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1. Experimental details

UV-vis spectroscopy

1.2 4

1.04

0.8

0.6 1

Absorbance

0.4 1

0.2 1

0.0

300 400

—— 1.66E6M 1.44
——3,30E-6 M
—— 4,94E-6 M
—— 6,56E-6 M 1.2
——8,17E-6 M
——9,78E-6 M
—— 1,14E-5M 1.0 1
—— 1,29E-5 M 8
—— 1,45E-5 M e
—161E5M S 0.84
2
o)
3 0.6
2061
0.4 4
0.2
T
500 600 R

Wavelength (nm)

£=72000+1000
R?=0.997

H 339 nm
® 444 nm

£=32700+£600

R?=0.997
& & (OJ;» & (OJ;\, e (op, &
o N NTaT T T oy >
Conc. (M)

Figure S1: a) UV-vis absorption spectra of TPE/BPAN in THF at different concentrations; b) Maximum
absorbance vs. concentration for the two peaks observed in the absorption spectra (¢ = molar extinction

coefficient).
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No Data Repet. No pH Ave. Diameter(nm) Polvdisoersity Index D (10%) (nm) D (50%) (nm) D (90%) (nm)
1 CM2_20090817_005104_1 1 NA 202.9 0.114 119.3 206.2 361.0
2 CM2_20090817_005104_2 2 NA 208.5 0.049 140.9 203.7 295.5
3 CM2_20090817_005104_3 3 NA 204.0 0.061 130.9 201.4 3120
4 CM2_20090817_005104_4 4 NA 205.7 0.101 1208 2079 3624
5 CM2_20090817_005104_5 5 NA 207.0 0.057 1324 203.5 3140

Figure S2: DLS size distribution of TPE-BPAN aggregates in a 10/90 vol.% THF/H,O mixture.
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Figure S3: Thermogravimetric analysis of TPE-BPAN.
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Figure S4: XRD pattern of TPE-BPAN.



NMR spectra
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Figure S5: *H NMR spectrum (400 MHz, CDCls, 25<C) of TPE-Br.
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Figure S6: *H NMR spectrum (400 MHz, CDCls, 25<C) of TPE-CHO.
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Figure S7: *H NMR spectrum (400 MHz, CHCl3, 25<C) of TPE-BPAN.
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Figure S8: *H NMR spectrum (400 MHz, CDCls, 25<C) of PMMA.
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Figure S9: *H NMR spectrum (400 MHz, CDCls, 25<C) of P(MMA-co-CHMA) 75:25.

4.65
L

50:50

3.57

>-—4.s4
L

5.0 45 40 35 3.0 25 20 15 1.0 0.5 0.
PPpm

Figure S10: *H NMR spectrum (400 MHz, CDCls, 25<C) of P(MMA-co-CHMA) 50:50.
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Figure S11: *H NMR spectrum (400 MHz, CDCls, 25<C) of P(MMA-co-CHMA) 25:75.
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Figure S12: *H NMR spectrum (400 MHz, CDCls, 25<C) of PCHMA.
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Figure S13: FTIR-ATR spectra of PMMA, P(MMA-co-CHMA) 50:50 and PCHMA samples. The
position of peaks labelled correspond to: -CH- symmetrical and asymmetrical stretching (2989 cm™,
2931 cm?, 2856 cm'?), -O-CHjs stretching (1141 cm™). The reported spectra are normalized in
relation to the intensity of C=0 stretching (1723 cm™). No evident difference has been observed for
co-polymers with different compositions.
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Flgure S14: GPC chromatograms and MW calculation results of the two homopolymers synthesized. a) PMMA; b)
PCHMA.
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Figure S15: GPC chromatograms and MW calculation results of the three copolymers synthesized.
a) P(MMA-co-CHMA) 75:25; a) P(MMA-co-CHMA) 50:50, ¢) a) P(MMA-co-CHMA) 25:75.
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Figure S16: a) Superimposed DSC curves of the five polymeric matrices under study; b) Plot of the
points relative to the five polymeric matrices and linear fitting of the Fox-Flory equation



Contact angle determination
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Figure S17: Contact angle pictures taken after 20 seconds after drop deposition on a) PMMA (68.89; b)
P(MMA-co-CHMA) 50:50 (90.29; ¢) PCHMA (97.39) films.
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Figure S18: Epifluorescence microscopy images showing emitting fluorophore aggregates in PMMA)
LSCs (scalebar = 100 um)




Epifluorescence microscopy - CM2 in P(MMA-co-CHMA) 75:25
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Figure S19: Epifluorescence microscopy images showing emitting fluorophore aggregates in
P(MMA-co-CHMA) 75:25 LSCs (scalebar = 100 um)
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Figure S20: Epifluorescence microscopy images showing emitting fluorophore aggregates in
P(MMA-co-CHMA) 50:50 LSCs (scalebar = 100 um)



Epifluorescence microscopy - CM2 in P(MMA-co-CHMA) 25:75
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Figure S21: Epifluorescence microscopy images showing emitting fluorophore aggregates in
P(MMA-co-CHMA) 25:75 LSCs (scalebar = 100 um)
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Figure S22: Epifluorescence microscopy images showing emitting fluorophore aggregates in PCHMA
LSCs (scalebar = 100 um)




Fluorophore synthesis

All reactions were performed with Schlenk techniques under a dry nitrogen atmosphere. THF,
DCM, and Toluene were purified by a drying columns system (MBRAUN SPS-5). DMF
anhydrous (Sigma-Aldrich) was used as received. Other solvents were directly used without
further purification. The reagents, 4,4’-bis(dimethylamino)benzophenone (1), 4-
bromobenzophenone (2), zinc, titanium(IV) chloride, n-butyl lithium (1.6 M in hexane),
piperidine, and 4-biphenyl acetonitrile were purchased from Sigma-Aldrich and directly used
without purification. Sigma-Aldrich precoated silica gel aluminum foils were used for TLC
analyses. For analysis in solution, spectroscopic grade solvents were employed.
Chromatographic separation was performed by using an automatic flash chromatography
instrument (Biotage Isolera One) equipped with an UV-Vis detector and Biotage Sf& Silica D
cartridge, loaded with 25 g or 50 g of 60 pm of silica gel.

Synthesis of 4,4'-(2-(4-bromophenyl)-2-phenylethene-1,1-diyl)bis(N,N-dimethylaniline)
(TPE_Br)
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Figure S23: Reaction scheme of the synthesis of TPE_Br

According to a literature procedure’?, in a 250 mL dried two-necked flask 4,4’-
bis(dimethylamino)benzophenone (1) (2601 g, 97 mmol, 1 eq), 4-
bromophenyl)(phenyl)methanone (2) (3.312 g, 12.7 mmol, 1.3 eg.) and Zn (dust) (3.660 g, 56.0
mmol, 5.8 eq.) were suspended. 75 mL of anhydrous THF were added. The resulting mixture
was cooled to —78 °C in a liquid nitrogen-ethyl acetate bath and TiCls (3.6 mL, 6.23 g, 32.8
mmol, 3.4 eq.) was added dropwise. The mixture was then slowly warmed to room temperature,
and subsequently stirred for 8 hours at reflux. After one night of stirring at room temperature,
DCM (200 mL) was added and the zinc in excess filtered. Aqueous NaHCOs3 (10 wt.%) was
added gently, the mixture was extracted, and the aqueous phase back-extracted with DCM (3
x 30 mL). The organic phase was dried over anhydrous MgSOu, filtered, and concentrated at
reduced pressure. The residue was purified with a silica gel chromatographic column using
ISOLERA instrument using hexane/ethyl acetate/EtsN (1%) for linear gradient eluting (85:15
v/v). The chromatographic fractions containing the required product were collected and
concentrated at reduced pressure to afford product 4 as yellow solid (1.238 g, 2.47 mmol,
isolated yield 25.5 %).

IH-NMR (400 MHz, CDCl3) § (ppm): 7.24 — 7.15 (m, 2H), 7.15 — 6.97 (m, 6H), 6.95 — 6.75
(m, 5H), 6.59 — 6.32 (M, 4H), 2.91 (s, 6H), 2.88 (s, 6H).

Synthesis of 4-(2,2-bis(4-(dimethylamino)phenyl)-1-phenylvinyl)benzaldehyde
(TPE_CHO)
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Figure S24: Reaction scheme of the synthesis of TPE_CHO

According to a literature procedure, 1,2 4,4'-(2-(4-bromophenyl)-2-phenylethene-1,1-
diyl)bis(N,N-dimethylaniline) (3) (628 mg, 1.26 mmol, 1 eqg.) anhydrous THF (22 mL) were
added in a 100 mL dried two-necked flask. The mixture was cooled to —78 <C in a liquid
nitrogen-ethyl acetate bath, and 1 mL of n-BuL.i solution (1.6 M in hexane, 1.6 mmol, 1.27 eq.)
was slowly added. The solution was kept under stirring at -78 <C for 2 h, after that 1 mL of
anhydrous DMF (12.9 mmol, 10.2 eq.) was added, and the mixture was slowly recovered to
room temperature and kept under stirring 2h. The reaction was quenched with 25 mL of
saturated NaCl solution, the mixture was extracted, and the aqueous phase back-extracted with
DCM (3 x 20 mL). The organic phase was dried over anhydrous MgSOs, filtered, and
concentrated at reduced pressure. The residue was purified with a silica gel chromatographic
column using ISOLERA instrument with hexane/ethyl acetate (linear gradient, start 97:3, end
70:30) as the eluent. The chromatographic fractions containing the required product were
collected and concentrated at reduced pressure to give 4 as an orange solid (159 mg, 0.36 mmol,
isolated yield 28.6%). Its spectral properties agreed with those previously reported.

IH-NMR (400 MHz, CDCls) & 9.88 (s, 1H), 7.84 — 7.47 (m, 2H), 7.22 — 6.97 (m, 7H), 6.95 —
6.76 (m, 4H), 6.53 — 6.16 (M, 4H), 2.99 — 2.80 (M, 12H).

Synthesis of [(E)-2-([1,1'-biphenyl]-4-yI)-3-(4-(2,2-bis(4-(dimethylamino)phenyl)-1-
phenylvinyl)phenyl) acrylonitrile] (TPE-BPAN)
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Figure S25: Reaction scheme of the synthesis of TPE-BPAN

In a 50 mL dried two-necked flask 95 mg of 4 (0.21 mmol, 1 eg.) and 66 mg of 4-
biphenylacetonitrile (0.34 mmol, 1.6 eq.) were dissolved in 20 mL of 1:1 anhydrous toluene
and absolute ethanol solution. Therefore, 68 mg of potassium tert-butyl oxide (61 mmol) were
added to the reaction flask and the reaction was kept under stirring for 12 h at and for one night
at room temperature. During the reaction a color change from yellow to orange was observed



(BEiRIRFRB5] FHIE. ). The reaction mixture was washed with deionized water (3 x 20 mL),
and the aqueous phase was back-extracted with DCM (3 x 20 mL). The organic extract was
dried over anhydrous MgSOs, filtered, and concentrated at reduced pressure. The residue was
purified by silica gel chromatographic column using ISOLERA instrument, employing
DCM/hexane for linear-gradient eluting (12:1 v/v). The chromatographic fractions containing
the required product were collected and concentrated at reduced pressure to give TPE-BPAN
as an orange solid (55 mg, 0.29 mmol, isolated yield 42.0%). The product was characterized
by NMR spectroscopy, elemental analysis, and UPLC-MS.

IH-NMR (401 MHz, CDCl3) & 7.87 — 7.58 (m, 8H), 7.57 — 7.35 (m, 4H), 7.23 — 7.06 (m, 7H),
7.05 - 6.83 (M, 4H), 6.51 (M, 4H), 3.21 — 2.58 (m, 12H).

13C-NMR (100 MHz, CDCls) & 149.17, 149.00, 148.57, 144.89, 143.07, 142.06, 141.73,
140.16, 136.03, 133.95, 132.84, 132.80, 132.27, 131.79, 130.78, 130.20, 129.05, 128.95,
127.95, 127.89, 127.74, 127.15, 126.35, 126.01, 118.52, 111.64, 111.46, 109.25, 40.56.

Elemental analysis calculated for CasHssNs: C, 86.92; H, 6.32; N, 6.76; C/N, 12.86; C/H, 13.75.
Found: C, 80.74; H, 5.99; N, 5.95; C/N, 12.57; C/H, 13.48.

ESI-MS (m/z) calculated for CasH3gNa: 621.31. Found: 311.8 [M+2H]?* and 621.5 [M*]*.

Polymer syntheses

Methyl methacrylate (MMA, Aldrich) and cyclohexyl methacrylate (CHMA, Aldrich) were
distilled before use. Inside a Carius tube, under a nitrogen atmosphere, the monomers were
dissolved in toluene. After degassing the reaction medium with a stream of nitrogen, the
initiator (AIBN, Aldrich) was added. The temperature was raised to 80 <C for 24 to 72 hours to
bring the conversion closer to unity. At the end, cold methanol was added dropwise while
stirring. The white precipitate was filtered and dried at room temperature.

Table S1: Quantities of reagents, initiator and solvent used in the polymer syntheses.

Pol. MMA addition | CHMA addition Initiator Solvent Polymer

No. weight

1 4.905 g, 0.048 - 48.2 mg =15mL 4570 g

mol

2 3.398 g, 0.034 1.856 g, 0.011 45.1 mg =15mL 4478 g
mol mol

3 1.926 g, 0.019 3.245 g, 0.019 51.4 mg =15mL 4416 g
mol mol

4 0.842 g, 0.007 4.104 g, 0.024 82.1 mg =15mL 41319
mol mol

5 - 5.021 g, 0.030 49.6 mg =15mL 4.497 g
mol




Thin-film deposition

Polymer thin films with a thickness of 25 &5 um and containing TPE-BPAN were prepared by
pouring 1.5 mL of CHCIs solution containing about 60 mg of the polymer and different
concentrations (0.4—2.0 wt.%) of the fluorophore on a 50 x 50 x 3 mm?3 optically pure glass
substrate (Edmund Optics Ltd BOROFLOAT window 50x50 TS)2.

Thin-film characterization

NMR spectra were recorded at room temperature at 400 MHz (*H-NMR) and 100 MHz (*3C-
NMR) on a Bruker Avance DRX 400 spectrometer using CDClIs as solvent, and the residual
solvent peak as internal standard.

FT-IR spectra were acquired by a Nicolet iS50 spectrometer (ThermoFisher). The samples
were analyzed in the ATR mode in the spectral range between 4000 and 600 cm™. The ATR
accessory (ATR ITX) contained a diamond crystal (by employing this crystal, the penetration
of infrared radiation is about 2 um at wavelength numbers 1000 cm™) at a nominal incident
angle of 45<

UPLC-MS analysis was performed on an Acquity UPLC Water instrument (Phase A 95/5
H20/MeCN + 0.1% Formic Acid, Phase B 5/95 H20O/MeCN + 0.1% Formic Acid; Acquity
UPLC 2.1x100 mm column, BEH C18, 1.7 um; Flow 0.6 mL/min) coupled with an Acquity
QDa Water mass spectrometer (Probe temperature: 600 <C; ESI capillary voltage 1.5V; Cone
voltage 15V; Mass range 60-1000).

Elemental composition was determined by using an Elementar Vario Micro Cube for nitrogen,
carbon, sulfur, and hydrogen. UV-Vis absorption spectroscopy was performed using a Cary
5000 UV-Vis-NIR spectrophotometer (Agilent) equipped with liquid or solid sample holder.
Fluorescence spectra were measured using a Fluorolog-3 spectrofluorometer (Horiba) with an
integration time for the analysis between 0.1 and 0.3 s. The selected excitation wavelengths
were close to the absorption peak. For polymeric films, the samples were rotated 30 degrees
relative to the excitation beam, and the detector was set in front-face mode. Quantum yield
measurements were carried out using an external integration sphere (Quanta-¢ F-3029, Horiba)
equipped with a solid sample holder, and connected to the spectrofluorometer by optical fibers
and a fiber-optics adaptor (FL-3000, Horiba).

Thermogravimetric Analysis (TGA) was carried out on with a Mettler Toledo TGA/SDTA 851
instrument at a heating rate of 10 <T/min from room temperature to 700 <C, with as the purge
gas (60 mL/min). X-ray powder diffraction using a Bruker D2 Phaser diffractometer (30 kV,
10 mA) operating in Bragg-Brentano geometry (6-6 scan mode) and equipped with a 1-
dimensional Lynxeye detector. Ni-filtered Cu Ka radiation was used. Data were collected in
the scan range 5-40<in 20, with scan step of 0.02<and counting times of 0.1 s/step. Data were
processed through the software Diffrac. Eva (Bruker AXS). Static contact angle measurements
were carried out on PMMA and PCHMA polymer films with a FTA200 Camtel goniometer
using water (J. T. Baker, Center Valley PA, HPLC grade). TPE-BPAN aggregates was
measured in a THF/water mixture (20/80 by vol.%) by means of a Beckman-Coulter DelsaTM
Nano C dynamic light scattering at 25<C.

All measurements to determine photonic and device efficiencies were performed by using a
commercially available system (Arkeo — Cicci research s.r.l.) containing a CMOS-based
spectrometer with a symmetrical Czerny-Turner optical bench connected to an integrating



sphere. As illumination source an ORIEL® LCS-100 solar simulator 94011A S/N: 322 was
utilized under controlled illumination (1 sun, AM 1.5G). An integrating sphere of 5 cm of
diameter and 1 cm of aperture is placed along the edge of the glass plate. To avoid the collection
of the stray light, the sphere was covered by an opaque plastic holder with a rectangular
aperture of 1 cm (the diameter of the sphere) x 3 mm (i.e., the thickness of the LSC slab). The
spectrally-resolved edge output photon count was collected from the CMOS-based
spectrometer and calibrated into optical power (W) and then in irradiance. Aimed at limiting
reflections of unabsorbed light, an absorbing matte black background was placed in contact
with the LSC rear side.

Solar Integration Sphere Holder

simulator integrating Aperture: 1 cm (diameter sphere)

sphere

Y \

x 3 mm (thickness LSC)

Determination of

Nint and Next
//v
Solar
simulator
Determination of s
Ndev

Figure S26: Photos of the experimental setup utilized for the determination of the photonic and device
efficiencies

The optical performances of LSC were evaluated in terms of the internal and the external
photon efficiency (nint and next, respectively). nint and next were calculated from the equations
S1and S2:

i=n rA A i=n rA A
Wi no. of edge — emitted photons Ziz1 112 Pout,i(A)y, 44 o i=1 f/llz Pout,i(A);,cdA
mt = = —
. of total absorbed phot A2 A 2
o OT ORI PO g Pans@icdA (") - Pp @) 52
% (Eq. S1)
i=n rA A
Noxe = O of edge — emitted photons iy fllz Pout,i(A)y,dA

Xt = 0. of total incident photons — M2p ) haa

A1~ 9 ne (Eq. S2)
Where:

a)n=4,21 =300 nm and A2 = 1100 nm;



b) the number of edge-emitted photons were obtained from the sum of the output power spectra
measured for each edge of the LSC;

c) the number of total absorbed photons was obtained as shown in Eq.S1 from the absorbed
power spectrum, derived from the difference between the power spectra of the incident light
and the power transmitted by the LSC.

d) The total number of photons incident on the front surface of the LSC was obtained from the
input power spectrum of the light source incident on the illuminated surface area of the LSC.

The concentration factor (C) can be eventually determined from the external photon efficiency
and the LSC dimensions in agreement with the relation: C = G next, where G is the geometrical
gain defined as the ratio between LSC surface area and LSC edge area. In the case of a5 x 5 x
0.3 cm® LSC, the geometric factor G measures 16.6.
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Figure S27: Input power density of the light source incident on the illuminated surface area of the
LSC, Pin(%)

The LSC efficiency is determined connecting two Si-PV cells in series to an edge of the thin-

film LSCs by using silicone grease. The performance of the assembled LSC-PV systems is

assessed under standard illumination conditions by measuring the power conversion efficiency

of the resulting LSC device (ndev), defined as the electrical power effectively extracted from

the PV cells (P°“%)) relative to the luminous power hitting the top surface of the LSC (P"op):
_ PJ _ FFlscVoc

Ndev = pin = i (Eq 83)

in .
opt Popt ALsc

where FF, Isc, and Voc are the fill factor, short-circuit current, and open-circuit voltage of the
edge-mounted PV cells, respectively, Avsc is the front-illuminated area of the LSC device, and
PiNopt is the incident solar power density expressed in mW cm 2,



For the determination of ndev, two PV cells IXYS KXOB25-12X1F (22 x 7 mm, Voc = 0.69 V,
Isc = 46.7 mA, FF > 70%, n = 25%) were connected in series and the current/voltage
characteristics determined with a precision source/measure unit (Keysight Technologies B2900
Series). Silicon was used to grease the LSC edge. A black matte layer was placed beneath the
LSC with an air gap of about 1.5 cm during the measurements.
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Figure S28: Fluorophore quantum yield (QY) vs. TPE-BPAN concentration in PMMA thin films.
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Figure S29: Fluorophore quantum yield (QY) vs. TPE-BPAN concentration in P(MMA-co-CHMA)
75:25 thin films.
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Figure S30: Fluorophore quantum yield (QY) vs. TPE-BPAN concentration in P(MMA-co-CHMA)
50:50 thin films.
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Figure S31: Fluorophore quantum yield (QY) vs. TPE-BPAN concentration in P(MMA-co-CHMA)
25:75 thin films.
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Figure S32: Fluorophore quantum yield (QY) vs. TPE-BPAN concentration in PCHMA thin films.

2. Photos

Figure S33: TPE-BPAN/PMMA thin-films at fluorophore concentrations from 0.4 wt.% to 2.0 wt.%.



3. Computational details

DFT and TD-DFT calculations were performed to describe ground and excited states,
respectively. All calculations for molecular -non-periodic- systems were performed using the
Gaussian 16 package®. Solvent (water or THF) was included implicitly via the polarizable
continuum model (PCM)®

All data reported in the main text, unless differently stated, are performed using the global
hybrid PBEO exchange correlation functional.®” For structural optimization, default force and
the energy thresholds were applied and the nature of the so obtained structure as energy minima
was confirmed by harmonic vibrational frequencies calculations performed on the final
structures.

Structural optimization corresponding to data discussed in the main text were performed for
ground (So) and excited states (Sn) using the 6-31G(d) and the 6-31+G(d), respectively.® An
assessment of this level of theory for reproducing absorption and emission properties of TPE-
BPAN in solution is provided below (SI section TPE-BPAN Absorption and Emission).

To assess the strength of the interaction between molecular vibrations and electronic degrees
of freedom, which can be correlated to the efficiency of non-radiative de-excitation channels
mediated by molecular motions, Huang-Rhys (HR) factors® were computed. These
dimensionless factors are defined for each of the fundamental molecular normal modes
according to the formula:

Q. d?

where Wk is the frequency of the k-th normal mode and dk is the displacement of the minimum
position between the ground and the target excited state. The computation of HR factors was
carried out using Gaussian16 at the same level of theory described above.

TPE-BPAN Absorption and Emission

The performance of the global hybrid PBEO in the prediction of absorption and emission
spectra of TPE-BPAN in pure THF solution using the Linear Response (LR) TD-DFT approach
was compared to the results obtained using a range separated hybrid (CAM-B3LYP)
considering the LR, the corrected linear response (cLR) and state-specific (SS)
approaches.!1213 In all cases, the 6-31+G(d) basis set was used. The absorption and emission
energy corresponding to the lowest energy transition are collected in Table S2 in comparison
with the available experimental data.

Generally, the range separated hybrid CAM-B3LYP is overestimated the absorption energy
independently in the TD-DFT implementation while the global hybrid PBEO in the LR TD-
DFT implementation is underestimated it.

If the CAM-B3LYP(SS) approach is providing the best agreement with the experimental data
for absorption energy it should be noted that the predicted Stokes shift at this level of theory is
strongly overestimated due to a significant underestimation of the emission energy.



Consequently, for all further calculations we preferred to use the PBEO LR TDDFT approach
since it is providing a consistent description of the absorption and emission energies and thus
a sufficiently accurate prediction of the Stokes shift of TPE-BPAN at a sustainable
computational cost.

Table S2. Absorption and emission energies of TPE-BPAN computed in THF

System  Functional Computed EXxp.

CAM-B3LYP (LR) _ 3.351 2.793
E..  CAM-B3LYP (cLR) 3.263
(V)  CAM-B3LYP(SS)  2.815
PBEO (LR) 2.281
CAM-B3LYP (LR) 1713 2.006
.. CAM-B3LYP(cLR) 1.753
(V)  CAM-B3LYP(SS) 1524
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Figure S34:Computed absorption spectra.
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Figure S35: Computed Emission spectra.

Figure S36: Superposition of the optimized ground state (SO, gray) and first excited state (S1, cyan)
structures computed for TPE-BPAN



Table S3. Difference in dihedral angles of TPE-BPAN computed between the ground (S0) and first
(S1) excited state structures (PBEO level of theory in THF and water solution). The labelling scheme
used is reported in the Figure below the table.

H.0O  THF
Ao (° ) 7.663  7.393
AB (°) 11329 10.375
Ay (°) 12.960 12.999
AL (%) 9.802  7.626
Ag (°) -14.129  -14.093
AL (°) -16.805 -15.871
Ac (°) 2721 2770
Ao (°) -15.643 -14.948

a: 1-2-3
B: 1-4-5
y: 1-6-7
¢ 1-8-9
¢: 10-11-12
A 12-13-14
c: 15-16-17
o: 4-1-6




- 14
12 2
10
10
8
=
T
8 6
=4 ®
oy 4
6k
| 2
4 [Ji.ll.n_.u ' RPN P " | h | A,
le 0 500 1000 1500 2000 2500 3000 3500
Mode (cm-1)
2
0 J ]||II|.|I|||. . 1 ..|.I 111 11
0 50 100 150 200 250 300
Mode (cm-1)

Mode 3: 14.5 cm”! Mode 4: 20.06 cnr'! Mode 5: 23.81 em!

Figure S37. a) Calculated Huang-Rhys factors (HR) versus normal-mode wave number (o, cm™) of
TPE-BPAN for the Sp-S; transition in THF.HR b) schematic representation of normal modes
corresponding to the three most intense HR factors.



TPE-BPAN crystals

Experimentally, the XRD pattern (see Figure S4) suggests that TPE-BPAN aggregates formed
in solution upon addition of water to THF solution have predominant polycrystalline character
analogously to the TPE-MRh case. To identify the most contributing polymorphs, a Monte
Carlo sampling of possible polymorphs was performed using the dmol® and polymorph
modules of the Materials Studio® software. To this end, we used the DREIDING force field®®
complemented with ESP charges®® obtained from a B3LYP!' calculation on the isolated
molecule. For the polymorph search we restricted to the following space groups: P21/c, P212121,
P21, Pbca, Pbcn, Pna2i. The three most stable polymorphs identified were then refined to better
evaluate their structure and relative stability by the mean of periodic DFT calculations. These
latter were performed using the CRYSTAL17 code.

Two different global hybrids (namely PBEQ0®’ and B3LYP?') in conjunction with Grimme’s
dispersion in the Becke-Johnson model (D3BJ)**?! were used. A 6-21G (d) and a 5-31G(d)
basis sets were applied for C and H atoms, respectively, while a modified m-6-311G(d) basis
was used for N atoms.

All three polymorphs can be thermally populated under experimental conditions as evident
from computed formation energies reported in Table S4. Both B3LYP and PBEO predict
polymorph 3 (Pol_3) as the most stable with polymorphs 1 and 2 being relatively close in
energy.

Table S4. Space group, lattice parameters, formation and cohesive energies computed for TPE-

BPAN.
Eform Econ

Functional System SpaceGroup a(A) b(A) c(A) a(®) B v (keal (keal
mol?) mol?)

Pol 1 P212121 5132 16.383 38.448 90.000 90.000 90.000 -96.7 386.9

B3LYP-D3 Pol 2 P212121 16.458 4.844 41.451 90.000 90.000 90.000 -96.0 384.1
Pol 3 P21/C 5436 40.982 15.377 90.000 106.951 90.000 -98.8 395.2

Pol 1 P212121 5.183 16.383 38.527 90.000 90.000 90.000 -84.9 339.8

PBEO-D3  Pol 2 P212121 15.956 5.084 42.243 90.000 90.000 90.000 -85.5 342.1
Pol 3 P21/C 5449 41.365 15.380 90.000 106.803 90.000 -88.2 353.0




The computed XRD patterns for these polymorphs are reported below in comparison with the
experimental ones.
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Figure S38. XRD pattern of TPE-BPAN: (a) experimental, (b)-(d) computed at B3LYP

To simulate optical spectra (absorption and emission) in the different polymorphs, the Ewald
embedding procedure was applied..?-%6 The effect of the crystalline periodic environment is
introduced by the means of a finite charge array located at the atomic position fitted to simulate
the exact Magdelung potential in the region of interest. To this end, three zones are defined: a
central one containing the molecular unit of interest for optical properties; a second one where
charges are kept fixed at the values corresponding to the Mulliken?” charges computed from
periodic DFT calculations; and a third one containing charges fitted to obtain the exact periodic
electrostatic potential in zone 1.

In the case of TPE-BPAN, the central zone is constituted by a single molecular unit since direct
interaction leading to the formation of excimers can be ignored since no significant & stacking
can be observed in the case of all polymers analysed. Optical spectra (absorption and emission)
were then computed on the TPE-BPAN molecule embedded in the so obtained charge array
using Gaussianl6.



Figure S39: Interaction Region Indicator analysis computed for TPE_BPAN in the Pol_2 and Pol_3
phases. Refer to text for further explanation.

Table S5. Difference in relaxation between solution and aggregate phase (A in degrees) computed at
the PBEO level for the two most stable polymorphs of TPE-BPAN for selected torsional angles. A is
defined as A isdefined as : 4 = |ADAg| — |4Dg,;| Where |AD| represents the variation (in degree)

between the dihedrals computed at the ground and the excited state in solution (Sol) or in the
polymorph considered (Ag). Positive A values indicate a larger relaxation in the solid phase while
negative values a larger relaxation in solution. The labelling scheme used for the dihedrals is
reported in the figure below the table.

AD/System Aol 2 Arol_
Aa (°) -6.093 -1.338
AB (°) -5.62 -3.33
Ay (°) -1.199 -10.564
AC (°) -5.78 -4.928
Ao (°) 5.807 -14.003
AN (°) -1.71 16.358
Ao (°) 27.804 6.644
Ao (°) -3.184 -5.39
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