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Note: All references to equations and figure that are not preceded by 'S’ refer to the main text.

Experimental Results
‘i
Parametric Sensitivity of the Data We tested the sensitivity of the curfent-voltag'e (I-V) -

measurements of the Jag-samy/c;¢-He junctions to a variety of preparatory cond1t1ons 'We outhne

the details of these studies in the following sections.

Roughness of the Film: Figure S1 compares I-V curves for J Ag;clo//cl ¢-Hs junctions in

which the Ag film was either 100 or 200 nm thick. The data from both thicknesses ,;are nearly
identical within experimental error.
Area of Contact: Figure S2 shows the dependence of the current (atabias =0.5V)

flowing across Jag-c,yic ¢He 35 2 function of the area of contact between the two SAMs; Figure

S2B shows the current density calculated for each datum in Figure S2A. To determine the area
/ ‘ _
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- of contact, _wé used a video camefa td visualize the area of contact and magnify it by a factor of
100; we then measured the Adia_meter of fhe magnified area of contact (relative to a standard) on a
video screen using a micrometer. Tl;e uncertainty of the measurement of the diameter on the |
video screen was ~ + 1-2 mm; this uncértainty corresponds to an error of ~5 X 1‘074 cm?, or ~35%,
in the actual contact area. ~ This observation suggests that uncertainty in the area of contact is a
significant determinant of the uncertainty |

Solvent: We examined the dependence of the I-V curves for a number of organic
solvents (Fig. S3). We examined isooctane because it should not be able to intercalate within the
thiols that make up the films on the electrodes. Hexane was selected as an example of an ofganic
solvent comparable to hexadecane and toluene was selected as an example of an aromatic
solvent. THF and acetonitrile were selected as examples of polar organic solvents wi£h
heteroatoms. The data from the polar solvents were less informative. The current density of the
junction formed in freshly distilled THF that had been degassed with argon could not be
differentiated from the background current of several nA that was observed with the SAM-
coa;ted electrodes in close proximity but not in contact. With acetonitrile, the junction melted—
that 1s, th; Hg electrode merged with the Ag electrode—as soon as a potential of even a few mV
was placed across it. Acetonitrile does not dissolve Cis-SH and the presence of this thiol in
solution around the junction is essential for its stability s0 it is not surprising that this solvent
could not be tested. | |

Puriiy of Thiols and Preparation of SAMs: Figure S3 compares the current density
across a junction under standard conditions to that for a junction fabricated with SAMs on Ag
that had been formed by'expésing a Ag film to a solution containing a mixture of Cyo-SH (1 mM)

and C-S-S-C1o (1 mM) in ethanol for 24 h. We also compared the current density across
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‘junctions comprising SAMs od Ag that were formed under different conditions. SAMs on Ag

" incubated for ~24 h in a solution of Cl_o-SH did not perform differently than SAMs on Ag that
had incubated at room temperature fer 1 week. The performance of junctions comprising SAMs
that were formed in solutions of thiols that had been degassed by bubbling Ar through them for

~15 min was the same as those comprising SAMs formed with aerated solvents.

Reproducibility

The standard deviations from the average current density, computed for N-1 degrees of
freedom (where N = 21) and the 95% confidence intervals are shown as error bars in Fig S4B
and S4C. The magnitude of the standard deviations Were approximately + 55% of the everage
current density for each bias voltage. The 95% confidence intervals—the range of current
density within which we have 95% confidence that.’ the real mean value is 'present—ére shown as
error bars about the average current density in Figure S4C; The confidence intervals ranged

from approximately +25% to _25% of the average current density.

Modeling of I-V Data

Figure S5 shows a comparison of the experimentally determined attenuation factors, B,
and those calculated using Eq. 10 for a junction with strﬁcture Jagc,y/Cy 6-.Hg. We used the
parameters—barrier ¢ = 0.67 V, distance d=3.9 nm, preexponential factor Co =3.5,and a =1—
derived from Eq. 10 at a bias of 0.1V to predict the voltage dependence of . Although the
measured and calculated values of B agree at low bias, the calculated values decrease by ~50% |

over the range of 0.1to 1 V; the measured values do not decrease over this range. We find better

agreement with the modified parametefs —barrier ¢p=2.1V, distance d=3.9 nm,

S3
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“preexponential factor Co =3.5, and a =0.67—derived from the nonlinear least squares fit to Eq.

9.

Confidence Intervals for tﬁe Fitted I-V Curves.

We sought to estimate confidence interyals for the calculated curves that were obtained .
by fitting the experimental data. These intervals define a region above and below the fitted value

«  of current density within which the true predicted value (accordirig to the equation used to fit the

data) lies.

We calculated the standard deviation of thé sample population (s) for 21 different I-V
curves (Figure S4) with Equation s1 , where X is the average current density, X; is the ith value of
current density, and N is the numbef of independeni measurements; the 95% confidence intervals

5

for average values of I at a given bias voltage (Figure S4) Were calculated with Equation s2.!

Z(Q-xoz (S1)
TN
95% Conf. Int.=;i2.09(7%—) (S2)

A computer program (Origin v. 6.1')' was used to estimate confidence intervals for the
fitted I-V curves in Figurev S6. The r;)utine involved fitting the 21 independent I-V curves (418
data) to Equation 9 with fixed values of o.=0.62 and ¢ = 2.1; the preexponentiall factor (Co) to
was allowed to float.- An automatic routine within the software then calculated the confidence
intervals for the fitted curves. .Figure S6 shows these intervals aloﬁg with the experimental data -

and the best fit to Equation 9. Despite the fairly large range in the current density, the .

confidence interval is approximately + 10% of the fitted value at each applied potential. The

S4
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"width of the intervals depends strongly on the number of data used in the fitting; removing data

widens the interval substantially.
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Figure Captions

Figure S1. Plots of current density as a function of bias potential for junctions with structure

- Jagc,yic,gHe: The plot shows eight independent expeﬁm_ents (fouf with Hg biased anod-ical.ly

_ and four with Hg biased cathodically) for eight different junctions in which the thin silver film
supporting the C;g SAM was 100 nm thick, and eigﬁt independent experiments fovr' eight different )

junctions in which the silVer film was 200 nm thick. The symbols are deﬁned’qn the plot..‘
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. Figure S2. (A) Plot of current as a function of the area of contact between SAMs in a junction

with structure Ja,.c 10//C1¢-Hg: The plot shows data for three experiments, and the average current

for each area of contact. The symbols are defined on the plot. The length of the error bars were

calculated by assumin'g an error of 0.1 cm in the diameter of contact. (B) Plot of current density

for the data in (A).
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‘Figure S3. Plot of average current density (from 0 to 1 V) for a junction with structure J ¢
Cyo//C16-Hg under standard conditions (solvent = hexadecane) against current density (from 0 to 1
V) for junctions with the same strﬁcéﬁre but under different conditions (solvent or prepa;ation of
SAM on Ag). The symbols are defined on the plot. The solid line represents. the theoretical line

expected when the current density on the y-axis is equal to that on the x-axis.
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Flgure S4. Plots of current density as a function of bias voltage for junctions with structure J Ag-
C1o/iCre-Hg- (A) I-V curves for 21 1ndependent Junctions (out of 30 junctions assembled). (B) Plot
of the average current density as a functlon of b1as voltage The error bars represent standard

deviations. (C) Same as (B), but the error bars represent 95% confidence intervals for the mea_n.

at-each bias voltage.

S10
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' Figure S5. Plots comparing the attenuation factor B determined experimentally for a junctions
with structure Jag.s AM(1)//C, c-Hgs where SAM(1) on Ag was formed from aiiphatic thiols (solid
symbols) to the attenuation factor B calculated (solid lines) with Equation 10 in the text; the

parameters used in the calculation of the different curves are indicated on the plots. . °
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A\
~ Figure S6. Confidence intervals for the curve obtained by nonlinear least squares ﬁtﬁ‘ng of I-V
curves from 21 independent junctions to Equation 9. The intervals represent the 95% confidence
level. The inset shows an expansion of the plot to emphasize the upper and lower confidence

lines. The best fit to Equation 9 is the solid in between the confidence interval.
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Figure Captions
K

Figure S1. Plots of current densityv‘aAs a function of bias potential for junctions with structure
Jagcy/iC,6-He: The plot shows eight independent experiments (foﬁr with Hg biased anodically
and four with Hg biased cathodically) for eight different junctions in which the thin silver film
supporting the Cyo SAM was 100 nm thick, and eight independent experiments for eight different

junctions in which the silver film was 200 nm thick. The symbols are defined on the plot.

S7



S R ———————.....

© 2001 American Chemical Society, J. Am. Chem. Soc., Holmlin jaO04055¢c Supporting Info Page 14

. Figuré S2. (A) Plot of current as a function of the area of contact between SAMs in a junction

with structure J AgC,¢/iC;c-Hg- The plot shpws data for three experiments, and the average current

for each area of contact. The symbols are defined on the plot. The length of the error bars were

calculated by assuming an error of 0.1 cm in the diameter of contact. (B) Plot of current density

for the data in (A).
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- Figure S3. Plot of average current density (from 0 to 1 V) for a junction with structure J 5.
C1o/C16-Hg Under standard conditions (solvent = hexadecane) against current density (from 0 to1
V) for junctions with the same struc’;ure but under different conditions (solverit or preparation of

' SAM on Ag). The symbols are defined on the plot. The solid line represents the theoretical line

expected when the current density on the y-axis is equal to that on the x-axis.
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- Figure S4. Plots of current density as a function of bias voltage for junctions with structure Jae.

crovcigHe (A) IV curves for 21 independent junctions (out of 30 junctions assembled). (B) Plot

of the average current density as a function of bias voltage. The error bars represent standard
deviations. (C) Same as (B), but the error bars represent 95% confidence intervals for the mean

at each bias voltage.

S10
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'Figure S5. Plots comparing the attenuation factor B determined experimentally for a junctions
with structure Jag-samy 1V/Cy 6-Hes where SAM(1) on Ag was formed from aliphatic thiols(solid
symbols) to the attenuation factor B calculated (solid lines) with Equation 10 in the text; the

parameters used in the calculation of the different curves are indicated on the plots.
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_Figure S6. Confidence intervals for the curve obtained by nonlinear least squares fitting of I-V
curves from 21 independent junctions to Equation 9. The intervals represent the 95% confidence
level. The inset shows an expansion of the plot to emphasize the upper and lower confidence

lines. The best fit to Equation 9 is the solid in between the confidence interval.
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- ~ Figure S1
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o | Figure S4 .
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; | A, ~ Figure S5
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Figure S6 ..
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