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Ln(lll) Complexes
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Ln(lll) Complexes
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Properties of Ln(lll) -f transitions

- Long Excited State Lifetime
- Ladder-like Energy Diagram
- Narrow Emission Lines
- Pronounced MD Nature
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Circularly Polarized Luminescence —
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Circularly Polarized Luminescence (CPL)

— Ability of chiral systems to rotate the plane of polarized light ———» O@ m

— Intensity difference of right- and left-handed circ. pol. light: Al=1, - I

— Quantification by dimensionless disymmetry factor (max. + 2 ) g = 2((1112 JF—II;;)
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Nat. Commun. 2023, 14, 1065. Chem. Rev. 1986, 86, 1. Space Sci. Rev. 2008, 135, 187. Front. Chem. 2020, 8, 1-27.



Circularly Polarized Luminescence (CPL)

— Ability of chiral systems to rotate the plane of polarized light ———» O@ m

— Intensity difference of right- and left-handed circ. pol. light: Al=1, - I

— Quantification by dimensionless disymmetry factor (max. £ 2)

Gium =

ZUL _IR)

(I, +1Ig)

And why Ln3*??
. - 4R;
— Alternative description of g, Ium =l
for transition i — |y

— CPL amplitude of transition i — j is governed by rotary strength

— Normalization by global emission, ruled by overall transition oscillator strength

Nat. Commun. 2023, 14, 1065. Chem. Rev. 1986, 86, 1. Space Sci. Rev. 2008, 135, 187. Front. Chem. 2020, 8, 1-27.
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Circularly Polarized Luminescence (CPL)

— Ability of chiral systems to rotate the plane of polarized light ———» O@ m

— Intensity difference of right- and left-handed circ. pol. light: Al=1, - I

— Quantification by dimensionless disymmetry factor (max. + 2 ) g = 2((1112 JF—II;;)
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— Alternative description of gy Gum = = = iy | [myeos (&=  Ideal for high g,

for transition i — Dyl g2+ Tmy |2 | 1yl = my

— CPL amplitude of transition i — jis governed by rotary strength  R; = |u,~j |- m; | cos 6

— Normalization by global emission, ruled by overall transition oscillator strength - |H,-j |2 my |2
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CPL of Eu®* Complexes

Energy diagram of Ln ions
with spectroscopic levels.
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CPL of Eu3* Complexes
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CPL of Eu®** Complexes — f-ftransitions

ED transitions forbidden by Laporte’s rule — low | ;|
Eud*: 5D, — TF , (J =0-6)

MD transitions allowed for AJ= 0, +/-1 (except 0-0)
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CPL of Yb3* Complexes

Energy diagram of Ln ions
with spectroscopic levels.
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CPL of Yb%* Complexes
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Emission

— Crystal field splitting

In ligand field, spherical symmetry of electronic structure and

genereracy of spectroscopic levels is lifted (m; sub-levels)
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CPL of Yb%* Complexes
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Emission

— Mirror-type spectra for two enantiomers

— Improved discrimination of individual transitions

— Each CFS transition has its own CPL response (intensity + sign)

00

<=0
<0
€0

0.04 —

0.02 H

0.00

-0.02

-0.04

1.0 4
os{ Emission
0.6
0.4

0.2 4

0.0

\/

T T
940 960

980

1000 ' 1020 ' 1040 ' 1060
Wavelength / nm
Spectra acquired at 4K in PDMS.



Lanthanide-CPL

~— Applications
- Anti-counterfeit devices / security inks Eu(-tfc)-tmpo(2)

- Display technologies

- Molecular / Biological sensing
Eu(+tfc)-tmpo(2)
(induction/change of CPL in presence of chiral peptides)
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Lanthanide-CPL Fundamental insight in Lanthanide photophysics

Yb3*-CPL at variable temperature Er*-CPL at variable bandwidth
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Lanthanide-CPL

Fundamental insight in Lanthanide photophysics

-CPL at variable temperature
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Envisaged Project

=Y ) Insight into chiral activity of
higher excited states
Combination of Upconversion
Emission (UC) and Circularly S . Ef
A A — Fundamental knowledge in Ln%*
Polarized Luminescence (CPL) photophysics
in one molecular complex — Novel materials with unprecedented
E v properties
0
Lanthanide

Complexes



Envisaged Proj

ect

Excitation of
chromophore

((»)

Ln3 = Er3*

| ET to Ln* Center
/ (Antenna effect)

Emission of UC- CPL

=¥ Wy Insight into chiral activity of
higher excited states

E, y
1
A A
Eo
~ Requirements on Complex Design N
i) Induction of chirality OJSF:( ‘ \E:FKO
ii) Efficient sensitization
(antenna with high absorption cross-section)
/ / p
Q A0
iii) Maximum decrease of non-emissive deactivation
pathways (CN =9, deuteration,...)
\- J

12



Acknowledgements

Financial support

Dr. Aline NONAT ©

Dr. Loic CHARBONNIERE a’n r

Dr. Clémence CHEIGNON ANR-25-CE07-6425
Dr. Céline CHRISTINE Université

Dr. Cyrille CHARPENTIER de Strasbourg
Alexandre LECOINTRE

Soutien ITI QMat
Dr. Mainak BANERJEE

Samuel SANCHEZ
Dr. Brigino RALAHY
Dr. Charlotte HEINRITZ

your kind attention !

Pol CASTILLO-TORRES

Manon COURSEYRE

Annika Sickinger
sickinger@unistra.fr

X &
' =L I I “ C
Xy
Institut Pluridisciplinaire
. Hubert CURIEN
Equipe de Synthese Pour l'Analyse STRASBOURG



Energy

Transfer

-

Excitation

S

Antenna, attached to
tridentate ligand

T Chiral ligands

UC-CPL
Emission

AE [cmY]

2Hyy)p 19150
S 18450%
UC-CPL
| hv = 540/520 nm
o = 12250
0o 6500 —'Q‘Q—Q
Excitation NIR-Emission + CPL
hv = 800 nm
hv = 1500 nm
4|15/2 - v 0

Ex(lll



CPL setup
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