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1. Experimental details

Conductance measurements.

The STM-BJ technique is used to construct the molecular junction and measure their
conductance. These measurements are carried out at a custom-modified Nanoscope Illa STM
(Veeco, USA).>3 The plane on an Au(111) bead substrates and the mechanically cut Au STM
tip (a diameter of 0.25 mm with 99.999% purity from Alfa Aesar) are used as working
electrodes. Prior to each experiment, the substrates undergo electrochemical polishing and
flame annealing to ensure cleanliness and atomically flat surfaces. To minimize leakage
current, the Au STM tips are insulated with wax.

The procedure of STM-BJ method can be briefly described as follows: Firstly, the STM tip is
driven toward the substrate to a preset current value (50 nA) via piezoelectric control. Then
an external pulse voltage is applied on z-piezo to bring STM tip into the substrate surface to
ensure tip contact with the substrate. Then the tip is pulled away from the substrate at a
constant speed of 20 nm/s. During the process, molecular junctions can be formed.
Meanwhile, the current of the tip is recorded at a sampling rate of 20 kHz. Thousands of tip
current-displacement curves are collected to construct the conductance histogram without
data selection. The conductance measurement is carried out at a bias voltage of -50 mV.

The conductance measurements at different Eg,,srate Were carried out at a four-electrode
electrochemical system, the Pt ring and Pt wire were used as counter electrode and reference
electrode respectively.

Electrochemical Raman measurements.

According to previous reports,* > the 55 nm Au nanospheres were synthesized ac-cording
to the following procedure: 1.4 mL of sodium citrate solution (1 wt%) was quickly added into
200 mL of boiling HAuCI, solution (0.01 wt%). Then the mixture was refluxed for 20 min to
obtain the spherical nanoparticles with a diameter ca. 55 nm. Finally, the Au colloidal solution
was cooled to room temperature in ambient atmosphere for the prepa-ration of Au @ SiO,
nanoparticles.

The 55 nm Au @ ca. 2 nm SiO, nanoparticles were prepared according to following

procedures: 0.4 mL of (3-Aminopropyl) trimethoxysilane solution (1 mM) was dropwise added
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into 30 mL of the as-prepared Au solution under stirring at room temperature. Next, 3.2 mL
of sodium silicate solution (0.54 wt%) was quickly added to the solution, then transferred to
99°C water bath and stirred for 30 min. Finally, pipette 1.5 mL of the hot solution into a
centrifuge tube and immediately immerse it in ice bath to stop the reaction. The solution was
centrifuged at 4500 rpm and washed twice with Milli-Q water for the Raman measurements
Raman experiments were carried out on a confocal microscope Raman system (Renishaw
InVia). The excitation wavelength was 633 nm, and a 50x microscope objective with a
numerical aperture of 0.55 was used in all Raman measurements. The as-prepared 55 nm Au
@ ca. 2 nm SiO, nanoparticles were dropped on the Au(111) electrode as Raman-signal
amplifiers. A home-made Raman cell with potential control at an CHI660E potentiostat was
used for in situ electrochemical Raman experiments.
-V measurements.

The procedure of |-V measurements performed in electrochemical environment (0.1 mM
BPB + 30 mM LiBF, in PC) is described as follows: First, a series of images of the Au(111) surface
are captured. Once almost no drift is detected, the imaging size is adjusted to zero, and the
STM feedback is subsequently disabled. Second the encapsulated Au tip is driven toward the
substrate to a preset current value (50 nA) via piezoelectric control. Then an external pulse
voltage is applied on z-piezo to bring STM tip 1 nm into the substrate surface to ensure tip
contact with the substrate. Third, the tip is withdrawn to form single-molecule junction. When
detecting the tip current reaches the product of the single-molecule conductance (obtained
from STM-BJ experiments) and the bias voltage, indicating the formation of a single-molecule
junction. The tip will be suspended over the substrate. Then the E, pstrate is Sweeping from 0 to
-0.6 V with a constant bias voltage of -50 mV between substrate and tip, meanwhile tip current
is recorded to obtain the I-V curves.

I-t measurements.

Firstly, the STM tip is stabilized over the substrate at a preset tunneling current of 0.19 nA
with a bias voltage of -50 mV for at least an hour. Then the STM feedback loop is turned offed,
meanwhile the tip current- time curve is recorded for few seconds. When molecules are
trapped in to tip-substrate nanogap and form a molecular junction, a sudden current increase

(current blinking) would be observed.



Computational methods.

The geometric optimizations, Raman and UV-vis spectra for molecules BPB and LiBF, were
performed at the B3LYP/6-311G(d, p) level by GAUSSIAN09.® All spin-polarized DFT
calculations for the molecules on Au(111) were carried out by using Vienna ab initio
Simulation Package (VASP).” The projected-augmented wave (PAW) pseudopotentials were
utilized to describe the core electrons,® while valence electrons were treated by plane waves
with a kinetic energy cutoff of 500 eV. The exchange-correlation potential was treated within
the generalized gradient approximation according to Perdew-Burke-Ernzerhof (PBE)
functional.’ The DFT-D3 method of Grimme with the zero-damping function was adopted for
vdW-dispersion energy correction.'® The convergence criteria of energy and force were set to
1x105 eV and 0.01 eV-A?, respectively. A 3x3 supercell of Au(111) was used to model the Au
electrode, consisting of 4 atomic layers of Au, with a vacuum space larger than 15 A along the
z direction was applied to prevent the interaction between periodic boundaries. The bottom
two layers were fixed during the structural optimization while the others were fully relaxed.
The k-point mesh in Monkhorst-Pack scheme was set to 3x3x1 and 5x5x1 for geometric
optimization and electronic structure, respectively.

The binding energy (Ey) for BF; at the N site of *BPB was calculated using the following
equation:

E, = E(Au-BPB-BF;) - E(Au-BPB) - £(BF5)
where the E(Au-BPB-BF;), E(Au-BPB) and E(BF;) represent the energies of BPB-BF; on Au(111),
BPB on Au(111), and the isolated BF; molecule in the vacuum, respectively. The more negative

the E, is, the stronger the bond between B-N.
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Figure S1. (a) 1D conductance histograms obtained in PC solution of 0.1 mM 1,4-bis((2,3-
dihydrobenzo[b]thiophen-5-yl)ethyny). (b) 0.1 mM 1,4-bis((2,3-dihydrobenzo[b]thiophen-5-
yl)ethyny) + 50 mM LiBF,. The counts are normalized by the numbers of conductance curves

used.
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Figure S2. Gaussian fitting of UV-vis absorption peaks at different concentrations of (a) 10

mM, (b) 20 mM, (c) 30 mM, (d) 40 mM and 50 mM LiBF,.
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Figure S3. (a)Test of UV absorption after ten-fold dilution of the sample. Gaussian fitting of

UV-vis absorption peaks at different concentrations of (b) 1 mM, (c) 2 mM, (d) 3 mM, (e) 4

mM and (f)5 mM LiBF,.
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Figure S4. UV-vis absorption spectra of BPB and BPB-BF; predicted by DFT.
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Figure S5. CVs of Au(111) in (a) 0.1 mM BPB + 50 mM LiBF, solution and (b) 50 mM LiBF,

solution.
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Figure S6. Current transients measured during the potentiostatic immersion of a Au(111)

electrode in (f) 0.1 mM BPB + 30 mM LiBF, with control of different potentials.
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Figure S7. The potential dependent 1D conductance histogram of 0.1 mM BPB + 50 mM LiNO;.
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Figure S8. The potential dependent 1D conductance histogram of 0.1 mM BPB in (a) 10 mM,
(b) 20 mM, (c) 40 mM and (d) 50 mM LiBF,. (e) Calculated transmission spectra for Au-BPB-

Au.

As shown in Figure S8e, the calculated transmission spectrum shows the LUMO of BPB is
closer to Fermi level (E;), corresponding conductance value is dominated by LUMO, consistent
with previous reports of pyridine-linked molecular junction. Therefore, the conductance will
become larger when decreasing the applied potential to make E; close to the LUMO.
Meanwhile, we observed the conductance of BPB molecular junctions in LiNO; solution
slightly become larger when changing the Epate from 0.2 V to -0.8 V (Figure S7). But the
conductance of BPB molecular junctions in LiBF, solution fluctuates slightly, which might arise

from the presence of BF; and formation of BPB-BF; adduct than can change the surface
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coverage and adoption geometries of BPB.
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Figure S9. The potential dependent 1D conductance histogram of 0.1 mM BPB + 50 mM

Al(CHs)s.
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Figure S10. B—N length under various electric fields.
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Figure S11. The COHP diagrams for B—N bond in BPB on Au(111) with various electric field.
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Figure S12. 2D slice of electron density difference diagram (Ap = p(o.s.0.5) — P(o)) for Au(111),

red region represents accumulation of electrons while blue one represents depletion.
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Figure S13. Optimized adsorption geometries of BPB and BPB-BF; on Au(111), with adsorption
energies (E,qys) calculated by using E,q4s = E(Au-BPB) — E(Au) — E(BPB) and E,qs = E(Au-BPB-BF;3) — E(Au)

— E(BPB-BF3), respectively.
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Figure S14. (a) SEM and (b) TEM images of 55 nm A
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Figure S15. (a) Potential-dependent Raman spectra of 0.1 mM BPB + 30 mM LiNOs. (b)

Theoretical simulated Raman spectra of t.. of BPB, where red dots represent atoms vibrating

outward, and green crosses indicate atoms vibrating inward.

The weak peak near 400 cm™ in Figure S15a is attributed to the CC out-of-plane twisting
(teo) vibration of the two pyridine rings, as determined by DFT calculations (Figure S15b). After
the formation of the BPB-BF; Lewis adduct, the Raman activity of the CC out-of-plane twisting
(tec) vibration of the benzene ring and pyridine rings is significantly enhanced. Consequently,
as shown in Figure 3a, the intensity of the 1 vibration at around 404 cm™ markedly increases

with the reduction in potential, corresponding to the formation of the BPB-BF; Lewis adduct.

19



403.
387

bosv

0.2V

350 400
Raman Shift / cm™

Figure S16. Potential-dependent Raman spectra of 0.1 mM BPB + 50 mM LiBF,.
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Figure S17. 1D conductance histograms of BPB with potential switching between 0 V (purple)

to -0.6 V (blue) in 30 cycles.
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Figure S18. 1D conductance histograms of (a) BPY-EE and (b) PBBA with potential switching

between 0 V (purple) to -0.5 V (blue) in 20 cycles.
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Figure S19. A typical |-V curve obtained in 0.1 mM BPB+ 30 mM LiBF, with a constant bias of -

50 mV by simultaneously sweeping the tip and substrate potentials from 0V to -0.6 V.
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Figure S20. (a)Typical |-t traces in 0.1 mM BPB+ 30 mM LiBF, solution without feedback loop
at the substrate potentials of -0.6 V and 0 V, respectively. Initial tunneling current setpoint is
0.19 nA under a bias voltage of -50 mV. (b) Zoom in |-t trace showing the formation of single-

molecule junction formation.
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