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1. Experimental section

General. All solvents were dried according to standard procedures. Reagents were used as purchased.
All air-sensitive reactions were carried out under argon atmosphere. Flash chromatography was
performed using silica gel (Merck, Kieselgel 60, 230-240 mesh or Scharlau 60, 230-240 mesh).
Analytical thin layer chromatography (TLC) was performed using aluminium-coated Merck Kieselgel 60
F254 plates. NMR spectra were recorded on a Bruker Avance 300 MHz (1H: 300 MHz; 13C: 75 MHz)
spectrometer at 298 K using partially deuterated solvents as internal standards. Coupling constants (J)
are quoted in Hz and chemical shifts () in ppm. Multiplicities are denoted as follows: s = singlet, d =
doubilet, t = triplet, m = multiplet, br = broad. FT-IR spectra were recorded on a Bruker Tensor 27 (ATR
device) spectrometer. UV-Vis spectra were registered on a Jasco-V630 spectrophotometer equipped
with a Peltier thermoelectric temperature controller. Electronic circular dichroism (ECD) measurements
were performed in a Jasco-J1500 spectrophotometer equipped with a Peltier thermoelectric
temperature controller (Jasco MCB-100 model). The spectra were recorded in the continuous mode
between 750 and 220 nm, with a wavelength increment of 0.2 nm, a response time of 1 s, and a
bandwidth of 2 nm. 1 cm and a 1 mm path-length quartz cuvettes (Hellma) with screw cap were used.
Atomic force microscopy was performed on a SPM Nanoscope Illa multimode microscope working on
tapping mode with a TESPSS tip (Veeco) at a working frequency of ~235 kHz. High resolution mass
spectra (HRMS) were recorded on a MALDI Bruker daltonics Ultraflex TOF/TOF spectrometer. IR and
VCD spectra were recorded on a Jasco FSV-6000 spectrometer in a 200 microns cell and at
concentrations of 0.02-0.03 M. Emission spectra was recorded in a Jasco FP8300. Circularly polarized
luminescence (CPL) measurements were performed using a home-built (with the help of the JASCO
company) CPL spectrofluoropolarimeter. The samples were excited using a 90° geometry with a Xenon

ozone-free lamp 150 W LS.

The thermodynamic parameters associated to the supramolecular polymerization mechanism werw
derived by applying the Matlab® script built up to execute the one-component equilibrium model
published by ten Eikelder and coworkers.S'" To attain accurate values for the thermodynamic
parameters, global fittings using four cooling curves, corresponding to four different concentrations of

the monomer species, were performed.

The emission quantum yields and lifetime were measured on the ScanMat Platform (UMS 2001) in
Rennes. The emission quantum yield was estimated by using a Hamamatsu C9920-03 apparatus
consisting of a 150 W Xenon lamp, a monochromator, an integrating sphere, and a PMA-12 detector
(350-1100 nm), using 4 mL quartz cuvettes. The decays were calculated by using an Ocean optics
QEPro CCD detector (Range: 350-1100 nm). The excitation source has been a picosecond laser diode
(10 KHz to 100 MHz) at 375 nm capable of operating in Burst mode below 10 KHz. For the detection
windows, signals in UV-Vis (350-950 nm) are recorded as a function of time over a range of 135 nm
simultaneously using a Hamamatsu C10910-25 streak camera mounted with a slow single sweep

drawer. The range of measurable lifetimes is 100-300 ys.
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2. Synthetic details and characterization
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Scheme S1. Synthesis of the reported N-annulated PBIs 1 and 2.

Compounds 3-14 and compound 1 were prepared according to previously reported
synthetic procedures and showed identical spectroscopic properties to those reported

therein.S2-S4
Synthesis of PBIs 1 and 2. General procedure.

Compound 5 (38 mg, 0.07 mmol), amines 9 or 14 (0.15 mmol), zinc acetate (13 mg, 0.07
mmol), and 460 mg of imidazole were introduced in a 10 mL microwave tube. After three
cycles of argon/vacuum, the compound mixture was reacted in a microwave (165 °C, 35
minutes). The crude was redissolved in CH2Cl> and washed with brine. Organic layers
were dried over MgSO. and the solvent was evaporated under reduced pressure. The

residue was purified by column chromatography (CH2Cl./MeOH 10/0.1).



(S,S,S)-(5-decyl-1,3,7,9-tetraoxo-1 H-pyrido[3',4',5':4,5]naphtho[2,1,8-cde]pyrido[3',
4',5":4,5]naphtho[8,1,2-ghilisoindole-2,8(3H,5H,7 H,9 H)-diyl)bis(ethane-2,1-diyl)bis
(3,4,5-tris(((S)-3,7-dimethyloctyl)oxy)benzoate) [(S)-1]

C112H165N3014
Exact Mass: 1776.2292
Mol. Wt.: 1777.5202

Compound (S)-1 was obtained as a bright red solid (57 mg, 25 %). '"H-NMR (CDCls, 300
MHz, 323 K) 6 8.89 (2H, Hs, s), 8.81 (2H, Hy, d, J= 8.1 Hz), 8.74 (2H, Hy, d, J = 8.1 Hz),
7.25 (4H, Ha, s), 4.84 (2H, H,, t, J= 7.2 Hz), 4.81 (4H, Hy, t, J=5.1 Hz), 4.72 (4H, Ha, t, J
= 5.1 Hz), 4.07-3.91 (12H, Hc, m), 2.21-2.08 (2H, Hm, m), 1.89-1.72 (6H, He, m), 1.71—
1.40 (24H, Hgsg, m), 1.40-1.02 (44H, Hpjsny, M), 0.95-0.76 (57H, Hiksu, m). 13C-NMR
(CDCls, 75 MHz, 298K) & 166.5, 165.1, 163.9, 152.9, 142.3, 134.9, 132.9, 127.8, 124.7,
124.6, 124.0, 122.2, 121.9, 121.6, 119.6, 119.0, 108.1, 77.4, 71.8, 67.4, 62.7, 39.7, 39.5,
39.4,37.6,37.5,37.4,36.5, 31.9, 31.8, 30.0, 29.8, 29.6, 29.3, 28.1, 27.4, 24.9, 24.8, 22.8,
22.7(4), 22.7(1), 19.7, 14.2. FT-IR (neat) 2954, 2925, 2868, 1692, 1658, 1598, 1560,
1464, 1430, 1383, 1359, 1318, 1255, 1214, 1117, 1024, 869, 803, 763, 739 cm-'. HRSM
(MALDI-TOF, exact mass) calcd. for C112H16sN3O14 [M]*, 1776.2292; found, 1801.3782.

(R,R,R)-(5-decyl-1,3,7,9-tetraoxo-1H-pyrido[3',4',5':4,5]naphtho[2,1,8-cde]pyrido[3’,
4',5":4,5]naphtho[8,1,2-ghilisoindole-2,8(3H,5H,7 H,9 H)-diyl)bis(ethane-2,1-diyl)bis
(3,4,5-tris(((R)-3,7-dimethyloctyl)oxy)benzoate) [(R)-1]

C112H165N3014
Exact Mass: 1776.2292
Mol. Wt.: 1777.5202
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Compound (R)-1 was obtained as a bright red solid (38 mg, 19 %). '"H-NMR (CDCls, 300
MHz, 323 K) & 8.89 (2H, Hs, s), 8.82 (2H, H1, d, J = 8.1 Hz), 8.75 (2H, H,, d, J = 8.1 Hz),
7.25 (4H, Ha, s), 4.84 (2H, H,, t, J= 7.0 Hz), 4.81 (4H, Hp, t, J= 5.0 Hz), 4.72 (4H, Ha, t, J
= 5.0 Hz), 4.06-3.92 (12H, Hc, m), 2.20—2.09 (2H, Hm, m), 1.89-1.75 (6H, He, m), 1.72—
1.40 (24H, Hag.g, m), 1.40-1.01 (44H, Hinj)s(n, M), 0.91-0.80 (57H, Hiksu, m). 13C-NMR
(CDCls, 75 MHz, 298K) & 166.5, 165.1, 164.0, 152.9, 142.3, 134.9, 132.9, 127.8, 124.7,
124.0, 122.2, 121.9, 121.6, 119.6, 119.1, 108.1, 77.4, 71.8, 67.4, 62.8, 39.6, 39.5, 39.4,
37.6, 37.5, 37.4, 36.5, 31.9, 31.8, 30.0, 29.8, 29.6, 29.3, 28.1, 27.4, 24.9, 24.8, 22.8,
22.7(4), 22.7(1), 19.7, 14.2. FT-IR (neat) 2954, 2925, 2869, 1692, 1658, 1599, 1560,
1464, 1430, 1383, 1358, 1318, 1255, 1214, 1107, 1024, 869, 804, 763, 739 cm-'. HRSM
(MALDI-TOF, exact mass) calcd. for C112H16sN3O14 [M]*, 1776.2292; found, 1776,2285.

5-decyl-2,8-bis(3,4,5-tris(dodecyloxy)phenyl)-1 H-pyrido[3',4',5':4,5]naphtho[2,1,8-
cde]pyrido [3',4',5":4,5]naphtho[8,1,2-ghi]isoindole-1,3,7,9(2H,5H,8 H)-tetraone (2)

C118H181N301g
Exact Mass: 1800.3747
Mol. Wt.: 1801.7138

Compound 2 was obtained as a dark red solid (96 mg, 76 %). '"H-NMR (CDCls, 300 MHz,
323 K) 58.76 (2H, Hs, s), 8.71 (2H, H1, d, J = 8.0 Hz), 8.56 (2H, Hz, d, J = 8.0 Hz), 6.73
(4H, Ha, s), 4.80 (2H, Hm, t, J = 6.1 Hz), 4.07 (4H, Ha, t, J = 6.6 Hz), 3.91 (8H, Ha, t, J =
6.6 Hz), 2.12-2.00 (2H, Hn, m), 1.90—1.70 (12H, Hp, m), 1.49-1.11 (122H, Hick+0w), M),
0.94-0.76 (21H, Hi, m). 3C-NMR (CDCls, 75 MHz, 298K) & 165.0, 163.7, 153.8, 138.2,
134.2, 132.0, 130.9, 127.5, 123.9, 123.5, 122.4, 121.7, 120.9, 118.6, 118.0, 107.3, 77.4,
73.6, 69.3, 32.1, 32.0, 31.9, 31.7, 30.7, 30.1, 30.0, 29.9, 28.8(9), 28.8(7), 29.7, 29.6(3),
29.6(1), 29.5, 29.4(9), 29.4(2), 29.3, 29.2, 27.2, 26.4, 26.3, 22.9, 22.8, 22.7, 14.3, 14.2,
14.1. FT-IR (neat) 2923, 2854, 1702, 1666, 1602, 1505, 1467, 1438, 1425, 1380, 1305,
1235, 1175, 1116, 804, 740, 711 cm~'. HRSM (MALDI-TOF, exact mass) calcd. for
C118H181N3O10 [M+H]*, 1801.3747; found, 1801.3782.
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5-decyl-2,8-bis(3,4,5-tris(((S)-3,7-dimethyloctyl)oxy)phenyl)-1H-pyrido[3',4',5':4,5]
naphtha[2,1,8-cde]pyrido[3',4',5":4,5]naphtho[8,1,2-ghi]-isoindole-1,3,7,9(2H,5H,
8H)-tetraone [(S)-2]

B otatety &

| th

C106H157N3010
Exact Mass: 1632.1869
Mol. Wt.: 1633.3949

Compound (S)-2 was obtained as a dark red solid (65 mg, 22 %). '"H-NMR (CDCls, 300
MHz, 323 K) 6 8.83 (2H, Hs, s), 8.77 (2H, H4, d, J = 8.0 Hz), 8.67 (2H, H», d, J =8.0 Hz),
6.72 (4H, H4, s), 4.83 (2H, H;, t, J = 6.8 Hz), 4.17—4.03 (4H, Ha, m), 3.97 (8H, Ha, t, J =
6.3 Hz), 2.14-2.03 (2H, Hi, m), 2.00-1.74 (8H, Hy.c+n, M), 1.72—1.45 (16H, Ho.csh, M),
1.43-1.07 (50H, He-g)+(), M), 0.99 (6H, Hq, d, J = 6.6 Hz), 0.93-0.87 (24H, Hg.#, m), 0.85
(24H, H;, d, J = 6.6 Hz), 0.8 (38H, Hs, t, J = 7.0 Hz). 3C-NMR (CDCls, 75 MHz, 298K) &
165.1, 163.8, 153.9, 138.2, 134.3, 132.2, 130.9, 127.6, 124.1, 123.6, 122.4, 121.8, 121.1,
118.8, 118.2, 107.2, 77.4, 71.8, 67.6, 39.6, 39.5, 37.8, 37.7, 37.6(4), 37.6(1), 36.6, 31.9,
31.7,30.1,30.0, 29.5, 29.4, 29.3, 29.2, 28.2, 28.1, 27.2, 24.9, 24.8, 22.9, 22.8(6), 22.8(2),
22.7, 22.6, 19.8, 19.6, 14.2. FT-IR (neat) 2955, 2927, 2870, 1702, 1665, 1602, 1504,
1467, 1439, 1424, 1398, 1383, 1366, 1304, 1239, 1174, 1114, 804, 740, 712cm~'. HRSM
(MALDI-TOF, exact mass) calcd. for CioeH157N3sO10 [M+H]*, 1633.1869; found,
1633.1792.

5-decyl-2,8-bis(3,4,5-tris(((R)-3,7-dimethyloctyl)oxy)phenyl)-1 H-pyrido[3',4',5":4,5]
naphtha[2,1,8-cde]pyrido[3',4',5":4,5]naphtho[8,1,2-ghi]iso-indole-1,3,7,9(2H,5H,
8H)-tetraone [(R)-2]

D o
Vw)ﬁo@oo{%z 2
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C106H157N301g
Exact Mass: 1632.1869
Mol. Wt.: 1633.3949

Compound (R)-2 was obtained as a dark red solid (81 mg, 45 %). '"H-NMR (CDCls, 300
MHz, 323 K) & 8.82 (2H, Hs, s), 8.76 (2H, H1, d, J = 8.0 Hz), 8.65 (2H, Ha, d, J =8.0 Hz),
6.73 (4H, Ha, s), 4.83 (2H, Hj, t, J = 6.8 Hz), 4.17-4.03 (4H, Ha, m), 3.97 (8H, Ha, t, J =
6.3 Hz), 2.14-2.03 (2H, Hi, m), 2.00-1.75 (8H, Hy.c+n, M), 1.73—1.44 (16H, Hp.csh, M),
1.43-1.08 (50H, He-g)+t), M), 0.99 (6H, He, d, J = 6.6 Hz), 0.94-0.87 (24H, Ha.i, m), 0.85
(24H, H;, d, J = 6.6 Hz), 0.8 (3H, Hs, t, J = 7.0 Hz). 1¥3C-NMR (CDCls, 75 MHz, 298K) &
165.2, 163.9, 153.9, 138.2, 134.5, 132.6, 131.0, 127.8, 124.3, 123.8, 122.5, 121.9, 121 .4,
119.1, 118.5, 107.2, 77.4, 71.9, 67.6, 39.6, 39.5, 37.8, 37.7, 37.6(1), 37.6(0), 36.6, 31.9,
30.1, 30.0, 29.5, 29.4, 29.3, 29.2, 28.2, 28.1, 27.2, 24.9, 24.8, 22.9, 22.8(6), 22.8(2),
22.7(5),22.7(1), 19.8, 19.7, 14.2. FTIR (neat) 2954, 2925, 2869, 1699, 1663, 1600, 1559,
1503, 1466, 1438, 1424, 1398, 1380, 1366, 1303, 1233, 1174, 1172, 1112, 1048, 999,
968, 902, 843, 804, 740, 711, 685 cm~'. HRSM (MALDI-TOF, exact mass) calcd. for
C106H157N3O10 [M+H]*, 1633.1869; found, 1633.1947.

3. Collection of spectra
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4. Supplementary Flgures and Tables
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Figure S1. Partial '"H NMR spectra of (S)-1 recorded at different concentrations showing
the aromatic and some of the aliphatic protons (CDCIs, 300 MHz, 298 K).
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Figure S2. (a) Cooling and heating curves obtained by plotting the variation of the degree
of polymerization («) at 602 nm versus temperature for (R)-1 in MCH (cooling and heating
at 1 °C min"). (b) UV-Vis spectra of (S)-1 in CHCIl; and MCH at ¢cr= 10 yM.
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Figure S3. a) UV-Vis spectra of (R)-1 at different temperatures (MCH, c¢r = 10 uM). b)
Plot of the variation of the degree of polymerization («) versus temperature cooling at 1

°C min~'. Red curves correspond to the fitting to the EQ model.
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Table S1. Photophysical Parameters for compounds (S)-1 and (S)-2 in their monomeric

and aggregated states

Compound Concentration (uM) Solvent Dum T (nS)
(SH1 10 CHCls 0.191 1.91
(S)H 10 MCH 0.716 5.7
(S)-2 100 CHCls 0.017 1.1
(S)-2 100 MCH 0.002 1.3
(S)-2 500 Tol 0.004 1.3

0.0 055 10
X (um)

Figure S4. Height (a) and phase (b) AFM images of the bundles of fibers formed by (S)-
1. (c) Height profile of the bundles along the green line in (a). Experimental conditions:
HOPG as surface, MCH, ¢r= 10 um.

conformer I (0.00 kJ/mol) conformer II (43.62 kJ/mol) conformer III (43.65 kJ/mol) )

Figure S5. Minimum-energy structures (with their relative energy indicated) computed in

gas phase at the GFN2-xTB level for the most stable conformers of monomer 1.
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Figure S6. Optimized geometries for a 12-mer and a 50-mer J-type aggregate of

compound 1 showing the staircase-like helical arrangement.
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Figure S7. Evolution of the binding energy per interacting pair (AEuing,»-1) calculated at the

GFN2-xTB level in n-hexane for 1A, aggregates upon increasing the number of
monomers (n) constituting the supramolecular oligomer.
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Figure S8. Simulated absorption spectrum calculated for an ideal 1A+ oligomer by using
the vibronic excitonic model explained in Section 5. The absorption spectrum computed

for a monomeric unit of the N-annulated PBI core is included for comparison purposes.
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Figure S9. Partial '"H NMR spectra of 2 registered at different concentrations showing the
aromatic and some of the aliphatic protons (CDCls, 300 MHz, 298 K).
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Figure S10. UV-Vis spectra of 2 at different temperatures in MCH (a) and at 20 °C in
different solvents (b). (c) Plot of the variation of the absorbance measured at 517 nm
versus temperature cooling at 1 °C min~'. The red curve corresponds to a sigmoidal fitting

to guide the eye.
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Figure S11. (a) UV-Vis spectra of 2 at different temperatures in MCH at cr=5 puM. Arrows
indicate the changes in the absorption spectra upon decreasing the temperature. (b) Plot
of the variation of the absorbance measured at 517 nm versus temperature cooling at 1

°C min-'. The red curve corresponds to a sigmoidal fitting to guide the eye.
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Figure S12. (a) UV-Vis spectra of (S)-2 in MCH and CHCIs; at cr = 10 uM. (b) Cooling
and heating curves obtained by plotting the variation of the absorbance at 519 nm versus

temperature for (S)-2 in decaline (cooling and heating at 1 °C min-")

0.00 + '
(S)-2, decaline
IS
> P eiesiey
‘o_’ -0.25 c-....;;:::::‘.-""“
w
®
Q
[
c
8
< [ ]
) o
.
o 45 MM
-0.75 i ] | | | |
280 300 320 340 -

T(K)

Figure S13. Plot of the variation of the absorbance measured at 519 nm for (S)-2 in
decaline versus temperature cooling at 1 °K min-'. Red curves correspond to the fitting

to the EQ model.
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Figure S14. Height (a) and phase (b) AFM images of the aggregates formed by (R)-2.

Experimental conditions: HOPG as surface, MCH, cr= 10 um.

S-19



0.5 0.5
~ 04 ~ 04
3 >
& s
2 03 2 03
(7} (7}
c =4
2 2
£ 024 £ 02
0.1 0.1
0.0 v \ . 0.0 . .
300 400 500 600 700 300 400 500 600 700
A (nm) A (nm)

Figure S15. Simulated absorption spectra calculated for ideal 2A1o (a) and 2B1o (b)
oligomers by using the vibronic excitonic model explained in Section 5. The absorption
spectrum computed for a monomeric unit of the N-annulated PBI core is included for

comparison purposes.
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Figure S16. FTIR (a) and VCD (b) spectra of (S)-1 and (R)-1 in MCH at ¢r=0.01 M.
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Figure S17. Emission and CPL spectra of (§)-1 and (R)}-1 in MCH at ¢r= 10 uM (a) and
of (§)-2in MCH and Tol at cr= 10 uM.

S-20



®) 15

L
w
o

CD at 602 nm
o
CD at 602 nm
(4]

-15

30 —'(S) -1 (X=1) 5

300 400 500 600 700 0,00 025 050 075 1,00
A (nm) X (S)-1

Figure S18. Selected ECD spectra registered for the SaS experiments performed by
mixing 1 and (S)-1 (a) and changes in CD intensity at 602 nm as a function of the molar
fraction (X) of the chiral sergeant (S)-1. The red line in (b) corresponds to a gaussian

fitting to guide the eye. Experimental conditions: MCH; c¢r= 50 uM, 20 °C.
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Figure S19. FTIR spectra of (S)-2 and (R)-2 in MCH at ¢r= 0.02-0.03 M.
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Figure S20. ECD spectra (a) and changes in ECD intensity as a function of the
enantiomeric excess (ee) (b) upon adding (R)-2 to a solution of (S)-2 (MCH, cr =50 uM,
20 °C). ee = 1.0 corresponds to pure (R)-2 and ee = —1.0 corresponds to pure (S)-2. Red

lines correspond to linear fittings to guide the eye.
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Figure S21. (a) ECD spectra registered for the SaS experiments performed by mixing 2
and (S)-2. (b) Changes in ECD intensity at 490 nm as a function of the molar fraction (X)
of the chiral sergeant (S)-2. The red line in (b) corresponds to a linear fitting to guide the

eye. Experimental conditions: MCH; c¢r = 50 uM, 20 °C.
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Figure S22. Evolution of the binding energy per interacting pair (AEving,n-1) calculated at
the GFN2-xTB level for 2A, aggregates in toluene (red line) and 2B, aggregates in n-

hexane (blue line) upon increasing the number of monomers (n) constituting the

supramolecular oligomer.
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Figure S23. UV-Vis spectra of (§)-2 in Tol at different concentrations.
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Figure S24. Simulated ECD spectra calculated at the B3LYP/6-31G** level for a dimer

of the N-annulated PBI core at different rotational 6 angle values.
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Figure S25. Simulated ECD spectra calculated at the B3LYP/6-31G** level for trimers of
aggregates 2As (red) and 2Bs (black) optimized at the B3LYP-D3/6-31G** level including

the dispersion D3 term.
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5. Theoretical Calculations

The conformational space of a simplified monomeric unit of 1, where the long alkoxy
chains attached to the peripheral benzene rings are removed and the aliphatic C1oH2s
chain of the pyrrolic central unit is substituted by a methyl group, was explored through
the Conformer—Rotamer Ensemble Sampling Tool (CREST) utility using the xtb-6.3.3
program package.S5 Figure S5 displays the most stable conformers found for 1 after
geometry optimization in gas phase at the semiempirical GFN2-xTB level of theory as
implemented in the xtb program.S¢ The GFN2-xTB method is based on a Hamiltonian
similar to the well-known DFTB3,57 with a minimal valence basis set centered on atoms
(STO-mG@G), and includes the density-dependent D4 dispersion correction. Among the
different conformers, only conformers Il and Ill are able to self-assemble in a
supramolecular polymer and their relative energies decrease to 27.26 (Il) and 27.83 kJ
mol-' (Ill) when calculated in n-hexane as solvent. Thus, structures Il and Ill were used
to model pentamers of 1, growing either linearly or in helical arrangements. However,
attention is only paid to aggregates derived from conformer lll, with the peripheral phenyl
rings pointing in opposite directions with respect to the PBI plane, because those obtained
from conformer Il are significantly higher in energy. For instance, the pentamer of
conformer Il analogous to 1As in Figure 3a is 140.94 kJ mol-' higher in energy. Similarly,
the minimum-energy structure of 2 was calculated at the GFN2-xTB quantum-chemical
method without the alkyl chains. The two possible conformers, with the peripheral
benzene rings oriented in an eclipsed or staggered disposition with respect to the long
axis of the N-annulated PBI core axis, were computed practically isoenergetic and were
further used to model supramolecular pentamers that grow up linearly or in an helical
disposition, respectively (Figure 5a). The minimum-energy geometry of each stack was
obtained after full geometry relaxation in gas phase at the GFN2-xTB level. The most
stable supramolecular aggregates of each type, long-axis displaced pentamer 1As
(Figure 3a), helical 1Bs (Figure 3b), short-axis displaced 2As (Figure 5b), and helical 2Bs
(Figure 5c¢) were further analyzed. The gas-phase-optimized pentamers of 1 and 2 were
used to perform geometry optimizations at the same level (GFN2-xTB) including solvent
effects by means of the generalized Born surface area (GBSA) formulation, with n-hexane
(parametrized solvent similar in nature to methylcyclohexane) and toluene as solvents.

Frequency calculations were additionally carried out to obtain the Gibbs free energy of

the aggregation process. The binding free energy per interacting pair (AG,4,,) in n-

hexane and toluene was calculated according to
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G —nG
AGbind,ni1 — _stack — lmonomer (1 )

where Gsiack corresponds to the free energy of the stacked aggregate with n monomeric
units and Gmonomer 10 the free energy calculated for the monomer. To shed light on the
supramolecular mechanism of the self-assembling process of compounds 1 and 2,
interaction energy calculations were performed for regular oligomers of increasing size
(from n =1 to 50 monomers) at the GFN2-xTB level in gas phase. The intermolecular
geometry parameters used for building up the ideal regular oligomers were extracted from
the central part of fully optimized oligomers of 50 units. The binding energy per interacting

pair (AEbind,.-1) Was calculated in a similar way to AG,,, as

AE _ Estack n Emonomer (2)

bind,n—-1 —
-1

where Es.ck is the total energy of the stacked aggregate with n monomeric units and

Emonomer is the energy calculated for the monomer.

To understand the changes observed experimentally in the optical properties
associated to the supramolecular polymers formed by compounds 1 and 2, a vibronic
Hamiltonian similar in spirit to that proposed by F. Spano and co-workers was used to
calculate the UV-Vis spectra of the aggregates.S® The vibronic Hamiltonian can be

decomposed as follows:
H= ﬁFE + ﬁCT + ﬁFE_CT . (3)

In Eq. 3, ﬁFE is the usual Frenkel exciton Hamiltonian

o+ 2. 2.7 (710)(0]w)

i,j#i V,W

ANVAL (4)

1,\7> denotes a vibronic state in which monomer i is in its first electronic excited

state (in its vibrational level v) and the other monomers are in their electronic and
vibrational ground states. E; is the excitation energy localized on molecule i, where the
zero-point energy has been included, and A is a solution-to-aggregate energy shift

which accounts for nonresonant dispersion interactions between chromophores in the
supramolecular assembly. 7@, is the frequency of the effective intramolecular vibration
(one per monomer). J, corresponds to the excitonic coupling between electronic states
iand j, which is weighted by the Franck-Condon integrals (FCls) (7|0) and (0|#). FCls

within the displaced harmonic oscillator model depends on the Huang-Rhys (HR) factors
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between the involved electronic states.S° In our case, the HR factor between the ground

state and the first electronic state S;,, was used.

I’-AICT denotes the diagonal Hamiltonian involving charge transfer (CT) excited
states and can be written as:

1:1CT = z (ECT +(v+ +v’)ha)§TT)(

Lo

i*,v*;(i+1)’,v’><i*,v*;(i+1)’,v"+

i’,v’;(i-9—1)*,v+><1",v’;(i-9—1)*,v+

) 6)

where

i*,v*;(i+1)*,v*> is a two-particle charge-transfer state with a cation (anion) located

in the i (i+1) molecule. Ecr is the energy of the CT excited states between vicinal

monomers, where the cation (anion) is localized on monomer i and the anion (cation) on

i+1. hal is the frequency of an effective vibration for the cation and anion states, which

are assumed to be equivalent. V' and v~ correspond to the vibrational levels of the

cation and anion states, respectively.

Finally, the

wecr term denotes the Frenkel/CT coupling Hamiltonian, which can

be written as follows:

I-AIFE_CT = Z Z t, <\7‘v+><0‘v_>

ar-pral
Ly v,y

Z Z A <17‘v’><0‘v+>

(AR

i, 9) (i v+ ) | +he.

(6)

+h.c.

i,ﬁ><i’,v’;(i+l)*,v*

where t. and t, denotes the electron and hole transfer integrals, and the Franck—Condon

integrals <\7‘v+>, <\7‘v‘>, (0

v+> and <0‘v‘> depend on the HR factors S;f, S, Six

HR ’

and S, , respectively (see Table S1 for the values used).

The eigenstates of the Hamiltonian in Eq. 3, for which cyclic boundary conditions
were applied, can be described as a linear combination of the molecular excited states

as:

8 ‘7> + Z z Ci(f,v* S(i+1)" v

i vty

Y)Y )

|‘/’a>:ZC$

where the C7, and Cl coefficients are obtained by diagonalization of the

) v
Hamiltonian. The maximum number of vibrational levels (v,v*, and v ) was set to be 5

because it provides a nice convergence of the calculated absorption spectra without

compromising the size of the vibronic Hamiltonian. The homogeneous absorption
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spectrum A(E) is derived from the sum over all eigenstates |y, ) of the aggregate

Hamiltonian as

AE)=Y [ W,(E,~E) (8)

A

where the oscillator strengths f, are evaluated as f, =(2/3)E, )2

G)['- E, is the

(v,
energy of the eigenstate |y, ), | G) denotes the state where all the molecules are in their

ground state, and & corresponds to the electric dipole moment operator. Finally,

W,,(E, —E) represents a Gaussian shape function.

Table S1. Parameters (in eV) used in the vibronic Hamiltonian employed to calculate the

UV-Vis spectra of the supramolecular oligomers 1A1o, 2A10, and 2B+o.

Parameters 1Aq0 2A10 2B

E, 2.38 2.38 2.38

A 0.200 0.050 0.000
hao,, :ha)fffT 0.161 0.161 0.161
J, 0.059 0.077 0.062
S;IR a 0.690 0.690 0.690
E.. 2.58 2.58 2.58

t, 0.101 -0.077 0.048
A 0.154 -0.070 0.002
S =Sy @ 0.440 0.440 0.440
SH/R+ - SH/1§ ab 0.028 0.028 0.028

* . 2
2 HR factors are adimensional. © S is computed as 57 :(./S;R —,/SQR) .

Table S1 gathers all the parameters used in the vibronic Hamiltonian. Most of these
parameters were evaluated using data obtained from density functional theory (DFT) and
time-dependent DFT (TD-DFT) calculations on monomer and dimer species of the N-
annulated PBI core. DFT calculations were performed within the Gaussian 16 A.03

program package.S'® The E, energy of the first bright electronic So — S, transition was
estimated from the optimization of the monomer at the TD-DFT level with the B3LYP
functionals'.52 and the 6-31G** basis.S'® The gas-phase energy was corrected to
account for solvent effects (n-hexane) with the PCM approach.S'* The diabatic E_,
energy is not easy to be accurately predicted by B3LYP calculations and was set to be

0.2 eV above the bright electronic So — S transition according to the recent diabatic
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calculations by Negri and co-workers.S® The effective frequency nw,, and the S;,
factor were derived from the experimental absorption spectrum of compound 1

(monomer) according to Spano and coworkers.S8 i@, was assumed to be equal to ho;
and the ionic HR factors (S, and S, ) were computed to reproduce the relaxation

energy of the ionic species (A’ and A

el Tel

) at B3LYP/6-31G** according to A, =S} hag;

and A

Tel

=S, hwS - The intermolecular parameters (J

;> L., and 1) were evaluated by
using the central dimers extracted from the previously GFN2-xTB-optimized pentamers
(1As, 2As, and 2Bs). As GFN2-xTB level tends to slightly underestimate the
intermolecular separation in tstacks, the intermolecular separation between the N-
annulated PBI cores were slightly elongated to 3.5 A while maintaining the same
orientation. On the basis of these corrected dimers, TD-DFT calculations were performed

at the B3LYP/6-31G** level in n-hexane to estimate the intermolecular excitonic J;

couplings by using the approximation developed by Curutchet and Mennucci (EET
keyword in Gaussian).S'® The hole and electron transfer integrals were computed by
employing the projected method proposed by Baumeier et al. using the data obtained
from B3LYP/6-31G** calculations.S'” In the projection method, the dimer molecular

orbitals are projected into the basis of the isolated-molecule molecular orbitals.

Circular dichroism spectra of monomers 1 and 2 and related oligomers were calculated
at the B3LYP/6-31G** level by convoluting the lowest-lying singlet excited states with a
Gaussian function broadening of FWHM = 0.2 eV. The spectra in Figure S23 are
calculated for a dimer of the N-annulated PBI core at different values of the rotational
angle 6 along the growing axis. The spectra in Figure S24 are calculated for trimers of
compound 2 optimized at the B3LYP-D3/6-31G** level following the aggregation pattern
found for 2As and 2Bs.
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