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I. Synthesis.

- Synthesis of 4.
Step 1:
Br Br
. -TMS
peroxide
SH 100 °C s ~NTMS

The target compound was prepared as reported!-2 using a modified procedure. To
a Schlenk tube was added 6.9 g (36.49 mmol) of 4-bromothiophenol, 6.6 ml
(42.82 mmol) of vinyltrimethylsilane, and 0.95 ml (5.05 mmol) tert-butyl
peroxide under argon. The reaction mixture was stirred at 100°C for 10 h. The
reaction mixture was diluted by adding 200 ml of hexane, and the obtained
solution was washed once with a 10% sodium hydroxide aqueous solution. The
organic layer was separated, dried (MgSOs), and then concentrated under reduced
pressure. The crude product was purified by column chromatography over silica
gel (eluent: cyclohexane) to afford the target protected thiol as a yellow oil (m =
8.6 g, 83% yield).

'H NMR (400 MHz, CDCIl3): &(ppm) 7.38 (d, J = 8.6 Hz, 2H), 7.15 (d, J = 8.5 Hz,
2H), 2.96 — 2.88 (m, 2H), 0.93 — 0.87 (m, 2H), 0.03 (s, 9H).

Step 2 :
Br CHO
I = 1. n-Buli / THF / -78°C H =
= =
S 2. DMF / -78°C to 0°C
~"TMs S 1ms
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A solution of 2-(trimethylsilyl)ethyl-4-bromophenyl sulfide (m = 1,0 g, 3.46
mmol) in 30 ml of dry THF was treated with n-BuLi (v = 1.7 ml of a 2.5M
solution in hexane, 4.25 mmol) dropwise under argon at -78 °C. After stirring for
1h, the reaction mixture was quenched with anhydrous dimethylformamide (v =
0.33 ml, 4.15 mmol) at -78 °C. The mixture was then further stirred for an hour at
low temperature, an additional hour at room temperature, and poured into aqueous
NH4Cl. The mixture was extracted with CH2Cl> (2 x 30 ml). The combined
organic layers were washed with water, dried (MgSQO4) and filtered. The solvent
was evaporated under reduced pressure, and the crude product was purified by
column chromatography over silica gel (eluent: CH2Cl: PE=3:1) to afford 4 (m =
0.60 g, 73% yield) as a colorless oil.

'H NMR (400 MHz, CDCI3): 6(ppm) 9.90 (s, 1H), 7.74 (d, J = 8.3 Hz, 2H), 7.31
(d, J = 8.3 Hz, 2H), 3.12 — 2.93 (m, 2H), 1.04 — 0.87 (m, 2H), 0.06 (s, 9H). 13C
NMR (CDCl3): d(ppm) 191.46, 147.62, 133.22, 130.20, 126.45, 77.55, 77.23,
76.91, 28.00, 16.43, -1.56.

- Synthesis of 5.

To a solution of 4 (m = 113 mg, 0.47 mmol) in 3ml of ethanol was added the
Bandrowski base 2 (m = 70 mg, 0.22 mmol) and two drops of piperidine. The
mixture was refluxed for 24h. The resulting precipitate was filtered, washed with
ethanol and dried to give the desired product 5 as beige solid ( m = 65 mg, 43%
yield).

IH NMR (250 MHz, DMSO-d¢): 6(ppm) 0.04 (s, 18H); 0.83-0.90 (m, 4H);
2.98-3.05 (m, 4H); 5.50 (s, 4H); 6.71-6.75 (4H, d, J = 8.5 Hz); 7.05-7.09 (2H, d, J
= 8.5 Hz); 7.23-7.26 (m, 6H); 7.52-7.56 (4H, d, ] = 8.25 Hz). ESI-HRMS:
Calculated for C42H4sN6S2S12, 756.2920 ; Found 757.2989 [M+H]".
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Figure S1-a. 'H NMR spectrum of 5 in DMSO.
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Figure S1-b. UV-vis absorption of 5 (C = (1.88x10-°M), Amax = 360 nm) and its
protonated form 7 (Amax = 368 nm) in THF.



- Synthesis of 6.

To a solution of 4 (m = 100 mg, 0.73 mmol) in 3ml of ethanol was added reagent
3 (m = 87.6 mg, 0.37 mmol) and three drops of piperidine. The mixture was
refluxed for 24h. The resulting precipitate was filtered, washed with ethanol and
dried to afford 6 as beige solid (m = 105 mg; 49%).

'H NMR (400 MHz, DMSO-d¢): d(ppm) 12.59 (d, J = 17.7 Hz, 2H), 8.04 (d, ] =
12.9 Hz, 4H), 7.76 (s, 1H), 7.59 (s, 1H), 7.37 (d, J =13.6 Hz, 4H), 3.08 — 2.97 (m,
4H), 0.92 — 0.78 (m, 4H), 0.00 (s, 18H). ESI-HRMS: Calculated for
C30H38N4S2S12, 574.2076 ; Found 575.2147 [M+H]*.
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Figure S1-c. ITH-NMR spectrum of 6 in DMSO.
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I1. Mechanically Controlled Break Junction (MCBJ).

MCBJ set-up.

The MCBJ, as introduced by Muller et al.3 consists in stretching a metallic wire
by bending an elastic substrate supporting the wire with a mechanical actuator
until the junction breaks, giving two separate electrodes. The electrode separation
can then be adjusted by a feedback loop using the current flowing through the
junction. MCBJ exhibits excellent mechanical stability, which results from the
reduction of the mechanical loop connecting one electrode to the other. For this

study, our MCBJ is operated at room temperature in organic solutions.

Figure S2 : Schematic of the sample used for our MCBJ. The samples are made
from Au wire glued into two quartz capillaries which are then glued onto a
phosphorous bronze bending beam. As seen in the inset, the wire is notched in the
empty space between the capillaries to initiate the breaking of the junction. See

text for more details.

Figure S2 shows a scheme of the samples used for our MCBIJ

measurements. They are made from Au wire (250 pum diameter, 99.99%,
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Goodfellow) glued into two quartz capillaries (fused silica, Imm inner diameter,
Vitrocom) which are then glued onto a phosphorous bronze bending beam. An
optical glue (NOAG61, Nordland) is used for both bondings. The wire is notched in
the empty space between the capillaries to initiate the breaking of the junction.
The free-standing part of the Au wire is typically 200 pm for our samples, and the
unfilled parts of the capillaries act as a reservoir for the organic solutions. Before
use, samples are cleaned in plasma cleaner (ATTO, Diener Electronic) operated

with an air pressure of 0.4 mbar at a power of 30W for two minutes.

The separation of the electrodes is controlled by a micrometer step motor
(Z-825, Thorlabs) stacked up with a piezoelectric actuator (sensitivity : 216
nm.V-1). Motors and piezo are driven through an input/output board by a
dedicated computer interface, which is also used for acquiring data and feed
backing. Because the wire is fixed, the actuator motion is demagnified, allowing
accurate control of wire stretching. Taking into account a typical push:stretch ratio
of 20:1 and the resolution of our 16-bit DAC, one digit corresponds to less than 3
pm, which is ample for this work. As the stability of the MCBJ is a critical
parameter for this study, it is operated in the basement of the laboratory on an
optical table to ensure optimal isolation from mechanical vibrations in a
temperature-controlled environment (temperature variations below 1°C on a 24-
hour scale). At low bias (35 < Vpias £ 140 mV for this study) and at room
temperature, the drift of the electrodes is below 5 pm.s~! after one or two hours of

operation.

The molecular junction conductance is derived from the current intensity
that flows through the junction, measured using a home-made current/voltage
converter with a logarithmic trans-conductance gain following the design

proposed by U. Diirig et al.# This converter allows measurements from the 100pA
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range (noise level of 10pA on a 10 kHz bandwidth) up to the mA range, and it is
operated at a constant temperature of 20°C. Prior to measurements, the converter
is carefully calibrated with a series of precision resistors (1,10,100 MQ and 1 GQ
0.1% resistors). These calibration data are then used to calculate the current or
conductance values corresponding to the output voltage. The junction, in series
with a 1 kQ ballast resistor to avoid saturation of the trans-impedance amplifier, is
biased using a 6V lead battery. The voltage output of the trans-impedance
amplifier is recorded using a 16-bit ADC, operated at a sampling frequency of
4096 Hz. Fresh millimolar solutions of molecules in DMSO are prepared and

immediately used for measurements.

Measurement and analysis protocol.

To ensure cleanliness of the contacts, samples are broken in pure solvent (here
DMSO). They are operated for one or two hours at a typical current set point of
200 pA before measurements begin, to allow mechanical relaxation of the bending
beam, and thus stabilization of the electrode distance. We then feed the sample
with 10 pL of solution and set a current set point in the sub nA range. This current
imposes the distance between the gold electrodes, and after stabilization, the
feedback loop controlling the electrode separation is disabled. We then observe
the temporal evolution of the current flowing through the contact. A connection or
disconnection of a molecule between the 2 electrodes is expected to induce a
sharp change (stepwise) in the current. If we do not observe such events, the
feedback is enabled, and the set point is increased (reducing electrode separation).
These operations are repeated until we observe abrupt current jumps. Taking
advantage of thermal diffusion and electromigration, at room temperature, the
nano-contact self-organizes at atomic level and naturally explores the most stable
configurations around the average chosen conductance value. During these

periods we record the temporal evolution of the current flowing through the
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contact. We operate the piezo actuator only if the current falls below 100 pA or
rise above 100nA. The recording of the current is interrupted when the piezo
actuator is active. Figure S3 illustrates a 8s recording of the current flowing
through a junction filled with a millimolar solution of molecule B in DMSO,
operated at a bias voltage of 35 mV. This recording exhibits a random telegraphic
signal associated to numerous molecule connection/disconnection events in the
contact, as demonstrated in a previous publication.> Current histogram clearly
illustrates the discrete nature of current jumps and the most likely values of the
current. Such histograms presented below are all constructed using the rule
suggested by D.P. Doane for data binning,® in order to be able to compare

histograms constructed from datasets of different sizes.

Probability density 6
0.2 0.4 0.6 0.8 1.0x10

6.0x10 1 -

Current (A)

0 2 4 6 8
Time (s)

Figure S3 : Spontaneous evolution of the current of a molecular contact formed
from a millimolar solution of molecule B in DMSO. A 35 mV bias is applied to the
junction. The electrode separation is fixed with a set-point current of 1 nA before

the regulation feedback is disabled (see text for more details). Current (black line)
is recorded. A histogram of the current (gray) clearly indicates the most probable

current values.

59



II1. XPS measurements.
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Figure S4. Cis, Saps/2 and Nis spectra of SAMs A and B.

Cls S2p32 (%) Nls S/C N/C
SAMA | 2844 | 162.1,163.2 400.2,398.4 | 0.05(0.06) 0.11 (0.18)
SAMB | 284.8 | 162.1,163.7 400.4,398.3 | 0.09(0.1) | 0.15(0.2)

Table S1. Peak position (eV) of Cis, Saps/2 and Nis and atomic ratios of elements

(expected values from the molecule structures in brackets).

As expected, the S2p spectra of SAMs A and B (Fig. S5) were composed by 2

contributions of equal intensities (each of them constituted by the 2 components

S2p3z and S2pi12, A = 1.16€V, intensity ratio = 0.51). The first one located at low
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binding energy (162.1eV) was associated to S-Au bond, the second one at higher

binding energy corresponding to the free thiol end-group.
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Figure S5. Deconvolutions of S2p spectra for SAMs A (left) and B (right).

The interpretation of N1s spectra (Fig. S6) for SAMs A and B is more delicate.

Usually 2 signals in a 1:1 intensity ratio are expected for each imidazole rings

attributed to pyridinic (=N—) and pyrrolic (-NH-) nitrogens.”8 In the case of

anilines, it is not rare to observe the presence of hydrogen-bonds and/or the

protonated form Ar-NH2/NH3* in the 401-402¢V region.>-10 Here, for the SAM A,

3 bands are observed at 398.4eV, 400.2¢eV, and 401.7 eV corresponding to imine

(-N=C), tertiary amine (-N<) and protonated/H-bonded nitrogens (-NH2/NH3"),

respectively. A ratio of 4 (-N< + NH2/NHz3") for 2.2 (-N=C) is measured, which is

closed to the expected value (i.e. 4 amine-type N for 2 imine-type N), knowing

that photodamaging by X-rays analysis of amine terminal group into unsaturated

imine adducts is also possible.!!
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Figure S6. Deconvolutions of Nls spectra for SAMs A (left) and B (right).

In SAM B, the Nls signal has 2 unequal components (1:0.54 intensity ratio
instead of the expected 1:1 ratio) observed at 398.3eV (pyridinic N) and 400.4eV
(pyrrolic N). In the literature, N1s signals with unequal areas were also observed
in polybenzimidazole polymers!2-13 or in graphene functionalized by
benzimidazole.!* An explanation could be a difference in X-ray sensitivity of
pyridinic nitrogens compared to pyrrolic nitrogens. Another hypothesis to explain
the preponderance of the pyrrolic form would be the presence of hydrogen

bonding between the pyridinic and pyrrolic nitrogens (C=N==H—-N) or due to H-

bonds with residual water molecules included in the monolayer (C=N===H-0).15
Due to this complexity of N1s spectra for SAM A and B, it was not possible to

clearly identify the signals observed in the presence of acid and base.
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IV. Measurements on TSAu/SAM/C-AFM tip junctions.

Counts

log(CAFM Current) (A)
log(CAFM Current) (A)
log(CAFM Current) (A)

log(CAFM Current) (A)
log(CAFM Current) (A)

log(CAFM Current) (A)

Figure S7. 2D histograms of the current-voltage curves (I-V) for TSAu/SAM/C-
AFM tip for (a) pristine SAM A (4515 traces) (b) neutral SAM A (5403 traces);
(c) protanated SAM A (3802 traces); (d) pristine SAM B (3492 traces) (e) neutral
SAM B (7676 traces) and (f) protanated SAM B (6752 traces).
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NMJs TSAu/SAMs
log p log o log p log o
(log A) (log A)
mol. A - pristine n.m. n.m. -8.32 £ 0.02 0.57 £0.05
(4.78x10° A)
- protonated -8.07 £0.02 0.33 £0.02 -8.81 £ 0.01 0.36 +0.01
(8.51x10° A) (1.55x109)
- neutral -7.54 +0.01 0.05 +0.01 -7.86 +0.01 0.69 +0.02
(2.88x108 A) (1.38x10-8)
mol. B - pristine n.m. n.m. -9.08 + 0.01 0.59 £0.02
(8.32x10-10 A)
- protonated -7.38 £0.01 0.29 +0.01 -8.69 + 0.01 0.50 +0.01
(4.17x108 A) (2.04x10° A)
- neutral -7.78+0.02 0.51+0.03 -9.51 +£0.02 0.69 +0.02

(1.66x10°8 A)

(3.09x10-10 A)

Table S2. Fitted parameters (mean values and standard deviations) of the log

normal distributions for NMJs and TSAu/SAMs junctions. In brakets: the mean
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Figure S8. Current histograms of the SAM of molecule A at 35, 70 and 140 mV
(from data in Fig. S7a-c) for the pristine, protonated and after converted back to

the neutral state.
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Figure S9. Current histograms of the SAM of molecule B at 35, 70 and 140 mV

(from data in Fig. S7a-c) for the pristine, protonated and after converted back to

th

e neutral state.

Bias (mV) A pristine A protonated A neutral B pristine B protonated B neutral
35 3.1x104 1.8x104 4.2x104 5.0x105 2.1x104 1.9x105
70 3.0x104 1.7x104 4.2x104 5.1x105 1.1x10+4 2.0x105
140 3.1x104 1.7x10+4 4.2x104 5.2x105 1.1x104 5.7x105
200 3.1x104 9.7x10% 9.0x104 5.4x105 1.3x104 2.1x10%

Table S3. Conductances fo the SAMs (in unit of Go) at 35, 70, 140 and 200 mV for

molecules A and B for the pristine, protonated and after converted back to the

neutral state (conductances are the mean currents from the peaks of the current

histograms - Figs 1, S8 and S9, divided by the applied voltage).
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V. C-AFM on NMJs.
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Figure S10. Current image (bright spots are the current value of each NMJ - the
scale is in log of the current measured in ampere) obtained by C-AFM (loading
force 10 nN and Vyias = 200 mV) on NMJs with (a) neutral molecules A (2456

nanodots); (b) protanated molecules A (2445 nanodots); (c) neutral molecules B

(1154 nanodots) and (d) protanated molecules B (1634 nanodots).
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VI. MCBJ measurements.

Probability Density .
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Figure S11. Current vs. time evolution (red) and corresponding current histogram
(grey) of molecular junction formed from a millimolar solution of molecule B
(neutral) in DMSO. A 35 mV bias is applied to the junction. The electrode
separation is fixed with a set-point current of 1 n4 before the regulation feedback
is disabled (see text for more details). Current (black line) is recorded. A

histogram of the current (gray) clearly indicates the most probable current values.
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Figure S12. Current vs. time evolution (red) and corresponding current histogram

(grey) of molecular junction formed from a millimolar solution of molecule B

(neutral) in DMSO at Viias = 70 mV.
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Figure S13. Current vs. time evolution (red) and corresponding current histogram
(grey) of molecular junction formed from a millimolar solution of molecule B

(neutral) in DMSO at Vyias = 140 mV.

519



Probability Density

0.0 0.5 1.0 1.5 20 2.5x10°
" Bias=35 mV, protonated molecule
2.0x10
g 1.5
1.0
0.5 I ] |
0 2 4 6 8
Time (s)

Figure S14. Current vs. time evolution (red) and corresponding current histogram
(grey) of molecular junction formed from a millimolar solution of molecule B
(protonated) in DMSO at Vyias = 35 mV.
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Figure S15. Current vs. time evolution (red) and corresponding current histogram

(grey) of molecular junction formed from a millimolar solution of molecule B

(protonated) in DMSO at Viias = 70 mV.
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Figure S16. Current vs. time evolution (red) and corresponding current histogram
(grey) of molecular junction formed from a millimolar solution of molecule B

(protonated) in DMSO at Viias = 140 mV.
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Figure S17. Conductance values of the peaks observed in the histograms of
currents versus a number of molecules (up panel: protonated molecule B from
Figs. S14-S16, down panel: neutral molecule B, from Figs. S11-S13). A linear fit
gives the Guor values reported en table 2 (main text) for the 3 applied voltages.

Conductance values are given in conductance quantum units, Go.

VII. Modeling, molecule in gas phase

For the modeling of the protonation, we used a cluster model where the
protonation reaction for the molecule A or B is empirically defined by:!6
A+nHCl — AenH*+ nCl-

In this cluster approach, the charge transfer is partially implemented (the Miilliken
charge estimated by ab-initio calculation of the chlorine atom is -0793e and

0.330e for the hydrogen) and this is clearly a physical limit compared to the
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simple chemical picture sketched by the previous equation. To model the
protonated molecules, an HCI molecule has been introduced close to the nitrogen
atoms corresponding to the most plausible protonation sites, and the protonated
states were minimized in terms of total energy.

- Molecule geometry optimizations

Figure S14 shows the optimized geometries for molecules A and B. The center of
the molecule (imidazole) and the two phenyl groups remain planar. The length of
both molecules A and B is 18.9A. The major difference is observed for the lateral
size of the two molecules : 5.1A for A and 16.3A for B. For the unprotonated
state of molecule A the dihedral angle between the alanine rings and imidazole is
near 90°. For both molecules, the imidazole ring presents the most accessible
protonation sites with the presence of two non-hydrogenated nitrogen atoms. The
introduction of a HCIl molecule leads to the formation of N-H bond characterized
by a bond length of 1.0764 A. The N-H bond length is characteristic of a covalent
bond. The protonation leads to a H-Cl distance of 1.891 A larger than the HCI
bond of 1.318A. For the molecule A, up to four protonation degrees can be
foreseen with the protonation of the nitrogen atoms belonging to the alanine ring

as shown in Figure S14 without disturbing the global geometry of the molecule.
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(b)

(a)

(d)

Figure S18. Optimized geometries of (a) unprotonated molecule A, (b)
unprotonated molecule B, (c) protonated molecule A with two protons and (d) 4

protons, (e) protonated molecule B with two protons.
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- Energy levels and molecular orbitals

Figures S15 show the evolution of the HOMO-LUMO gap, the EA and IP of the
molecules A and B as function of the protonation states. For the molecule A, most
of the HOMO-LUMO band gap variation is obtained when 2 protons are on the
imidazole. Protonation of the amine groups have no great effect (see also the
molecular orbitals, Figure S16). Basically, the protonation tends to reduce the
HOMO-LUMO gap of the molecules and increases the IP and EA. Both the
HOMO and the LUMO of molecules A and B are characterized by highly
delocalized wave functions (Figure S16). The protonation of the nitrogen atoms
strongly modify the nature of the HOMO as it becomes strongly localized on the
protonation sites i.e. on the chlorine counter-ion (Figure S16). On the contrary, the

LUMO wave functions remain strongly delocalized on the aromatic cycles.
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Figure S19. Evolution of (a) the HOMO-LUMO gap, (b) electron affinity and (c)
ionization potential of molecule A versus the protonation state. Evolution of (d)
the HOMO-LUMO gap, (e) electron affinity and (f) ionization potential of

molecule B versus the protonation state.
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molecule A

molecule A + 2H+

molecule A + 4H+

molecule B

molecule B + 2H*

Figure §20. HOMO and LUMO wave functions.
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- Optical properties

The optical properties of the two molecules were calculated by Time Dependent
Density Functional Theory (TDDFT) calculations using the B3LYP functional.
Only vertical transitions are considered and the activate space considered
correlates 12 electrons with 12 orbitals. For the molecule A (respectively B), the
major optical transition takes place at 346 nm (357 nm, respectively) in good
agreement with the measurements of the precursor (Figure S1) with an oscillator
strength of 0.9 (respectively 1.28). As shown in Figure S17, upon protonation, a
bathochromic shift to 387 nm (385 nm, respectively), i.e. an increase of 41 nm
(respectively 28 nm) is observed in qualitative agreement with the experimental
observation (Figure S1). This corresponds to a relatively small reduction of the
optical gap for molecule A (respectively B) which is reduced from 3.58 eV to 3.2
eV (respectively from 3.47 to 3.2 eV).
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Figure S21. TDDF'T simulation of the optical spectrum for molecules A and B
with and without protonation. The calculations indicate that the introduction of

localized states near the HOMO degrades the intensity of the optical oscillator
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and the activated occupied states. The active optical transition would be
HOMO-6— LUMO. Protonation states considered are the highest possible for the
two molecules (i.e. 4 for A and 2 for B).

VIII. Modeling electron transport in metal/molecule/metal
junction.

To model the behavior of a metal/molecule/metal junction, we attach the
geometry-optimized molecule to gold via the thiol anchor groups. In this case we
bind the terminal sulfur atom to a hollow site on a (111) gold surface and the
optimum Au-S distance is calculated to be 2.3A. The hydrogen atom contacted to
the sulfur is removed. An extended molecule is then constructed to consist of 6
layers of (111) gold each containing 25 atoms. Using the DFT code SIESTA,!7 a
Hamiltonian describing the extended molecule is generated using the following
parameterization. A double-{ plus polarization basis set, energy cut off=150
Rydbergs, norm conserving pseudopotentials, and the GGA method!3 to describe
the exchange correlation. The zero bias transmission coefficient T(E) is then
calculated using this Hamiltonian, via the GOLLUM code.!® The room
temperature conductance can then be evaluated from the Landauer formula,

GzzTeszdE T(E)(%)
Where, f(E) is the Fermi-Dirac distribution, e is the electronic charge and /4 is

Planck’s constant. The electrical current is evaluated using the equation,

Izz_:j‘:dE T(E)| f,(E)-£,(E) ]
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Where f;. and fr are the Fermi-Dirac distributions in the left and rights lead

respectively.

-Conductance of neutral molecules A and B
Figure S18 shows the calculated conductance through molecules A and B for the
geometry given in Figure 6. Here the HOMO resonances of the two molecules lie
at similar positions relative to the SIESTA predicted Fermi Energy Eg0. This is in
disagreement with the calculated behavior in the gas phase (Fig. S15), where the
HOMO level of B lies at a lower energy. This can be attributed to the thiol anchor
groups (after losing a hydrogen) pinning the HOMO close to the Fermi energy in

this calculation.

1 Molecule A neutral
— — Molecule B neutral
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Figure S22. Electrical conductance of the deprotonated molecules A and B.

-Electron transport through a protonated molecule
Protonation of the molecule, by adding hydrogen atoms at the nitrogen sites,
causes the molecule to become charged. Therefore, counter ions, which here are

chlorine are needed to balance the charge i.e. making the added hydrogen atoms
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H* and the chlorine atoms Cl-. To achieve this within SIESTA requires analysis of
the electron distribution using a Mulliken population analysis. To form a Cl- ion
requires the number electrons on the chlorine atom to increase by one (here we
define N as the number of electrons added to the chlorine atom). The charge on
the chlorine atom can be controlled by varying the cut-off radius in the basis set.
Here we set the CI-H distance to be 3A. Figure S19 shows the transmission for the
protonated molecule B, for different values of N on the counter ions. When there
are no counter ions, the LUMO resonance lies directly at the Fermi energy as
expected for a charged system (cyan line). The addition of the counter ion shifts
the position of the Fermi energy towards the middle of the HOMO-LUMO gap
and the extent of the shift is controlled by the value of N on the counter ions. Here

N=0.7 (blue line) and N=1.0 (black line).
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Figure $23. Transmission coefficient T(E) for the protonated molecule B when
they are no CI- counter ions (cyan), when the number of electron N on the Cl atom

=0.7 (blue) and when N=1 (black).
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-Tilt angle

The SAM of molecule A has a smaller thickness than B, which suggests the
molecule is tilted. Figure S20 shows the calculation for a tilt angle of 60° relative
to the surface normal (the gold-gold separation is now 1.4nm). The resulting
behavior is similar to that for the linear geometry in figure 6, with the

transmission decreasing when the molecule is protonated.
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Figure $24. Zero bias transmission coefficient T(E) for molecule A tilted at an

angle of 60° away from the normal.

-Transport through NH> anchor groups in Molecule A

Molecule A contains NH> groups, which may couple to the gold electrodes. We
calculate for this geometry, where the N-Au distance is 2.4 (figure S21). The
resulting transmission shows that the off-resonance values are much lower than
the equivalent molecule binding through the thiols. At the Fermi energy the value
of is approximately 3 orders of magnitude lower. This is due to the ring rotation,
which is approximately 90° to the central core, and suggest that these groups play

a minimal role in the electron transport.
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Figure S25. (left) Geometry of molecule A contacted to gold electrodes through

the NH> groups and (right) the corresponding zero bias transmission coefficient

T(E).
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