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STM experiments of 3FBP-2Te/HOPG
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Figure S1 — 3FBP-2Te molecules deposited on highly oriented pyrolytic graphite (HOPG). HOPG was kept at room temperature during
molecule evaporation in vacuum. (a) STM topographic image of parallel ribbons on HOPG whose length exceeds tens of nm. (b) A 3D close-
up view of the ribbons on HOPG. Imaging parameters: (a) I =50 pA; Vb =2.66 V. (b) I =50 pA; Vb =2.64 V.

DFT calculations

Methodology: Calculations were performed using the quantum-ESPRESSO code! in a standard planewave (cutoff 45/360 Ry) and
pseudopotential (ultrasoft RRJK) scheme. The PBE exchange correlation functional? was used along with the Grimme-D3-BJ van der
Waals correction?. Isolated dimers were computed in a 45x35x25 A3 cell; freestanding ribbons were computed using the vc-relax
method in a 45xDx25 A3 cell where the ribbon period D is optimized (D = 9.65 A for (3FBP-2Te),, 9.58 A for Benzo-3FBP-2Te. For the
surface calculations, a four-layer Au(111) slab was used (ao = 4.12 A) with the backmost two layers fixed. The supercell size was
46.64x10.10x32.98 A3. A 1x8x1 k-point sampling was used for surface/ribbon calculations; gamma point sampling was used
otherwise. Geometry optimizations used a tight 5 meV/A threshold. To mimic the formation of 3FBP-2Te dimers and ribbons on the
surface, we first performed geometry optimizations in which Te, N, and F atoms were constrained to lie in the same plane. This
allowed us to disentangle different ChB and HB interactions. For true on-surface calculations, we assumed that Te atoms adsorb on
Au(111) in on-top positions, following our previous work with CGP moieties?, and thereafter allowed unconstrained relaxation.
From the freestanding studies we noticed that the freestanding ribbon period D matches well with the lattice periodicity along the
[11-2] direction. As shown in Table S1, the Te---N bond length is increased by 0.1 A upon adsorption while the F---H bonds differ by
0.1-0.2 A. Note that the imposed periodicity also forces each dimer in the ribbon to align in parallel: as a result, the F---Te distance



is stretched by 0.6 A with respect to the dimer geometry in freestanding configuration. Molecular electrostatic maps (p = 0.025 au)
and reduced density gradients (RDG) were analysed using VESTAS>. RDG isosurfaces are colorized using the product of the charge
density and sign of the second eigenvalue of the electron density Hessian matrix in the range [-0.02:0.02] au®. STM images were
computed in constant current mode using the Tersoff-Hamann approximation’.

Geometry Es (eV) Es (kcal/mol) Te-N (A) F-H (A) F-Te (A)
(3FBP-2Te), ChBI dimer -0.513 -11.828 2.90, 2.90 - -
HB dimer -0.188 -4.327 - 2.83,2.43 3.33
Ribbon (free) -0.989 -22.814 2.90, 2.90 2.50,2.53 3.43
Ribbon (on Au) -0.741 -17.099 2.99,3.00 2.60, 2.58 3.93
(Benzo-3FBP-2Te), HB dimer -0.167 -3.853 - 2.47,2.80 3.33
Ribbon (free) -0.171 -3.955 - 2.54,2.67 3.37
Ribbon (on Au) -0.059 -1.365 - 2.61,2.70 3.93

Table S1 - Binding energies Es (in eV and kcal/mol) of (3FBP-2Te). and (Benzo-3FBP-2Te). dimers and ribbons (in ChB and HB interaction
geometries, see Figure S2 below), and key interatomic distances (in A, for both bonds if present). Ribbon (on Au) indicates the adsorbed
geometry with the Au substrate removed. Binding energies are calculated relative to the freely relaxed, unconstrained molecule.
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Figure S2 — Optimized geometries (PBE-D3BJ) for freestanding dimers (top) used to isolate ChB and HB interaction energies present in the ribbon
geometries (bottom). Top views are shown.
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Figure S3 — DFT calculations of Benzo-3FBP-2Te assembly on Au(111). (a) Adsorption geometry. (b) Simulated STM image at constant
current, Vb = 0.1eV. (c) Electrostatic potential (in au) superimposed on a charge density isosurface (p = 0.025 au). (d) Reduced density
gradient (on the 0.5 au isosurface): blue and red regions indicate attractive and repulsive interactions respectively, green indicates weak

(e.g. van der Waals) interactions. In (c) and (d) the substrate has been removed for clarity; HBs (red oval) and Te---F interactions (dashed blue
oval) are indicated.
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Figure S4 — The density of states (left) and frontier orbitals of the freestanding Benzo-3FBP-2Te assembly (right).



STS of (3FBP-2Te).]¢ on Au(111)
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Figure S5 — Individual dI/dV spectra of the hexameric ribbon [(3FBP-2Te):]s reported in Fig. 4a in the main text, collected on the locations
marked by the coloured dots in the scanning tunnelling microscopy image reported here in the inset. Lock-in frequency 653Hz, AC voltage
modulation 23 mV.



XPS analysis
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Figure S6 — X-ray photoemission spectroscopy (XPS) data collected on an Au(111) sample after deposition of 3FBP-2Te molecule. (a) Survey with
labelled XPS peaks; (b) C 1s core level fitted with five components indicated as C=C, (C-C, C-H, C-H,), C-Te, C-N, C-F; (c) N 1s core level; (d) F 1s core

level; (e) Te 4d core level.
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Figure S7 — XPS spectra of Au(111) sample after deposition of Benzo-3FBP-2Te molecule. (a) survey; (b) C1s core level fitted with four components
indicated as C=C, (C-C, C-H, C-H>), C-Te, C-F; (c) N1s core level showing a flat signal because nitrogen is missing; (d) F1s core level; (e) Te4d core level.

XPS data were acquired at the FlexPes beamline (20200269) at the MAX IV synchrotron radiation facility, tuning the photon energy
as reported inside the figure panels, with a geometry configuration of the samples in normal emission with respect the analyser.

Survey spectra were acquired with a photon energy of 650eV, pass energy 100eV, slit 20; C1s spectra were acquired with a photon
energy of 380eV, pass energy 20eV, slit 20; N1s spectra were acquired with a photon energy of 500eV, pass energy 20eV (50eV for
Benzo-3FBP-2Te), slit 20; F1s spectra were acquired with a photon energy of 800eV, pass energy 20eV, slit 35; Te4d spectra were
acquired with a photon energy of 70eV, pass energy 20eV, slit 20. All the parameters are the same for both 3FBP-2Te/Au(111) and
Benzo-3FBP-2Te/Au(111) samples unless otherwise stated. The binding energy of each core level is calibrated after the acquisition
of the Fermi level at the photon energy used to acquire the core level signal.



NMR characterization

2-butyl-1,3,4-trifluorobenzo[b]benzo[4,5]telluropheno[2,3-d]tellurophene

1H NMR (600 MHz, CDCls) & 8.03 (d, Juy = 7.9 Hz, 1H, Ha), 7.68 (dd, Jun = 7.9, 1.2 Hz, 1H, Ha), 7.47 — 7.42 (m, 1H, Hp), 7.23 (t, J = 7.5,
1.2 Hz, 1H, H,), 2.81 - 2.76 (m, 2H, He), 1.69 — 1.61 (m, 2H, Hy), 1.41 (m, 2H, Hy), 0.96 (t, Jun = 7.0 Hz, 3H, Hj).

19F NMR (659 MHz, CDCl3) 6 -106.12 (d, Jr.r = 16.5 Hz, 1F), -142.28(dd, Jr ¢ = 18.9, 4.6 Hz, 1F), -144.00(dd, J ¢ = 18.9, 16.5 Hz, 1F).

13C NMR (151 MHz, CDCls) § 155.94 (Ci3), 148.73 (C11), 146.06 (Cs), 143.62 (Cua), 135,21 (Co), 133.17 (C1), 132.73 (C,), 131.82 (Cy),
127.94 (Gs), 126.47 (C4), 125.49 (Gs), 121.51 (Cs), 116.24 (Ci12), 109.60 (Cio), 31.77 (Cis), 23.10 (Cie), 22.54 (C17), 13.94 (Cag).

125Te NMR (190 MHz, CDCls) 6 877.51 (d, 4™J1er = 290.4 Hz, Te;), 819.40(d, 3Jrer = 26.2 Hz, Te,).
7-butyl-6,8,9-trifluorobenzo[4',5']telluropheno[2',3':4,5]telluropheno[2,3-B]pyridine
2.28

1H NMR (600 MHz, CDCI3) 6 8.53 (dd, J = 4.7, 1.6 Hz, 1H, Ha), 7.86 (dd, J = 8.0, 1.6 Hz, 1H, H), 7.37 (dd, J = 7.9, 4.6 Hz, 1H, Hb), 2.79 (t,
J=7.7 Hz, 2H, Ha), 1.66 (p, J = 7.6 Hz, 2H, Hc), 1.45 — 1.39 (m, 2H, He), 0.96 (t, J = 7.4 Hz, 3H, Hy).

19F NMR (659 MHz, CDCls) & -105.33 (dd, Jr.r = 16.8, 3.6 Hz, 1F), -141.71 (dd, Jrr = 20.0, 16.6 Hz, 1F), -142.44 (dd, Jrr = 20.0, 3.6 Hz,
1F).

13C NMR (151 MHz, CDCl3) & 161.16 (C1), 157.81 (C12), 147.12 (C1o0), 146.80 (Cs), 145.49 (C13), 142.23 (Cs), 135.50 (Cg), 133.47 (Ca),
126.63 (Cs), 124.50 (C7), 120.87 (C3), 116.69 (C11) 110.17 (Co), 31.73 (C1a), 23.14 (C15), 22.54 (C1s), 13.93 (C17).

125Te NMR (190 MHz, CDCl3) § 900.15 (d, “™Sher = 290.4 Hz, Tey), 842.92 (d, 3Jrer = 26.5 Hz, Tey).
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