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Methods

The Au(111) surface (MaTeck) was prepared by standard sputtering and annealing cycles. The
precursor of the ribbons, 10,10 -dibromo-9,9° -bianthracene (DBBA),[1] was deposited via
thermal evaporation at 160 °C onto the substrate while it was held at room temperature. To
form the nanoribbons, the substrate was then annealed via radiative heating to 320 °C for 30
min. For the exposure we used a homebuilt gas line attached to a leak valve. The liquid was
introduced in a glass ampoule connected to the system and heated to its boiling temperature
in order to increase its vapor pressure. Successive purging cycles were performed prior to the
actual sample exposure. Multiple samples were prepared with different exposure conditions.
In the case of water, they ranged from 2E-7 mbar for 1 hour to 8E-7mbar for 2.5 hours,
whereas for the ethanol experiment we employed 7E-8 mbar for 20 minutes. The purity of the
atmosphere was checked by means of a mass spectrometer during the process.

All SPM experiments were performed using a commercial Scienta-Omicron LT-STM/AFM,
cooled to 4.3 K. CO was then deposited onto the sample via a leak valve at a pressure of
approximately 5 x 10° mbar for a total time of 60 s and a maximum sample temperature of
7.0 K. CO was picked up with the tip by scanning at constant current, with typical feedback
parameters at negative sample bias values around -500 mV and 1 nA until a sudden
improvement in the resolution happened. dl/dV experiments were typically performed using a
digital lock-in, with an oscillation frequency of 731 Hz and an amplitude of 5-20 mV. Images
were analyzed with the freeware program WSxM.[2]

Quantum mechanical calculations were carried out using Gaussian16([3] program with
longrange corrected hybrid functional w B97X-D[4] with empirical dispersion, def2-SVP[5]
basis set for water on gold calculations and cc-pVDZ[6] basis set for GNR calculations. Bond
dissociation energy of water molecule was done in gas phase and adsorbed on gold, evaluated
as energy difference between relaxed products and reactants. In the case of adsorbed water,
the gold surface was modelled by 15 fixed gold atoms arranged into a cluster with lattice of
fcc(111) surface and one gold adatom in HCP position, which was allowed to relax (see
Supplementary figure 5). All gold atoms were calculated with pseudopotentials treating core
electrons. Water molecule was then added to the adatom and relaxed. Both hydrogen and
hydroxyl group as possible products were modelled adsorbed on the adatom and their binding
energies compared. The relative energies in Figure 2 were obtained as difference of total
energies of product and reactants, including the dissociation energy required to create two
hydrogen radicals catalysed by Au adatom. Nucleus-independent chemical shifts were
calculated using GIAO method[7] with dummy atoms placed 1 °A above the center of each ring
and only the zz components of shielding tensors were collected and their sign inversed, i.e,
NICS(1)zz[8, 9] method (NICS used throughout text for simplicity). The results were plotted
using circles proportional to the value over each ring with blue and red representing negative
and positive magnetic shielding, respectively. The anisotropy of induced-current density was
calculated only for = molecular orbitals, i.e, 7 -ACID (ACID used throughout text for
simplicity), to focus on the conjugation of =« electrons and the plots were rendered with
isovalue 0.05 au.

Multireference average quadratic coupled cluster (MR-AQCC) calculations[10] were performed
for the dimer and trimer structures using the 6-31G basis set.[11, 12, 13] Polarization functions
were also utilized for the dimer structures with the 6-31G* basis set to show the basis set
dependence.[14] A reference space consisting of six electrons in six orbitals (6,6) was used for



systems with even numbers of electrons, while seven electrons in six orbitals (7,6) was used
for odd numbers of electrons. The orbitals for the MR-AQCC calculations were computed with
the complete active space self-consistent field (CASSCF) theory.[15] For even numbers of
electrons, a CAS(8,8) was used, while for odd numbers of electrons, a CAS(9,8) was used. All
CASSCF and AQCC calculations were performed with symmetry restrictions and the CS point
group. The A’ irreducible representation contained all the o orbitals for the pristine
structures without any additional hydrogen, so these orbitals were kept frozen at the SCF level
in all cases. The 7 orbitals, present in the A” irreducible representation, were kept active.
The A” component of the o orbitals resulting from the formation of new C-H bonds were
kept active as well. All MR-AQCC and CASSCF calculations were performed utilizing the

COLUMBUS program package.[16, 17, 18]
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Figure 1: Sample exposed to 540 Langmuir of water. a)-1V, 50 pA b)-1V, 200 pA, metal tip.

Figure 2: Sample exposed to 5400 Langmuir of water. a)-1V, 50 pA b)-1 V, 100 pA, CO tip.
Hydrogenated segments are marked with yellow arrows. They can be identified by their
straight appeareance.



Figure 3: Sample exposed to EtOH. a) Survey of the sample, scale bar 5nm b) Ribbon with 3
unit cells hydrogenated c) Zoom in the ribbon defects, scale bar 5 A.
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Figure 4: a) Statistics of the amount of hydrogenated cells by position on the ribbon. Position 1
refers to the terminal units, 2 to the second unit from the end and so on. b) plot of the data
shown in a. c) Relative hydrogenation degree of the cells.



Figure 5: Relaxed structures of water molecule (a), hydrogen radical (b), and hydroxyl radical
(c) adsorbed on gold adatom on fixed gold cluster.
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Figure 6: Comparison between DFT and MR-AQCC methods calculating relative energies of
hydrogenation steps on dimer (a) and trimer (b), obtained as energy difference of products
and reactants (energy of hydrogen radical included). Overlays illustrate positions of
hydrogenation on the ribbons, numbering corresponds to x axes. Steps in panel (a) are
consecutive, with 1-4 hydrogens added to dimer, resulting in fully hydrogenated ribbon. In

panel (b), two sequences of hydrogenation are illustrated. Bottom x axis (solid lines) illustrates

sequential hydrogenation, while top axis (dashed lines) illustrates hydrogenation of termini
and subsequent hydrogenation of middle unit. Blue and violet curves represent DFT; red and

orange stand for MR-AQCC method. For active spaces used in AQCC calculations see Methods.



GNR length

2 3 4 5 6 7

HONO 1.63 1.57 154 1.53 1.52  1.52
DFT LUNO 037 043 046 047 048 048

Yo 0.100 0.143 0.163 0.173 0.180 0.184

HONO 152 154
MR-AQCC LUNO 048 047

Yo 0.181 0.170

Table 1: Natural orbital occupation numbers and calculated diradical character with increasing
length of GNR. For computational details see Methods.
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Figure 7: 7 -ACID plot of pristine GNR trimer (a), isovalue at 0.05 au, and bond length analysis
(b).
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Figure 8: x -ACID of GNR with one terminal unit reduced (a), isovalue 0.05 au, and bond length
analisis (b).



Figure 9: 7 -ACID of GNR with middle unit reduced (a), isovalue 0.05 au, and bond length
analysis (b).
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Figure 10: = -ACID of GNR with one terminal and middle units reduced (a), isovalue 0.05 au,

and bond length analysis (b).
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Figure 11: = -ACID of GNR with both terminal units reduced (a), isovalue 0.05 au, and bond

length analysis (b).
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Figure 13: Some NICS or molecular structures suggest strongly localized aromatic character at
specific rings. Those cases are close to the ideal example of Clar sextets. a) Detail of the
molecular structure of an hydrogenated segment. b) NICS of the same region. c) Its Clar sextets
distribution, as evidenced by both a) and b).
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