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Introduction

Helicenes constitute valuable building blocks provided with intrinsic helical chirality, which attracted much attention in recent years in the field of chiral materials. [1] Their exceptional chiroptical properties such as high optical rotation, intense electronic circular dichroism (ECD) and circularly polarized luminescence (CPL), [2] especially for heterohelicenes, [3] are related to their peculiar helical πconjugated skeleton. Attachment of coordinating groups on the helicene platform results in helicene based ligands and corresponding transition metal complexes. The latter started to be investigated especially since 2008, [4] in order to obtain innovative chiral complexes which combine the properties of the helicene unit with those of the metal centre, [5] resulting, for example, in original chiroptical, [6,7] CPL, [8,9] or magnetic properties. [10,11] Moreover, very recently, the use of azahelicene appended pyridine ligands [8] allowed the preparation of an ytterbium(III) complex showing strong magneto-chiral dichroism. [12] In the frame of our own interest in functional helicenes, [13,14] and their transition metal complexes, [9,15] we have recently reported the series of 2,6-bis(pyrazol-1-yl)pyridine (1-bpp) ligands substituted by racemic [4]-, [5]-and [6]helicene units in the 4-position of the pyridine ring, together with the photophysical properties of their luminescent Re(I) and Ru(II) complexes. [16] While a large variety of functionalized 1-bpp and corresponding transition metal complexes have been reported, [17,18] chiral derivatives have received little attention so far, [19,20] especially driven by catalytic applications, [21,22] but not for emission or chiroptical properties. Although several examples of photoemissive lanthanide complexes based on the 1-bpp ligand have been reported, [23][24][25][26] no example of such chiral complexes has been described so far, to the best of our knowledge. Indeed, chiral ligands employed so far in CPL active lanthanide complexes span from macrocycles, [27][28][29][30][31][32] camphor or other chiral ketone derivatives, [33][34][35][36][37] dipicolinate-based architectures, [38][39][40] pyridine oxazoline compounds [41,42] and bipyridine-based cryptates. [43,44] Although the position of the chiral helicene unit in our ligands is remote from the coordination pocket of the bpp, we aimed however in this study at investigating the ability of both (M) and (P) enantiomers of 2,6-bis(pyrazol-1-yl)pyridine-4- [6]helicene, hereafter called 6M and 6P, to polarize the luminescence of tris(2thenoyltrifluoroacetonate)lanthanide(III) complexes (Scheme 1). Actually, in a few instances, it has been observed that it is not necessary to have a chiral coordination polyhedron in order to observe sizeable CPL activity, especially when a dynamic coupling between f-f and induced ligand-centered transitions is at play. [45,46] We report herein the synthesis, structural characterization and chiroptical properties of 6M and 6P, together with the chiroptical and CPL properties of their red-emissive europium(III) and NIR-emissive ytterbium(III) complexes, supported by time-dependent density functional theory (TD-DFT) and complete active space self-consistent field (CASSCF) calculations. Scheme 1. Structure of the bpp [6]helicene-based lanthanide(III) complexes.

Results and discussion

Synthesis, chiroptical properties and structures of 6M and 6P

The racemic 1-bpp [6]helicene ligand was prepared according to our recent report. [16] The precursor dichloropyridine- [6]helicene was obtained by a Suzuki coupling between 2-bromo [6]helicene and 2,6dichloropyridine-4-boronic acid pinacol ester. After reaction with sodium pyrazolate, 1-bpp [6]helicene was obtained as a racemic mixture and characterized by 1 H and 13 C NMR and mass spectrometry (Figures S1-S3). The M and P enantiomers were separated by semi-preparative chiral HPLC on Chiralpak IE (250 x 10 mm, Figures S4-S6). Optical rotations and circular dichroism (CD) spectra were determined for both enantiomers (Figures 1 andS7). It was found that the M enantiomer was levorotatory, with optical rotation values of -2400, -2550, -3300 and -10500 deg•mL•g -1 •dm -1 at 589 nm, 578 nm, 546 nm and 436 nm, respectively. Opposite values were measured for the dextrorotatory P enantiomer. Interestingly, drop-casted thin films of 6M and 6P show a more intense band at 380 nm and a much weaker band at higher energy compared to solution measurements, together with a broadening of the absorption band, very likely a consequence of intermolecular interactions between the helicene units and/or conformational restrictions in the solid state (Figure 1). The absolute configuration of the ligands was further confirmed by single-crystal X-ray diffraction measurements (Figure 2, Table S1). Both enantiomers 6M and 6P crystallized in the noncentrosymmetric monoclinic space group P21 with two independent molecules in the asymmetric unit (Figure S8). The inherent helical chirality of the molecule is characterized by the helical curvature, that is the dihedral angle between first and last aromatic rings of helicene, with values of 46.14(9) -48.82(11)° and 48.86(9) -50.56(8)° in 6M and 6P, respectively (Figures S9 andS10). The biphenyl type connection between pyridine and first benzene ring of the helicene scaffold leads to torsion angles of 28.11(8) -29.39(8)° in 6M and 28.22(8) -28.95(8)° in 6P. Selected bond distances and angles are summarized in Table S2.

Synthesis and chiroptical properties of the complexes

Next, with the enantiopure 6M and 6P in our hands, we synthesized both red-emissive [Eu(tta)3(6M)] and [Eu(tta)3(6P)] and NIR-emissive [Yb(tta)3(6M)] and [Yb(tta)3(6P)] (tta -= 2thenoyltrifluoroacetonate, see ESI for characterization of the complexes, Figures S11-14). Mass spectrometry measurements confirmed the coordination of the 1-bpp [6]helicene ligands to the lanthanide centers. While similar UV-Vis spectra were observed, mirror-image CD spectra were obtained for both Yb and Eu 6M and 6P-based complexes in 10 -5 M CH2Cl2 solution (Figure 3). The emission properties in solution, at RT, of 6M and 6P ligands and of the corresponding Eu and Yb complexes have been investigated (Figures S15-S16). While both complexes present a small residual fluorescence of the coordinated 1-bpp [6]helicene ligand, suggesting an incomplete ligand-to-metal energy transfer, they also show typical bands for the transitions associated to the emission of the lanthanide. The total quantum yield of luminescence in [Eu(tta)3(6M)] is 32%, which is slightly higher than in the complex precursor [Eu(tta)3(H2O)2] (Ф = 23%). Two excitation spectra for [Eu(tta)3(6M)] were recorded at λem = 425 nm and λem = 615 nm, corresponding to the maximum emission of 6M and Eu(III) respectively (Figure 4). While the former matches the absorption spectrum of the ligand 6M, the latter suggests a predominant absorption of the tta -anion for the luminescence of the lanthanide ion, yet the participation of 6M is supported by comparison with the excitation spectrum of the complex precursor [Eu(tta)3(H2O)2] (Figure S17) as well as theoretical calculations (vide infra). Subsequently, CPL measurements have been performed on CH2Cl2 solutions of both Eu and Yb complexes. Remarkably, in spite of the weak conjugation between helicene and bpp moieties and the remote localization of the chiral unit with respect to the coordinated Eu(III) ion, [Eu(tta)3(6M)] and [Eu(tta)3(6P)] display weak but measurable CPL signals. In particular, mirror image signals associated to the 7 F1 ⟵ 5 D0 transition were detected (Figure 5). Such signals display a dissymmetry factor glum of ±3•10 -3 (positive for the P enantiomer, negative for the M enantiomer). 
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CPL active complexes with pyridine-bis(oxazoline) ligands strongly support the determinant role of the position of the chiral elements with respect to the metal center. In particular, these results would highlight that in this type of heteroleptic complexes, the main role in CPL activity is played by the stereo-ordered arrangement of the diketonates around the lanthanide, provided such order is efficiently imparted by properly placed chirality elements. [47,48] Although [Yb(tta)3(6M)] and [Yb(tta)3(6P)] display easily measurable NIR luminescence with maximum around 975 nm (Figure S18), in this case, it was not possible to unambiguously measure mirror image CPL signals, possibly due to the weakly polarized emission (glum < 10 -3 , Figure S18). However, NIR-CPL active Yb(III) complexes are still very rare in the literature, [49][50][51][52][53] therefore intensive endeavor in this direction is required in order to understand the role of the ligand chirality on the polarized emission of the lanthanide. These results show that the 6M/6P scaffold may be at the limit of polarizability induction for such emissive lanthanide complexes.

Theoretical calculations

Further, the 6M ligand and the corresponding Eu(III) and Yb(III) complexes have been studied theoretically in order to support the experimental findings. Density functional theory (DFT) was applied to obtain structural geometries and to gain insight into the optical and chiroptical properties of the ligands whereas multi-configurational wave function approaches were employed to simulate chiroptical properties of the lanthanide complexes. 
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The absorption and CD spectra of the 6M ligand have been reproduced by time-dependent DFT (TD-DFT) calculations (Figure 6) in a satisfactory manner. The first transition simulated at 380 nm has a weak contribution in both spectra (see Table S3) even if it mainly corresponds to the HOMO ⟶ LUMO transition. According to natural transition orbital (NTO) analysis, this transition as well as the following ones (E < 4.5 eV) are predominantly assigned to π ⟶ π* transitions localized in the helicene part of the 6M ligand (see NTOs # 1-9, Figure S20). Those transitions lead to the two main bands simulated around 305 and 355 nm in both spectra. At higher energy, the π orbitals contribution of the bpp part of 6M becomes apparent as illustrated by the NTOs of the 21 st transition (Figure S19), which is responsible, among others, of the UV-Vis band at 260 nm. In addition to the calculation of the vertical absorption energies, the optimized structure of the first singlet excited state (S1) and the first three triplet states (T1, T2 and T3) were calculated and included in the Jablonski diagram depicted in Figure 7. The discussed results were established using the length-gauge formalism but comparison with the velocity-gauge adopted-form is available in the ESI (Table S3 and Figure S20). TD-DFT calculations were then performed on a closed shell form of the complexes where the trivalent lanthanide center was replaced by yttrium(III) (see computational details). NTOs analysis suggests that the first transitions in the whole complex are still centered on the 6M ligand (Figure S21). Contributions from transitions localized on tta -ligands appear in the range 3.8 -3.9 eV, like for instance the intense 17 th transition. Only few transitions were calculated in this range for the 6M ligand. That explains the evolution of the spectra of the complex in comparison with the 6M based-one (Figure S22), i.e. the red-shift and the higher intensity of the UV-Vis band near 320 nm, and the flattening of the last CD band. Otherwise, the observed CD band around 250 nm is less well reproduced than for the 6M ligand. Its simulated maxima (at 270 nm) are red-shifted, contrary to the general blue-shift of these TD-DFT spectra compared to the experiments. However, this is probably explained by the number of transitions that we were able to calculate, which leads to a potentially inaccurate representation of this band. State average complete active space self-consistent field (SA-CASSCF) method-based calculations allow us to describe the electronic structure and to simulate chiroptical properties of europium(III) and ytterbium(III) complexes (see computational details) as already established in previous works. [50,54] In order to gain insight into the driven luminescence mechanism of both complexes, the Jablonski diagram was completed (Figure 7) by energetic splitting obtained from the SA-CASSCF calculations (Tables S4 andS5). The 5 DJ spectroscopic level of [Eu(tta)3(6M)] are calculated too high in energy. Notably, the emissive 5 D0 level is calculated at approx. 3000 cm -1 higher than usually expected according to the literature. [55] The luminescence of lanthanide complexes can be explained by the socalled antenna effect. [56] Hence, by assuming the 5 D0 level of the [Eu(tta)3(6M)] complex slightly lower in energy (typically near 17 400 cm -1 ), the energy transfer most likely occurs from the T1 state of the 6M ligand (while tta -cannot be discarded) in order to sensitize the Eu(III) ion. This sensitization 10.1002/ejic.202200010
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pathway, the most commonly accepted, [57] is supported by spin-orbit coupling (SOC) calculations concerning the 6M ligand. Indeed, the most favoured intersystem crossing (ISC) from the S1 state is with the T1 state, regardless that the S1 state of the 6M ligand has time to relax or not after being reached (Table S6). Therefore, even if the tta -ligands certainly play a role in the Eu(III) sensitization with respect to the literature, [58] the 6M ligand appears to be correctly designed to sensitize also the Eu(III) center. For the [Yb(tta)3(6M)] complex, the energetic gap between the T1 state of 6M and its 2 F5/2 emissive level is too high (about 9 000 cm -1 ) to enable an efficient energy transfer. Therefore, the sensitization of the Yb(III) ion certainly comes from the tta -ligands, as already reported in the literature, [59,60] with an indeterminate mechanism. Dealing then with the lanthanide centered luminescence, the CPL spectrum of the Eu(III) complex was theoretically reproduced (Figure 8). The shape of the band induced by the transitions 7 F1 ⟵ 5 D0 is satisfactory reproduced. For the other bands, a comparison between the theoretical and the experimental CPL spectrum is harder to establish. Furthermore, one notices an important blue-shift for the simulated spectrum due to the missed placement of the 5 D0 spectroscopic level previously mentioned. Works along this line are envisaged in a close future to tentatively improve energies of the excited states. Thus, at this stage, the bands calculated around 570 nm certainly correspond to the 7 F4 ⟵ 5 D0 transitions, while, the 7 F5 ⟵ 5 D0 transitions, just like the 7 F3 ⟵ 5 D0 transitions, are calculated with low rotatory strength (Table S7, ESI). These are in accordance with what is predicted by the selection rules for the f-f transitions, in so far as they are respected. Indeed, electric dipole transitions are allowed only for values of ∆J equal to 2, 4 or 6 as J' = 0 for the emissive level. The strict forbidden character of the 7 F0 ⟵ 5 D0 transition with J = 0 and J' = 0 (R = 3.41•10 -47 esu 2 cm 2 ) as well as the magnetic dipole character of the 7 F1 ⟵ 5 D0 transition (fMD ≥ 10 3 fED, see Table S7) are correctly computed. 

Conclusions

In conclusion, the first enantiopure versions of tridentate bpp-helicene ligands have been prepared and characterized through their structural and chiroptical properties. DFT and TD-DFT could reproduce both absorption and CD spectra of 6M, highlighting the contribution of helicene and bpp in the main transitions. These ligands allowed the preparation of emissive Eu(III) and Yb(III) complexes in the visible 10.1002/ejic.202200010
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and NIR regions, respectively, with the former also showing weak circularly polarized emission. The tta -ligands completing the coordination sphere of the Ln centers are already known to be able to sensitize the luminescence of lanthanide centers. Nevertheless, according to TD-DFT and CASSCF calculations, the bpp-helicene ligands can also efficiently sensitize the luminescence of Eu(III) center through energy transfer from the first triplet state of the ligand, while the sensitization of Yb(III) should arise from other types of mechanisms. The relatively low values of ±3•10 -3 for the CPL dissymmetry factor glum of the Eu(III) complex, corresponding to the 7 F1 ⟵ 5 D0 transition, are very likely due to the remote location of the chiral space provided by the helicene unit with respect to the coordination sphere of the metal ion. These results open the way towards the preparation of chiral bpp-helicene lanthanide complexes provided with magnetochiral properties. The variation of the positioning of the helicene unit on the bpp platform is of prime importance, in order to promote a stronger polarization of the emission. These strategies are under current investigation in our groups.

Experimental Section

Materials and Methods. The precursors [Eu(tta)3(H2O)2], [Yb(tta)3(H2O)2] [60] and 2-bromo [6]helicene [61] were prepared as previously reported in the literature. All other materials and solvents were commercially available and used without further purification. Nuclear magnetic resonance spectra were recorded on a Bruker Avance DRX 300 spectrometer (operating at 300 MHz for 1 H and 75 MHz for 13 C). Chemical shifts are expressed in parts per million (ppm) downfield from external TMS. MALDI-TOF MS spectra were recorded on Bruker Biflex-IIITM apparatus, equipped with a 337 nm N2 laser. Elemental analyses were recorded using Flash 2000 Fisher Scientific Thermo Electron analyser. UV-Vis absorption spectra were recorded using a Shimadzu UV 1800 spectrometer in 10 -5 M CH2Cl2 solutions. Excitation and emission spectra were recorded using a RF-6000 spectrometer in 10 -6 M CH2Cl2 solutions. Absolute quantum yields were determined by using an integrating sphere. CD spectra were recorded on a JASCO J-1500 spectrometer at 20°C. CPL measurements were carried out with a homemade spectrofluoropolarimeter, [62] mounting a Hamamatsu R-376 for visible measurements and a Hamamatsu R-316 for NIR ones. [49] The samples concentration was around 1•10 -5 M. A 365 nm LED was used as the excitation source, employing a 90° excitation geometry. Luminescence dissymmetry factors (glum) were calculated as 2(IL-IR)/ (IL+IR), where IL and IR are left and right circularly polarized components of the emission. The spectra are the average of eight accumulations each. [6]helicene. In a Schlenk tube under inert atmosphere, pyrazole (0.91 mmol, 62 mg) was dissolved in diethylene glycol dimethyl ether (6 mL). Sodium hydride (60 %w, 0.91 mmol, 37 mg) was slowly added and the mixture was stirred for 2h at room temperature. Dichloropyridine- [6]helicene (0.32 mmol, 150 mg) was then added and the mixture was refluxed for 5 days. After evaporation of the solvent under vacuum, 15 mL of water was added to precipitate the product. The white powder was dried under vacuum (135 mg, 0.25 mmol, 78% yield). After separation of the two enantiomers by semi-preparative chiral HPLC, single crystals of 6M and 6P were obtained by slow evaporation of an acetone solution. 1 Hz, 2H, H3-H6), 7.31 (s, 2H, H7-H8), 7.20 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 6.72 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 6.51 (dd, J = 2.5, 1.7 Hz, 2H, H2-H5). 13 

Synthesis of 1-bpp
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were computed (7 septets). SOC was then added within the restricted active space state interaction (RASSI) method by mixing the SA-CASSCF wave functions. [81] For all these wave function-based calculations, Cholesky decomposition of the bi-electronic integrals was employed, [82] to save disk space and to speed up the calculations, and SOC integrals were calculated using the atomic mean-field integrals (AMFI) approximation. [83] The TD-DFT spectra were scaled by Gaussian function from oscillator strength f or rotatory strength R with a 𝜎 value of 0.13 eV. No spectral shift has been applied. The CPL spectrum was obtained by exploiting SA-CASSCF results as detailed in our previous work. [54] 
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The use of enantiopure bis(pyrazolyl)-pyridine- [6]helicene ligands allowed the preparation of chiral emissive Eu(III) and Yb(III) complexes. Remarkably, the Eu(III) complex shows CPL activity despite of the remote position of the helicene unit with respect to the coordination sphere of the metal ion. 

Figure 1 .

 1 Figure 1. CD (top) and UV-Vis (bottom) spectra of 6M and 6P in 10 -5 M dichloromethane solution and in thin film.

Figure 2 .

 2 Figure 2. Crystal structure of 6M (left) and 6P (right) with atom label. Color code: C (black), H (cyan), N (blue).

Figure 3 .

 3 Figure 3. CD (top) and UV-Vis (bottom) spectra of the complexes in 10 -5 M dichloromethane solution.

Figure 4 .

 4 Figure 4. Normalized absorption, emission and excitation spectra of [Eu(tta)3(6M)].

Figure 5 .

 5 Figure 5. CPL spectra of [Eu(tta)3(6M)] and [Eu(tta)3(6P)] in 10 -5 M dichloromethane solution.On the other hand, the signals associated to the 7 F2 ⟵ 5 D0 transition appear very noisy due to a much lower dissymmetry factor (estimated ~ 10 -4 ). These relatively low values with respect to other Eu(III)

Figure 6 .

 6 Figure 6. Comparison of the TDA TDDFT simulated (red line) and experimental (black dashed line) CD (top) and UV-Vis (bottom) spectra of 6M in relative units. No spectral shift has been applied. The gaussian broadening of the simulated spectra was performed with a 𝜎 value of 0.13 eV.

Figure 7 .

 7 Figure 7. Jablonski diagram depicted with [a] TDA TDDFT, [b] CAS(6,7)SCF and [c] CAS(13,7)SCF calculations.

Figure 8 .

 8 Figure 8. Calculated CPL spectrum of [Eu(tta)3(6M)] complex in relative units. The Gaussian broadening was performed with a σ value of 10 meV. No spectral shift has been applied.

  H NMR (300 MHz, CDCl3) : δ 8.52 (d, J = 2.5 Hz, 2H, H1-H4), 8.15 (d, J = 8.6 Hz, 1H), 8.16 (m, 1H), 8.04 -7.93 (m, 8H), 7.87 (d, J = 1.1 Hz, 2H), 7.65 (ddd, J = 8.4, 7.8, 1.7

  General procedure for the synthesis of [Ln(tta)3(6M)] and [Ln(tta)3(6P)]. The ligand enantiomer 6Mor 6P (0.029 mmol, 15.5 mg) was dissolved in acetone (4 mL) and placed under argon atmosphere. A solution of [Ln(tta)3(H2O)2] (0.029 mmol, 25 mg for Ln = Eu and 26 mg for Ln = Yb) in acetone (1 mL) was added and the mixture was stirred at 50°C for 4 hours. The solvent was evaporated under vacuum and the residue was dissolved in a minimum of dichloromethane. Precipitation by addition of n-hexane 10.1002/ejic.202200010

  C NMR (75 MHz, CDCl3) : δ 154.3, 150.3, 142.1, 134.3, 133.2, 132.4, 132.4, 131.8, 131.7, 130.2, 129.6, 128.7, 128.7, 128.2, 127.9, 127.7, 127.7, 127.5, 127.2, 127.0, 125.8, 124.8, 124.1, 107.9, 107.6. MALDI: 537.
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gave the desired product as a yellow powder. Yields: between 56 and 62%. MALDI: 1130, [Eu(tta)2(6M)] + and [Eu(tta)2(6P)] + ; 1153, [Yb(tta)2(6M)] + and [Yb(tta)2(6P)] + . Anal. calcd. for C61H35N5O6S3F9Eu: C, 54.15, H, 2.61, N, 5.18%. Found: C, 54.00, H, 2.48, N, 4.98%. Anal. calcd. for C61H35N5O6S3F9Yb: C, 53.32, H, 2.57, N, 5.10%. Found: C, 53.05, H, 2.39, N, 4.85%.

Structural Characterization. Single crystals of the compounds were mounted on glass fiber loops using a viscous hydrocarbon oil to coat the crystal and then transferred directly to the cold nitrogen stream for data collection. Data collections were performed at 150 K on an Agilent Supernova with CuKα (λ = 1.54184 Å). The structures were solved by direct methods with the SIR97 program and refined against all F 2 values with the SHELXL-97 program [START_REF] Sheldrick | Programs for the Refinement of Crystal Structures[END_REF] using the WinGX graphical user interface. [START_REF] Farrugia | [END_REF] All nonhydrogen atoms were refined anisotropically except as noted. Hydrogen atoms were placed in calculated positions and refined isotropically with a riding model. CCDC 2101184 (6M) and CCDC 2101185 (6P) contain the supplementary crystallographic data for this paper. This data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Computational details. The Kohn-Sham density functional theory (DFT) and the time-dependent DFT (TDDFT) calculations were carried out with the 2019's release of the Amsterdam Density Functional (ADF) [65,[START_REF] Baerends | ADF 2019[END_REF] program. All calculations utilized the zeroth-order regular approximation (ZORA) [START_REF] Van Lenthe | [END_REF]68] along with the hybrid functional PBE0 [69,70] with 25% of exact exchange and the atomic basis set corresponding to the triple-ζ polarized Slater-type orbital (STO) all-electron basis set with one set of polarization functions for all atoms (TZP). [71] No symmetry has been imposed for all computations. Solvent effects of the dichloromethane (DCM) were considered by using the Conductor-Like Screening Model (COSMO) [72] with the dielectric constant of 8.9. From the X-Ray characterized structure of 6M, two different conformers have been optimized and the more stable one was retained for the following calculations. Frequencies calculations were performed to ensure that no imaginary frequencies were present. [73] TD-DFT linear response calculations of the 100 lowest singlet excitation energies have been computed using the Tamm-Dancoff approximation (TDA). [74] The oscillator and the rotatory strengths were analytically calculated in their length and velocity gauge forms. [75] The nature of the transitions was analyzed with the help of the Natural Transition Orbitals (NTOs), [76] visualized with the graphical user interface of ADF. The optimized structures with their associated energy of the lowest excited states were obtained using TDA TD-DFT. The spin-orbit coupling (SOC) between the first five excited singlet and triplet states have been computed perturbatively [77] at the geometry of the ground state (S0) and of the first singlet excited state (S1). Next, the [Eu(tta)3(6M)] and [Yb(tta)3(6M)] complexes have been studied. One structural arrangement of the complex was firstly optimized in a closed shell system where the metallic center was replaced by Yttrium(III). Based on this geometry, TDA TD-DFT calculation covering up to 100 singlet excited states was performed. The Yttrium(III) ionic center was also replaced by Europium(III) and Ytterbium(III) in order to obtain a ground state structure of the complexes with a spin multiplicity of 7 and 2, respectively. For these two DFT optimizations, the COSMO model of DCM was not used and the resulting structures were employed to run multiconfigurational calculations in gas phase. The wave function-based calculations have been done through the state average (SA) complete active space (CAS) self-consistent field (SCF) approach with the OpenMolcas quantum-chemistry package (version 19.11). [78] The all-electron atomic natural orbital relativistic contracted (ANO-RCC) basis sets from the Molcas library were used. [79] The following contractions were employed for Eu and Yb [25s22p15d11f4g2h/8s7p4d3f2g1h], for O and N [14s9p4d3f2g/4s3p2d1f], for C and F [14s9p4d3f2g/3s2p], and for H [8s4p3d1f/2s]. In addition to these basis sets, the second-order Douglas-Kroll-Hess scalar relativistic Hamiltonian [80] was used to consider the scalar relativistic (SR) effects. The CAS was filled by the seven 4f orbitals of the lanthanide trivalent ionic center and by the corresponding 4f populated number of electrons (i.e. CAS (6,7) and CAS (13,7) for Eu III and Yb III respectively). To describe the [Eu(tta)3(6M)] complex, all septet spin sates (7 roots), 105 quintets, 141 triplets and 26 singlets were calculated while for the [Yb(tta)3(6M)] complex all roots 10.1002/ejic.202200010
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