and W. Ho, J. Phys.
Chem. C 112, 5241 (2008).

[25] S. Floate, M. Hosseini, M. R. Arshadi, D. Ritson, K. L.
Young, and R. J. Nichols, J. Electroanal. Chem. 542, 67
(2003).

[26] F. Tarazona-Vasquez and P. B. Balbuena, J. Phys.
Chem. 108, 15992 (2004).

[27] F. Chen, X. Li, J. Hihath, Z. Huang, and N. Tao, J. Am.
Chem. Soc. 128, 15874 (2006).

[28] R. L. McCreery, Chem. Mater. 16, 4477 (2004).
[29] L. Luo, S. H. Choi, and C. D. Frisbie, Chem. Mater.

23, 631 (2011).

http://dx.doi.org/10.1126/science.1099557
http://dx.doi.org/10.1126/science.1099557
http://dx.doi.org/10.1103/PhysRevLett.98.176803
http://dx.doi.org/10.1103/PhysRevLett.98.176803
http://dx.doi.org/10.1021/jp7114548
http://dx.doi.org/10.1021/jp7114548
http://dx.doi.org/10.1016/S0022-0728(02)01451-1
http://dx.doi.org/10.1016/S0022-0728(02)01451-1
http://dx.doi.org/10.1016/S0022-0728(02)01451-1
http://dx.doi.org/10.1021/jp049324q
http://dx.doi.org/10.1021/jp049324q
http://dx.doi.org/10.1021/ja065864k
http://dx.doi.org/10.1021/ja065864k
http://dx.doi.org/10.1021/cm049517q
http://dx.doi.org/10.1021/cm102402t
http://dx.doi.org/10.1021/cm102402t

	Conductance Fluctuations in Chains of Particles Arising from Conformational Changes of Stabilizer Molecules 
	1 Introduction
	2 Experiment
	3 Experimental Results
	4 Discussion
	5 Conclusion


