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Experimental information

The synthesis of the 1,2,3-triazolium triflate salt (1-OTf) was reported previously.! The

bicarbonate precursor was prepared according to an adapted literature procedure.?

Amberlyst A26 OH
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Amberlyst A-26(OH) (2.00 g, 4.2 meq/g, 2.0 eq.) was suspended in H,O (10 mL). Under
thorough stirring, CO, was bubbled through the suspension for 1.5 h. The Amberlyst was then
filtered off and washed with MeOH (2 x 5 mL). The triazolium triflate salt (800 mg, 2.11 mmol,
1.0 eq.) dissolved in MeOH (10 mL) is added to the Amberlyst and the suspension was stirred
under bubbling with CO, for 1 h. The beads were filtered off, rinsed with MeOH (2 x 5 mL)
and the filtrate was concentrated. The residue was triturated with acetone (2 mL) and then
precipitated by adding Et,O (50 mL). The precipitate was filtered, dried and washed with
acetone (2 x 1 mL) and dried under reduced pressure to afford the desired triazolium

bicarbonate) (1-HCO3) (0.42 mg, 1.42 mmol, 68 %) as a colorless solid.

The carbene 3C NMR signal and the corresponding "H NMR signal could not be observed due

to the fast exchange with the deuterated solvent.

TH NMR (501 MHz, CDCl;, 298 K) & [ppm] = 7.66 — 7.58 (m, 2 H, Ph-CH), 7.58 — 7.49 (m,
3 H, Ph-CH), 5.47 (hept, J= 6.7 Hz, 1 H, CH(CHj3),), 4.95 (hept, J= 6.6 Hz, 1 H, CH(CHj3),),
1.74 — 1.65 (m, 6 H, CH(CHs),), 1.62 (d, J = 6.6 Hz, 3 H, CH(CHs),); 3C NMR (126 MHz,
CDCl3, 298 K) 6 [ppm] = 160.5 (HCOy), 141.9 (triaz-C,), 131.7 (Ph-CH), 129.9 (Ph-CH),
129.8 (Ph-CH), 122.6 (Ph-C,), 58.8 (CH(CH3),), 55.1 (CH(CHj3),), 22.8 (CH(CH3),), 22.4
(CH(CHj3;),); ATR-IR [cm']: 2962, 1649, 1468, 1451, 1390, 1344, 1309, 1278, 1223, 1059,
1036, 849, 803, 778, 770, 755, 722, 698, 441; HR-MS-ESI(+) m/z calcd. for C14HyoN3" [M-
HCO;]" 230.1652; found 230.1658. NMR, ATR-IR and MS graphs are presented in Figure
S1-S5.

Thermogravimetric analysis measurements (Figure S6) were performed on a Discovery SDT

650 instrument from TA Instruments under a constant nitrogen flow of 100 mL/min. For the



measurement a small amount (~ 6 mg) of the powdered sample was placed in a 90 pL. alumina

crucible and heated from 40 °C to 200 °C with a constant heating rate of 10 K/min.

Au (111) single crystal with a diameter of 10 mm (purchased from SPL) was cleaned under
ultrahigh vacuum conditions by three consecutive cycles of sputtering (2 x 107 torr Ar; 1.5
keV; 20 min) and subsequent annealing to 500 °C (two thermocouples in direct contact with
the sample). The effectiveness of the cleaning procedure was validated by monitoring the Cls

XPS signal (Figure S11).

Vapor-deposition of MIC 1 was performed in a UHV chamber at ALOISA beamline. The
molecules were housed in a home-made Knudsen cell (boron nitride crucible with
thermocouple inside). The evaporation temperature was raised to 358 K and the molecules were
dosed into the UHV chamber, inducing an increase in the back-pressure in of ca. 107 mbar.
The Au surface was kept at room temperature (RT) and exposed to the evaporated molecules
for 20 minutes. Several consecutive deposition cycles were conducted and N1s and Cls XPS
measurements were performed after each cycle. These measurements did not show noticeable
changes in the signal amplitude, thus validating the exclusive formation of a saturated
monolayer on the surface at RT.

Synchrotron radiation XPS measurements were measured with the sample at grazing incidence
(o = 4.0°) in Transverse Magnetic, TM, polarization (close to p-polarization). The spectra,
taken with photon energy of 515 eV and 160 eV (overall energy resolution of 160 and 110
meV, respectively), were measured in close to normal emission (90°-a) by a hemispherical
electron analyzer with an angular acceptance angle of 2°. The binding energy (BE) was
calibrated by the fermi energy. All spectra were corrected by subtracting a Shirley-type
background. Analysis of the XPS peaks and their fitting was performed using CasaXPS

software.

X-ray absorption spectra measurements were taken in partial electron yield using a channeltron
detector equipped with a front grid biased at negative voltage (250 V and -370 V for the C and
N K-edge spectra, respectively) to filter out the low energy secondary electrons. The NEXAFS
spectra at the nitrogen and carbon K-edge were measured with the resolution set to ~80 meV
while keeping the sample at a constant grazing angle of 6°. The orientation of the surface with
respect to the photon beam polarization was changed from Transverse Electric, TE,
polarization (s-polarization) to TM polarization (close to p-polarization) by rotating the sample

coaxially to the photon beam axis. NEXAFS spectra were reported in the form of a normalized



absorption amplitude (Iig) = I/ reference)), using NEXAFS measured on Au (111) as a reference

(Ireference)). Tilt angle (6), relative to the surface plane, was calculated based on the following

21
tan (6) = F
formula (for three-fold and higher symmetry substrate) : P in which I and I

represent the s-polarized and p-polarized signal amplitudes, respectively.?

Scanning tunneling microscopy (STM) measurements were performed at the CNR-
IOM/Elettra joint laboratory for microscopy (OSMOS) in Trieste with an Aahrus type
microscope (model 150 by SPECS) under Ultra-High Vacuum (UHV). The topographic images
were collected by operating the STM at a typical sample temperature of 130-150 K (liquid
nitrogen cooling). The bias voltage is referenced to the sample. See Figure S12 for STM

calibration details.

The surface density of the molecules was derived by assuming a nominal Au periodicity of
2.88 A. For the hexagonal phase, the unit cell was modeled as a thombus with 12.5 A sides and
an internal angle of 60°, yielding an area of 1.35 nm? and accommodating two molecules,
corresponding to a density of approximately 1.5 molecules/nm?. In the incommensurate phase,
the unit cell was approximated as a lozenge with an internal angle of 52° and side lengths
ranging from 13.5 to 14.0 A. These geometries correspond to surface areas of 1.44 and 1.54
nm?, giving estimated densities of ~1.4 and ~1.3 molecules/nm?, respectively. For the annealed
phase, a parallelogram-shaped unit cell with sides of ~15 A and ~30 A and an internal angle of
60° yields an area of 3.88 nm? This unit accommodates four molecules (arranged as two

dimers), resulting in an estimated surface density of ~1.0 molecule/nm?.

Ab-initio calculations within the framework of Density Functional Theory (DFT) were
performed using the Quantum ESPRESSO package.*® The exchange-correlation functional
was treated using the generalized gradient approximation (GGA) as proposed by Perdew,
Burke, and Ernzerhof (PBE),° along with ultrasoft pseudopotentials.” To account for van der
Waals interactions, the geometries obtained using GGA-PBE were further optimized by
incorporating Grimme dispersion corrections (PBE-D3).%

The substrate was modeled using a slab approach consisting of four Au(111) layers. 7x7 and
5x5 supercells were employed for single-molecule adsorption and dimer systems, with 4x4 and
6x6 Gamma-centered Monkhorst-Pack grid used for Brillouin zone sampling, respectively.
Kinetic energy cutoffs were set to 40 Ry for the plane-wave expansion of the wave function

and 200 Ry for that of the charge density, as designed for GBRV pseudopotentials.’



During structural optimization, the bottom two layers were fixed, while the remaining layers
were allowed to fully relax together with the adsorbates. The XPS is determined based on the
core level shifts (CLS) between distinct nitrogen and carbon atoms through self-consistent
calculations using pseudopotentials, which are generated with a 1s full core hole (FCH) at the
specified atomic site.>!® NEXAFS spectra, within the half-core-hole (HCH) approach,!-!? are
simulated using the xspectra code in Quantum-ESPRESSO.!3 Contributions from different
atoms of the same species are summed as described previously.!4!> Since the pseudopotential
method does not provide absolute transition energies, the simulated spectra are aligned with

experimental data.'®

Molecular dynamics simulations are executed with the semi-empirical GFN1-xTB!7 method
implemented in CP2K'® software, including Van der Waals and dipole corrections. We
performed equilibrium simulations with an NVT ensemble at 135 K, with a time step of 1 fs,
for a duration of 20 ps. During the MD simulations, the first layer of the Au(111) surface (out

of two) was allowed to move together with MICs and adatoms.



Table S1: Structural and energetic parameters of optimized configurations of MIC 1/
adatom/Au(111) and MIC 1/Au(111) substrate (4 layers, 7x7 supercell, 4x4x1 k-point mesh).
The adsorption bond length is the shortest carbene C-Au distance; the heights are referred to
the Au(111) topmost plane.

Adsorption Carbene | Adatom Adsorption Formation
Configuration
bond length | C height height energy/molecule energy/molecule®
A) A) A) (V) (V)
MIC 1 / adatom /
Au(111): to bind 2.050 3.139 1.993 -3.622 -2.861
with C
MIC 1 vertical on C,
2.112 2411 - -2.923 -2.923
no adatom
MIC 1 - adatom
2.061
MIC 1/ Au(111): 3.072 2.747 -3.479 -3.099
(dimer)
MIC 1 - adatom
(fixed on top site)
2.061 3.175 2.954 -3.470 -3.089
MIC 1/ Au(111):
(dimer)
MIC 1 - adatom
MIC 1/ Au(111): 2.065 3.112 2.791 -3.460 -3.080
(dimer 30° rotation)

*The formation energy includes the energy cost of adatom formation.
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Figure S1: '"H NMR spectrum (501 MHz, CDCl;, 298 K) of triazolium bicarbonate (1-

HCO;).
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Figure S2: 13C NMR spectrum (126 MHz, CDCl;, 298 K) of triazolium bicarbonate (1-
HCO).
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Figure S3: 'H/'3C HSQC NMR spectrum (501/126 MHz, CDCl;, 298 K) of triazolium
bicarbonate (1-HCO3).
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Figure S5: ATR-IR spectrum of triazolium bicarbonate (1-HCO3).
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Figure S7: N1s XP spectra of MIC 1 that was deposited on Au film by base-induced

deprotonation.
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Figure S8: Simulated nitrogen K-edge (a) and carbon K-edge (b) NEXAFS spectra for gas-

phase MIC 1. The distribution of atoms is shown with colors matching those of the atoms in

the inset.
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Figure S10: 3D top/side views with isosurface (top) and plane-averaged results (bottom) of
the charge density difference for the MIC 1-Au-MIC 1 complex (as in Figure 9 of the main
text). (a) Total charge redistribution upon adsorption, decomposed into (b) the contribution
from the isolated molecules binding to a Au atom and (c) the adsorption of the resulting MIC
1-Au-MIC 1 complex on Au(111). The regions of electron density accumulation and depletion

are depicted in red and blue, respectively (isovalue = 0.0088 A-3).
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Figure S11: Cls XPS spectrum of Au (111) following sputter-annealing.



Figure S12: STM images were calibrated to reference topographic images of the clean surface
by assuming a bulk plane termination with lattice parameter of 2.88 A. In the upper image
(1945 mV, 1480 pA), the main symmetry directions are superimposed to the surface, as well
as the superlattice unit cell of the hex-phase (blue lines) formed by MIC 1 deposition at RT.
For a better visual comparison, we highlighted by yellow circles the position of the Au atoms.
Please notice the small deviations of the atomic rows from the symmetry directions due to the

local herringbone reconstruction.
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