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1. Experimental Details

1.1. Materials. Molecular precursors to all self-assembled monolayers (SAMs) were
commercialy available (= 98%, Sigma-Aldrich and BroadPharm). All organic solvents were
anaytical grade (99%, Sigma-Aldrich) and were used as supplied. All thiols were stored under a
nitrogen atmosphere; the n-alkanethiols were stored at 4°C and the thiol-terminated
oligo(ethylene glycol)s were stored at -20°C to avoid degradation. To ensure that the compounds

were free of contaminants, all stored compounds were checked by *H NMR prior to use.

1.2. Formation of SAMs of Oligo(ethylene glycol)s on Au. Studies conducted by Meuse
and coworkers on SAMs of thiol terminated oligoethylene glycol (HS(CH,CH,0)sCHy3)
concluded that solvent affects the quality of the SAMs. Their measurements on SAMSs of
HS(CH,CH,0)sCH3 on gold indicate that ethanol resultsin well-ordered helical conformations
on gold substrate, whereas THF leads to disorder in the films'. Following the method of Meuse
and coworkers, we formed SAMs on template-stripped gold (Au™) substrates ? using solutions
of thiol (~3mM) dissolved in anhydrous ethanol. The ethanolic solutions were purged with
nitrogen before introduction of the metal substrate. The metal substrates were submerged in a3
mM ethanolic solution of thiol for 24 hours at room temperature and under an atmosphere of
nitrogen. We rinsed the SAM-bound substrates with ethanol, and dried them under a gentle

stream of nitrogen.
1.3. Characterization of SAMs of Oligo(ethylene glycol)son Au

1.3.1. Estimation of Thicknessfor SAMs of Oligo(ethylene glycol)son Au using Fixed-
Angle XPS. We estimated the thickness for SAMs of oligo(ethylene glycol)s
(HS(CH.CH>0),CHj3) using fixed-angle X-ray Photoel ectron Spectroscopy (XPS). The XPS data
was acquired using a Thermo Scientific K-Alpha photoel ectron spectrometer with Al K-a X-ray
source equipped with the monochromator and operated at the base pressure ~10° Torr. Figure
S1 summarizes the XPS signals for C1s, O1s, S2p and Au4df on a SAM of HS(CH,CH,0),CHs.
The Clssigna (Figure S1a) has two peaks present at 284.4 €V and 286 €V, which correspond to
C-C and C-O bonds. The Olssigna (Figure S1b) has asingle peak present at 532.4 €V, which



corresponds to O-C bonds. The S2p signal (Figure S1c) has a doublet peak present at 162 and

163.2 eV, which confirms the formation of a S-Au bond.
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Figure S1. XPS spectrafor SAMs of HS(CH,CH,0)4CHz on Au. (a) Clssignal with peaks at
284.4 €V and 286 €V. (b) Olssignal with apeak at 532.4 eV. () S2p signal with adoublet at
162 eV and 163.2 eV. (d) Au4f signal with adoublet peak 84 eV and 87.7 eV.

To estimate the thickness of the SAMs of HS(CH,CH,0),CHz on Au, we calculated the ratio of
the Clssigna intensity to the Au4f signal intensity according to eq. S1,
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where I¢qs, Iyyar are the intensities of the Cls and Audf signals. The a = 3/2 parameter

considers the reduced Cls signal compared to that obtained for n-alkanes, which are used here as

areference SAM. The inelastic mean free path parameter (4

4

) for the C1s and Au4f signalsis A,



=3.15 nm and A, = 3.45 nm. These values are based on data reported by Lamont and Wilkes.?
The Parameter dc = 0.28 nm indicates the distance between the first C atom of the
HS(CH,CH,0),CH3 chain and the Au surface to which it is bound. We determined the value of
the apparatus parameter K by measuring a SAM of tetradecanethiol on Au(111), and also by
using values of film thickness for alkanethiols reported previously by Grunze and coworkers.*
Table S1 summarizes our results for the measured thicknesses of HS(CH,CH,O)CHs;, and

compares them to calculated values of length, assuming both all-trans and helical conformations.

Table S1. Comparison of calculated lengths and experimental thicknesses for SAMs of
HS(CH,CH,0),,CH3. The lengths were cal culated assuming an all-trans extended conformation
and a helical conformation. The lengths were calculated using DFT with B3LY P and def2-SVP
functional, resolution-of-the-identity approximation (RI-J). The experimental thicknesses were
calculated using fixed-angle XPS analysis.

HS(CH,CH,0),CH4 Calculated Length (&) Calculated Length (A) Experimental Thickness
using Fixed-Angle XPS

All-Trans Helical Conformation A)

Confor mation
HS(CH,CH,0),CHj3 9.5 8.8 6.5
HS(CH,CH,0)5CHs 131 105 117
HS(CH,CH,0),CHj3 16.6 13.3 10.5
HS(CH5CH,0)sCHs 20.1 16.2 123
HS(CH,CH,0)sCHj3 23.7 19.0 11.8
HS(CH,CH,0)7CHs 27.2 21.4 127

1.3.2. Estimation of Thicknessfor SAMs of Oligo(ethylene glycol)son Au using Angle
Resolved XPS. In addition to estimating film thicknesses of oligo(ethylene glycol)s using fixed-
angle XPS, we a so measured the thickness values for SAMs of HS(CH,CH,0),,CH3 (n=2-7) on
Au'® using angle-resolved X PS. The emission angle (indicated in Figure S2) is defined as the
angle between the axis of the analyzer and the substrate surface. The difference between the
angle of the incident X-ray and the emission angleisfixed at 50°. The angle-resolved XPS
spectra are taken by rotating the sample stage to the desired emission angles. All S2p spectra
were corrected with a Shirley background and fitted to Voigt functions (constant ratio of 30% to
70% for Lorentzian to Gaussian). Figure S2 shows an example of the S2p spectra collected for a
SAM of HS(CH,CH,0)sCH30n Au"™. Using previously reported peak assignments,”” we
assigned the following peak fits: i) S; (~161.8 €V), which corresponds to the chemically

5



adsorbed components, ii) S, (~163 €V), which corresponds to the physical adsorbed components,
and iii) S (~160.8 eV), which corresponds to adsorption at defect sites (e.g. step-edges, grain

boundaries, etc.).
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Figure S2. High resolution XPS spectrafor the S 2£ peak obtained at six different angles of
analysis for a SAM of HS(CH,CH,0)sCH3 on Au™.



To normalize the area of irradiation of the incident X-ray using different incident angles (g), we

calculated the effective intensity (1) using eq S2:

lst = | cos (90° - g) (82)

Asindicated in eq S1, the effective intensity of the S 2p spectra decays exponentially over a

distance described eq S3: &°

|e = |o exp ('dSVac/(l sin q» (83)

where \ isthe inelastic mean free path, A = 30.08 A when the kinetic energy of the
photoelectrons are ~1320 eV,* |y is theinitial intensity from S atom, dsva is the distance from S

atomsto vacuum (e.g., the top of the SAM).

We calculated the thicknesses, d, for SAMs of HS(CH,CH,0),CHs on Au'™ using the sum of

theoretical distance of the metal-sulfur bond (dsau = 2.45 A)*® and ds.va, as shown in eq. S4.

d = dsvac+ dsau ($4)

We used the intensity of Sto calculate the value of d by fitting eg. 4 (derived from eg. S3) to a

plot of In (lgs) vs. 1/sin 6.

In(l¢) =In (lo.s) - dsvad/l SiNQ S5)

Figure S3 shows an example of the calculation for a SAM of HS(CH,CH,0)sCH3 on Au'> where

the lope is dsac /A
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onAu "~

The results of thicknesses for SAMs of HS(CH,CH-0),,CHs (n = 2-7) on Au' using angle-
resolved XPS and fixed-angle XPS analysis are summarized in Table S2. The error bars,
estimated from the Gaussian fits to the S 2p spectra, are ~1.5 A.

Table S2. Comparison of experimental thicknesses for SAMs of HS(CH,CH,0),CH3 using
fixed-angle XPS and angle-resolved XPS.

HS(CH,CH,0),CH3 Experimental Thickness  Experimental Thickness
using Fixed-Angle XPS

(A) uﬁs\jng Angle-Resolved XPS
HS(CH,CH,0),CH3 6.5 (11).2 +15
HS(CH5CH,0)sCHs 117 139+ 15
HS(CH,CH,0)4,CH3 10.5 14915
HS(CH5CH,0)sCHs 123 172415
HS(CH5CH,0)sCHs 118 178+ 15
HS(CH,CH,0);CH3 12.7 19815

Figure $4 compares the experimental thicknesses (measured by angle-resolved XPS) with
calculated lengths for both all-trans and helical conformations. The thickness values of
HS(CH,CH,0),,CH3 are comparable with the all-trans lengths when n = 2 and 3. When n > 3, the

thicknesses are comparable with the lengths of the helical conformations.
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Figure $4. Plot of calculated lengths and experimental thickness values for HS(CH,CH,0),CHs.
The lengths for all-trans and helical conformations were calculating using DFT with B3LY P and
def2-SVP functional, resolution-of-the-identity approximation (RI-J). The experimental
thicknesses were calculated using angle-resolved XPS and single-wavelength scanning
ellipsometry.

1.3.4. Estimation of Thicknessfor SAMs of Oligo(ethylene glycol)son Au using
Ellipsometry. We also measured the thickness for SAMs of HS(CH,CH,0),CHz0on Au'> using
ellipsometry. The data were obtained at a constant incidence angle of 70° using asingle-

wavel ength scanning ellipsometer (LSE-W model, Gaertner Scientific). The spectroscopic
results were simulated using the LGEM P software provided by the manufacturer using an index
of refraction between of 1.46 and 1.48. To compensate for the possible heterogeneity in
composition across the surface, measurements were taken at ten different positions on at least

two different surfaces.

1.3.5. Influence of Incubation Time on Thickness Values for SAMs of Oligo(ethylene
glycol)s. We also investigated the influence of incubation time on the thicknesses of the SAMs,
that is, we measured thickness using angle-resolved XPS after allowing the SAMs to form for i)
16-24 hours and ii) 1 week. This comparison is summarized in Table S3. Despite the large

difference in incubation time, the resulting values of thickness do not differ by morethan 1.5 A.



Table S3. Influence of incubation time during SAM formation on the measured thickness (A)
values using angle-resolved XPS. SAMs were incubated for 16-24 hours and 1 week.

Thickness (A) Thickness (A)
HS(CH,CH;0),CH3; o
:ﬁﬁzmanme=1624 Incubation time = 1 week
HS(CH,CH,0),CH3 11.2 11.3
HS(CH,CH,0)3CH3 139 13.6
HS(CH,CH,0)4CH3 14.9 17
HS(CH,CH,0)sCH3 17.2 16
HS(CH,CH,0)¢CH3 17.8 17.2
HS(CH,CH,0),CH3 19.8 19.1

1.3.6. IRRAS Analysis on SAMs of Oligo(ethylene glycol)s on Au. To further characterize
the SAMs of HS(CH,CH,0),CH3 we investigated the structural conformation of the molecules

using IR Reflection Absorption Spectroscopy (IRRAS). Figure S5 summarizes the IRRAS data
obtained for a SAMs of HS(CH,CH,0),,CHs.
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Figure S5. IRRAS spectrafor SAMs of HS(CH,CH,0),,CH3 (OEG; n = 3-7) on Au in the C-H (a)
and C-O or C-C (b) region. See Table $4 for a detailed description of each sub-band. The range
of presented spectra was chosen to match the data reported by Meuse and coworkers.™

We analyzed the IRRAS data in two wavenumber regions: 3100-2700 cm™ and 1800-900 cm™
and fitted the spectra with Voigt-shaped peaks to identify the characteristic vibrations bands
(Table $4). We identified the formation of multiple conformational phases (helical, all-trans, and
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amorphous) in the monolayer for al lengths of HS(CH,CH>0),CH3 (n = 3-7). The identification
of multiple conformational structures by IRRAS is compatible with the XPS data for film
thickness, and suggests the formation of a higher molecular footprint for molecules of
oligo(ethylene glycol)s on the surface of Au compared to molecules that adopt an all-trans
extended conformation (i.e., akanethiols). That is, the high molecular footprint of oligo(ethylene
glycol)s on the surface may contribute to the difference between the experimental film thickness
(measured by both fixed-angle and angle-resolved XPS) and the calculated lengths (assuming an
all-trans extended conformation).

We extended the 1800-900 cm™ range to enable a direct comparison to the IRRAS spectra
reported by Meuse and coworkers for i) well-ordered SAMs of HS(CH,CH,O)sCH3z and
HS(CH,CH0)¢CHs and ii) disordered SAMs of HS(CH,CH,0)sCH3 and HS(CH,CH»0),CHs.™*
Despite following their procedure for SAM formation, we did not observe the highly-crystalline
phases that they observe for SAMs of HS(CH,CH,0)sCH3 and HS(CH,CH,0)sCHs.

Lable $4. IR mode assignments for SAMs of HS(CH,CH,0),CH3 on Au(111) using ref. *? and

Peaks position [cm™] M ode assignment
2984 CHj3 asym stretch
2939 EG CHgz sym stretch
2906 EG CH, sym stretch
2871 EG CH; sym stretch
2821 CHj3 sym stretch
1354 CH, wag

1198 EG CH, twist

1149 C-O, C-C stretch
1120 C-O, C-C stretch
1077 C-O, C-C stretch
1034 C-O, C-C stretch
949 CH, rock gauche, C-C stretch

11



1.3.7. Static Contact Angles with Water. Table S5 summarizes the static contact angles with
water for SAMs of HS(CH,CH,0),CH3; (n = 1-7). The vaues range from 37°-50°, which are
lower than that reported for well-ordered SAMs of HS(CH,CH,0)sCH5 (70°).! These results
suggest that perhaps the terminal -OCH3 group of the SAM is not oriented perpendicular to the
surface. This hypothesis is compatible with the increased molecular footprint concluded from the
XPS, and aso with the multiple structural conformations (all-trans, helical, and amorphous)
identified by IRRAS analysis.

Table S5. Summary of static water-wetting contact angles (8s) for SAMs of HS(CH,CH,0),CH3
onAu™

SAM on Au™S Meqn _static contact angle (85 and standard
deviation
HS(CH,CH,0);CHj3 49+1
HS(CH,CH,0),CHj3 48+ 2
HS(CH,CH,0)3CHj3 50+ 2
HS(CH,CH,0),CHj3 48+ 2
HS(CH,CH,0)sCH3 38+3
HS(CH,CH,0)sCH3 38+1
HS(CH20H20)7CH3 37+2

12



1.4. Electrical Measurementsusing Ga,O3s/EGaln Top-Electrodes. We used EGaln
(eutectic Ga-In; 74.5% Ga, 25.5% In) conical tip electrodes that were selected to be free of
visible asperities on the surface of the Ga,Os; that is, so-called “sel ected tips”.** We measured
charge-transport across the SAMs on Au'® at +0.5 V by sweeping in both directions starting at 0

V (i.e,onesweep OV > +0.5V > 0V > 05V > 0V, in steps of 0.05 V). Datafor current
density J (A/cm?) across SAMs of aromatic molecules exhibited alog-normal distribution; we fit
Gaussian curves to histograms. We estimated the values of § (A™) and Jo (A/cm?) from the
simplified Simmons equation using linear regression analyses of the variation of values of
<log|J|> (Gaussian mean value of data for log|J|) with the length d (A) of the molecule (measured

asthe distancein A between the anchoring atom, S, and the distal H-atom of the molecules).

The value of B from the simplified Simmons equation is lower for SAMs of oligoethylene
glycol than for SAMs of alkanethiolates; the decrease in B coincides with a decreasein Jo. (We
also observed this trend for electrical measurements across SAMs of oligophenyls™ and across
SAMs of oligopeptides'®). The interpretation of the differences in the value of Jy across these
various SAMsis not (at present) straightforward, although the correlation of low values of 3 with

decreased values of J, seemsto hold over a number of series.}’ %
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Table S6. Summary of the results for measurements of electrical tunneling across SAMs of
oligo(ethylene glycol)son Au™. V = +0.5 V.

Number
<log|J|>
SAM of Traces Siog
_ V=+0.5V
Junctions
HS(CH,CH,0);CH; 21 441 23 0.4
HS(CH,CH,0),CH; 15 315 2.0 0.4
HS(CH,CH,0);CH; 30 630 15 0.4
HS(CH,CH,0),CH; 31 651 1.0 0.4
HS(CH,CH,0)sCH; 28 517 0.7 0.3
HS(CH,CH,0)¢CH; 16 336 0.4 0.4
HS(CH,CH,0);,CH; 21 441 0.2 0.4
Log |Jq| 29%0.1
B 0.24+001A™
S(CH,)CH3 Log |Jo| 42+01
B 0.77+0.02A™
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15. Influence of the Substrate and Anchoring Group on the Electrical M easurements
across SAM s of oligo(ethylene glycol)s. To determine the influence of the bottom interface on
the tunneling behavior, we measured the current density for i) thiol-bound oligo(ethylene
glycol)son Au™ and ii) carboxylate-bound oligo(ethylene glycol)s on Ag™ (Figure S7). The
current densities are similar between the two classes of molecules on silver and gold for

comparable lengths of ethylene glycal.
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Figure S7. Current density measurements for SAMs of HO,C(CH,CH,0),CH3 on Ag'™ (top)
and for SAMs of HS(CH,CH,0),CH3 on Au"™ (bottom).
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1.6. Computational Details.

1.6.1. General Information. We performed density functiona theory (DFT) calculations on
cluster models of gold-bound compounds of thiol-terminated oligoethylene glycols and n-
alkanethiolates using the B3LY P hybrid exchange-correlation functional®* and the resol ution-of-
the-identity approximation for the Coulomb interaction.?? We employed split-valence plus
polarization basis sets, aong with the corresponding auxiliary basis sets,** and small-core
relativistic effective core potentials for Au® throughout. We carried out unrestricted structure
optimizations on individual molecules attached to the Au;o metal clusters. We analyzed
subsequently the orbital energies and orbital shapes of the molecular orbitals (MOs) of the
metal—mol ecule complexes at their respective optimized structures. All computations used the
Turbomole quantum chemical program suite.?® Spin-up (alpha) and spin-down (beta) MOs are
shown separately. The results are tabulated in Tables S7 and S8.
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Table S7. Orbital energies (eV) for the molecular orbitals (MO) localized on the sulfur atom for
the thiol-terminated oligoethylene glycol series and dodecanthiolate on Auyg clusters. The
oligomer chains assume al-trans conformations. Spin-up (alpha) and spin-down (beta) MOs are
shown separately

Cluster MO, Salpha MO, Sbeta
AUJ_OS(CHZCHZO)?,CH?,
AU16S(CH2CH;0).CHs o

_5.678 eV (155a) _5.621 eV (155a)
AU]_oS(CHzCHzO)5CH3 = ; =
AU1OS(CH2CHZO)6CH3
Au10S(CH,CH,0),CHj3 4 s

_5.678 eV (191a) _5.618 eV (191a)
Au10S(CH>)11CH3 ;’?i"

_5.603 eV (151 a)

5544 eV (151a)

20



Table S8. Orbital energies (eV) for the molecular orbitals (MO) localized on the lone pair of
oxygen and the C-H bond for the thiol-terminated oligoethylene glycol series and the
corresponding values for the MOs on the C-H bond of dodecanethiolate. The oligomer chains
assume all-trans conformations. Spin-up (alpha) and spin-down (beta) MOs are shown separately.

Cluster MO, O/C-H alpha MO, O/C-H beta

.f;‘g\a A Y y ] J. \\\i\ 3 ]
Au0S(CH,CH20)3CH3 = j‘fw jm

_6.817 eV (141a) _6.817 eV (141a)
Au10S(CH,CH20)4CH3 i W " P W

_6.833 eV (153a) _6.833 eV (153a)

¥ /‘ '-\\ ‘.“-/ :'!L

Au10S(CH2CH20)sCHs W e *JW

—6.843 eV (165a) —6.842 eV (165a)
Aus0S(CH2CH,0)6CH3 SR PV RV RIS I 2 PV TRV ROV

_6.849 eV (177a) _6.849 eV (177a)

rii_(é\ .:_:-1/{\
Au0S(CH,CH,0);CHs L APV A 8.

—6.850 eV (189a) _6.849 eV (189)
SAU1S(CH2)11CH3 /W i i

8518 eV (126 a)

-8.518 eV (126 a)
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Table S9. Orbital energies (eV) for the molecular orbitals (MO) localized on C-C bond for the
thiol-terminated oligoethylene glycol series and dodecanthiolate on Auyg clusters. The oligomer
chains assume all-trans conformations. Spin-up (alpha) and spin-down (beta) MOs are shown

separately.
Cluster
AU]_oS(CHzCHzO)3CH3
AUloS(CHQCH20)4CH3 y
~8.495 eV (130a)
AuS(CH,CH,0)5CH3 Bb, W
—8 501 eV (141a)
AUIOS(CHZCHZO)6CH3 Ay ,,\ ;Wﬂ = -
-8.505 eV (152a) —8.505 eV (151a)
AugS(CH,CH;0)7CHs T (aggniinivirny TR (g dgh a iy
—8.505 eV (162a) —8.508 eV (161a)
3 é
Au10S (CH2)11CH3 S >3 B
-8.078 eV (138a) ~8.045 eV (138 3)
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Table S10. HOMO energies, vertical ionization potentias (VI1P), and HOMO-LUMO gaps of
HS(CH,CH,0),CH3s (n = 3-7) in vacuum. The computational approach isidentical to that used
for the molecule-metal complexes.

HS(EG),OCH3 E(HOMO), eV VIP, eV E(gap), eV
n=3 ~6.313 8.264 7.036
n=4 -6.318 7.036
n=5 ~6.320 7.036
n=6 -6.322 7.036
n=7 -6.323 7.036

Table S11. HOMO energies, vertical ionization potentias (V1P), and HOMO-LUMO gaps of
HS(CH,),CH3 (n = 9-17) in vacuum. The computational approach isidentical to that used for the
molecule-metal complexes.

HS(CH»),CH3 E(HOMO), ev VIP, eV E(gap), eV
n=9 -6.181 8.585 7.057
n=11 -6.181 8.492 7.057
n=13 -6.181 8.413 7.057
n=15 -6.180 8.346 7.057
n=17 -6.180 8.289 7.057
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1.6.2. Superexchange Model for DFT-Derived Tunneling Parameters. The superexchange
model considers n localized oxygen lone-pair orbitals of energy €o interacting with each other via
nearest-neighbor coupling V. As aresult of the orbital interaction, the orbital energies of then
localized oxygen lone-pair orbitals are split according to the following expression, which is

analogous to linear polyenes CrHni2™,
[ [
[ =[]+2V cos . j=1...,n,
1= Hn 15 J =L

The parameters o and V can thus be obtained by linear regression of orbital energies computed
using DFT. The regression results for the thiol-terminated oligoethylene glycols and thiol-

terminated oligopropylene glycols bound to a Ausg cluster are shown in Figures S10-S13.

Orbital Energy, eV

AggeS(CH2CH»0),CHs
® n=3
O n=4
B n=5
® o []:6
it 9 Cos|j r/(n+1 -
15% os[j rt/(n+1)] A N=7
-74F A
. o
A
7.2+

Figure S10. Linear fit for the superexchange tunneling parameters, €, and V, using DFT orbital
energies of oxygen lone pairs of Au;0S(CH2.CH,0),CH3 (n = 3-7) in the all-trans conformation.
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Orbital Energy, eV
-6.6

helical EG,
® n=3
O n=4

n=5
0O n=6

- 2 Coslj r/(n+1)]
n=7

Figure S11. Linear fit for the superexchange tunneling parameters, £, and V, using DFT orbital
energies of oxygen lone pairs of Au;0S(CH2CH,0),CH3z (n = 3-7) in an al-helical conformation.

We observe good agreement with the linear relationship predicted by the superexchange
tunneling model. We obtain g = (-6.99 £ 0.007) eV and V = (-0.09 + 0.005) eV for
Au;0S(CH2CH,0),CH3 (n = 3-7) in the al-trans conformation and &g = (-6.93 £ 0.008) eV and V
=(-0.15 £ 0.007) eV for AuoS(CH,CH,0),CH3z (n = 3-7) in the all-helical conformation.

The estimated parameters for Au;cS(CH,CH,CH,0),,CHs (n = 3-5) are &9 = (-6.91 + 0.004) eV,
V = (-0.09 £ 0.003) eV. The gold-bound, thiol-terminated oligo(butane-1,4-diols) show
considerably lower nearest-neighbor coupling, however: €0 = (-6.85 £ 0.01) eV, V= (-0.05 £
0.01) eVv.
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Orbital Energy, eV

-6.80 F

-6.85F

-0.5

-1.0 [
-7.05F

-1.5

-7.10}

+ 2 Cos[j rt/(n+1)]

Au19S(CH2CH2CH20),CHs
® n=3

O n=4

B n=5

Figure S12. Linear fit for the superexchange tunneling parameters, €, and V, using DFT orbital

energies of oxygen lone pairs of SAu;o(CH2CH,CH,0),CH3 (n = 3-5).

Orbital Energy, eV

-6.80

-6.95

—TTTT

-1.5 -1.0 -0.5 0.5

1.0 15"

2 Cos[j rt/(n+1)]

Au1pS(CH2CH2CH2CH20),CH3z
® n=2

O n=3

B n=4

Figure S13. Linear fit for the superexchange tunneling parameters, £, and V, using DFT orbital
energies of oxygen lone pairs of SAu;o(CH,CH,CH,CH;0),CH3 (n = 1-3).
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2. Supporting Text

2.1.  Summary of Previous Results on Tunneling Conductivity using EGaln asthe Top
Electrode. Our investigations of charge transport have used ajunction comprising EGaln (a
eutectic aloy of gallium and indium) as the top electrode. Three trends summarize the results of
our studies using this electrode. i) SAMs composed of insulating (CH>) groups (or other aliphatic
or simple aromatic groups) present high tunneling barriers, and these high barriers correlate with

14,2730 ji) SAM's composed of molecules with asmaller energy gap

low rates of charge transport.
between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) do result in increasesin the rates of charge transport by tunneling (relative to
length-matched n-alkanethiolates). The introduction of oligophenyl groupsin place of
oligomethylene groups, for example, lowers the height of the tunneling barrier, and correl ates

1531 iii) When the structures of the anchoring

with an increase in the rates of charge transport.
group and the metal allow the HOMO to delocalize into the R moiety (as with Au/S(CeHy)nH),
the resulting changes, and perhaps a decrease in the width of the barrier in thisinterface, are
easi|y detected by an increase (relative to length-matched n-alkyl groups) in rates of charge

transport™>,

2.2. SAMsBearing Terminal Groups of Ethylene Glycol for Applicationsin Protein
Resistance. The characterization of alkanethiolates modified with terminal ethylene glycol units
on gold and silver substrates have been described previously, and studied extensively in the
context of surfaces that resist adsorption of proteins.*® %23 Alkyl SAMs incorporating terminal
units of ethylene glycol (i.e., HS(CH;)11(OCH,CH,),OMe) adopt atrans-extended conformation
when the number of unitsislessthan six; SAMs having a greater number of units of ethylene
glycol formed helices.* (The estimate of this length of this transition point from trans-extended
to crystalline-helical varies slightly from study to study).**® For SAMs having six or more units
of ethylene glycol, the conformation of the chain differs depending on the structure and method
of preparation, and ranges from crystalline or helical to amorphous. In applications related to
protein resistance, the presence of helical or amorphous ethylene glycol segments aidsin the
ability of the SAM to resist protein adsorption.™® Grunze and coworkers have suggested that a

prerequisite to protein resistance is the ability of molecules of water to penetrate the SAM.>*
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