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Supplementary Figure 1 | Blinking experiments of Au-Si junctions. Representative individual
blinking current traces of 1,8 nonadiyne molecules on Siyp under a surface bias of -1.6 V (a), -
1.4 V(b) and -1.2 V(c). See Supplementary Note 1 for detailed information.

-1007 055
-80 -

_60 -

-40 Molecular junction Junction breakdown

\

| Set point current
20 -

/

Current (nA)
o
o
1

40 1

60 -

Time (s)
Supplementary Figure 2 | Blinking of Au-(1,8-nonadiyne)-Siip and Au-gap-Si junctions.
Current response during the applied “2-vertex voltage ramp” of a representative 1,8-
nonadiyne single-molecule junction formed between an Au tip and the low doped n-type

silicon substrate electrodes showing a current increase in the forward bias while limited
current in the reverse bias is observed.
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Supplementary Figure 3 | IV characteristic of Au-(1,8-nonadiyne)-Siip and Au-gap-Si
junctions. Characteristic (V) curves showing both forward and backward directions of the

voltage bias scan. No apparent hysteresis was observed at the voltage scan rate used (~16
V/s).
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Supplementary Figure 4 | IV curves showing the starting and ending bias. The zoomed-in

insets at -0.8 V show the trace starting and ending for (a) Au-nonadiyne-Si,p and (b) Au-
nonadiyne-Siyp.
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Supplementary Figure 5 | IV curves at different starting set-bias. The zoomed-in insets details
the trace starting and ending points at -1.6 V (a), -1.4 V(b) and -1.2 V(c). The different bias

starting points does not affect the behaviour of IVs.
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Supplementary Figure 6 | IV characteristic of the Au-gap-Si junctions. I(V)s characteristics of
(a) an Au-Sinp tunnelling gap (35 curves), (b) an Au-Sip tunnelling gap (35 curves), (c) and (d)
Au/Siip and Au-Au/Siip respectively, both in direct physical contact showing an Ohmic
behaviour. Both non-rectifying and rectifying behaviours can be observed in both (a) and (b)
gap junctions with a large dispersion in the RR values, demonstrating the poor reproducibility
of an open tunnelling gap under ambient conditions.
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Supplementary Figure 7 | Blinking experiments of Au-(1,8-nonadiyne)-Sinp. Comparison
between the 2D blinking map (a) and the 1D histogram (b) of the same accumulated blinking
Au-(1,8-nonadiyne)-Siup captures. The applied surface-voltage bias and initial setpoint currents
were -0.8 V and 1 nA, respectively.
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Supplementary Figure 8 | Example of a high-frequency blinking of Au-(1,8-nonadiyne)-Siup.
We speculate that the non-homogenous and sudden increase in the frequency of the junction
in the silicon case is attributed to the rigidity of the carbon-silicon bond which enables the
same single molecule to form the Au-(1,8-nonadiyne)-Sinp junction multiple times in short
period of time (breaking from the weak gold electrode and then reforming again) which lead to
a sudden increase in the blinking frequency. The applied surface-voltage bias and initial set-
point currents were -0.8 V and 1 nA, respectively and the current frame of the capture
corresponds to 3 seconds.
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Supplementary Figure 9 | 2D Blinking maps of Au-(1,8-nonadiyne)-Si,p versus Au-(1-nonyne)-
Siup junctions. (a) 2D blinking maps obtained from hundreds of blinking events due to the
formation of 1,8-nonadiyne single-molecule junctions between an Au tip and the low doped n-
type silicon electrodes. (b) 2D blinking maps obtained from blinking experiments with 1-
nonyne molecules (which possess no alkyne moieties at the distal end) showing no evidence of
blinking events. Counts (color legend) have been normalized versus the total amount with
100% representing the maximum normalizing value. All used blinking traces were tunnelling-
background subtracted and set to a common time origin.
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Supplementary Figure 10 | 2D Blinking maps of Au-nonadiyne-Au junctions. Traces obtained
by the accumulation of hundreds of blinking events Au-1,8-nonadiyne-Au. Counts (color
legend) have been normalized versus the total amount using 100% as the maximum
normalizing value. All used blinking traces were set to a common time origin and tunneling
background subtraction. See Supplementary Note 2 for detailed information.
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Supplementary Figure 11 | XPS Spectrum of 1,8-nonadiyne monolayers. (a) XPS spectra of
monolayers assembled from the 1,8-nonadiyne on a hydrogen-terminated low doped n-type
Si(111) sample. (b) Narrow scan of the C 1s region. The signal was fit with three components at
283.9, 285.0, and 286.7 eV comprising respectively of 1.2/10, 7.8/10, and 1.0/10 of the total C
1s signal. (c) High-resolution scan for the Si 2p region comprising two spin—orbit-split
components. Silicon oxide-related emission was not observed; absent from the spectra (i.e.,
below spectrometer detection limit of ca. <0.05 SiOx monolayers equivalents) is the 102-104
eV signal associated with SiOx (see Panel c inset).
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Supplementary Figure 12 | Calculations results for the 1,8-nonadiyne HOMO-LUMO gap.
Calculated energy values (in eV) of the represented HOMO and LUMO frontiers orbitals and
the optimized geometries merged with the Isosurface plots (Isovalue = 0.02) of the nonadiyne
molecule. The calculated frontier orbitals for the nonadiyne molecule were obtained with
Density Functional (DFT) methods employing B3LYP functionals and using 6-311G(d) as basis
set using the software package Gaussian 09.17* All isosurface plots were obtained using
Avogadro visualizing sofware.’



Au-nonadiyne-Siio  Au-nonadiyne-Sinp Au-Sinp Au-Siip

CV 0.74 1.39 8.40 5.94

Supplementary Table 1 | Coefficient of variation study of IV curves of Si-Au junctions.
Coefficient of variation (C,) of the 35 IV curves for Au-nonadiyne-Si,p Au-nonadiyne-Sinp, Au-
Sivp and Au-Sipp. C, was calculated using the following expression CV:E , Where o is the

standard deviation and o is the mean.

Supplementary Note 1 | Supplementary Figure 1 shows current captures corresponding to
blinking events representing the spontaneous formation of single-molecule junctions. The
blinking experiments are performed under different applied surface-bias. As a consequence,
there exist a variation in the observed current directly proportional to the applied surface-bias.

Supplementary Note 2 | Supplementary Figure 10 shows a 2D blinking map corresponding to
the formation of single-molecule junctions of 1,8-nonadiyne formed between two Au
electrodes. The lifetime of Au-nonadiyne-Au junctions is 30% shorter than that of Au-
nonadiyne-Si junctions due the weaker Au-C bond of the former.



Supplementary Methods

Characterization of the 1,8-nonadiyne monolayers using XPS. High-resolution Si 2p XPS
spectra acquired on the acetylene-terminated S-1 sample are shown in Fig. S4.1 and in
agreement with previous reports.® As shown in Fig. S4.1c, the two spin—orbit-split refined
contributions to the Si 2p doublet are located at 99.1 and 99.8 eV and associated to the Si®®
oxidation state.® Shifts toward higher binding energies for the Si 2p region are generally due to
the presence of SiV-Si* oxides and are well-documented.'®*? For the 1,8-nonadiyne modified
electrodes the silicon oxide content (102-104 eV)!* was below the spectrometer detection
limit, hence supporting the high quality of the monolayer. The high-resolution C 1s signals (Fig.
S4.1b) were deconvoluted and fitted to three functions: i) a major contribution centered at
285.0 eV (78%, 1.6 eV fwhm) from aliphatic carbon-bonded carbon (C-C)**** of the adsorbate
peak, ii) a low binding energy contribution at 283.9 eV (12%, 1.6 eV fwhm) assigned to silicon-
bound olefinic carbons (silylated olefin, Si-C=C)'**® and iii) an high binding energy signal at
286.7 eV (10%, 1.6 eV fwhm) associated to sp-hybridized carbon-bound carbon (—C=C-
groups).®

Technical details of the STM junction experiments. Details about the STM-break junction
technique are published elsewhere.?>-22 All the conductance measurements were carried out
with a mechanically and electronically isolated PicoSPM | microscope head controlled by a
Picoscan-2500 electronics (all from Agilent, USA) and using a homemade PTFE STM cell. Data
captures were acquired using a NI-DAQmx/BNC-2110 National Instruments, USA (LabVIEW
data acquisition System) and analysed with LabVIEW code. The “blinking” modality of the STM
break-junction technique has been published elsewhere.”® The experiments detect the
formation of molecular bridges between an Au STM tip and Si substrate electrodes while they
are fixed at a specific electrode-electrode distance by imposing an initial setpoint tunnelling
current. Once the tunnelling current is reached, the feedback current loop is turned off and
the tunnelling current is monitored. Current jumps or “blinking” events appear due to the
spontaneous formation of molecular bridges between the STM tip and substrate electrodes.
The blinking data is plotted as 2D conductance maps by the accumulation of hundreds of these
individual “blinking” events. All the “blinking” traces were accumulated to build the 2D maps
without any selection. This accumulation process makes some conductance regions of the 2D
map more prominent (more counts) above the tunnelling background as a consequence of the
accumulated “blinking” traces. This provides an averaged value of the single-molecule
conductance. Single molecule conductance (G) was determined using the expression
G=lstep/Usias, Where | is the current and U is the voltage difference between the two junction
electrodes. The 2D maps were built using an automatic selection procedure driven by a code
written in LabVIEW. The 2D blinking maps were compiled by applying the same automated
selection criteria to each set of captured data. The Current-voltage (I(V)) curves are obtained
by the application of a “2-vertex voltage ramp” during the “blinking” event.?* The “2-vertex
voltage ramp” is applied and recorded by a code written in LabVIEW. The pulling procedure is
based on the application of a “voltage ramp” to the piezoelectric translator that leads to the
retraction of the tip, increasing the distance between both electrodes.” Pulling curves
collected over the “blinking events” showed a plateau due to a significant mechanical
resistance of the molecular junction between both electrodes. When pulling curves are
collected over the tunnelling background, clean exponential decays are observed.
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