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Introduction

Luminescent organometallic complexes have attracted considerable interest over the past few decades in the area of functional molecular materials, notably for their applications in photocatalysis, [1][2][3][4] luminescence sensing and cellular imaging, [5][6][7] as well as in organic lightemitting diode (OLED) devices. [8][9][10][11] The main advantage of employing organometallic complexes as emitters for the fabrication of highly efficient phosphorescent OLEDs is their capacity to access triplet states via intersystem crossing (ISC) from the singlet excited state through strong spin-orbit coupling mediated by the heavy metal in the complexes. [12][13][14][15][16][17] Phosphorescent transition metal compounds, such as iridium(III), 18 platinum(II), 19,20 ruthenium(II), 21 osmium(II) 22 and gold(III) complexes 23 have proven to be an outstanding classes of emitter materials for making OLEDs because of their high luminescence quantum yields. The photophysical properties of luminescent metal complexes could be directly modulated by an appropriate variation of ligands and metal ions. 24,25 A large number of highly phosphorescent materials are coordination compounds based on cyclometalated complexes. 23,26,27 The combination of rigidity of the molecule, strong metal-chelate bonding, substituent effect on ligands and design of the ligand skeleton may contribute at improving the luminescent quantum efficiency and tuning the color of the emission of the resulting cyclometalated complexes. 28 Among them, cyclometalated platinum(II) complexes represent an important class of phosphorescent materials due to their interesting coordination geometry and rich photochemical and photophysical properties in solution and in solid state devices. [29][30][31] Notably, their four-coordinated square-planar structure can accommodate bidentate, tridentate, or tetradentate chelating ligands [32][33][34][35][36][37] and additional ancillary ligands, [38][39][40] which offers considerable options for engineering targeted highly phosphorescent materials. It has been shown that electronic excited states and their relative energies can be improved via modifications the coordinated ligands around the platinum ion. [41][42][43] Furthermore, the planar geometry of the platinum complexes facilitates interesting specific self-assembly behaviors and luminescence properties of the complexes by intermolecular π … π stacking or axial Pt … Pt interactions. [44][45][46][47][48] Recently a series of tridentate cyclometalated [Pt(N^C^N)Cl] complexes with an electrondeficient pyrimidine-contained N^C^N ligands have been synthesized by Jin and co-workers, and as reported, the replacement of one pyridine with a pyrimidine ring in N^C^N platinum(II) complexes affect the intermolecular interactions and the luminescence properties of the complexes. 49 However, no supplementary studies in this series of complexes have been carried out to enhance the photophysical properties by substitution of the chloride by ancillary acetylide ligands. In fact, Williams and co-workers have reported that the substitution of the chloride ligand of cyclometalated [PtLCl] complex (L = 5-methyl-1,3-di(2-pyridyl)benzene) by 3,5-difluorophenyl-acetylide induces higher photoluminescence quantum yields than the corresponding chloride complex (Φ PL = 0.77 vs 0.68). 50 In addition, complementary studies have demonstrated that the Pt(II) acetylide complexes are interesting because the excited and luminescence properties of the complexes can be optimized by variation of the substituent in the σ-alkynyl auxiliary. [51][52][53][54] In this context, this study aims to develop high-efficiency emitters based on cyclometalated chloro-and alkynyl-platinum complexes bearing a 1,3-bis(pyrimidin-2-yl)benzene derivative ligands. The effect of substitution of the monodentate ancillary ligand (chloride or various substituted phenylacetylides) and the introduction of different groups to the central phenyl ring of the N^C^N ligands on the complexes 1-14 have been investigated experimentally and theoretically (Fig. 1). The results show that the incorporation of electro-donating or electro-withdrawing groups on both the tridentate and σ-alkynyl ligands in these complexes can result in tuning and, in some case, improving their photophysical properties in solution and in solid state.

Fig. 1 Chemical structures of the cyclometalated platinum-based complexes 1-14 investigated in this work

Results and Discussion

Synthesis and characterization

The synthesis of the complexes requires the cyclometalating tridentate N^C^N ligands 18-20 whose preparation was accomplished in a two-step synthesis as previously reported (synthetic scheme is provided in supporting information, Scheme S1). 49 In a first step, the arylboronate ester derivatives 15-17 were produced by Pd-catalyzed Miyaura borylation cross-coupling reaction of 1,3-dibromobenzene derivatives with bis(pinacolato)diboron in the presence of PdCl 2 (dppf) and a weak base KOAc in DMF at 90°C in moderate yield. In the second step, the arylboronate ester derivatives 15-17 were converted into the corresponding ligands 18-20 under Pd-catalyzed Suzuki-Miyaura cross-coupling reaction in presence of the 2-chloropyrimidine, Pd(PPh 3 ) 4 and K 2 CO 3 (aq) under reflux of toluene in moderate to good yields. The N^C^N cyclometalated chloro-platinum(II) complexes 1 and 2 are known compounds and were prepared as previously reported method. 49,55 The chloro-platinum(II) precursor complexes 3 was obtained using a similar procedure in a good yield, after a 2-day reaction between the corresponding ligand 20 and potassium tetrachloroplatinate (K 2 PtCl 4 ) in a refluxed solution of glacial acetic acid (Scheme 1). Finally, N^C^N cyclometalated alkynylplatinum(II) complexes 4-14 were prepared under conventional cross-coupling condition by reaction of chloro-platinum(II) precursors 1-3 with the corresponding organic alkynes in the presence of sodium methoxide and MeOH/CH 2 Cl 2 (4:1 v/v) at 40°C. 56 Due to his low solubility, chloro-platinum complex 3 has only been characterized by HRMS. Alkynylplatinum complexes 4-14 were analyzed by 1 H NMR, IR and HRMS. The characterization data were found to be in complete agreement with the proposed structures.

Scheme 1 Synthesis of N^C^N cyclometalated chloro-platinum(II) complexes 1-3 and alkynyl-platinum(II) complexes 4-14.

X-ray crystal structures

Single crystals of alkynyl-platinum complexes 7 and 8 were obtained by slow evaporation of CH 2 Cl 2 solution of the complex at room temperature, and their molecular structures were determined by X-ray crystallography analysis as shown in Fig. 2 (A) and Fig. 3 (A). The crystal data and structure refinement details are provided in the Supporting Information (Table S2 andS3), and selected bond lengths and bond angles are listed in Table 1. As generally observed for cyclometalated N^C^N and C^N^N platinum(II) complexes, the Pt(II) ion center of complexes 7 and 8 adopts a distorted square-planar geometry defined by a tridentate cyclometalated ligand 19 and one alkynyl fragment. 51,54,57,58 The N-Pt-C and N-Pt-N angles (C6-Pt1-N3 80.30°, C6-Pt1-N1 79.00° and N3-Pt1-N1 159.30° for complex 7, and C10-Pt1-N3 79.70°, C10-Pt1-N3 79.30°, N3-Pt1-N1 158.90° for complex 8) are found to deviate from the idealized value of 180° and 90°, respectively. The Pt-N bond distances in the two complexes 7 and 8 are 2.029-2.040 Å, comparable to those in the reported analogue [Pt(N^C^N)Cl] complexes. The bond lengths Pt-C16 for complex 7 and 8 are 2.125 and 2.092 Å, respectively. Complex 7 and 8 have a longer Pt-C(N^C^N) bond lengths (Pt1-C6 1.951 Å for 7 and Pt1-C10 1.949 Å for 8), which can be attributed to the higher trans influence of the alkynyl ligand than that of the chloride ligand.

Notably intermolecular interactions and conformations have been observed in these crystal lattices of complexes 7 and 8 (Fig. 3 (A andB). The crystal packing of complex 7 show a staggered stacking arrangement between pairs of complex molecules (Fig. 3 (A)).

Intermolecular π•••π interaction was found in the crystal packing, and the distance between the vertical plane-to-plane separation (d π-π ) of two adjacent molecules is ~3.30 Å. The closest Pt-Pt distance (d Pt-Pt ) in the crystal of 7 is only 3.300 Å, which is indicative of strong metalmetal interactions. The crystal packing of complex 8 show a head-to-tail stacking arrangement between pairs of complex molecules (Fig. 3 (B)). Intermolecular π•••π interaction have been detected in the crystal packing, and the distance between the vertical plane-to-plane separation (d π-π ) of two adjacent molecules is ~3.40 Å. There is no Pt•••Pt interaction for 8, the shortest Pt-Pt distance (4.683 Å) of 8 is much longer than 7. The divergence can be attributed to the difference in structural arrangement created by the addition of a methoxy group on the phenyl ring. 

Electrochemical Properties

Cyclic voltammograms of the chloro-platinum complexes 1-3 display an irreversible and broad peak at E pa (1) at ca. 0.6 -0.8 V vs. Fc + /Fc upon scanning in positive direction (Fig. 4 (A)). The value of E pa (1) varies with R 1 , as evidenced by the most positive value obtained with complex 3 (see Table 2). On the cathodic part, a single reduction peak is detected at E pc (3) (Table 3 and Fig. 4 (A)). This peak is irreversible at v = 0.1 V s -1 , but displays more reversibility when the scan rate is increased (Inset, Fig. 4 (A)). The value of As shown in Fig. 4 (B) and Table 2, alkynyl-complexes 4-14 display similar behavior to 1-3.

E pc (3) is R 1 -dependent,
On one hand, the value of E pc (3) varies with the electronic properties of R 1 as for complexes 1-3, in agreement with a reduction process on the Pt-bound phenyl ligand, the values being close to those found for the chloride complexes. On the other hand, the irreversible oxidation process at E pa (1) does not sensibly change with R 2 for this series, as previously found for analogous Pt complexes. 31 For instance, alkynyl-complexes 4, 7 and 12 (R 2 = H) display similar values to their chloroplatinum analogues (complexes 1, 2 and 3 respectively). Within a single R 1 series such as for complexes 7-11, the oxidation potential seems independent of the electronic properties of R 2 (see Table 2). Moreover, the R 1 -E pa (1) trend found with complexes 1-3 is no longer observed.

Thus, these electrochemical data emphasize that the redox properties of the phenylacetylide complexes 4-14 can be mainly controlled through the variation of the substituting group R 1 which can significantly affect the reduction potential. Possibly, the random variation of the oxidation potential E pa (1) with R 2 originates from the different possible orientations of the phenyl ring relative to the cyclometalated ligand, favoring or not conjugation between the two moieties (see computational part).

Fig. 4

Cyclic voltammetry (CV) at a Pt working electrode (E / V vs. Fc + /Fc) of (A) chloroplatinum complexes 1, 2 and 3 (v = 0.1 V s -1 ) and (B) Alknyl-platinum complexes 4, 7 and 12 in CH 2 Cl 2 /NBu 4 PF 6 0.1 M under inert atmosphere. C = 0.5 mM. Inset (A): CV of complex 1

at v = 5 V s -1 .
Table 2 Electrochemical data (E pa (1), E pa ( 2) and E pc (3)) for complexes 4-14 (0.5 mM) at a Pt working electrode in CH 2 Cl 2 /NBu 4 PF 6 0.1 M (E / V vs. Fc +/0 , v = 0.1 V s -1 ) and DFTcomputed electron affinities (EA) and ionization energies (IE) in eV. 

Photophysical Properties

The UV/Vis absorption and photoluminescence (PL) properties of chloro-and alkynyl-platinum complexes 1-14 are summarized in Table 3.

Table 3 UV/Vis and PL data of complexes 1-14 in CH 2 Cl 2 and in solid state. The λ max values coming from the TD-DFT-simulated spectra are given in brackets below their experimental counterparts.

a All spectra were recorded at room temperature at c ∼ 10 -5 M with deoxygenated solution prepared by bubbling N 2 though the solutions. b λ exc = λ abs max of the lowest energy band. c

Calculated using the less energetic absorption band and the more energetic emission band. 14 Absorption spectra of chloro-platinum complexes 1-3 are displayed in Fig. 5. These complexes exhibit intense absorption band in the UV region from 250 to 300 nm, assigned to intra-ligand (IL) π-π* transition on the cyclometalated (N^C^N) ligands and less intense bands from 350 to 450 nm attributed in particular to metal to ligand charge transfer (MLCT).

For complex 2, the presence of a methoxy electron-donating group in conjugated position with the platinum atom on the central phenyl ring of the N^C^N ligand induces a significant red-shift of the less energetic absorption band with regards to complex 1 (∆λ = 37 nm), as observed recently in a series of 2-phenylpyrimidine platinum complexes. 60 On the contrary, the presence of a trifluoromethyl electron-withdrawing substituent, in the N^C^N ligand of complex 3 causes a slight blue shift of 6 nm of the same band. Alkynyl-platinum complexes 4-14 exhibit similar absorption profile than their respective chloro-platinum parent complexes, with the lowest-energy absorption band attributed mainly to interligand charge transfer (see computational part). In the series of complexes with methoxy substituted N^C^N ligand, the presence of methoxy electron-donating group on the alkynyl ligands (complex 8) leads to slight red-shift of the less energetic absorption band with regards to complex 7 (Fig. 6). The same trend is also observed in the two other series of complexes with unsubstituted and trifluoromethyl substituted N^C^N ligand (Fig. S23 andS24). This red-shift is more pronounced with stronger electron-donating diphenylamino substituent on alkynyl ligand (complex 11). All complexes exhibit emission in CH 2 Cl 2 solution with emission lifetimes comprised between 3.1 to 12.3 µs, characteristic of phosphorescence emission. The photoluminescence quantum yield (PLQY) are in some cases rather high (Φ PL up to 0.81), as expected for platinum (II) complexes with N^C^N ligand. 19 The emission spectra of chloro-platinum complexes 1-3 are displayed in Fig. 7. Structured spectra with vibrational spacing of around 1300 cm -1 are observed for complexes 1 and 3 as described previously for similar N^C^N complexes. 55 A large red shift of the main emission maxima and longer emission lifetime are displayed by complex 2 with methoxy substituted N^C^N ligand with regard to complex 1 (∆λ = 76 nm). The less structured shape of the emission band of this complex would indicate a lower structural distortion of excited state and could explain the higher PLQY observed. 61 On the other hand, complex 3 with trifluoromethyl substituted N^C^N ligand shows a really similar emission profile than complex 1 with a blue shift of 7-12 nm and reduced PLQY. In the series of alkynyl-platinum complexes 7-11 with methoxy substituted N^C^N ligand, the presence of a methoxy electron-donating group on the alkynyl ligand in complex 8 leads to a slight red shift of the main emission band to 572 nm (Fig. 8). This complex exhibits the best quantum yield of the whole series (Φ PL = 0.81). Diphenylamino group appended on alkynyl ancillary ligand in complex 11 induced a more pronounced red-shift of the position of emission maxima, but the PLQY is dramatically reduced. The replacement of chlorine ligand by a stronger-field ligand such as phenylacetylene ones is known to raise the energy of the metal-centered d-d excited state, which is subject to efficient non-radiative decay, well above the emitting triplet state. [61][62][63] Strong electron-donating diphenylamino or electronwithdrawing cyano groups on the phenylacetylene anciliary ligand in complexes 11 and 9

reduce the PLQY and the highest PLQY are observed with softer electron-donnating methoxy group. For the two other series of alkynyl complexes 4-6 and 12-14, the p-anisole alkyne ligand provides the highest PLQY in each case (Fig. S26 andS27). When compared their analogue complexes based on 1,3-bis(pyrimidin-2-yl)benzene ligand, the complexes 1, 4, 12

and 13 exhibit similar emission profile but lower PLQY. 55,64 On the other hand, methoxy substituted chloro-platinum complex 2 exhibits higher PLQY than its pyridine analogue (0.37 vs 0.30). 55 In solid state, complexes 1, 2, 4-11 exhibit red emission with unstructured band attributed to the formation of excimers more than to MMLCT (Fig. 9 and Fig. S27). Indeed, in solution when the concentration is increased to more than 10 -4 M a new broad band is observed at respectively 700 and 720 nm for complexes 2 and 8. On the other hand the absorption and excitation profile are not modified at this concentration and no deviation of the Beer Lamber Law is detected (Fig. S28 and Fig. S29). 

Theoretical Calculations

Following previous computational studies on related platinum complexes , 31,49,63,[65][66][67] we performed density functional theory (DFT) calculations at the PBE0/Def2-TZVP level were performed to optimize the geometries of chloro-and alkynyl-platinum complexes 1-14.

Solvent (CH 2 Cl 2 ) effect corrections were included (see Computational Details). The 14 optimized structures are shown in Figure S30. Selected computed data are provided in Table 4 Table S5. The optimized geometries of 7 and 8 are essentially consistent with their X-ray structures (Table 1). The optimized Pt-N and Pt-C(N^C^N) distances are ~0.5% longer and shorter, respectively, than their X-ray counterparts, whereas the computed Pt-CCR separations are found ~3% shorter than the experimental one. In addition, the phenyl ring makes a larger angle with the N^C^N ligand plane in the X-ray structure of 7 and it is more bent in that of 8.

These differences, which are more pronounced in the case of 7, can be attributed to the existence of the intermolecular forces existing in the solid state (substantial in the case of 7, see above), whereas the optimized structures were considered isolated in dichloromethane solution. As a matter of fact, the optimized geometries of 7 and 8 were found nearly planar, as all the investigated complexes, except that of 4, 6, 9, 10, 11 and 14. In the case of 11, the whole molecular framework is planar except that the NPh 2 substituent is out-of-plane rotated by ∼ 40° due to steric repulsions. On the other hand, in 4, 6, 9, 10 and 14 the phenyl ring is found perpendicular to the N^C^N ligand. Actually, 6, 9, 10 and 14 are the only species bearing an electron accepting group of the phenyl-alkynyl ligand (R 2 = CN, CHO) whereas 4 is unsubstituted. An evaluation of the rotational energy barrier in 4, 6 and 9 provided values lower than 1 kcal/mol, indicating nearly free rotation of the phenyl ring in these compounds.

Obviously, in these complexes, the Pt center is reluctant to set up the π-type communication between the N^C^N ligand on one side and the phenyl alkynyl group on the other side when R 2 is not a donating group.

Unsurprisingly, the Pt-N distances are almost constant within the whole series (range: 0.006 Å). This is not of course the case for the Pt-C N^C^N distances. The shortest ones, associated with the largest Wiberg bond indices (WBIs), are found for the chloro-platinum derivatives 1-3. Within the alkynyl-platinum series 4-14, they lie in a range of 0.006 Å and the shortest correspond to the trifluoromethyl-substituted complexes 12-14. The Pt-CCR separations vary also within a small range of 0.005 Å, as well as the C≡C distances which are almost constant within the 4-14 series (1.225-1.226 Å). The corresponding WBIs, however, show a larger dispersion (2.704-2.742), indicative of different bond strengths. The larger values corresponds to the cases where there is no donor substituent on the N^C^N ligand together with the presence of the electron donor OCH 3 group on the phenylacetylene ancillary ligand (complexes 5 and 13). The lowest values correspond to the cases where there is no acceptor substituent on the N^C^N ligand together with the presence of an electro acceptor group on the phenyl ring (complexes 6, 9 and 10). Obviously, this latter situation favors conjugation.

The natural atomic orbital (NAO) charges show little variations on Pt and N (Table 4). That of the C alkynyl carbon are more dispersed and the lowest negative values correspond to the more conjugated 6, 9 and 10 complexes. These three compounds have by far the largest dipole moment (Table 4), indicating that the -CN or -CHO substituted phenyl-alkynyl moiety acts as a good acceptor and the N^C^N ligand behaves as a good donor, providing that the latter is not substituted by an electron acceptor group. The Kohn-Sham MO level energy diagrams of chloro-and alkynyl-platinum complexes 1-14 are shown in Fig. 10 and their HOMOs and LUMOs are plotted in Fig. 11, Fig. S31a and Pt admixture. The same type of N^C^N centered HOMO is found for 9 and 10 (R 1 = H 3 CO; R 2 = acceptor). That of all the other complexes can be identified as the π-type HOMO of the substituted phenyl-alkynyl ligand. It is rotated by 90° in the case of the "perpendicular" complexes 4, 6 and 14 with respect to their "planar" counterparts. In the case of 7-10, this HOMO gets also some non-negligible contribution from the N^C^N ligand. In all the complexes, the LUMO is N^C^N-localized, as well as the LUMO+1. Rather similar frontier orbital characteristics were found for related chloro-and alkynyl-platinum(II) complexes bearing a N^C^N ligand. 66 The calculated ionization energies (IE; see Computational Details) are gathered in Table 2. Their variation across the 1-14 series mainly reflects that of their HOMOs. Surprisingly, no linear relationship could be traced between the recorded E pa (1) and neither computed IEs or the HOMO energies. This absence of correlation is likely to be attributed to the irreversible nature of the first oxidation potential. On the other hand, a good linear correlation can be traced between the electrochemical E pc (3) values and the computed electron affinities (EA; see Computational details), as exemplified by Fig. S32. 3, for comparison with the experimental λ max . The major optical transitions contributing to the simulated band of lowest energy are given in Table S4. There is an overall good agreement with the experimental data, apart from the fact that the observed weak band of lowest energy of compounds 1-4, 6 and 14 is not reproduced in the simulations, It should be noted however that in the case of 4 and 6, the HOMO-LUMO transition is found at ~ 420 nm (Table S4), but its modest oscillator strength prevents it to contribute to an individual simulated band of lowenergy. In the slightly less stable planar configuration of 4 and 6, this transition is associated with a slightly higher oscillator strength. In the case of 14, the HOMO-LUMO transition appears fully forbidden. These results suggest that in the case of complexes 4, 6 and 14, the The shapes of the simulated spectra match quite well with those of their experimental counterparts recorded in solution and the agreement between the computed and experimental λ max of the major (first) emission band varies from satisfying to very good (see Table 3). The charge transfers associated with the triplet→singlet emission are illustrated by the plots of the differences between the densities of these two states shown in Figure S43 and quantified by

Conclusions

In summary, a series of luminescent cyclometallated N^C^N chloro-and alkynylplatinum (II) complexes based on 1,3-bis(pyrimidin-2-yl)benzene ligand was designed. Their electrochemical and photophysical properties were thoroughly studied experimentally and theoretically with the help of DFT calculation. All compounds are phosphorescent in CH 2 Cl 2 solution with emission ranging from green to orange depending on the R 1 and R 2 substituents on the ligands. All complexes, except those with trifluoromethyl substituted ligand exhibit red emission in KBr solid matrix.

For chloro-platinum complexes, the presence of a methoxy group in the central benzene core of the ligand induces a red shift of less energetic absorption and emission band that can be correlated to a reduction of calculated HOMO-LUMO gap. The presence of alkynyl ancillary ligand has a limited influence on absorption and emission spectra except in case of complex 11 with strongly electron-donating diphenylamino R 2 substituent for which a significant red-shift is observed. Reduction potential and LUMO energy are rather independent of the nature of R 2 substituent. In term of emission intensity, the presence of CF 3 electron-withdrawing group as R 1 substituent on the N^C^N ligand has a negative effect.

Even if the PLQY of some of these complexes are lower than their analogues based on 1,3bis(pyrimidin-2-yl)benzene ligand, the presence of OMe groups as both R 1 and R 2 substituents has a beneficial effect on PLQY. In CH 2 Cl 2 , PLQY up to 0.81 was achieved for complex 8 with R 1 = R 2 = OMe, one of the best ever reported for the class of complexes.

These results represent a useful study for the understanding of influence of ligands on the photophysical properties of platinum(II) complexes. Experiments are currently underway to improve solid state emission properties of this family of platinum(II) complexes.

Photophysical details

UV/vis absorption spectra were recorded on a Jasco V-650 spectrophotometer. Emission spectra were measured on a Horiba Fluoromax spectrometer. Complexes were excited at their absorption maxima (band of lowest energy) to record the emission spectra in degassed DCM.

The emission quantum yields of these complexes were calculated relative to 9,10 -Bis (phenylethynyl) anthracene in cyclohexane (Φ em = 1) or Rhodamine 6G in ethanol (Φ Pl = 0.95) as the reference solution. 59 Five diluted solutions (with A > 0.1 at excitation wavelength) are used for studied chromophores and standard. QY is calculated according to the following equation: = where Grad x and Grad St correspond to the slope of the regression line of integration of the emission band versus the absorbance at the excitation wavelength for the studied chromophore and the standard respectively. The phosphorescence lifetimes measurements of deoxygenated CH 2 Cl 2 solutions samples were performed on the same spectrometer in the phosphorimeter mode using xenon flash lamp for excitation. UV-vis and fluorescence spectra were recorded using standard 1 cm quartz cells. Stokes shifts were calculated by considering the lowest energetic absorption and the highest energy emission bands.

Computational details

DFT calculations were carried out using the Gaussian16 package, 72 employing the PBE0 functional, [73][74][75] together with the Def2-TZVP basis set with relativistic pseudopotentials, from EMSL Basis Set Exchange Library. 76,77 Implicit solvent (chloroform) effects were included through the polarizable continuum model (PCM) approximation, which is routinely used for non-coordinating solvents. 78,79 This level of theory has been shown appropriate in previous investigations on related Pt complexes. 31,80 The optimized geometries were fully characterized as true minima by analytical frequency calculations (no imaginary values). The geometries obtained from DFT calculations were used to perform natural atomic charge analysis with the NBO 6.0 program. 81 TD-DFT calculations were carried out at the same level of calculations, which has been shown to provide satisfactory results on related investigations. 31,66 Only singlet-singlet transitions were taken into account in these calculations. Only singlet-singlet transitions were taken into account in the TD-DFT calculations. Only the transitions with non-negligible oscillator strengths are discussed in the paper. The graphical SWizard program 82,83 was used for simulating UV-vis spectra. A TD-DFT check did not show any other excited triplet state in the vicinity of the lowest triplet state, except for compound 13 (0.02 eV). Thus, phosphorescence was assumed to occur from the lowest triplet state that was fully optimized at the PBE0/Def2-TZVP level. The phosphorescence emission spectra were computed within the Franck-Condon principle by using the Adiabatic Hessian method 84,85 which takes into account vibrational mode mixing and a proper description of both optimized ground and excited (triplet) states potential energy surfaces. The lowest normal modes in the vibronic treatment were neglected in order to obtain sufficient spectrum progression. We employed the class-based pre-screening to limit the number of terms involved in the vibronic calculation with the following settings: Cmax1 = 70, Cmax2 = 70, Nmax1 = 100 × 108. [86][87][88] All the vibronic plots were realized using the VMS piece of software. 89 Charge transfers associated with the triplet→singlet emissive transitions were illustrated by plots of the differences between the densities of the excited and ground states and quantified by associated charge transfer values and distance values as defined by Adamo and coworkers. [90][91][92] Synthesis 1,3-di(pyrimidin-2-yl),5-trifluoromethylbenzene 20: 2-cloropyrimidine (344 mg, 3 mmol, 3 equiv) and 17 (398 mg, 1 mmol, 1 equiv) were introduced in a Schlenk flask. The mixture was degassed by bubbling with nitrogen for 15 minutes. Whereupon toluene (30 mL), K 2 CO 3 saturated solution (5 ml) were added. The reaction mixture was stirred under bubbling with Nitrogen into the solution for 10 min. Then Pd(PPh 3 ) 4 (174 mg, 15 mol%, 0.15 equiv) was quickly added. The reaction was stirred under nitrogen at reflux for 48h. 325.0672 ,found: 325.0672 (0 ppm).

Complex 3: A 250 ml Schlenk flask, charged with the tridentate ligand 20 (37 mg, 0.12 mmol, 1 equiv) and K 2 PtCl 4 (50 mg, 0.12 mmol, 1 equiv) was degassed and back-filled with nitrogen three times. Then glacial acetic acid (15 ml) was introduced into the reaction flask by syringe.

The reaction mixture was stirred under nitrogen protection under reflux for 48 h. The precipitate was filtered off and washed subsequently with water, methanol and diethyl ether.

The complex 3 was obtained as dark red powder in yield 62% (40 mg 

Complex 7:

The complex was synthesized according to a similar procedure employed for complex 4, except complex 2 (30 mg, 0.06 mmol) was used in place of complex 1. The complex 7 was obtained as orange powder in 57% yield (20 mg). NMR (δ (ppm), CDCl 3 ): 582.0866 (0 ppm).

Complex 8: The complex was synthesized according to a similar procedure employed for complex 4, except complex 2 (30 mg, 0.06 mmol) and 4-ethynylanisole (24 mg, 0.18 mmol) were used in place of complex 1 and 4-phenylacetylene. Complex 9: The complex was synthesized by according to a similar procedure employed for complex 4, except complex 2 (30 mg, 0.06 mmol) and 4-ethynylbenzonitrile (23 mg, 0.18 mmol) were used in place of complex 1 and 4-phenylacetylene. The complex 9 was obtained as yellow powder in 91% yield (32 mg). NMR (δ (ppm), CDCl 3 ): 1 H (300 MHz): 9.41 (ddd, 3 J HH = 2.3 Hz, 4 J HH = 5.7 Hz, 3 J HPt = 19.5 Hz, 2H), 8.92 (dd, 3 J HH = 2.3 Hz, 4 J HH = 4.8 Hz, 2H), 7.55 (s, 4H), 7.52 (s, 2H), 7.19 (dd, 3 J HH = 4.9 Hz, 3 J HH = 5.7 Hz, 2H), 3.92 (s, 3H Complex 10: The complex was synthesized by method B according to a similar procedure employed for complex 4, except complex 2 (30 mg, 0.06 mmol) and 4-ethynylbenzaldehyde (24 mg, 0.18 mmol) were used in place of complex 1 and 4-phenylacetylene. The complex 10 was obtained as yellow powder in 60% yield (22 mg). NMR (δ (ppm), CDCl 3 ): 1 H (300 MHz): 9.98 (s, 1H), 9.41 (ddd, 3 J HH = 2.3 Hz, 4 J HH = 5.7 Hz, 3 J HPt =22.8 Hz, 2H), 8.89 (dd, Complex 11: The complex was synthesized by method B according to a similar procedure employed for complex 4, except complex 2 (30 mg, 0.06 mmol) and 4-ethynyltriphenylamine (49 mg, 0.18 mmol) were used in place of complex 1 and 4-phenylacetylene. The complex 11 was obtained as orange powder in 80% yield (35 mg). NMR (δ (ppm), CDCl 3 ): 1H (300 MHz): 9.56 (ddd, 3 J HH = 2.2 Hz, 4 J HH = 5.6 Hz, 3 J HPt =22.2 Hz, 2H), 8.92 (dd, 3 J HH = 2.3 Hz, Complex 12: The complex was synthesized according to a similar procedure employed for complex 4, except complex 3 (32 mg, 0.06 mmol) was used in place of complex 1. The complex 12 was obtained as green powder in 96% yield (35 mg). NMR (δ (ppm), CDCl [M+Na] + : 620.0632, found: 620.0633 (0 ppm).

Complex 13: The complex was synthesized according to a similar procedure employed for complex 4, except complex 3 (32 mg, 0.06 mmol) and 4-ethynylanisole (24 mg, 0.18 mmol) were used in place of complex 1 and 4-phenylacetylene. The complex 13 was obtained as dark red powder in 96% yield (37 mg). NMR (δ (ppm), CDCl 3 ): 1 H (300 MHz): 9.41 (ddd, 3 J HH = 2.1 Hz, 4 J HH = 5.6 Hz, 3 J HPt =18.9 Hz, 2H), 8.86 (dd, 3 J HH = 2.1 Hz, 4 J HH = 4.6 Hz, 2H), 7.95 (s, 2H), 7.40 (d, 3 J HH = 8.6 Hz, 2H), 7.14 (t, 3 J HH = 5.2 Hz, 2H), 6.85 (d, 3 J HH = 8.6

Hz, 2H), 3.84 (s, 3H). 13 C{ 1 H} NMR (JMOD, 75 MHz, CDCl 3 ) 161.7(CH), 157.9(CH), 153.9(C), 149. Complex 14: The complex was synthesized according to a similar procedure employed for complex 4, except complex 3 (32 mg, 0.06 mmol) and 4-ethynylbenzonitrile (23 mg, 0.18 mmol)) were used in place of complex 1 and 4-phenylacetylene. The complex 14 was obtained as green powder in 72% yield (27 mg). NMR (δ (ppm), CDCl 3 ): 1 H (300 MHz): 9.44 (ddd, 3 J HH = 2.3 Hz, 4 J HH = 5.6 Hz, 3 J HPt = 20.1 Hz, 2H), 8.99 (dd, 3 J HH = 2.2 Hz, 4 J HH = 4.8

Hz, 2H), 8.12 (s, 2H), 7.56 (q, 3 J HH = 8.5 Hz, 4H), 7. 35 -7.26 (m, 2H). IR (ATR, cm -1 ): 

Fig. 2

 2 Fig.2ORTEP drawings of complex 7 (A) and 8 (B). Thermal ellipsoids are set at 50% probability level.

Fig. 3

 3 Fig. 3 ORTEP drawings of the crystal packing structure in dimeric form: (A) complex 7 showing the staggered configuration, (B) complex 8 showing the head-to-tail configuration. Thermal ellipsoids are set at 50% probability level. Hydrogen atoms have been omitted for clarity.

Fig.

  Fig. Absorption spectra of chloro-platinum complexes 1-3 in CH 2 Cl 2 (c ∼ 10 -5 M)

Fig. 7 Fig. 8

 78 Fig. 7 Normalized emission spectra of chloro-platinum complexes 1-3 in deoxygenated CH 2 Cl 2 solution (c ∼ 10 -5 M). λ exc = λ abs max of the lowest energy band Inset: picture of CH 2 Cl 2 solution taken under UV irradiation

Fig. 9

 9 Fig. 9 Normalized emission spectra of complexes 1, and 4-6 in KBr matrix (2 w%). λ exc = λ abs max of the lowest energy band in CH 2 Cl 2 solution Inset: picture of KBr pellets taken under UV irradiation.

Fig. 10

 10 Fig. 10 Kohn-Sham MO diagrams of complexes 1-14.

  Fig.S37-S40, except that of 4 and 13 that could not be computed, in the case of the former, probably because of the too large structural difference between the ground and excited states.

4

  J HH = 4.8 Hz, 2H), 7.55 (s, 2H), 7.43 (d, 3 J HH = 8.4 Hz, 2H), 7.26 (s, 2H), 7.25 (s, 2H), 7.23 -7.16 (m, 3H), 7.10 (d, 3 J HH = 7.6 Hz, 3H), 7.00 (dd, 3 J HH = 5.6 Hz, 4 J HH = 7.8 Hz, 4H), 3.92 (s, 3H). IR (ATR, cm -1 ): 2087(νC≡C), 1579(νC=C), 1551(νC=N). HRMS (ESI) m/z calculated for C 35 H 25 N 5 ONa 195 Pt [M+Na] + : 749.1599, found: 749.1603 (0 ppm).

  ): 9.46 (ddd, 3 J HH = 2.2 Hz, 4 J HH = 5.7 Hz, 3 J HH =21 Hz, 2H), 8.90 (dd, 3 J HH = 2.2 Hz, 4 J HH = 4.8 Hz, 2H), 8.01 (s, 2H), 7.48 (d, 3 J HH = 7.3 Hz, 2H), 7.31 (t, 3 J HH = 7.5 Hz, 2H), 7.25 -7.16 (m, 3H).13 C{ 1 H} NMR (JMOD, 75 MHz, CDCl 3 ) 179.7(C), 175.1 (C), 161.5 (CH), 157.8 (CH), 140.0 (C), 132.6 (CH), 131.8 (CH), 129.3 (CH), 128.2 (CH), 128.0 (C), 126.4 (C), 125.8 (CH), 125.4 (CH), 123.0 (C), 119.6 (CH), 112.8 (C). IR (ATR, cm -1 ): 2086(νC≡C), 1585(νC=C), 1553(νC=N). HRMS (ESI) m/z calculated for C 23 H 13 N 4 Na 195 Pt

  2(C), 140.1(C), 132.9(CH), 129.2(C), 126.6(C), 125.7(CH), 119.7(CH), 113.8(CH), 112.8(C), 104.9(C), 98.3(C), 55.5(OCH3). IR (ATR, cm -1 ): 2094(νC≡C), 1582(νC=C), 1505(νC=N), 1060(νC-O). HRMS (ESI) m/z calculated for C 24 H 15 N 4 OF 3 Na 195 Pt [M+Na] + : 650.0738, found: 650.0734 (1 ppm).

  

  

  

Table 1

 1 Selected X-ray bond distances (Å) and angles (°) of complexes 7 and 8. Corresponding DFT-computed values are given into brackets.

		Complex 7		Complex 8
	Pt1-C6	1.951(8) [1.940]	Pt-C10	1.949(8) [1.939]
	Pt1-N3	2.029(7) [2.039]	Pt1-N3	2.036(7) [2.039]
	Pt1-N1	2.030(6) [2.039]	Pt1-N1	2.040(7) [2.039]
	Pt1-C16	2.125(8) [2.046]	Pt1-C16	2.092(8) [2.047]
	C6-Pt1-N3	80.30(3) [79.50]	C10-Pt1-N3	79.70(3) [79.49]
	C6-Pt1-N1	79.00(3) [79.39]	C10-Pt1-N1	79.30(3) [79.38]
	N3-Pt1-N1	159.30(2) [158.89]	N3-Pt1-N1	158.90(3) [158.87]
	C6-Pt1-C16	176.80(4) [179.91]	C10-Pt1-C16	175.30(3) [179.81]
	N3-Pt1-C16	98.10(3) [100.53]	N3-Pt1-C16	99.40(3) [100.50]
	N1-Pt1-C16	102.50(3) [100.59]	N1-Pt1-C16	101.60(3) [100.63]
	Pt … Pt	3.300	Pt … Pt	4.683
	π-π	~3.30	π-π	3.401

  Pl = 1. 00)59 . e Photoluminescence quantum yield (±10%) measured relative to Rhodamine 6G in ethanol (Φ Pl = 0.95). 59 f no emission detected.

	Photoluminescence λmax, nm (ε, mM -1 cm -1 ) quantum UV/Vis 1 237(22.9), 266(28.0), 362 (4.4), 381 (5.8), 410 (4.6) yield [264, 321, 386] 2 267 (23.3), 363 (2.1), 381 (3.3), 448 (4.9) [265, 325, 429] 3 263 (28.1), 363 (5.0), 379 (7.4), 404(5.5) [260, 326, 382] 4 270 (44.9), 315 (10.5), 393 (6.6), 426 (4.9) [267, 395] 5 269 (35.3), 322 (7.1), 445 (2.4) [271, 329, 461] 6 274 (23.1), 307 (18.6), 390 (2.2) 422 (1.3) [265, 311, 388] 7 268 (22.4), 382 (2.1), 451 (3.5) [270, 339, 455] 8 269 (86.0), 381 (7.4), 458 (11.3) [272, 327, 360, 479] 9 274 (49.0), 306 (42.0), 392 (9.5), 450 (11.9) [265, 312, 427] 10 269 (27.1), 336 (4.4), 381 (2.3), 448 (3.2) [265, 334, 427] 11 272 (59.9), 317 (51.0), 381 (13.6), 457 (13.8) [267, 330, 383, 503] 12 265 (38.9), 315 (7.6), 393 (6.6), 425 (5.3) [267, 317, 433] 13 266 (30.1), 318 (3.9), 380 (1.5), 445 (1.9) [265, 328, 465] bisphenylethynylanthracene in cyclohexane (Φ CH2Cl2 a (±10%) λmax, nm b 485, 518, 556 [460] 561, 589 [556] 476, 508, 549 [453] 507, 524 -538 [522] 498, 522 [483] 562, 593 [555] 572, 590 [562] 561 [548] 561, 592 [549] 605 [568] 506 [507] 552 -14 272 (29.6), 305 (25.8), 373 (6.6), 389 (7.6), 418 (6.1) [263, 309, 385] 495 [494]	measured τ, µs PL ΦPL 5.4 0.34 d 9.5 0.37 e 5.6 0.08 d 5.0 0.07 e 6.7 0.27 d 5.6 0.16 d 9.1 0.55 e 9.1 0.81 e 7.1 0.35 e 12.3 0.52 e -0.01 e 3.4 0.06 e 4.3 0.18 e 3.1 0.02 d	relative Stokes Shift d cm -1 3710 4500 3680 4670 3550 4310 4380 4350 4400 4500 5350 3660 3500 4010	to λmax, nm 701 778 -f 718 717 732 701 739 740 764 741 -f -f -f	d 9,10-KBr PL τ, µs 15.4 15.1 -f 14.0 19.2 20.9 13.1 17.3 17.9 19.3 17.4 -f -f -f

Table 4

 4 Relevant computed data for complexes 1-14.

	Compound	1	2	3	4	5	6	7	8	9	10	11	12	13	14
	HOMO-LUMO gap	4.12 3.71 4.15 3.75 3.39 4.01 3.49 3.30 3.72 3.71 3.03 3.60 3.31 3.93
	(eV)															
		Pt	0.67 0.66 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.69 0.69 0.69
	NAO	N	-0.44	-0.44	-0.44	-0.44	-0.44	-0.44	-0.44	-0.44	-0.44	-0.44	-0.43	-0.43	-0.44	-0.44
	charges															
			-	-	-	-	-	-	-	-	-	-	-	-	-	-
	C N^C^N	0.05	0.07	0.04	0.13	0.13	0.13	0.16	0.16	0.15	0.15	0.16	0.12	0.12	0.11
			-	-	-	-	-	-	-	-	-	-	-	-	-	-
	Cl/C(CR)	0.73	0.73	0.72	0.40	0.42	0.36	0.40	0.42	0.36	0.36	0.41	0.40	0.42	0.36
	Dipole moment (D)	3.47 4.51 0.70 1.49 1.49 8.78 2.57 0.96 9.77 8.01 2.30 3.01 4.66 4.48

  The mixture was diluted with water, and the aqueous layer was extracted with EtOAc (2 × 25 mL). The separated organic phase extracts were dried over MgSO 4 , filtered and the solvents were evaporated under reduced pressure. The crude product was purified by silica gel column CF = 271 Hz), 119.6(CH). HRMS (ESI) m/z calculated for C 15 H 9 N 4 F 3 Na [M+Na] + :

	chromatography (Petroleum ether to petroleum ether/DCM, 1:1, v/v) to give compound 20 as
	a white crystalline solid in 65% yield (197 mg). NMR (δ (ppm), CDCl 3 ): 1 H (300 MHz): 9.75
	(s, 1H), 8.94 -8.82 (m, 6H), 7.32 -7.23 (m, 2H). 13 C{ 1 H} NMR (75 MHz, CDCl 3 ): 162.9(C),
	157.1(CH), 138.7(C), 131.6(C, 2 J CF = 33 Hz), 130.7(CH), 126.7(CH, 3 J CF = 4 Hz), 125.6(C,

1 J

  HH = 2.2 Hz, 4 J HH = 5.7 Hz, 3 J HPt = 19.8 Hz, 2H), 8.98 (dd, 3 J HH =2.2 Hz, 4 J HH = 4.7 Hz,

	2H), 7.87 (d, 3 J HH = 7.6 Hz, 2H), 7.39 (s, 1H), 7.38 -7.33 (m, 2H), 7.29 (t, 3 J HH = 7.6 Hz,
	2H), 7.19 (t, 3 J HH = 7.6 Hz, 2H), 7.12 -7.03 (m, 1H). 13 C{ 1 H} NMR (JMOD, 75 MHz, THF-
	d8 : 162.1 (CH), 161.0 (C), 158.5 (CH), 144.8 (C), 136.0 (C), 131.8 (CH), 129.0 (CH), 128.0
	(CH), 127.8 (C), 124.9(CH), 123.7 (CH), 119.9 (CH), 105.6 (C), 105.4 (C) . IR (ATR, cm -1 ):
	2083(νC≡C), 1583(νC=C), 1551(νC=N). HRMS (ESI) m/z calculated for C 22 H 14 N 4 Na 195 Pt
	[M+Na] + : 552.0759, found: 552.0761 (0 ppm).
	Complex 5: The complex was synthesized according to a similar procedure employed for
	complex 4, except 4-ethynylanisole (24 mg, 0.18 mmol) was used in place of 4-
	phenylacetylene. The complex 5 was obtained as orange powder in 93% yield (33 mg). NMR
	(δ (ppm), THF-d8): 1 H (300 MHz): 9.56 (ddd, 3 J HH = 2.3 Hz, 4 J HH = 5.7 Hz, 3 J HPt = 19.2 Hz,
	2H), 8.97 (dd, 3 J HH = 2.5 Hz, 4 J HH = 4.6 Hz, 2H), 7.85 (d, 3 J HH = 7.6 Hz, 2H), 7.45 -7.14 (m,
	5H), 6.77 (d, 3 J HH = 8.4 Hz, 2H), 3.75 (s, 3H). Complex 6: The complex was synthesized according to a similar procedure employed for
	complex 4, except 4-ethynylbenzonitrile (23 mg, 0.18 mmol) was used in place of 4-
	phenylacetylene. The complex 6 was obtained as orange powder in 84% yield (28 mg). NMR
	(δ (ppm), THF-d8): 1 H (300 MHz): 9.45 (ddd, 3 J HH = 2.2 Hz, 4 J HH = 5.7 Hz, 3 J HPt = 19.2 Hz,
	2H), 8.98 (dd, 3 J HH = 1.8 Hz, 4 J HH = 4.3 Hz, 2H), 7.85 (d, 3 J HH = 7.6 Hz, 2H), 7.58 -7.54
	(m, 2H), 7.52 -7.48 (m, 2H), 7.38 -7.34 (m, 2H), 7.31 -7.26 (m, 1H). IR (ATR, cm -1 ):
	). HRMS (ESI) m/z 2219(νC≡N), 2080(νC≡C), 1582(νC=C), 1553(νC=N). HRMS (ESI) m/z calculated for
	calculated for C 15 H 8 N 4 F 3 Na 195 Pt [M+Na] + : 553.9930, found: 553.9932 (0 ppm) C 23 H 13 N 5 Na 195 Pt [M+Na] + : 577.0711, found: 577.0712 (0 ppm).
	Complex 4: Sodium methoxide (10 mg, 0.18 mmol, 3 equiv) in methanol (2 mL) was stirred
	for 15 min. 4-phenylacetylene (19 mg, 0.18 mmol, 3 equiv) was added to sodium methoxide
	solution. The mixture was stirred for 30 min at room temperature. Then complex 1 (28 mg,
	0.06 mmol, 1 equiv) dissolved in solution MeOH/DCM (4:1 v/v) was added and the mixture
	was left for 15 hours at room temperature. Then the solvents were removed, and the crude
	product was washed with water, methanol, and n-hexane. The complex 4 was obtained as
	orange powder in 87% yield (28 mg). NMR (δ (ppm), THF-d8): 1 H (300 MHz): 9.55 (ddd,

3 J 13 C{ 1 H} NMR (JMOD, 75 MHz, THF-d8): 162.2 (CH), 160.1 (C), 158.5 (CH), 138.1 (C), 132.7 (CH), 129.0 (CH), 128.0 (C), 123.6 (CH), 120.2 (C), 119.8 (CH), 113.6 (CH), 112.0 (C), 109.6 (C), 54.9 (OCH 3 ). IR (ATR, cm - 1 ): 2084(νC≡C), 1578(νC=C), 1549(νC=N), 1046(νC-O). HRMS (ESI) m/z calculated for C 23 H 16 N 4 ONa 195 Pt [M+Na] + : 582.0864, found: 582.0868 (1 ppm).

  ESI) m/z calculated for C 23 H 16 N 4 ONa 195 Pt [M+Na] + : 582.0864, found:

	115.4(C), 112.7(C), 56.3(OCH 3 ). IR (ATR, cm -1 ): 2085(νC≡C), 1578(νC=C), 1549(νC=N),
	1046(νC-O). HRMS (
	1 H
	(300 MHz): 9.54 (ddd, 3 J HH = 2.3 Hz, 4 J HH = 5.6 Hz, 3 J HPt = 23.1 Hz, 2H), 8.91 (dd, 3 J HH = 2.3
	Hz, 4 J HH = 4.8 Hz, 2H), 7.54 (m, 4H), 7.36 -7.27 (m, 2H), 7.23 -7.14 (m, 3H), 3.92 (s, 1H).

13

C{ 1 H} NMR (JMOD, 75 MHz, CDCl 3 ) 161.9(CH), 157.9(CH), 157.1(C), 151.2(C), 145.8(C), 131.8(CH), 128.2(CH), 125.7(CH), 120.6(C), 119.6(C), 119.1(CH), 115.7(CH),

  HH = 2.3 Hz, 4 J HH = 4.8, 2H), 7.80 (d, 3 J HH = 8.3 Hz, 2H), 7.62 (d, 3 J HH = 8.2 Hz, 2H), 7.48 (s, 2H), 7.17 (t, 2H), 3.92 (s, 3H).13 C{ 1 H} NMR (JMOD, 75 MHz, CDCl3) 191.7(CHO), -1 ): 2085(νC≡C), 1686(νC=O), 1577(νC=C), 1551(νC=N), 1046(νC-O). HRMS (ESI) m/z calculated for C 24 H 16 N 4 O 2 Na 195 Pt [M+Na] + : 610.0813, found: 610.0816 (0 ppm).

3 J 176.4(C), 166.9(C), 161.6(CH), 158.1(C), 157.8(CH), 140.4(C), 133.5(C), 132.2(CH), 129.8(CH), 126.9(CH), 125.9(C), 119.1(CH), 115.5(CH), 112.2(C), 56.19(OCH 3 ). IR (ATR, cm

  2020(νC≡N), 2089(νC≡C), 1593(νC=C), 1552(νC=N). HRMS (ESI) m/z calculated for C 24 H 12 N 5 F 3 Na 195 Pt [M+Na] + : 645.0585, found: 645.0590 (1 ppm).
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corresponding transferred fractions of electron q CT over associated spatial extends d CT ( see Computational Details). From the values of the q CT /d CT couples, the highest quantum yields are expected for compounds 5 and 11-14, which is obviously not the case (see Table 3). On the other hand, non-radiative decay should not be neglected. It is expected to be, inter alia, favored by the amplitude of the structural difference between the triplet and singlet states. 65 From this perspective, complexes 7-10 appear to be among those satisfying both criteria at best (see Figures S30, S41 and S43).

Experimental part

General information

In air-and moisture-sensitive reactions, all glassware was flame-dried. All reactions were conducted under a dry nitrogen atmosphere using Schlenk techniques. The starting materials were purchased from Sigma-Aldrich, TCI or Alfa-Aesar and were used as received. Ligands 15-19, and complexes 1-2 were prepared as previously reported, 49,55,68,69 whereas new ligand 20 and complexes 3-14 were prepared as described below. The solvents and reactants were used as received except tetrahydrofuran that was distilled under a dry nitrogen atmosphere over sodium and benzophenone. Organic solutions were concentrated under reduced pressure using a rotary evaporator. Thin layer chromatography (TLC) was conducted on pre-coated aluminum sheets with 0.20 mm Merck Alugram SIL G/UV254 with fluorescent indicator UV254 and 0.25 mm Merck silica gel (60-F254). Column chromatography was carried out using Acros silica gel 60 (particle size 63-200 µm) and Macherey Nagel Aluminum neutral oxide 40 (particle size 40-160 µm). Nuclear magnetic resonance (NMR) spectra were acquired at room temperature on a Bruker AC-300 spectrometer ( 1 H at 300 MHz, 13 C at 75 MHz,) and referenced as follows: 1 H NMR, residual CHCl 3 (δ = 7.26 ppm); 13 C{ 1 H} NMR, internal CDCl 3 (δ = 77.16 ppm). The chemical shifts δ are reported in parts per million relative to TMS ( 1 H, 0.0 ppm) and CDCl 3 ( 13 C, 77.16 ppm). The coupling constant J is given in Hz. In the 1 H NMR spectra, the following abbreviations are used to describe the peak pattern: s (singlet), d (doublet), dd (doublet of doublet), t (triplet), and m (multiplet). Acidic impurities in CDCl 3 were removed by treatment with anhydrous K 2 CO 3 . IR spectra were recorded on a Perkin-Elmer spectrum 100 spectrometer with an ATR sampling accessory.

High Resolution Mass Spectrometry (HRMS) analyses were performed at the "Centre Régional de Mesures Physiques de l'Ouest" (CRMPO, University of Rennes 1, France) using a Bruker MicroTOFQ II apparatus.

X-ray Structure Determination

The SCXRD studies of 7 (CCDC 2126978) and 8 (CCDC 2126979) were performed on an APEXII, Bruker AXS diffractometer equipped with a CCD plate detector and a Mo-Kα radiation (λ = 0.71073 Å, graphite monochromator). Measurements were done at 150K. Crystal structures were solved by dual-space algorithm using the SHELXT program, 70 and then refined with full-matrix least-square methods based on F 2 (SHELXL). 71 All non hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms were finally included in the structural model in their calculated positions, and constrained to ride on the attached carbon atom. Relevant collection and refinement data for all compounds are given in the Supporting Information. All data can be obtained from the Cambridge Structural Database via www.ccdc.cam.ac.uk/data_request/cif.

Cyclic voltammetry

The electrochemical studies were performed in a glovebox (Jacomex) (O 2 < 1 ppm, H 2 O < 1 ppm) with a home-made 3-electrode cell (WE: Pt, RE: Ag wire, CE: Pt). Ferrocene was added at the end of each experiment to determine the redox potential values. The standard potential of the Fc + /Fc couple in CH 2 Cl 2 /NBu 4 PF 6 was measured experimentally with reference to the standard calomel electrode (SCE): E 0 (Fc + /Fc) = 0.47 V vs. SCE. The potential of the cell was controlled by an AUTOLAB PGSTAT 100 (Metrohm) potentiostat monitored by the NOVA © software (Metrohm). Dichloromethane was freshly distilled from CaH 2 and kept under Ar in the glovebox. The supporting salt NBu 4 PF 6 was synthesized from NBu 4 OH (Fluka) and HPF 6 (Aldrich). It was then purified, dried under vacuum for 48 hours at 100°C, and then kept under N 2 in the glovebox.
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