Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2023

Supporting information

Circularly Polarized activity from two photon excitable Europium and

Samarium chiral bioprobes

Silvia Mizzoni,[!-!] Silvia Ruggieri,['! Annika Sickinger,?] Frangois Riobé,[?! Laure Guy,!?] Margaux
Roux,?! Guillaume Micouin,!?! Akos Banyasz, ! Olivier Maury,*[?! Bruno Baguenard,¥] Amina
Bensalah-Ledoux, ! Stéphan Guy,’! Alexei Grichine,!*] Xuan-Nhi Nguyen,®) Andrea Cimarelli,!

Martina Sanadar,[®! Andrea Melchior*[®] and Fabio Piccinelli*[!]

! Luminescent Materials Laboratory, DB, Universita di Verona, and INSTM, UdR Verona, Strada Le
Grazie 15, 37134 Verona, Italy.

2Univ Lyon, ENS de Lyon, CNRS UMR 5182, Laboratoire de Chimie, Lyon F-69342, France.

3 Univ. Lyon, Institut Lumiére Matiére, UMR 5306 CNRS-Université Claude Bernard, Lyon 1, 10
rue Ada Byron, F-69622 Villeurbanne Cedex, France.

4 Institute for Advanced Biosciences, University Grenoble Alpes, Inserm U1209, CNRS, UMR 5309,
Site Santé, Allée des Alpes, 38700, La Tronche, France.

> Centre International de Recherche en Infectiologie (CIRI), Univ Lyon, Inserm, U1111, Université
Claude Bernard Lyon 1, CNRS, UMRS5308, ENS de Lyon, Lyon-France

¢ Dipartimento Politecnico di Ingegneria e Architettura, Laboratorio di Tecnologie Chimiche,

Universita di Udine, via Cotonificio 108, 33100 Udine, Italy



TABLE OF CONTENTS

S1.
S2.
S3.
S4.
SS.

LIGANDS CHARACTERIZATION

COMPLEXES CHARACTERIZATION
PHOTOPHYSICAL COMPLEXES CHARACTERIZATION
CHIROPTIC MEASUREMENTS

REFERENCES



S1. LIGANDS CHARACTERIZATION
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Figure S1: '"H-NMR spectrum (400 MHz, CDCl;, 25 °C) of ligand (S,S)-3. # is related to “grease”!
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Figure S2: 'H-NMR spectrum (400 MHz, CDCl;, 25 °C) of ligand (R,R)-3. # is related to “grease”!
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Figure S3. HR-MS spectrum of (§,5)-3.
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Figure S4. HR-MS spectrum of (R,R)-3.
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Figure S5. FT-IR spectra of both the enantiomer of (S,S) and the (R,R) enantiomer of 3.
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Figure S6. a) Experimental (O) and calculated (dashed line) pH values in the potentiometric titration
of the ligand L (25 °C, p = 0.1 M NaCl); total ligand 0.43 mM). a = (added mol OH") / (mol/L). b)
Species distribution of the ligand L with molar absorbance values at A= 320 nm (g0) obtained by acid—
base spectrophotometric titration (25 °C, p = 0.1 M NaCl). The speciation was calculated using the

reported protonation constants (Table 1). Charges omitted for clarity.
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(c) (d)
Figure S7. Minimum energy structures of the LH, protonated species of the analogue of L (L)

where the antennas were reduced to decrease the number of degrees of freedom. In these structures,
one proton is attached to one aliphatic amine group and the second occupies different protonation
sites. The calculations were carried out at DFT/@wB97X-D/6-31+G(d) level. Hydrogen atoms attached

to carbons have been hidden for clarity.
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Figure S8. HR-MS spectrum of (S,S)—[EuL]Cl.
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Figure S9. HR-MS spectrum of (R,R)-[EuL.]ClL.
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Figure S11. HR-MS spectrum of (S,S)—[SmL]CI.
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Figure S12. HR-MS spectrum of (R,R)—-[SmL]CI.
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Figure S14. HR-MS spectrum of (S,5)-[GdL]CL
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S3. PHOTOPHYSICAL COMPLEXES CHARACTERIZATION
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Table S1. Photophysical data of europium and samarium complexes in methanol at room

temperature.

(S,S)-[EuL]Cl

(S,S)-[EuL]Cl

(S,S)-[SmL]CI

(R,R)-[SmL]CI

€

(L-mol -cm™)

47581 (337 nm)

36273 (254 nm)

47 546 (337 nm)
37801 (254 nm)

47461 (337 nm)

47462 (337 nm)

36195 (254 nm) 34525 (254 nm)
( t : 890 (1520 CH;0D) 860 (1500 CH;0OD) 23 (124 CH;0D) 23 (123 CH;0D)
ms
m 0.97¢ 1.034 b b
o¢ 0.21 0.24 0.021 0.025
G4 112 86 - -
(GM)
ZAbs 1.55 (259 nm) —1.41 (259 nm) 1.69 (259 nm) —1.46 (259 nm)
1.67 (286 nm) —1.42(286 nm) 2.50 (284 nm) —1.61 (284 nm)
-0.125 (594 nm) +0.129 (594 nm) +0.204 (564 nm) —0.184 (564 nm)
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Figure S18. Electronic absorption of both the enantiomers of [EuLL]Cl and [SmL]CI in methanol

solution at room temperature.
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Figure S19. Normalized excitation spectra of both the enantiomers of [EuLL]Cl and [SmL]CI in water
(107 M) at room temperature (A, 614 nm and 645 nm, respectively).
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Figure S20. Normalized excitation and luminescence emission spectra of both the enantiomers of
[EuL]Cl in methanol solution (10-¢ M) at room temperature. Ao, 337 nm, Aey, 614 nm.
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Figure S21. Normalized excitation and luminescence emission spectra of both the enantiomers of

[SmL]CI in methanol solution (1076 M) at room temperature. Aee 337 nm, Aey, 645 nm.
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Figure S22. Luminescence decay curve of the emitting *D, level of Eu(IIl) for (S,S)-[EuL]Cl
enantiomer dissolved in H,O/D,0 (up left); CH;0OH/CD;0OD (bottom left) and for (R,R)-[EuL]CI
enantiomer dissolved in H,O/D,O (up right); CH;0H/CD;OD (bottom right). All the curves are

collected at room temperature. For (S,S)—[EuL]Cl ty0 = 0.48(1) ms, tpyo = 1.30(1) ms; Tepszon =
0.89(1) ms, tcpzop= 1.52(1) ms. For (R, R)—[EuL]Cl 10 = 0.52(1) ms, tpyo = 1.38(1) ms; Tcuzon =
0.86(1) ms, Tcpsop= 1.50(1) ms.
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Figure S23. Luminescence decay curve of the emitting “Gs,, level of Sm(III) for (S,S)-[SmL]CI
enantiomer dissolved in H,O/D,0 (up left); CH;OH/CD;OD (bottom left) and for (R,R)-[SmL]CI
enantiomer dissolved in H,O/D,O (up right); CH;0H/CD;OD (bottom rigth). All the curves are
collected at room temperature. For (S,S)-[SmL]CI 1,0 = 14.8(6) us, tpoo = 72.4(9) us; Tcuson =
23.2(3) us, tecpzop= 123.6(9) us. For (R,R)—[SmL]CI ty0 = 13.9(3) us, Tpro = 66.4(9) us; Tcuzon =
22.9(4) ps, Tcpzop= 122.9(9) us.
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Figure S24. Linear relationship between the integrated emission area of Eu(Ill) and the optical
density of the excitation source for both the enantiomers of [EuL.]C] complexes in methanol (left) and
in water solution (right). The same relationship is reported for the reference quinine sulfate (Std; 1N

aqueous solution of sulfuric acid). Ae 340 nm.
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Figure S25. Linear relationship between the integrated emission area of Sm(III) and the optical
density of the excitation source for both the enantiomers of [SmL]CI complexes in methanol solution
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The slits were fixed at 14 nm and we checked that detector saturation was avoided. In this condition,

the incident power at 324 nm was measured at P, = 3.5 mW.
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Figure S26. Variation of the emission intensity of (S,S)-[EuLL]Cl in methanol (at 615 nm) under 324
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S4. CHIROPTIC MEASUREMENTS
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Figure S27. ECD spectra of both the enantiomers of the [EuL]Cl (up) and [SmL]CI (bottom)

complexes in methanol solution (10-° M) at room temperature.
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Figure S28. CPL spectra of both the enantiomers

complexes in methanol solution (10~* M) at room temperature.
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Figure S29. Overlap of CPL spectra in water and methanol (10 M) at room temperature of (S,S)—
[EuL]CI (up left), (R,R)—-[EuL]CI (bottom left), (S,S)-[SmL]CI) (up right), (R,R)-[SmL]CI (bottom

right) complexes.

S5. TWO PHOTONS ABSORPTION
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Figure S30. Luminescence spectra of both the enantiomers of [EuLL]Cl in methanol solution (107> M)

upon two—photon excitation in the NIR spectral region (Aex. =720 nm).
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Figure S31. Variation of the luminescence intensity of Eu(Ill) with the laser excitation power (Acx

=720 nm) for (S,S)-[EuL]Cl (upper) and (R,R)-[EuL]Cl (bottom) both dissolved in methanol (10

M).
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