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1 Methods

1.1 Synthesis of the molecular precursors

General methods: Starting materials were purchased from TCI or Sigma-Aldrich and used

without further purification. Reactions were carried out in flame-dried glassware and under
argon using Schlenk techniques. Thin-layer chromatography (TLC) was performed on Silica
Gel 60 F-254 plates (Merck). Column chromatography was performed on silica gel (40-60
pum). NMR spectra were recorded on a Bruker Varian Mercury 300 spectrometer. 2,2’-
Dibromo-9,9-bianthracene (1) was synthesized following a reported procedure.! DBP-DBBA

was obtained in two steps from compound 1 following the procedure shown in Fig. S1.
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Fig. S1: Synthesis of DBP-DBBA.

Synthesis of 2,2’-di([1,1-biphenyl]-4-yl)-9,9’-bianthracene (3): The complex Pd(PPhs)4

(12 mg, 0.01 mmol) was added over a deoxygenated mixture of 2,2’-dibromo-9,9’-bisantracene
(1, 50 mg, 0.10 mmol), boronic acid 2 (97 mg, 0.49 mmol) and K,CO3 (203 mg, 1.47 mmol)
in THF:H,O (1:1, 10 mL). The resulting mixture was heated at reflux for 20 h. After
cooling to room temperature, phases were separated, and the aqueous layer was extracted
with Et2O (3 x 10 mL). The combined organic phases were dried over anhydrous NaySQOy,
filtered and evaporated under reduced pressure. The crude product was purified by column
chromatography (SiOq; hexane:CH,Cly 4:1 to 3:1) affording compound 3 (63 mg, 98%) as a
yellow solid (m.p. 308°C). 'TH-NMR (300 MHz, CDCl3) §: 8.72 (s, 2H), 8.27 (d, J = 8.8
Hz, 2H), 8.17 (d, J = 8.5 Hz, 2H), 7.79 (dd, J = 8.8, 1.8 Hz, 2H), 7.52 — 7.44 (m, 10H),
7.42 —7.29 (m, 12H), 7.20 — 7.10 (m, 4H) ppm. 3C-NMR-DEPT (75 MHz, CDCI3) ¢:
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140.5 (2C), 140.0 (2C), 139.9 (2C), 137.8 (2C), 133.3 (2C), 132.1 (2C), 131.9 (2C), 131.7
(20), 130.8 (2C), 129.3 (2CH), 128.7 (5CH), 128.6 (2CH), 127.6 (5CH), 127.3 (7TCH), 126.9
(5CH), 126.0 (2CH), 125.5 (2CH), 125.4 (2CH), 124.2 (2CH) ppm. See Fig. S2 for NMR
data. MS (EI) m/z (%): 658 (M+, 100), 329 (31). HRMS: Cs.Hj4; calculated: 658.2661,

found: 658.2643.
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Fig. S2:'H and *C-NMR spectra of compound 3.



Synthesis of 2,2°-di([1,1’-biphenyl]-4-yl)-10,10’-dibromo-9,9’-bianthracene (DBP-DBBA):

A solution of Bry (0.2 M in CHCl3, 668 pl, 0.13 mmol) was dropwise added over a solution
of bianthracene 3 (40 mg, 0.06 mmol) in CHCl; (5 mL) at 0°C. Then, the mixture was
allowed to reach room temperature and stirred for 16 h. Aqueous solution of NayS;03 (10%,
5 mL) was added and phases were separated. The organic phase was dried over anhydrous
NaySOy, filtered and evaporated under reduced pressure. The crude product was purified
by column chromatography (SiOy; hexane:CH5Cly 4:1 to 2:1) affording DBP-DBBA (42 mg,
85%) as a yellow solid (m.p. 334°C). '"H-NMR. (300 MHz, CDCl3) ¢: 8.82 (d, J = 9.1 Hz,
2H), 8.72 (d, J = 8.9 Hz, 2H), 7.92 (d, J = 9.2 Hz, 2H), 7.59 (t, J = 7.7 Hz, 2H), 7.49
(m, 6H), 7.41 — 7.28 (m, 10H), 7.28 — 7.24 (m, 4H), 7.26 — 7.14 (m, 2H), 7.10 (d, J = 8.8
Hz, 2H) ppm. P*C-NMR-DEPT (75 MHz, CDCl3) §: 140.5 (2C), 140.3 (2C), 138.9 (2C),
138.4 (2C), 133.3 (2C), 132.7 (2C), 132.5 (2C), 130.5 (2C), 129.7 (2C), 129.0 (2CH), 128.7
(4CH), 128.2 (2CH), 127.7 (6CH), 127.4 (4CH), 127.3 (4CH), 127.1 (2CH), 126.9 (4CH),
126.6 (2CH), 124.2 (2CH), 124.0 (2C) ppm. See Fig. S3 for NMR data. MS (EI) m/z
(%): 816 (M+, 100), 736 (9), 658 (10), 408 (17). HRMS: C;55H35Bry; calculated: 814.0871,
found: 814.0876.
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Fig. S3: 'H and *C-NMR spectra of DBP-DBBA.
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1.2 Sample preparation and on-surface synthesis

The Au(111) single crystal was prepared by repeated sputter-anneal cycles using Ar+ ions at
an energy of 1 keV and annealing to 470°C. Precursors were sublimated from a commercial
Dodecon OMBE four-fold Knudsen cell with the crucible at 355°C and the Au(111) held at
room temperature. Sample temperature was measured by using a thermocouple directly in

contact to the sample. The base pressure during evaporation was below 1 x 1072 mbar.

1.3 Experimental details on the imaging method

Bond-resolved STM images were acquired by functionalizing the tip with a CO molecule.
For that, the molecules were first introduced on the Au surface by dosing the cryostat with
CO gas at a pressure of 5 x 10~7 mbar for 30 seconds in a temperature range from 5 to 15 K.
The CO was then picked up by the tip by applying pulses of 2.5 V at random positions or by
gentle tip indentations on the Au surface until the resolution was suddenly improved. The
higher resolution of these tips are related to dynamic effects in the CO-metallic tip junction

as 1t interacts with the atoms beneath.

1.4 Ab-initio Calculations and quantum electron transport simu-

lations

The atomic and electronic structure calculations were performed using DFT as implemented
in the SIESTA code.?? To explore the conformational details of phenylene twist at NPG
bridges (Fig. 2), and in order to reduce the computational cost, we carried out free-standing
and surface supported calculations for a coupled pair of ribbons, where the peripheral phenyls
were not included. We used a supercell description of the system, made up of a slab con-
taining 4 layers of a Au(111) 7x6 unit cell with a double ribbon on top of one of the Au
surfaces. For all relaxations, the outermost part of the double ribbons were maintained fixed

so as to mimic the nanoribbon clustering observed experimentally. For the Au supported



relaxations, the top most layer of the substrate was also relaxed. In all cases, forces were
less than 0.01 eV /A. The energy cut-off was fixed at 300 Ry and a 1x5x1 k-mesh was used,
where 5 k-points were taken in the direction of the ribbon.

DFT-based total energy calculations for the free-standing systems allowed us to estimate
the relative stability of the various bridge configurations. We find that pm is the energetically
most favourable conformation (lowest total energy), while the mm and pp have 140 and 510
meV higher total energies, respectively.

For the free-standing calculations of the different phenylene-bridged NPGs (Fig. 3), a
4.751 nm x 0.866 nm supercell was employed, containing 104 carbon atoms and 36 hydrogen
atoms. A vacuum region of 20 A was introduced perpendicular to the surface in order to avoid
non-physical interactions between periodic images. Core electrons were represented by norm-
conserving Troullier-Martins pseudopotentials,* while a linear combination of atomic orbitals
(LCAO) was used as a basis set for valence electrons. In particular, a double-( polarized
(DZP) basis set with a 0.01 Ry energy shift® was selected. Exchange-correlation was treated
by GGA-PBE.® The Brillouin zone was sampled by a 4x15x1 Monkhorst-Pack k-mesh” and
a mesh-cutoff of 400 Ry was employed to define the real-space grid. Atomic coordinates were
optimized until forces between atoms were lower than 0.01 ¢V/A and the atomic structure
was constrained to remain planar during relaxation. Cell relaxation was performed with a
pressure threshold of 0.25 GPa. For the simulations of tilted pp-NPG, atomic structures
were built starting from the optimized planar pp-NPG and manually rotating the phenyl
rings in the bridges. No further relaxation was performed in these geometries.

Quantum electron transport simulations were carried out using the TRANSIESTA utility
TBTRANS,® which combines tight-binding (TB) Hamiltonians and Non-equilibrium Green’s
Functions (NEGF) to compute transport. Accurate "pruned” DFT hamiltonians were con-
structed using SISL? into a reduced set of atomic orbitals: s, p,, p, and p, for carbon atoms
sitting in the bridges, and p,, Pd,, and Pd,, for the rest of carbon atoms (respectively blue

and grey atoms in Figs. S4 and S5). Pd,, and Pd,, refer to polarization (P) orbitals.'® This
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Fig. S4: Band structure comparison of DFT (black solid lines) versus DFT-parametrized
TB (red dashed lines) in the occupied low energy region of planar pp (left), pm (middle)
and mm-NPG (right). The horizontal blue solid line indicates the energy at which charge
carriers are injected in the large-scale transport simulations, -0.2 eV away from the valence
band maxima (VBM) of each case (E; = VBM — 0.2 eV).
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Fig. S5: Band structure comparison of DFT (black solid lines) versus DFT-parametrized
TB (red dashed lines) in the occupied low energy region of tilted pp-NPGs: a = 0° (left),
a = 40° (middle) and o« = 80° (right). The horizontal blue solid line indicates the energy
at which charge carriers are injected in the large-scale transport simulations, -0.2 eV away
from the valence band maxima (VBM) of each case (E; = VBM — 0.2 eV).

multi-scale approach %! allows treating current point-injection into systems up to ~100.000
atoms. In particular, 42.759 nm x 64.950 nm devices were considered here (9 x 75 NPG

cells), consisting of 70.200 atoms. Self-energies and complex absorbing potentials are used



to mimic infinite systems and avoid spurious reflection of the current at the edges of the

device region.

2 Analysis of interpolymer distance

The interpolymer configuration has been analyzed by studying large and small scale STM
images of the polymer chain ensembles. The average interchain distance, which varied in
the range of d = 2.0-2.2 nm, has been obtained from Fast Fourier Transforms of the images.
Smaller scale images, on the other hand, have been used to study the relative conformation,
by tracking the relative position of the lobes of adjacent polymers. From this analysis one
can also obtain the interlobe distance within the chains, which is of a = 0.75 nm, in line what
that reported for staggered anthracene polymers.!? By using these distances to represent the
the homochiral and heterochiral assembly configurations, represented in Fig. S6c, it can be

concluded that the homochiral one is more favourable.
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Fig. S6: Large (a) and small (b) scale STM topographic images of the self-assembled
arrays of linear polymer chains obtained after the Ullmann coupling reaction induced at step
Ty = 200°C, also shown in Fig. 2 of the main manuscript. The corresponding FFT images
on the right are used to obtain the interpolymer distance, as well as the interlobe distance of
a = 0.75 nm within polymers. ¢, Schematic representation of chiral and racemic dimers at
the interlobe distance obtained in b, showing how the chiral pair results in a more favourable
interdigitated configuration.
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3 Electronic properties of Ph-7-13-AGNR
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Fig. S7: Electronic properties of the Ph-7-13-AGNR. dI/dV spectra acquired at the marked
point of the Ph-7-13-AGNR displayed in the STM image of Fig. 1c. The onset of the CB
and VB bands can be identified in the spectrum (red line). The reference spectra acquired
on Au(111) is added in shaded gray. dI/dV spectra was acquired using the lock-in technique,
with a modulation voltage of 30 mV and a frequency of 2.5 kHz.

4 Surface-induced planarization of the peripheral phenyl
ring in isolated ribbons

For the surface supported calculations to study the planarization of the peripheral phenyl
ring, we employed a supercell consisting of 4 layers of a Au(111) 8 x 6 unit cell with a struc-
ture formed by 16 C and 12 H atoms placed on top of one of the Au surfaces. The geometry
of the overlayer was extracted from the relaxed gas phase structure of Ph-7-13-AGNR and
the top most layer of Au and the overlayer were relaxed until the forces were less than 0.04
eV/A. An energy-cutoff of 300 Ry and a single k point (I') were considered. The results
summarized in Fig. S8 show how, in the case of individual ribbons, the interaction with

the surface dominates over the steric repulsion with the single adjacent ring, resulting in an
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effective planarization of the structure. This is in contrast to that found in the NPG bridges,
as reported in Figs. 2c and d, where the surface-induced planarization is counteracted by

the steric repulsion from the two adjacent rings.
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Fig. S8: a, Schematics of the atomic structure of Ph-7-13-AGNR (left). In order to reduce
the computational cost, a representative section, highlighted with a red rectangle, has been
used in the relaxation study on the Au(111) surface (right). b, Side view of the structure
before (left) and after (right) relaxation on the Au(111) surface. The twisted initial confor-
mation (left) corresponds to that of the relaxed free-standing structure. ¢, Same structures
as those represented in b, with the color code indicating the out-of-plane deviation from the
average plane (Az). The substrate has been removed for clarity.
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