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All air and moisturdisensitive reactions were carried out under an inert atmosphere of argon.
Purification by column chromatography was carried out on silica gel (flash column, SiO, 40-
63 um). Thin-layer chromatography (TLC) was carried out on commercially available

precoated plates (silica 60).

TH NMR and '3C NMR spectra were recorded on a 300 MHz spectrometer. Chemical shifts
are reported in ppm and referenced to the residual non-deuterated solvent frequencies
(CDCl3: 8 7.26 ppm for 'H, 77 .0 ppm for 13C) Mass spectra were recorded by means of

Il. Synthetic Procedures
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Scheme S1. Synthesis of molecule 1.
Tetrakis(4-nitrophenyl)ethylene (1a)
1a was synthesized by following a previously reported procedure.l'l In an ice bath, acetic
acid (13 mL, 0.2 mmol) and fuming nitric acid (13 mL, 0.3 mmol) were added to a 100 mL
two neck round bottom flask. TPE (1,5 g, 4,6 mmol) was slowly added in small portions.
Then the solution was warmed to room temperature and stirred for 3h. The reaction mixture
was poured into ice water (100 mL) and the yellow precipitated was collected by filtration,
washed with an excess of water, and air dried, affording 1a as a light yellow powder (2.1 g,
85%). '"H NMR (300 MHz, CDCl3, 298 K): 5 = 8.08 (d, J = 8.90 Hz, 8H), 7.19 (d, J = 8.90 Hz,
8H).

Tetrakis(4-aminophenyl)ethylene (1)

1 was synthesized by following a previously reported procedure.!'l To a solution of tetrakis(4-

nitrophenyl)ethylene 1a (400 mg, 0.78 mmol) in dry THF (5 mL) under argon atmosphere,

S2



palladium on carbon (wt 10 % Pd, 83 mg) and NH,NH,-H,0 (5.8 mL, 93 mmol) were added.
The solution was refluxed for 48 h. After that, the reaction mixture was cooled down to room
temperature, and the insoluble residues were filtered off. The solvent of the filtrate was
removed under reduced pressure to afford as a brown solid (291 mg, 95%). "H NMR (300
MHz, DMSO-dg, 298 K): 6 = 6.57 (d, J = 8.50 Hz, 8H), 6.26 (d, J = 8.50 Hz, 8H), 4.84 (s,
8H).

oD g NG T2 NG
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Scheme S2. Synthesis of the frans model compound.

4,4'-Dinitro-trans-stilbene (I-1a)

I-1a was synthesized by following a previously reported procedure.l? Nitrobenzyl chloride
(2.5 g, 14.6 mmol) was dissolved in 8 mL of heated ethanol. Then a solution of KOH (1 g,
17.8 mmol) in a mixture of water (0,75 ml) and ethanol (3 mL) was added dropwise at room
temperature. The resulting reaction mixture was stirred for 2 h at 70 °C. After the reaction
time, it was cooled and filtered. The residue was washed with an excess of ethanol, affording
I-1a as yellow needles (3 g, 80%). '"H NMR (CDCI3, 300 MHz, ppm): 6 = 8.28 (d, J = 8.90
Hz, 4H), 7.94 (d, J = 8.90 Hz, 4H) 7.70 (s, 2H).

4.4’-Diamino-trans-stilbene (I-1)

I-1 was synthesized by following a previously reported procedure.B! To a suspension of I-
1a (150 mg, 0.55 mmol) in a mixture of solvents (EtOH/EtOAc, 10 ml/ 10 ml)) was added
concentrated HCI (aq) (5 mL) under stirring at room temperature. Subsequently, SnCl, 2H,0
(1.25 g, 5.5 mmol) was added, and the mixture was heated to 80 °C for 5 h. After cooling to
room temperature, the reaction mixture was filtered. The filtrate was concentrated and
washed with saturated aqueous NaCl and dried over MgSQO,. The solvent was removed
under reduced pressure to afford I-1 as a brownish solid (112 mg, 96.0%). "H NMR (CDCI3,
300 MHz, ppm): 6 = 7.29 (d, J = 8.90 Hz, 4H), 6.84 (s, 2H) 6.66 (d, J = 8.90 Hz, 4H) 3.69
(broad s, 4H).
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1,1-bis(4-aminophenyl)ethylene (c-1)

0
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Scheme S3. Synthesis of the cross model compound.

c-1 was synthesized by following a previously reported procedure.l
Methyltriphenylphosphonium bromide (404 mg, 1.13 mmol) was disolved in freshly distilled
THF (5 mL) under Ar atmosphere.The mixture was degassed with Ar for 15 min.
Methyllithium (0.71 mL of a 1.6 mol L' solution in diethyl ether, 1.13 mol) was added
dropwise to the reaction flask at 0 °C, whereupon the reaction mixture turned yellowish. After
stirring for 4 h at room temperature, the resulting phosphorus ylide was transferred via a
cannula into a solution of 4,4'-diaminobenzophenone (200 mg, 0.94 mmol) in dry THF (5
mL) at 0 °C. The reaction mixture was stirred under reflux for 12 h. The resultant brown
solution was quenched with methanol (0.2 mL). The formed triphenylphosphine oxidesalt
was removed by vacuum filtration. The filtrate was concentrated and the crude product was
purified by silica gel column chromatography using hexane/ethylacetate (20:80, v/v).
Recrystallization of the solid from 80% aqueous ethanol solution afforded pure ¢-1 as pale
yellow crytals (159 mg, 80%). '"H NMR (300 MHz, CDCl3, 298 K): 6 = 7.16 (d, J = 8.61 Hz,
4H), 6.63 (d, J = 8.61 Hz, 4H), 5.19 (s, 2H), 3.69 (broad s, 4H).
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Ill. NMR spectra

Tetrakis(4-nitrophenyl)ethylene (1a)
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Figure S1. "H-NMR spectrum of 1a in CDCI5(300 MHz).
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Tetrakis(4-aminophenyl)ethylene (1a)
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Figure S2. "H-NMR spectrum (top) of 1 in DMSO-ds(300 MHz) together with its mass

spectrum (bottom).



4,4’-Dinitro-trans-stilbene (I-1)
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Figure S3. "H-NMR spectrum (top) of I-1 in DMSO-dg(300 MHz)
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4,4’-Diamino-trans-stilbene (I-1)
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Figure S4. "H-NMR spectrum (top) of I-1 in CDCI3(300 MHz) together with its mass
spectrum (bottom).



1,1-bis(4-aminophenyl)ethylene (c-1)
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Figure S5. 'TH-NMR spectrum (top) of ¢-1 in CDCI3(300 MHz) together with its mass
spectrum (bottom).



IV. Spectrochemical Titration and DFT Calculations

Titration experiments have been conducted in dichloromethane at room temperature by
progressive addition of trifluoroacetic acid (TFA) to a 10 M solution of 1. In situ UV-Vis
spectrochemical studies were conducted on the Varian Cary 5000 UV-Vis-NIR
Spectrophotometer.

DFT calculations were performed with the Gaussian16 suite of programs.l®! Molecular
geometry optimizations were performed with the B3LYP functional and the 6-31G** standard
basis setl®’] and with the Handy and coworkers’ long-range-corrected version of B3LYP
using the Coulomb-attenuating method (CAM-B3LYP)®. To simulate the solvent
environment, a polarizable continuum model (PCM) was employed®'2l. This model places
the solute molecule into a size-adapted cavity formed from overlapping atom-centered van
der Waals spheres, while the solvent is assimilated to a continuum characterized by its
dielectric constant (8.93 for dichloromethane). Energy optimizations were performed by
allowing all geometric parameters to vary independently. The optimum energy structures
were found to be a true minimum in the ground state potential energy surface. Vertical
transition energies were computed with the time-dependent version of DFT (TDDFT) [3. 141,

Titration of 1 with trifluoroacetic acid (TFA) has been afforded and protonation proceeds with
the generation of one distinctive UV-Vis absorption spectrum which, after clearance of the
neutral features at 274/340 nm, is featured by the growing of a couple of bands at 310-317
nm and another at 436 nm. TD-DFT/B3LYP/6-31G** calculations in CH,Cl, have been
carried out for the different bis-protonated species of 1. It is found that the bis-protonation
occupying the two distal positions of the linear trans-conjugated path gives rise to a main
band at 300 nm accompanied by another transition at 442 nm, in very nice agreement with
the two bands observed experimentally. Alternatively, if bis-protonation of 1 is occupying the
cross-conjugation positions, two theoretical excitations at 363 and 421 nm are predicted,
while if the dication is occupying the cis-disposition, two transitions at 358 and 459 nm are
revealed. These two cross and cis theoretical spectra clearly differ from the experimental
one in the intensity ratio.
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Figure S6. UV-Vis spectrochemical titration with TFA of 1 in CH,CIl, at 106 M at room
temperature. Black line corresponds to the neutral species and blue line corresponds to the
completely formed first protonated species. Dashed lines correspond to intermediate
spectra between the former species in the titration process.

S11



S 1.2 70000

- ® i L 60000
g 101 #2300 Trans bis-protonated | ;" =
®
3 Bl L 40000 3
& 08 . . -30000 =
£ 04le oo 442 ]
n .1, KO 20000 ©
. 021748 o o]°% L 10000 3,
B ook Ml *e...? | - Lo~
g T L‘—.—.—-—.—P—.—‘—-—q—u'—u'-.—-—,‘—.—F—.—‘—
o 300 400 500 600 700 800 900
— Wavelength (nm)
= 1.2 70000
. . . N ™
<10 Cis bis-protonated | " =
£ 0.8 -—50000 .
(@) —40000 O
qC; e 285 358 459 —30000 1
4‘:' 04 .... _20000 C)
) b o 3
¢ 021 .1 I. 1‘ o L 10000
8 0.0 '!- -y . : maly =
300 400 500 600 700 800 900
- Wavelength (nm)
ELT - 70000
& 1.0 Cross bis-protonated | °°” -
I 8
IS 421 - 40000 3
g 061258 303 0000 2
504‘ o 20000 ©
5 02] f] L 10000 =,
8 OO .. h—-—-—-—*-—-—-—q—-—.—-—-.*-—&p—-_l;o i
400 500 600 700 800 900
— Wavelength (nm)
3 i, 70000
E | [42]
S 1.0 :..282 Neutral 60000
el 50000 "
— 3
SN ., 40000 3
@ 0'4 ol 4 . . 30000
= 0416 @ o L 20000 ©
P24 TS L 10000 ~
8 0.0 ‘ ..'. ..- 0 —
O™ 300 400 500 600 700 800 900

Wavelength (nm)
Figure S7. TD-DFT/B3LYP/6-31G** calculations in the framework of PCM model in CH,Cl,

of neutral and protonated species of 1. From bottom to top: Neutral 1; bisprotonated 1 in
cross position; bisprotonated 1 in cis position; and bisprotonated 1 in frans position.
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Figure S9. TD-DFT/CAM-B3LYP/6-31G** calculations in the framework of PCM model in
CH,CI, of neutral and protonated species of 1. From bottom to top: Neutral 1; bisprotonated
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Table S1. Experimental and TD-DFT optical data of 1 upon protonation process.

TD-DFT
PCM in CH,CI,
Experimental Vacuum CAM -
B3LYP B3LYP B3LYP
Neutral 274 nm 278 nm 282 nm 266 nm
340 nm 380 nm 388 nm 326 nm
cross 253 nm 258 nm 278 nm
. ) 436 nm 363 nm
Bisprotonated 489 nm 421 nm 342 nm
287 nm 285 nm 270 nm
cis-Bisprotonated 3121-3:231er? " 328 nm 358 nm 346 nm
484 nm 459 nm
691 nm
trans- 307 nm 300 nm 263 nm
Bisprotonated 557 nm 442 nm 341 nm
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Figure S$10. Top) Energy differences (in kcal/mol) of the cis (yellow circle) and the cross
(pink circle) bisprotonated species of 1 respect to the frans-conjugated disposition (green
circle) calculated at the B3LYP/6-31G** level of theory in the framework of PCM model in
CH,Cl,, together with their corresponding optimized geometries; Bottom) Energy level
diagram (in eV) of the frontier molecular orbitals of the trans (left), cis (middle) and cross
(right) bisprotonated species of 1 calculated at the B3LYP/6-31G** level of theory in the
framework of PCM model in CH,Cl,, together with the corresponding HOMO and LUMO
topologies. Solid, blue lines correspond to the HOMO; grey solid lines correspond to the
LUMO, and light blue and light grey dashed lines correspond to the HOMO-1 and LUMO-1,
respectively.
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The HOMO and LUMO of the three dications are shown in Figure S10 and their
energies are indicated in Table S4. The HOMO energies vary in the range —5.4/—5.5
eV for the three species; however, in the cis- and trans- isomers their topologies
reveal smaller atomic contributions along the paths between the protonated amino-
benzene groups. Contrarily, the cross-conjugated dication displays larger atomic
contribution along the inter-protonated path. For the LUMOs, lying in energy at
—2.1/—2.2 eV, the situation is rather different since their main atomic contributions
come from those atoms between the protonated amino groups thus favouring charge
transmission in all cases.

Table S2. Energies (in kcal/mol) of the neutral and bisprotonated species of 1 with different
DFT methodologies.

PCM in Cchlz
. Vacuum

Energies (kcal/mol) B3LYP B3LYP CAM - B3LYP
Neutral -768230.42461 -768242.68157 -767811.14856
trans-Bisprotonated -768658.25676 -768785.51487 -768351.8377
cis-Bisprotonated -768651.16636 -768783.72462 -768349.87676
cross-Bisprotonated -768656.49978 -768785.2394 -768351.27232
Triprotonated -768798.81097 -769047.85003 -767811.14856

Table S3. Energy differences (in kcal/mol) between the cis-bisprotonated and the cross-
bisprotonated species respect to the ftrans-bisprotonated 1 with different DFT
methodologies.

PCM in CH,CI,
AE Vacuum
(kcal/mol) B3LYP B3LYP CAM -B3LYP
cis-trans 7.09039 1.79026 1.96094
cross-trans 1.75697 0.27547 0.56538
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Table S4. Energies of the frontier molecular orbitals and of the optical bandgap (in eV) of
the bisprotonated species of 1 with different DFT methodologies.

trans-Bisprotonated 1

S PCM in CHZ:(,:GIjVI :

B3LYP B3LYP B3LYP
LUMO+1 -5.73 eV -1.40 eV -0.08 eV
LUMO -6.52 eV -2.18 eV -0.89 eV
HOMO -9.20 eV -5.49 eV -6.81 eV
HOMO-1 -9.75 eV -6.14 eV -7.52 eV
Eq 2.68 eV 3.32 eV 5.92 eV

cis-Bisprotonated 1

LUMO+1 5.95eV | -1.49ev | -0.20ev
LUMO -6.66 eV -2.21 eV -0.90 eV
HOMO -8.84 eV -5.39 eV -6.70 eV
HOMO-1 -9.51 eV -6.12 eV -7.50 eV
Eq 218 eV 3.18 eV 5.80 eV
LUMO+1 -6.04 eV -1.58 eV -0.29 eV
LUMO -6.39 eV -212 eV -0.85eV
HOMO -9.25eV -5.52 eV -6.81 eV
HOMO-1 -9.52 eV -6.00 eV -7.39 eV
E,g 2.86 eV 3.40 eV 5.95 eV
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V. Single-Molecule Conductance Measurements

Single-molecule conductance measurements of 1 were performed using the scanning
tunneling microscope break junction technique (STM-BJ)!'®! as described previously. '8l In
this technique, a gold tip is placed in proximity to a gold substrate in a solution of the analyte.
Measurements herein were performed in 0.1 mM solutions in propylene carbonate. For each
measurement, the gold tip is pressed into the substrate until a conductance of 5 Gy is
reached (Go = 2e?/h). The tip is then retracted, allowing a small, atomically-defined gap to
form between the tip and substrate. Molecule 1, by means of the primary amines, can bridge
this gap and form a single-molecule junction. The conductance (current/voltage) is recorded
during the retraction, and a single-molecule junction manifests itself as a plateau-like feature
below 1 Gy in the conductance versus displacement trace. Several thousand conductance
traces are recorded and plotted in logarithmically-binned one-dimensional (1D) conductance
histograms (100 bins/decade) as well as two-dimensional (2D) histograms of conductance

versus displacement.
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VI. Transmission Calculations

The transmission calculations were performed using the Non-Equilibrium Green’s Function
(NEGF) method combined with DFT, as implemented in the Artaios code,!l'”- 8 a
postprocessing tool for Gaussian 09. Gold(111) surfaces were chosen as electrodes and
the amine groups were selected as anchor units to connect compound 1 to the contacts.
Amine—gold molecular junctions were modeled according to the geometrical characteristics
provided in the study of Venkataraman et al.l'"® Amino anchor units bind to undercoordinated
Au-adatoms located on top of the fcc-Aug clusters and the Au-N distance was set to 2.5 A
and the C-N-Au angle to 130°.[' Previous calculations have shown that the conductance
is relatively insensitive to amino-gold junction geometry.['®l The geometries of the molecular
junctions for the cis-, trans- and cross-conjugated motifs are displayed in Figure S6. In order
to assess the influence of the cluster size on the transport properties, the transmission
calculations were performed considering three different Au clusters with varying size. Amino
anchor units bind to undercoordinated Au-adatoms located on top of the fcc-Aus, fcc-Aug
and fcc-Auyg clusters (Figure S12).

In a next step, single-point calculations were performed at the B3LYP/LanL2DZ level of
theory using the Gaussian 09 software. A previous study on iron porphyrin complexes
showed that the transmission curves with BALYP and B3P86 functionals are comparable
and qualitative results are stable with respect to the functional used in the transmission
calculations.[20!

The Hamiltonian and overlap matrices were extracted to carry out NEGF calculations within
the wide-band-limit (WBL) approximation using the post-processing tool Artaios, which yield
both transmission spectra and local transmission plots. In the WBL approximation, a constant
value of 0.036 eV~ for the local density of states of the electrode surface has been used. This
value was taken from the literature.2"]

In our approach, which has been applied extensively in electron transport calculations,?? 23
24 the Fermi level is estimated to be located halfway between the HOMO and LUMO energy
levels of the entire molecular junction (i.e. the molecule combined with the linkers and gold
clusters on both sides). This is a reasonable approximation and appears to approach the
experimental findings for the conductance in the literature.[25

For production of the through-bond transmission plots, a threshold was set to 20% of the

maximum atom-atom transmission calculated in order to better visualize the preferential
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paths of the electrons through the different coordination modes to the gold electrodes. By
setting such thresholds, i.e. by not drawing numerous (small) atom-atom contributions, the

local transmission plots may falsely appear to not conserve the current.[2¢l

Cross frans

&y &

Qryny = 1,402 NM d, ., = 1.264nm =1.543 nm
dy, =0.962 nm d,,, = 0.780 nm dN-N =1.221 nm

Figure S11. Structures of the molecular junctions for different connectivities of tetra-[(1,4)-
aminobenzolethene 1 with the gold electrodes, corresponding to cross-, cis- and trans-
anchoring modes. The Au-Au and N-N distances are also shown.
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Figure S12. Different transmission paths (highlighted in blue) obtained for the cis-, cross-
and frans-anchoring modes.
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Figure S15. Comparison of cross-conjugated fluorenones and 1.
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Figure S16. Local transmission plot at the Fermi level of the cross-conjugated geometry
and the N-N distance for this transmission path. Zoom plot of the LUMO of the central
molecular part of the cross-conjugated geometry with yellow circles showing the atoms, the
white arrow showing the delocalization path between non-connected atoms and blue arrows
displaying delocalization between connected atoms.
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