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Abstract

We have investigated electrical properties of symmetric alkanethiolate bilayer junctions formed by contacting two hanging
mercury drop electrodes each coated initially with a single alkanethiolate monolayer. Using potentiodynamic, current transient
and ac impedance methods, we have shown that the initial, largely all-trans structure of the bilayers becomes disordered with time
as a result of the van der Waals and coulombic forces squeezing the junction. Chain disorder involves both gauche defects and
chain intercalation at the mid plane of the bilayer. We showed that the latter progress more rapidly for junctions formed with
longer alkanethiols. To characterize the strength of the electronic coupling across these junctions, we measured the decay constant
b for the native bilayers featuring largely all-trans conformation and for the disordered junctions. The former was obtained from
fast scan (50–500 V s−1) j–V experiments and yielded b=1.29 per CH2 group (corresponding to b=1.0 A, −1). Impedance
measurements were used to investigate properties of the disordered junctions. Electron tunneling resistance and junction
capacitance were measured simultaneously. The plot of the logarithm of junction resistance measured at zero voltage bias versus
thickness gave b=1.6 A, −1. These measurements demonstrate that the efficiency of electron tunneling decreases substantially
when alkanethiolate chains become disordered. © 2000 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Electron tunneling plays a critical role in many bio-
logical processes [1–5]. Electron tunneling is also of
fundamental importance in a rapidly growing area of
molecular electronics [6–8]. Consequently, the kinetics
of long-range electron transfer (ET) across molecular
fragments of specific chemical structure has been a
topic of substantial interest [9–14]. An extensive body
of experimental data collected in the investigations of
both enzymatic [2–5] and synthetic systems [9,11,12,15]
indicates that ET rates are sensitive not only to the
distance but also to the structural details of a molecular
fragment separating the electron donor and acceptor.

In general, the electronic coupling matrix element de-
cays exponentially with distance (d) according to Ref.
[16]:

HDA
2 (d)=HDA

2 (d=0) exp(−bd)

where the magnitude of a decay constant, b, reflects the
strength of the electronic coupling across a particular
molecular bridge. Decay constants have been deter-
mined for various molecular systems. For example,
tunneling efficiency through s-bonded molecular frag-
ments (b=0.78–0.97 A, −1) [14,17–19] is lower than
through p-conjugated fragments (b=0.3–0.1 A, −1)
[11,20,21], but more efficient than through a van der
Waals bridge (b=1.3 A, −1) [14]. Recent experiments
indicate that the presence of amide groups within a
monolayer of hydrocarbon chains increases ET effi-
ciency due, probably, to a network of lateral hydrogen
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bonds [22,23]. On the other hand, Miller et al. have
shown that the presence of a single triple or double
bond or an ether group in a hydrocarbon chain slows
down ET [12]. Analogous effects of protein structure on
the electronic coupling strength were observed in elec-
tron transfer proteins [5,24]. Equally important, al-
though more difficult to study, are conformational
effects on the kinetics of ET. Theoretical calculations
suggest that ET through disordered hydrocarbon chains
is less efficient than ET through chains in all-trans
conformation [25,26]. In an elegant experiment, Haran
and co-workers have shown a decrease of the electron
tunneling rate across a monolayer of octadecyl-
trichlorosilane (OTS) formed on a highly doped Si
wafer when the initially all-trans structure of the mono-
layer was thermally disordered to induced gauche de-
fects [27]. Surprisingly, the opposite effect was reported
for a similar system by Boulas and co-workers [28].

A number of experimental approaches has been de-
veloped to study ET through well-defined synthetic
molecular fragments. They involve photoinduced elec-
tron transfer between donor/acceptor pairs separated
by a rigid bridging fragment [1,3,5,9], electrochemical
methods [10,17,29], and a tunneling junction method
[30,31]. In the latter case, two metal plates are sepa-
rated by a thin organic film of known structure and
thickness. Kuhn and co-workers investigated ET
through long-chain fatty acids adsorbed on aluminum
electrodes [32]. The second electrode was either a va-
por-deposited metal (Me=Al or Pb) or mercury. They
determined that conductance in these systems depends
exponentially on monolayer thickness. A number of
reports concerning Me-monolayer(multilayer)–Me type
systems have been published since then [33–37]. Since
in such experiments evaporation of the second metal is
typically used in order to form a junction, existence of
defects in the organic layer is a frequently encountered
experimental problem of this approach leading to short
circuits. More recently, other junction systems have
been developed to measure rates of electron tunneling.
These include ‘break junctions’ [38], nanofabricated
electrodes [39], crossed wires [40] as well as the AFM
(conducting mode) [41,42] and STM methods [43].

Mercury as a liquid metal offers atomically smooth,
defect-free surfaces. These advantages make it a partic-
ularly suitable metal for assembly of tunneling junc-
tions. Surprisingly, only a few reports have dealt so far
with Hg–Hg type junctions. In addition to the work of
Kuhn mentioned above [32], Porter and Zinn studied
electron tunneling through ordered water layers
trapped between two Hg drops [44]. The tunneling data
were collected with an impedance technique immedi-
ately prior to the coalescence of the two drops that
were slowly brought together in an aqueous electrolyte.
To prevent coalescence of two mercury surfaces, the
drops can be charged in an aqueous electrolyte, as

demonstrated by Usui and co-workers [45]. A different
method was reported by Rampi et al. who demon-
strated that formation of alkanethiolate monolayers on
mercury surfaces also prevents their coalescence [46].
While these authors did not measure tunneling currents,
their capacitance measurements showed that the thick-
ness of the films trapped in the Hg–Hg junctions was
proportional to the length of the alkanethiols used in
these experiments with o=2.7 indicating that the junc-
tions consisted of alkanethiolate bilayers.

Our recent report demonstrated that tunneling cur-
rents can be measured reproducibly in the Hg–Hg type
junctions when two small mercury drops, each coated
with an alkanethiolate monolayer, are brought into
contact [23]. These types of junctions are used in this
report to investigate the effect of the structure of the
alkanethiolate bilayers on the electron tunneling rates.
Specifically, we used potentiodynamic and impedance
techniques to follow the time evolution of the structure
of the alkanethiolate bilayer in a junction. We discov-
ered that a slowly progressing process of junction col-
lapse, which depends on time, voltage bias and other
factors, induces disorder of the initial all-trans structure
of the bilayer before subsequent, progressive intercala-
tion of the alkane chains of the two monolayers leads
ultimately to the sudden collapse of a junction and
coalescence of the Hg drops. We observed that as these
events unfold the strength of the electronic coupling
decreases during the initial, disorder stage of the junc-
tion collapse process. Thus we were able to measure
two values of the decay constant: one representing the
initially well-ordered alkane chains (b=1.0 A, −1) and
the other corresponding to a disordered state of the
alkane chains with b=1.6 A, −1.

2. Experimental

2.1. Reagents

Fresh samples of alkanethiols, CnSH, n=9, 10, 12,
14 and 16 were purchased from TCI America (95+%)
or from Aldrich. Hexadecane (Aldrich, 99+%), mer-
cury (Quicksilver Inc., triply distilled) and the alka-
nethiols were used as received.

2.2. Hg–Hg tunneling junctions

The mercury junctions were assembled using two
locally constructed [23], micrometrically driven Kem-
ula–Kublik type [47] hanging mercury drop electrodes
(HMDE). The glass capillaries of the HMDEs were 250
mm in diameter and were silanized with OTS. The two
electrodes were mounted vertically and coaxially, one
above the other in a custom made aluminum stand. The
tips of the capillaries could be aligned and the size of
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the junctions measured with a long focal length micro-
scope (Titan, Tool Supply Co. Inc.) affording a 100-
fold magnification and equipped with a filar eye piece.
The microscope was mounted on a semicircular rotat-
ing stage that allowed us to observe the two capillaries
and the Hg drops at two angles 90° apart. To properly
align the capillaries, the top electrode was attached to
an x–y–z micrometer stage (model M-460A, Newport
Corp.). A small rectangular glass cell was mounted
around and coaxially with the glass capillary of the
bottom HMDE near its tip allowing for immersion of
the tips of both capillaries in a desired alkanethiol
solution or a pure solvent. Most experiments were done
in 5–20% (v/v) hexadecane solutions of a selected alka-
nethiol. Thus the self-assembly of the alkanethiol
monolayers took place momentarily upon generation of
the new Hg drops. To assemble a junction, the Hg
drops were generated with the two electrodes, they were
aligned and then brought into contact as described in
Section 3. The initial size of the Hg drops ranged from
0.025 to 0.045 cm2. The former corresponds to the drop
diameter of 0.089 cm. A typical junction diameter,
which could be measured optically with ca. 95% preci-
sion, ranged from 0.015 to 0.046 cm. Within this exper-
imental precision of our microscopic measurements, the
junction diameter depended neither on voltage bias nor
on the time elapsed since junction assembly.

2.3. Tunneling current and ac impedance measurements

All the measurements and data analyses were done
with a CHI model 660A electrochemical analyzer/work-
station (CH Instruments, Inc. Austin, TX).

3. Results and discussion

3.1. Assembly of Hg–Cn–Cn–Hg junctions and their
general characterization

The process of Hg–Hg junction formation consists of
two steps. In the first step, the two mercury drops are
generated independently and aligned in a junction cell
filled with a hexadecane solution of a desired alka-
nethiol (see Fig. 1A). Subsequently, using the x–y–x
micrometer controlling the position of the top HMDE,
the drops are brought into contact resulting in a small
deliberately induced distortion of their shape as shown
in Fig. 1B. While the drops are at open circuit in a
hexadecane solution, microscopic observations of the
drops at this stage suggest that their distortion is simi-
lar to that reported for two negatively charged (thus
experiencing a repulsive potential) Hg drops in an
aqueous electrolyte solution [45]. The second step of
junction formation takes place spontaneously some
0.5–3 s later. At that point, a sudden ‘twitch’ of the
drops is observed resulting in an enlargement of the
apparent contact area as shown in Fig. 1C. When the
same sequence of steps is carried out in an aqueous
thiol solution (limited due to solubility to
C9SH�C12SH), the final junction area is �50% larger.
These observations lead us to conclude that the initial
repulsion and the resulting drop distortion are due to a
layer of solvent trapped between the two drops. Subse-
quently, the solvent is squeezed out, a process observed
as a twitch of the drops, and the van der Waals
attraction between two alkanethiolate monolayers on

Fig. 1. Photographs illustrating the process of junction assembly. The two Hg drops are immersed in a 20% (v/v) solution of decanethiol in
hexadecane. (A) Before junction formation. (B) Immediately after the drops are brought into contact. (C) After a ‘twitch’ of the drops resulted
in complete solvent removal from the junction. Note that this process results in an increase of the junction area reflecting the existence of van der
Waals attraction between the two decanethiolate monolayers.
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Fig. 2. Current–voltage curves for the Hg–C12–C12–Hg junction
formed and recorded in 20% (v/v) solution of dodecanethiol in
hexadecane. Scan rates: (a) 0.5 V s−1; (b) 50 V s−1. Junction area
A=0.0015 cm2.

in the junction become the focus of the remainder of
this report. We are interested in understanding what the
magnitude of the structural changes induced by the van
der Waals and coulombic forces are and how these
changes effect the strength of the electronic coupling
across the junction. We point out that single alkanethi-
olate monolayers on mercury, which we have investi-
gated before, did not show any significant structural
changes with time [14].

A typical current–voltage curve recorded for a dode-
canethiol junction (Hg–C12–C12–Hg) is shown in Fig.
2. The shape of such current–voltage bias curves de-
pends on the voltage scan rate. For slower scan rates a
small hysteresis is observed (see Fig. 2a) reflecting the
effect of the applied bias and the time evolution of the
bilayer structure in the junction. This effect is larger for
thicker junctions. Also, in these cases, an increase of
tunneling current (in a region of biases in excess of ca.
1 V) is observed during the second and subsequent
cycles suggesting a progressive decrease of the junction
thickness. The fact that these effects are more pro-
nounced in the case of thicker junctions (assembled
with tetradecane- and hexadecanethiols) can be ratio-
nalized by the fact that the longer alkanethiolate mono-
layers are intrinsically less well ordered. The structure
of the alkanethiolate monolayers on mercury has been
discussed previously [14,48]. Specifically, we showed
that the oxidative coupling of alkanethiols to mercury
is a process that proceeds on a millisecond time scale
and is arrested when a passivating film of mercuric
thiolate forms [14]. Thus formation of longer alkane
chain monolayers could result, on this time scale, in
somewhat more disordered monolayer films. Under the
influence of the van der Waals and coulombic interac-
tions in the junctions, these films appear to be more
prone to collapse via a slowly progressing intercalation
of the alkane chains.

To measure the electron tunneling decay constant,
the logarithm of the tunneling current density measured
at a fixed voltage bias (1.5 V) was plotted versus the
number of carbon atoms in the bilayer, as shown in
Fig. 3. The slope of the plot gives a tunneling constant,
b=1.29 per CH2 group (1.0 A, −1) when data corre-
sponding only to the C9�C9, C10�C10, C12�C12 junctions
are included in the regression. For these junctions, fast
scan (\50 V s−1) j–V curves could be recorded repro-
ducibly. Due to the short time nature of these experi-
ments, we are reasonably sure that the initial structure
of the alkanethiolate bilayer is not yet perturbed by the
slowly progressing structural collapse of the junction.
The dependence of b on the voltage bias has been
discussed in our previous report [23]. Unfortunately,
data for the thicker bilayer junctions (C14�C14, C16�C16)
had to be recorded at scan rates below 0.5 V s−1. At
higher scan rates, the magnitude of the capacitive cur-
rent background becomes too large relative to the

Fig. 3. Plot of the logarithm of the tunneling current density mea-
sured at 1.5 V vs. the number of carbon atoms in the alkanethiolate
bilayers trapped in the Hg–Hg junctions.

Hg surfaces results in an increase of the junction area.
Not surprisingly, these interactions are magnified in
water due to the hydrophobic effect. When two alka-
nethiolate-coated mercury drops are brought into con-
tact at a constant voltage bias, regardless of its
magnitude, the junction is formed instantaneously upon
the first contact of the two drops. In other words the
first step of junction assembly described above is
circumvented.

The presence of the van der Waals attraction between
the alkanethiolate monolayers and the additional cou-
lombic attraction between Hg surfaces that exists after
a voltage bias is applied, both weigh to destabilize the
junction with time. This indeed should be expected in
view of the known liquid character of the alkanethio-
late monolayers on mercury with chain length in the
range C9–C16 used in the current investigations. Conse-
quently, a junction with measurable stabilities (with
life-time on the order of 100 s or greater) can be formed
only with alkanethiols longer than C8. The stability of
the junctions increases with increasing chain length of
the alkanethiols. The stability and more specifically the
time evolution of the structure of an alkanethiol bilayer
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tunneling current. The significant positive deviation of
the C14 and C16 entries in Fig. 3 from the linear
dependence obeyed by the thinner junctions is probably
due to the partial collapse of the thicker junctions. It is
also possible that conduction processes other then tun-
neling contribute to the measured currents for thicker
junctions [32,35].

To study further the nature of the bilayer collapse
processes, we followed the time dependence of the
tunneling current at a constant voltage bias (1.5–2.5 V)
for a thin (C10�C10) and a thick (C16�C16) junction.
Typical I– t traces are shown in Fig. 4. In the case of
the C16�C16 junction (Fig. 4a), the tunneling current
increases with a progressively higher rate culminating in
a junction breakdown after �10–20 min. Clearly, the
increase of the tunneling current must be associated
with a progressive decrease of the junction thickness
due likely to chain–chain intercalation. If a decay
constant b=1.29 per CH2 of Fig. 3 is used to interpret

the current in Fig. 4a at t=1000 s, the junction thick-
ness decreased by two methylene groups relative to its
initial value. A qualitatively different patterns of behav-
ior is observed in the case of thin junctions (see Fig.
4b). While the evolution of the bilayer structure in these
junctions is less reproducible, a decrease of tunneling
current is the most conspicuous and characteristic fea-
ture of their I– t curves. Ultimately, this is followed by
a current increase and a junction breakdown. Since in
order to account for this surprising current decrease
one cannot postulate an increase of the junction thick-
ness, the observed decrease must be due to a decrease
of the strength of the electronic coupling across the
junction. We postulate that this decrease of the elec-
tronic coupling strength is due to the formation of
gauche defects in the initially all-trans alkane chains.

3.2. Measurements and interpretation of the junction
resistance at zero bias

To test further the hypothesis outlined above, we
resorted to impedance spectroscopy in order to decou-
ple the effects of the voltage bias and time as two
factors leading to the collapse of these junctions. Spe-
cifically, impedance measurements allow us to charac-
terize the kinetics of electron tunneling at zero voltage
bias (via tunneling resistance measurements) at a cer-
tain time following junction assembly. Furthermore, the
impedance measurements allow us to measure junction
capacitance simultaneously with the measurements of
the tunneling resistance. This is a key advantage allow-
ing us to interpret properly the zero bias junction
resistance data. In impedance spectroscopy a sinusoidal
voltage signal, E=Em sin(vt) is applied across a junc-
tion and the absolute value of the impedance vector �Z �
and the phase angle are measured [49]. Thus both the
real and imaginary part of the impedance of the circuit
can be determined. As shown in Fig. 5, a tunneling
junction can be represented by a parallel combination
of a capacitor (Cj) representing the capacitance of the
bilayer junction and a resistor (RET) representing the
electron tunneling resistance, coupled in series with
another resistor (Rext) due to the resistance of the two
Hg capillaries. For this system, the impedance is ex-
pressed by the following equations [49]:

Z(v)=Re Z−Im Z (1)

Re Z=Rext+
RET

1+ (vCjRET)2 (2)

Im Z= j
vCjRET

2

1+ (vCjRET)2 (3)

The complex–plane impedance plots for the junc-
tions of different thickness are shown on Fig. 6. The
C9�C9 junctions are not sufficiently stable to be investi-
gated by this technique. This is due to the fact that

Fig. 4. Current vs. time transients for two alkanethiolate bilayer
junctions recorded immediately after their assembly in hexadecane
solutions of alkanethiols. (A) C16–C16 bilayer, voltage bias V=2.5 V;
(B) C10–C10 bilayer, V=1.5 V.

Fig. 5. The equivalent circuit representing Hg–Cn–Cn–Hg tunneling
junctions.
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Fig. 6. Complex plane impedance plots for the Hg–Cn–Cn–Hg
tunneling junctions under zero voltage bias conditions. The amplitude
of the sinusoidal voltage perturbation was Em=25 mV. (A) C10–C10

bilayer, frequency range: 104–10−2 Hz. (B) C12–C12 bilayer, fre-
quency range: 104–10−2 Hz. (C) C14–C14 bilayer, frequency range:
104–10−2 Hz. (D) C16–C16 bilayer, frequency range: 104–10−2 Hz.

plane plots for the junctions thinner than C16�C16 ex-
hibit, albeit with some deviations, the expected
semicircles, the severe distortion in the plot recorded in
the latter case indicates clearly that RET is too high to
be measured in the available frequency range of 104–
10−2 Hz. The values of RET for thinner junctions were
obtained by projecting the low frequency values of
Re Z to v=0 and assuming that the equivalent circuit
in Fig. 5 adequately describes the behavior of these
junctions. Before we analyze these measurements, it is
important to point out, that the RET values obtained
this way probably reflect the properties of the partially
collapsed junctions. This is because, due to the nature
of the impedance measurements, they were obtained
minutes after their assembly. Thus it becomes impor-
tant to obtain capacitance values for these junctions
under exactly the same long time, low frequency condi-
tions in order to deduce then the extent of the junction
collapse. We deal with this problem next.

In view of the fact that RET for the C16�C16 junctions
is extremely high, the behavior of these junctions can be
approximated (within the available frequency range) by
an equivalent circuit consisting of Cj and Rext in series
for which Z(v) is expressed by [49]:

Z(v)=Rext− j
1

vCj

(4)

Analysis of the data in view of this equation gave the
frequency dependence of the Cj shown in Fig. 7. It is
conspicuous that in addition to a steady increase of the
capacitance with decreasing frequency the junction ca-
pacitance also increases stepwise at the points when the
instrument changes the range of frequencies. This sug-
gests that the application of the sinusoidal voltage
perturbation of variable frequency is an additional fac-
tor affecting junction stability. Indeed, when the same
junction is exposed to the second cycle of C versus v

experiment identical to that in Fig. 7, the initial capaci-
tance measured at 104 Hz is ca. 0.60 mF cm−2. In Fig.
8, we compare the time dependence of a junction
capacitance measured at a fixed frequency. The contin-

Fig. 7. Plot of capacitance of a Hg–C16–C16–Hg tunneling junction
vs. frequency obtained using Eq. (4) and data in Fig. 6(D).

application of the ac voltage perturbation in itself is an
addition element destabilizing junctions. We discuss
this factor in more details below. While the complex–
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Fig. 8. Dependence of the capacitance of a Hg–C16–C16–Hg tunnel-
ing junction vs. time obtained from the impedance measurements at a
single frequency v=104 Hz and evaluated in view of Eq. (4).

tion to the chain–chain intercalation taking place in
both of these experiments, chain disorder (gauche de-
fects) is also inevitably induced in the bilayer structure.
While the latter does not influence the capacitance data
which are sensitive only to the junction thickness, the
increase of the tunneling current in Fig. 4a is substan-
tially smaller than expected purely on the basis of the
decreased thickness of the junction. A diminished
strength of electronic coupling across the bilayer junc-
tion due to chain disorder analogous to the case fea-
tured in Fig. 4b is an important additional factor,
weighing to decrease the tunneling current. In view of
this discussion, it is also likely that the structural
changes taking place during the experiment of Fig. 4b
carried out with a C10�C10 junction also involve both
generations of the gauche defects and chain–chain in-
tercalation. The difference between the C10 and C16 type
junctions lies only in the degree to which these changes
take place. A qualitative analysis of the data in Fig.
4a,b suggest that chain–chain intercalation progresses
more rapidly in the case of the thicker junction.

Overall, data in Fig. 7 provide us with the short time
(high frequency, v=104 Hz) and the long time (low
frequency, v=10 Hz) values of the junction capaci-
tance, Cj short and Cj long, respectively. The ‘short’ time
refers to several seconds after junction assembly while
‘long’ time corresponds to ca 2.5 min and reflects both
the time effects as well as the effects of the variable
frequency ac perturbation mentioned above. The same
method was used to obtain these values for the C14�C14

junctions. In order to obtain Cj short and Cj long for the
decane and dodecane junctions, the imaginary
impedance data of Fig. 6a,b were fit to Eq. (3) over two
different ranges of v. Obtaining the short time Cj

values involved the data in the frequency range 102–104

Hz. The long time Cj values were obtained from the
data collected in the range 10–102 Hz. While this
method is clearly approximate, we find that it offers the
two limits of the Cj values with a higher precision than
a method based on single frequency data analysis.

The resulting Cj short and Cj long values are plotted in
Fig. 9 versus the number of the carbon atoms in these
junctions. As mentioned above, the Cj short data repre-
sent the initial state of the bilayer structures while the
Cj long plot reflects time dependent structural changes of
the alkanethiolate bilayers under the conditions of the
impedance measurements. An increasing difference be-
tween Cj short and Cj long is the key feature of Fig. 9. It
reflects a greater tendency of the longer junctions to
undergo chain–chain intercalation with time. Assuming
a parallel plate capacitor model, the slope of the Cj short

data gave an average dielectric constant o=2.1 which is
in good agreement with the literature data for ordered
alkane monolayers. In these calculations, we assumed
all-trans conformation of the alkane chains and used
1.255 A, as the projected length of a C�C bond as

Fig. 9. Plot of the inverse capacitance of the Hg–Cn–Cn–Hg junc-
tions as a function of the number of carbon atoms in the bilayer. (A)
The ‘short’ time, high frequency (v=104 Hz) capacitance values (Cj

short). (B) the ‘long’ time, low frequency (v=10 Hz) capacitance
values (Cj long).

uous increase of the capacitance from ca. 0.46 to 0.60
clearly documents the importance and the effect of time
on the structure of this junction. However, while the
same change of capacitance required only ca. 2 min
under the conditions of Fig. 7, it requires ca. 15 min
under the constant v conditions of Fig. 8. Chain–chain
intercalation results, in these cases, in a 20% decrease of
the junction thickness corresponding to approximately
seven methylene groups during the first 200 s. It is
interesting to compare this result with an estimate of
the extent of chain–chain intercalation in the same
junction in a similar experiment of Fig. 4a. In this case,
the analysis of the tunneling current increase in the first
1000 s (assuming b=1.29 per CH2 group) suggested
only a ca. two methylene group change of the junction
thickness. This apparent inconsistency with the result of
the capacitance experiment in Fig. 8 is even greater
considering the fact that the Fig. 4a experiment was
conducted under a 2.5 V bias that generated a substan-
tial coulombic force squeezing the junction in addition
to the van der Waals attraction. To reconcile these
differences, it is important to appreciate that, in addi-
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described earlier. Since the dielectric properties of the
alkanethiolate bilayers should be independent of the
extent of their intercalation and disorder, this value of
o was then used to interpret the Cj long values in terms of
the thickness of the partially collapsed junctions. These
experimentally determined thickness (d) were used in
turn to plot the dependence of ln RET versus d shown in
Fig. 10. Knowing the measured junction areas and the
experimental values of the initial surface coverage of
alkanethiolate monolayers, the zero voltage bias RET

data were expressed as resistance of a single collinear
pair of alkanethiolates. The slope of the plot gives
b=1.6 A, −1 which is substantially higher than b=1.0
A, −1 obtained from the linear region in Fig. 3. These
two values of the decay constant reflect a substantial
difference in the electronic coupling strength across
alkanethiolate films in largely a well ordered, all-trans
conformation and in a disordered state.

In conclusion, we have investigated the slowly pro-
gressing changes of the structure of alkanethiolate bi-
layers of different chain length trapped in the Hg–Hg
tunneling junctions. Potentiodynamic methods, direct
current–time and impedance techniques have been em-
ployed to relate the kinetics of electron tunneling to
these structural changes. We found that due to the van
der Waals and coulombic forces squeezing the junc-
tions, their structure evolves with time. This time evolu-
tion also appears to be accelerated by the changing
frequency of the sinusoidal voltage of the impedance
measurements. The changes involve simultaneous gen-
eration of gauche defects and chain–chain intercalation
and ultimately lead to junction breakdown. Taken col-
lectively, our data suggest strongly that the chain inter-
calation proceed more rapidly for thicker junctions.
The most important finding of this report is the decay
constant for the disordered junctions. Its value b=1.6
A, −1 is substantially higher than b=1.0 A, −1 obtained
for the junctions in largely all-trans conformation.

While we cannot quantify the extent of chain disorder,
our measurements show clearly that such disorder sub-
stantially weakens electronic coupling. To this end our
measurements disagree with the conclusions of Boulas
and co-workers [28] who postulated on the basis of
their tunneling junction data that the efficiency of elec-
tron tunneling is lowest for the most ordered state of
the alkane chains. Our results are in qualitative agree-
ment with the report of Haran and co-workers [27] who
also observed a decrease of electrochemically measured
tunneling current upon thermally induced chain
disorder.
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