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1. Synthesis and characterization of the target compound 1

S-4-iodophenyl  ethanethioate,! and  1,4-bis(diethynyl)-2,5-bis(dimesitylboryl)
benzene? were synthesized according to published procedures. All chemicals and
solvents were purchased from commercial sources and were used without further
purification. The target compound 1 has been fully characterized. Its NMR
spectroscopic and high-resolution mass spectrometric data are consistent with its
proposed structure. 'H and '3C NMR spectra were recorded on a Bruker Avance 300
spectrometer at 300 and 75.5 MHz, respectively. Chemical shifts are reported in parts
per million (ppm) and are referenced to the residual solvent peak (CDCls, 'H = 7.26
ppm; 13C = 77.16 ppm). Coupling constants (/) are given in hertz (Hz) and are quoted
to the nearest 0.5 Hz. Peak multiplicities are described in the following way: s, singlet;
d, doublet. High-resolution Mass spectrum (HRMS) was recorded with an Auto Spec
Q spectrometer in ESI (electrospray ionization) mode.

Microwave reactions was conducted using the Biotage Initiator Eight EXP microwave

apparatus and the corresponding vials. The reaction was carried out in the vial (20 mL)
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sealed with a septum, under magnetic stirring. The temperature of the reaction
mixture was monitored using a calibrated infrared temperature control mounted under
the reaction vial.

Synthesis of compound 1. A mixture of S-4-iodophenyl ethanethioate (64 mg, 0.21
mmol), 1,4-bis(diethynyl)-2,5-bis(dimesitylboryl)benzene (60 mg, 0.1 mmol), Cul (2
mg, 0.01 mmol) and Pd(PPhs), (6 mg, 0.005 mmol) in EtzN (7 mL) in a 20 mL vial
was purged with N, for 15 min. The resulting mixture was subjected to microwave
irradiation by pre-stirring for 1 min, and reacted at 50 °C for 8 h. After cooling to
room temperature, the solvent was removed in vacuum. The crude product was
purified on silica gel chromatography using a mixture of hexane and dichloromethane
(v/v 3:2) as eluent to afford compound 1. Yield: 40 mg (43%); '"H NMR (300 MHz,
CDCly): & 7.46 (s, 2H), 7.23-7.21 (d, J = 8.4 Hz, 4H), 7.02-6.99 (d, J = 8.4 Hz, 4H),
6.77 (s, 8H), 2.40 (s, 6H), 2.26 (s, 12H), 2.03 (s, 24H); '3C NMR (75.5 MHz, CDCl;):
0 193.6, 142.4, 141.0, 139.4, 137.7, 133.6, 132.1, 128.5, 127.6, 125.8, 124.4, 93.2,
91.9, 30.3, 23.4, 21.3; HRMS (ESI): m/z calcd for CsHgO,B,S;: 923.4294; found:
923.4338 (M+H").
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Figure S1 Absorption spectra of 1 in THF:mesitylene (v/v 1:4) (2.0 x 10~ M) at room

temperature as a function of molar equivalents of TBAF added.
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Figure S2. Typical conductance-distance traces (a) and logarithmically binned one-
dimensional (1D) histograms (b) of bis[(4-acetylthiophenyl)acetylene in the absence
(black) and presence (red) of TBAF recorded during the MCBJ measurements. The
conductance of bis[(4-acetylthiophenyl)acetylene is centered at 1030 G,. Upon the
treatment with TBAF, the conductance remains unchanged. Two-dimensional (2D)
histograms and relative stretching distance distributions (inset), for bis[(4-

acetylthiophenyl)acetylene in the absence (c) and presence (d) of TBAF.
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Figure S3. (a) Logarithmically binned one-dimensional (1D) histograms of 1,10-
decanedithiol. (b) Two-dimensional (2D) histograms and relative stretching distance
distributions (inset) of 1,10-decanedithiol. The conductance of 1,10-decanedithiol is
centered at 10+ Gy in the absence of TBAF. (c¢) As shown in the logarithmically
binned one-dimensional (1D) histograms of 1,10-decanedithiol the conductance
remains unchanged after treatment with TBAF. (d) Two-dimensional (2D) histograms
and relative stretching distance distributions (inset) for 1,10-decanedithiol in the
presence of TBAF. During the MCBJ measurements, the single-molecule
conductance was measured in trimethylbenzene/tetrahydrofuran (4:1, v/v) with the

concentration of 1,10-decanedithiol at 0.01 mM and TBAF at 0.04 mM.

2. DFT-based computational methods:

The optimized geometry and ground state Hamiltonian and overlap matrix elements
of each structure were self-consistently obtained using the SIESTA3 implementation
of density functional theory (DFT). SIESTA employs norm-conserving pseudo-
potentials to account for the core electrons and linear combinations of atomic orbitals
to construct the valence states. The generalized gradient approximation (GGA) of the

exchange and correlation functional is used with the Perdew-Burke-Ernzerhof



parameterization (PBE),* a double-( polarized (DZP) basis set, a real-space grid
defined with an equivalent energy cut-off of 250 Ry. The geometry optimization for
each structure is performed to the forces smaller than 10 meV/Ang. Figures S4a and b
show geometry-optimized structures used to obtain the DFT results in Figures 2 and
S5. The mean-field Hamiltonian obtained from the converged DFT calculation or a
simple tight-binding Hamiltonian was combined with our Gollum quantum transport
code to calculate the phase-coherent, elastic scattering properties of the each system
consist of left (source) and right (drain) leads and the scattering region. The

transmission coefficient 7(E) for electrons of energy E (passing from the source to the

T(E) = Trace(T(E)G"(E)L(E)GR T (E))

drain) is calculated via the relation . In this

— i _ T
expression, IR = l(ZL'R () - 21 (E)) describe the level broadening due to the

coupling between left (L) and right (R) electrodes and the central scattering region,

2,r(E) are the retarded self-energies associated with this coupling and

R_ v _ -1
6" = (E S-H-%, ZR) is the retarded Green’s function, where H is the
Hamiltonian and S is overlap matrix. Using obtained transmission coefficient (T (E)),

the  conductance could be calculated by Landauer formula (

G=G, f dE T(E)( - 9f/9E) Gy =26%/h

) where is the conductance quantum,

is the Fermi-Dirac distribution function, T is

the temperature and kg = 8.6x107 ¢V/K is Boltzmann’s constant.

Figure S4. Relaxed structures of molecule a) 1, b) 1-2F.
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Figure SS5. DFT transmission coefficients of molecules 1 (left figure) and 1-2F (right figure)
before gap correction.

The left curve in Figure S5 shows that 1 possesses two transmission resonances at

E _ EDFT1
F =093 eV and 1.6 eV, and crucially, the right curve shows that these

resonances are removed by the attachment of the fluoride. To compare these curves
and predict the change in conductance when the fluorides are attached, we need to

1 1-2F
know the relationship between the experimental Fermi energies Ep and E'F , which
EDFT1 EDFT1-2F

F and F | The

latter will depend on the precise location of the PF4 counterions, which create a
fluctuating environment for 1-2F. We would also need to perform a scissor correction
in the presence of counterions, for which there is no reliable procedure. The
experimentally observed conductance ratio of 1 to 1:2F is approximately 4, which

EDFT1-2F EL2F
suggests that the DFT estimate for F is too high. Increasing = F by

do not necessarily coincide with the DFT-predicted values

approximately 0.4 eV yields the transmission curves shown in figure 2 of the main
text.
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