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1. Experimental Details

1.1 Materials

All reagents were used as supplied unless otherwise specified. All organic solvents
were purchased from Sigma-Aldrich and Daejung while water was purified using an Aqua
MAX-Basic System (deionized water, the electrical resistivity of which is ~18.2 MQ-cm).
Octanethiol (HSCsg) were purchased from TCI (>95%). High purity eutectic gallium-indium
(EGaln; 99.99%) was obtained from Sigma-Aldrich and used as supplied. 2,2’-Bipyridyl-
terminated n-undecanethiol (HS(CH2)1:BIPY) was synthesized following the procedures
reported in the literature.! All thiol derivatives were stored under N, atmosphere and <4 °C.
Silver and gold thin films (~300 nm) were deposited onto silicon wafer (100 mm in diameter;
1-10 ohm-cm, 525 + 50 microns thick) by e-beam evaporator (ULVAC). For template-

stripping, photo-curable polymer was purchased from Norland (NOA81) and used as supplied.

1.2 SAM Formation via ReSEM

The ReSEM method consists of the following steps. i) Freshly prepared ultraflat
template-stripped gold (Au'™) chip? was immersed in a degassed ethanol (anhydrous, 99.9%)
solution containing 1 mM HSC1:BIPY. After 3 h incubation under N> atmosphere at room
temperature, the SAM-bound Au™ chip was thoroughly rinsed with ethanol. ii) Next, the
resulting SAM was immersed in an ethanol solution containing 1 mM HSCs. After incubation
for 3 h under N2 atmosphere at room temperature, the SAM was rinsed with pure ethanol. iii)
The resulting SAM was further incubated with an ethanol solution of 1 mM HSC11BIPY for
18 h in N2 atmosphere. The last two steps are defined as one cycle in the ReSEM. The cycle is
repeated till Vep reaches a plateau or the highest value, and the value of r* is maximized or

similar to that of pure SC11BIPY SAM.



2. Breakdown Voltage Measurements and Data Analysis

EGaln tip fabrication, and junction formation and measurements were done following
the method reported in the literature.® A conical tip of EGaln for use as a top contact was
formed following the method reported in the literature.>* Briefly, a 10 uL gas-tight syringe was
filled with EGaln (>99.99%, Aldrich). A drop of EGaln was pushed to the tip of the syringe
needle, the hanging drop was brought into contact with a surface on which the EGaln could
stick (e.g., an oxidized Ag surface), and the needle gently pulled away from the drop using a
micromanipulator. Upon breaking from the bulk EGaln on the surface, a conical tip was
obtained. A conical tip of EGaln was newly formed every junction in order to eliminate
complexities that may arise from contamination of the EGaln surface by volatile organics in
air. In cases that visible whiskers formed during tip fabrication, the tip was discarded, and a

new tip was formed.

With a freshly prepared EGaln conical tip, a junction with the structure,
AUS/SAM//Ga203/EGaln (“/” and *“//” correspond to covalent and van der Waals contacts,
respectively), was formed, and three J-V traces were measured at £0.50 V to make sure the
reliable contact formation. Then, a voltage sweep from zero to either of sufficiently high +V or
-V (here, +10.0 V and -10.0 V) with a step size of |0.2 V| was applied to the junction until a
sharp increase of J occurred by several orders of magnitude and current (I, A) reached the
maximum set value of electrometer, 105 mA (which was defined as the short). Figure S16
shows representative J-V traces and determination of Vgp values. We repeated this experiment
for many separate junctions to obtain Vep histograms from which mean (uV®r) and standard

deviation (cV®p) values were extracted.
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For measuring J(V) and rectification ratios, we used the same EGaln junctions. All
junction formation and measurements were carried out in ambient conditions. The SAM-bound
bottom electrode was grounded, and the EGaln top electrode was biased. The diameter of the
contact area was measured at high magnification. Assuming a circular contact, the area was
derived from the measured diameter from which the current densities (J, A/cm?) were
calculated. The contact and presence of a SAM was confirmed by running a single J-V scan
after which 20 more scans were run if there was indication of contact and tunneling. A trace is
based on the following voltage sweep sequence: 0 V — +V — 0V — -V — 0 V. Therefore,
one trace corresponds to two scans. The total number of working junctions versus those that
shorted was used to calculate the yield (%) of working junctions. Shorts were excluded prior
to analysis.> Shorts clearly do not give information about the SAM and can bias distributions
of current density toward high values. Thus, when one performs operations on the raw
distribution of log-current density (log|J|), one discards values corresponding to shorts. Shorts
are defined as values of current that reach the compliance limit of our electrometer (£0.105 A).
For generating histograms, we kept the bin-size of r histograms constant, making the resolution

of mean values (the width of each bean is ~0.2 in a log-scale).
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3. Characterization

3.1 Static and Dynamic Water Contact Angle Measurements

The measurement of static contact angle is a useful tool to study the structure and
chemistry of the outermost few angstroms of a surface. Thus, the quality of the SAM can be
estimated from the contact angle measurement results. The static contact angle (8s) is measured
by dropping a liquid droplet onto a SAM. When the droplet is placed on the surface, the angle
between the tangent and the solid surface is measured as illustrated in Figure S5. The
relationship between the free energy of the surface and a contact angle, 0s, is described by

Young’s equation:

YLyCO8SOs = Ysy - Vsi Eqg. S1

where y;y, Ysy, and yg, are the liquid-vapor, solid-vapor, and solid-liquid surface free
energies, respectively. Using a contact angle measurement system (Phoenix10, SEO Co.), we
measured contact angles of deionized water droplets over SAMs at room temperature. The
droplet volumes for static and dynamic contact angle measurement were ~1.3 ulL and ~20-30

uL, respectively.

The dynamic contact angle (Acos6, which corresponds to the contact angel hysteresis,
the difference between advancing (cosfa) and receding (cos6r)) measurements permit access to
degree of structural defects. If the measured value of Acos0 is higher than the values of the
pure SAMs, the surface becomes disordered and rough; in contrast, if the measured value is

lower, it indicates that the surface is relatively ordered (Figure S6).°
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3.2 X-ray Photoelectron Spectroscopy (XPS) Analysis

The XPS measurements were carried out on a Thetaprobe (Thermo) with a
monochromated Al Ka (1486.6 eV) source. The measurements were done at room temperature
in a vacuum of 6.7 x 10® Pa. The binding energies were calibrated by setting Ag 3ds2 of bulk
metals to values 368.26 eV and Au 4f7, of bulk metals to values 84.0 eV.” The XPS N1s and
S2p lines were detected to study the imSAMSs. The peak shapes of the core level photoelectron
spectra were analyzed with a XPS Peak Fit program. A Shirley-type background correction
was utilized. The S2ps2 and S2p12 lines were fitted with a fixed binding energy difference of
1.18 eV and an intensity ratio of 2:1, reflecting the multiplicity of the S2p3/» and S2p1/2 energy
levels. The reproducibility of the data was confirmed by measuring the data from different

samples. Since the addition of SC11BIPY essentially produced a detectable nitrogen signal in

surf

the SAMs, we estimated the values of x¢.,75,py DY COmMparing the N1s peak areas for different
pure and mixed SAMs, as previously described.®® We avoided the use of C1s and S2p signals
as references to eliminate complexities arising from the surface contamination of SAMs by
adventitious airborne organic compounds and the different degrees of sulfur photoelectron

attenuation by the alkyl backbones.?°

3.3 Percent Electrochemically Active Surface Area (Y%0EAS) Analysis
The %EAS measurement is an established wet-electrochemical method, which enables
comparison of degree of structural disorder among SAMs.'® The %EAS method typically uses
Ru®* complex (e.g., Ru(NHas)s) as an electrochemical probe for several reasons: some of these
include that it easily undergoes a reversible, one-electron electrochemical reaction, and SAMs
remain stable throughout the electrochemical window in which the redox chemistry of the Ru®*

complex occurs. What one measures in the %EAS experiment is tunneling current across a
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SAM: when negative voltage (-V) is applied to a SAM-based electrochemical cell, current
flows from a working electrode (Au in our system) to an electrolyte where a redox probe is
reduced (Ru®*" — Rh?"). If the SAM is well-packed and structurally ordered, low current flows
across the SAM resulting in low cathodic peak current (ipc). However, when the SAM is
structurally disordered, high current flows across the SAM (and pinholes inside it) resulting in
high cathodic current.
3.4 Reductive Desorption Analysis

Reductive desorption method enables one to measure packing densities of thiolate-
based monolayers.%2 To ensure the same surface area of the SAM exposed to the electrolyte
solution across different samples, we used a custom built three-electrode setup (composed of
Teflon) equipped with a platinum wire counter electrode, a Ag/AgCI/KCI reference electrode,
and a screw cap to hold the working electrode (area exposed to the solution = 0.152 cm?). First,
we removed oxygen dissolved in 0.5M KOH aqueous solution through nitrogen gas bubbling.
We carried out measurements by sweeping voltage from -0.20 V to -1.40 V at room
temperature. Scan rate was 100 mV/s. In a typical experiment, a linear voltage sweep was
applied from a potential at which the electrode was covered by a thiolate monolayer to a
negative potential at which the thiolate was desorbed from the surface, and a voltammetric
curve was recorded. Integration of voltammetric curve gave the charge corresponding to the
desorption (Q). Assuming that the desorption took place through the reduction of Au(l) to Au(0)
according to the reaction, AuSR + e- — Au(0) + RS, the surface coverage 1" was calculated
with the equation, 7" = Q/nFA. Here, F is the Faraday constant, A is the exposed area, and n is

the number of electrons used for reductive reaction (here, n=1).
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3.5 Electrochemical Impedance Spectroscopy (EIS) Analysis

Electrochemical impedance spectroscopy (EIS) measurements were obtained in a
conventional three electrode electrochemical cell using a potentiostat (VersaSTAT 3, Princeton
Applied Research). The counter and reference electrodes were a platinum mesh and a Ag/AgCl
electrode (3 M NaCl), respectively. By using a custom-built equipment, the measurement area
(0.15 cm?) of SAM was kept identical across all samples. The impedance spectra at an applied

potential of 0 V' (vs Ag/AgCl) in K2HPO4 (30 mM, pH 7.7-8.7).

The effect of ReSEM on SAM permeability was investigated over a frequency range
from 1Hz to 10 kHz by applying a sinusoidal signal of £10 mV against open circuit voltage.
Each measurement comprised one frequency scan, and two measurements were taken per
sample at intervals of 20 min. The impedance spectra were analyzed by fitting appropriate

equivalent circuit models to the measured data (VVersaStudio).
3.6 Atomic Force Microscopy (AFM) Analysis

Topographical morphology of bottom electrodes was measured by atomic force
microscopy (Multimode 8, Bruker) in ambient condition. AFM tips (SNL-10) with a resonant
frequency of 65 kHz and spring constant of 0.350 N/m were used in the topography

measurements. During the scan, a set point was 1 V and scan rate was 1.32 Hz.
3.7 Ellipsometry Analysis

We measured the thickness for pure SCuBIPY SAM and imSAM?" formed with
HSC1BIPY and HSCs on Au'™ using ellipsometry. The data were obtained at a constant
incidence angle of 70° using a single-wavelength scanning ellipsometer (alpha-SE® model,

J.A. Woollam). The thickness of the SAM was calculated using CompleteEASE® software.
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3.8 Near Edge X-ray Adsorption Fine Structure Spectroscopy (NEXAFS) Analysis

Near edge X-ray adsorption fine structure (NEXAFS) spectroscopy measurements
were performed at 4D PES beam line of Pohang Accelerator Laboratory (PAL) in South
Korea. We used the partial electron yield (PEY) detection mode for the NEXAFS spectra by
recording the sample current normalized to a signal current, which was measured
simultaneously using a gold mesh in ultrahigh vacuum (<107 Torr). In this case, a p-
polarized (~85%) synchrotron photon beam had an energy in the range of 270-325 eV and
spectral energy resolution of AE = 150 meV. Carbon K-edge angle-dependent NEXAFS
from 30° to 70° is sensitive to the n* antibonding orbital along the © bond (Figure S15). The
NEXAFS spectra of typical m-conjugated organic semiconductors shows a Cls to ©*
resonance at 284 — 287 eV. The average molecular orientation was determined by analyzing
the change in the intensity of the n* (C=C) and o* (C-C) resonance value at 284.5 and 293.0
eV, respectively, as the angle of incidence of the X-ray beam was changed. The peak
intensities of the n* (C=C) and o* (C-C) orbital in the NEXAFS spectra were then fitted by

the following Eq. S2:
Iv:[g{l + % (3cos?e — 1)(3cos?a — 1)}+(1;—P) sin?a] Eq. S2

where 0 was the polarization angle of the incident synchrotron light with respect to the
normal to the surface, and P = 0.85 was used for the degree of polarization. By simply
evaluating the intensity ratio at various angles from normal incidence (6 = 70°) to grazing

incidence (8 = 30°), the tilt angle of alkyl backbone could be derived.
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4. Molecular Dynamics (MD)

4.1 Molecular Dynamics Simulation Setup

In this study, we have performed atomistic molecular dynamic (MD) simulations of
two different SAM systems consisting of SC11BIPY + SCs. The two surfactant molecules
(SC11BIPY and SCs) are modelled using CHARMM General Force Fields (CGenFF).!3 Each

SAM system consists of total 100 surfactant molecules with different molecule fractions,

surf

Xsci1gipy: OF SCuBIPY, ranging from 0 to 100 %. The interaction between the surfactant
molecule and the solid metallic surface is not explicitly present in this study. Instead, the thiol
group (-SH) is replaced by the sulfide anion (-S°) to mimic the metal-sulfide bond and the
following plane harmonic restraint, U,.s, with the force constant, k, of 1000 kcal/mol- A% is

applied to all sulfur atoms so that they can move freely on a planar surface but not in the normal

0, z= 2z,

%k(z —20)% 2 <z, where z is the position of each

direction to the surface: U,.q(z) = {

sulfur atom in the direction normal to the surface and z, is set to 10 A. Na* ions are also
added to make the system neutral. Additional plane harmonic restraint with the force constant
of 400 kcal/mol- A2 are also applied to the other atoms so that they cannot penetrate into the
planar surface. This treatment has been successfully applied to the prediction for the surface

coverage of various SAM systems in the previous study.'*

All MD simulations are carried by CHARMM software package (c38b2 version).*®
Each simulation box consists two SAM systems, which are aligned in the opposite direction
and separated by 20 A, which enables us to simulate two SAM systems at the same time. The
representative snapshot is shown in Figure 4a. Each initial simulation box is setto 5.0 x 5.0

x 20.0 nm?® and the periodic boundary condition is applied to all directions. The equilibrium
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MD simulation is then performed in the constant NP:L,T ensemble for 100 ns, where N, P, L,
and T are respectively the number of surfactant molecules, the lateral pressure in the direction
parallel to the solid surface, the box length in the direction normal to the surface, and the system
temperature. Pt is set to 1 atm using Langevin piston pressure method and T to 298 K using
Nose-Hoover thermostat.’%” The first 10 trajectories are discarded for equilibration and the
last 90 ns trajectories are used for the calculation of the structural and thermodynamic
properties of SAM such as surface coverage, tilt angle, and energy decomposition. The error

bars are obtained from the block average of the equilibrated trajectories.
4.2 Surface Coverage Calculation

Figure S11 shows the simulated surface coverage, T, of the two SAM systems as a

function of the mole fraction, x3er/ oy As x3r) oy decreases, T increases for

imSAM2, The T starts leveling off at xjert .,»y < 0.6, which means that the replacement

surf

of SCu1BIPY by SCsg does not affect I' very much at low .17 5;py- This can be understood
by the fact that the BIPY group of SC1:BIPY is located high enough not to disturb the

packing of both SCg and the SC11 moiety of SC11BIPY. In the case of the T' derived by

experiment, the experimentally determined (by XPS) values of X;gg{ gipy TOrone and two

ReSEM cycles were nearly the same, but the T' significantly increased (by 1.5 times). This

finding supports that the SCg was adsorbed between the SC1:BIPY in the interstitial fashion.
4.3 Tilt Angle Calculation

We calculated two types of tilt angles of SC11BIPY: one is the tilt angle, 6;, of the
hydrocarbon backbone relative to the surface normal (Figure S13a), and the other is the tilt

angle, 4,,, of the BIPY plane relative to the surface normal (Figure S13b). The 6, steeply
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decreased between xiort . ., =1.0and 0.6. Atlow it/ . ,,<0.6, the hydrocarbon backbone
of SC11BIPY gradually decreased. This means that the degree of vertical orientation of the

alkyl backbone increased the most at y3ur” . .,=0.6. As shown in Figure S14, the distribution

of 6y was bimodal: upright (low 6,,,) and bowed (high 6,,) conformations. As xeer ey

was lowered, the portion of the bowed conformation became larger and therefore the average
6,, decreased. On the other hand, 6,, was mono-modal, which corresponded to the upright

conformation.

4.4 Decomposition of Intermolecular Energy between Single SCuBIPY and

Surrounding Surfactant Molecules

We also decomposed the intermolecular energy between single SC11BIPY and
surrounding surfactant molecules into three parts: BIPY-BIPY, BIPY-tail (tail: SCi1 in
SCu:BIPY and SCs), and tail-tail, as shown in Figure 4d. As xerf . ., was reduced, Egipy-gipy
was destabilized in mixed SAM systems because the number of surrounding BIPY groups

became smaller. On the other hand, both Egipy-tail and Etail-tail Of the SC11BIPY-SCg system were
not strongly affected by x3er/ . »y- It should be noted that the system with x3er/ . . = 0.6

was the most stable, in agreement with the experiment results.
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5. Minor Discussion

Reductive Desorption Analysis on ReSEM-based Mixed SAMs

Figure S8 shows cyclic voltammograms (CVs) obtained from reductive desorption
experiments with ReSEM-based mixed SAMs formed on Au'S. Data shows one main
desorption peak and one shoulder peak at -1.0 - -1.2 V and -1.3 V, respectively. The shoulder
peaks were attributed to reductive desorption from different domains on the polycrystalline
gold electrode. The polycrystalline gold can have low-index faces Au(111), Au(100) and
Au(110) as well as Au(210). Depending on the crystallographic orientation of gold surface, the
interaction and binding site between gold and sulfur can vary to some extent.® The fine
shoulder peak (-1.3 V) in our CVs could be attributed to the desorption at Au (210). Steichen
at el.® have previously observed the desorption peak at -1.3 V in n-decanethiolate SAM formed

on polycrystalline gold electrode.
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6. Supplementary Figures and Tables
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Figure S1. J(V) traces and histograms of breakdown voltage (Vep) for pure SC11BIPY and

SCgs SAM s and a series of mixed SAMs formed with HSC11BIPY and HSCs on Au'® via
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Figure S2. J(V) traces and histograms of breakdown voltage (Vep) for mixed SAMs formed

with SC11BIPY and SCs on Ag™ and Pt™ via two ReSEM cycles.
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Figure S3. High resolution S2p X-ray photoelectron spectra for a series of mixed SAMs
formed with HSC1:BIPY and HSCs on Au'™ via different numbers of ReSEM cycles. All the
spectra show single type of spin-orbit coupled doublets (~162 and ~163 eV for 2ps> and

2p1s2, respectively), indicative of chemisorbed sulfur.
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Figure S4. High resolution N1s X-ray photoelectron spectra for a series of mixed SAMs

formed with HSC1:BIPY and HSCg on Au' via different numbers of ReSEM cycles.
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Figure S5. Measurements of static water contact angle for a series of mixed SAMs formed
with HSC11BIPY and HSCs on Au' via different numbers of ReSEM cycles. Data were

averaged from eight separate measurements.
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Figure S6. Plots of dynamic water contact angle (Acos6) for a series of mixed SAMs formed

with HSC11BIPY and HSCs on Au'™ via different numbers of ReSEM cycles.
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Figure S7. AFM analysis of (a) pure SC1:BIPY SAM and (b) imSAM?"on Au's,
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Figure S8. %EAS analysis for pure SC11BIPY SAM and a series of mixed SAMs formed

with HSC11BIPY and HSCs on Au™ via different numbers of ReSEM cycles.
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Figure S9. Bode phase plots of pure SC1:BIPY SAM and mixed SAMs formed with
HSC11BIPY and HSCson Au' via different numbers of ReSEM cycles. The data were

averaged from seven separate measurements.
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Figure S10. Linear voltammograms for reductive desorption of pure SC11BIPY SAM, pure
SCs SAM and mixed SAMs formed with HSC1:BIPY and HSCg on Au' via different

numbers of ReSEM cycles.
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Figure S11. Plots of surface coverage (I', mol/cm?) determined by experiments and

simulations for mixed SAMs formed with HSC11BIPY and HSCson Au.
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Figure S12. Plots of tilt angle of alkyl backbone determined by experiments (with NEXAFS) and

simulations for mixed SAMs formed with HSC11BIPY and HSCgon Au.
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Figure S13. MD-simulated tilt angle, 6, of the hydrocarbon backbone of SC11BIPY and (b)

tilt angle, 6y, of the BIPY plane relative to the surface normal for ImSAMSs.
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Figure S14. MD simulated distribution of 0y (tilt angles of BIPY-plane with SCy,) in the

mixed SAMs formed with HSC1:BIPY and HSCg for various x5/

SC11BIPY" Representative

snapshots are also shown in the figure.
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Figure S15. C1s NEXAFS spectra for (a) pure SC1:BIPY SAM (b) imSAM?" on Au™ at

various angles from normal (70°) to grazing (30°) X-ray incidence angles.

S29



5]

3]
2]
1]
0
1]
2]
34

log|J|

-10

8

6 4
Voltage (V)

2

log|J|
AdONMAoCaNdMwsr-, OO

0o 2 4 6 8 10

Voltage (V)

Figure S16. Representative breakdown J-V curves in forward and reverse biases for

imSAM?2d SAM.
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Figure S18. Histograms of log|J(V)| and log|r| values for imSAM?" on Au' as a function of

external bias voltage.
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Figure S19. (a) Histograms and (b) J-V plots of inSAM?" as a function of external bias
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Figure S20. (a) Histogram of Vgp for the reversed system where matrix and reinforcement
molecules are HSCs and HSC11BIPY, respectively). The SAM was formed on Au' via two
numbers of ReSEM cycles. Comparison among the reversed (SCg-SC1:BIPY) and original
(SC11BIPY-SCs) mixed SAMs, and pure SAMS: () X3/, py. (b) static contact angle, and

(c) reductive desorption.
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Figure S21. J(V) traces and histograms of Vgp for pure SC1:BIPY SAM formed via two

numbers of ReSEM cycles with pure ethanol solvent.
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Table S1. Summary of electrical characterization for pure SCg and SC1:BIPY SAMs and a series of mixed SAMs formed with HSC1:BIPY

and HSCg on Au' via different numbers of ReSEM cycles. The pure SC1:BPY SAM is considered as single component SAM.

-V +V
Number of Number of J-V uen £ gVep Number of Number of J-V wen £ gVeo

junctions traces junctions traces
Pure SCu1BIPY 32 32 -29+0.3 35 35 1.4+0.3
1 cycle 30 30 -3.0+£0.1 46 46 3.1+04
2 cycles 29 29 -3.0+0.2 40 40 3.3+0.3
3 cycles 20 20 -29+0.1 21 21 2.7x0.1
SCs 29 29 -22+0.1 36 36 0.7+£0.2
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Table S2. Summary of electrical characterization for mixed SAMs formed with HSC11BIPY and HSCson Ag'™ and Pt via two ReSEM

cycles.
-V +V
Number of Number of J-V uen £ gVep Number of Number of J-V wen £ gVeo
junctions traces junctions traces
Ag™ 14 14 -1.3+0.1 22 22 1.2+0.1
Pt 18 18 -25+0.1 38 38 25+01
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Table S3. Summary of static water contact angle measurements for pure SCg and SC11BIPY
SAMs and a series of mixed SAMs formed with HSC11BIPY and HSCs on Au'® via different

numbers of ReSEM cycles.

contact angle (0)?

Pure SAM
SC1uBIPY 59.9+05
HSCs 97.0+35

ReSEM-processed SAM

1 cycle 60.1+1.5
2 cycles 59.3+1.3
3 cycles 63.0+£1.7

4Averaged from eight separate measurements; error range is based on standard deviation.
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Table S4. Summary of dynamic contact angle measurements for pure SCg and SC11BIPY SAMs and a series of mixed SAMs formed with

HSC11BIPY and HSCg on Au'™ via different numbers of ReSEM cycles.

contact angle (0)?

Pure SAM

0,° og" Ae®
SCuBIPY 64.5+45 49.7+7.7 148+22
HSCs 995+17 91.2+3.38 82+21

ReSEM-processed SAM

0,° og" Ae®
1 cycle 60.8+ 1.5 56.3+1.38 45+0.3
2 cycles 59.0+13 55.0+16 40+0.3
3 cycles 64.4+0.4 61.5+49 29+45

aAdvancing contact angle

bReceding contact angle

‘Averaged from eight separate measurements; error range is based on standard deviation.
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Table S5. Summary of %EAS data for pure SC1:BIPY SAM and a series of mixed SAMs

formed with HSC11BIPY and HSCs on Au' via different numbers of ReSEM cycles.

%EAS?

Pure SAM

SCuBIPY 24+0.2

ReSEM-processed SAM

1 cycle 2.1%0.2
2 cycles 1.0+£0.1
3 cycles 22+0.1

8Averaged from six measurements; error range is based on standard deviation.
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Table S6. Summary of surface coverage measurements for pure SCg and SC11BIPY SAMs
and a series of mixed SAMs formed with HSC11BIPY and HSCs on Au'™ via different

numbers of ReSEM cycles.

ra
Pure SAM
SCuBIPY 5.1x10%+ 5,3x10*
HSCs 7.5x1071%+ 1.0x101°
ReSEM-processed SAM
1 cycle 9.8x101%+ 9.2x10*
2 cycles 1.43x10°+ 1.0x10°%°
3 cycles 1.46x10°+ 8.4x10!

4Averaged from seven measurements; error range is based on standard deviation.
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Table S7. Summary of EIS data for pure SC1:BIPY SAM and a series of mixed SAMs

formed with HSC11BIPY and HSCs on Au' via different numbers of ReSEM cycles.

— Q117"

Pure SAM

SC1BIPY 73.2+6.0
ReSEM-processed SAM

1 cycle 81.7+28

2 cycles 86.3+£0.7

3 cycles 80.7+£2.2

4Averaged from seven measurements; error range is based on standard deviation.
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Table S8. Comparison of experimental thicknesses for pure SC1:BIPY SAM and imSAM?™

using ellipsometer.

Thickness
Pure SC11BIPY 1.742 nm
imSAM2d 1.877 nm
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Table S9. Summary of electrical characterization for imSAM?™ on Au'.

V1

Number of Number of

Yield of working 10g|J(+V)|mean £ Glogl

lOglJ(—V)lmean = Glog|J]

10g|r+|mean *+ Glog|r+

junctions  J-V traces junctions (%) (|F*| mean % 61r+))
1.0V 09+0.3 -1.0+0.2 20+0.1
15 600 92
(93.3+1.3)
0.8+0.7 -0.6 0.5 1.4+0.2
15V 15 600 92
(25.1+1.6)
20V -0.1+0.6 -0.7+£0.3 0.6+0.6
15 600 77
(4.3£4.0)
-0.1+0.5 1.2+£04 -14+£0.5
25V 15 600 67
(-25.74£3.2)
30V -0.1£ 0.6 1.5+04 -1.9+0.5
13 520 57
(-77.6%3.2)
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