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The photophysical properties of 6-phenyl-2,2′-bipyridyl platinum(II) complexes bearing different σ-alkynyl-linked azobenzene ancillary ligands were investigated. These complexes exhibit strong, broad, structureless charge-transfer bands in the visible region, which were red-shifted when the electron-donating ability of the para substituent on the azo-acetylide ligand increases. When excited at the chargetransfer absorption band, the complexes exhibit weak green emission, which is assigned to a triplet metal-to-ligand charge transfer/intraligand charge transfer emission ( 3 MLCT/ 3 L'LCT). The presence of an amino substituent in the azobenzene moiety opened the possibility of protonation which led to the formation of an azonium based derivative and resulted in drastic perturbations of the molecular orbitals and photophysical properties of the Pt-acetylide complex. These studies are fully supported by DFT and TD-DFT calculations.

Introduction

Among the cyclometalated square-planar platinum(II) complexes, 6-phenyl-2,2′-bipyridyl (C^N^N) platinum acetylide complexes attract a great deal of attention owing to their specific photophysical properties and potential applications in lightemitting devices, 1 conversion of solar energy, 2 nonlinear optical devices, [3][4] and chemosensors. [5][6][7][8] These complexes exhibit chargetransfer absorption in the visible region and long-lived, relatively intense emission at room temperature in solution. [1][2] In addition, their photophysical properties can be tuned by structural modification of the acetylide or 6-phenyl-2,2′-bipyridyl ligands to meet the different requirements for assigned applications. For instance, Che and co-workers demonstrated the effect of parasubstituents on aryl-acetylide ligands (L') on the photophysical properties of the Pt(II) C^N^N complexes. 1 The metal-to-ligand charge transfer ( 1 MLCT) (L = C^N^N) absorption band energy and the properties of the excited states are highly sensitive to the electron-donating or electron-withdrawing ability of the para substituent on the phenylacetylide ligand. We and others demonstrated that the para-position of the phenylacetylide group can be utilized for the luminescence sensing of ionic species. 5,[7][8][9][10][11] More recently, our group studied the importance of switching of reverse charge transfers in these species as a rational approach to luminescence sensing of ionic species (cations and anions). 7-8, 10, 12 Such switches result in severe perturbations of the photophysical properties of the complexes which are reflected by dramatic changes in wavelengths, lifetimes or quantum yields.

In the present work, we focus on the synthesis, characterization and photophysical studies of (C^N^N)Pt(II)-ethynyl-linked azobenzene complexes. Among several photochromic molecules, azobenzene derivatives have been extensively investigated both experimentally and theoretically, for their use as molecular 45 devices i.e. individual molecule optomechanics, [13][14][15] photocontrol of magnetic bistability, 16 conductivity, 17 macromolecular and supramolecular systems, [18][19][20][21][22][23] surface patterning, [24][25][26] holographic information storage [27][28] as well as photoregulation of biomolecules. 29 Another interesting feature of the azobenzene 50 derivatives is that their electronic transitions can be modulated by substituents attached to phenyl rings, allowing the tuning of their photophysical properties. 30 In the case of electron donor substituents, as amino groups, there is a substantial red shift regarding the lower energy electronic transition in comparison to 55 azobenzene molecule. 31 Finally, the presence of amino substituents in the azobenzene moiety opens the possibility of protonation of distinct basic sites, whose equilibrium involves two tautomeric species, namely the ammonium and the azonium tautomers. [32][33][34][35] These 60 transformations open an interesting possibility for the use of such systems in chemical sensors and switches that exploit bindinginduced perturbation of the electronic structure of the extended πconjugated system. If the synthesis of transition metal complexes with azo 65 substituents attracts current interest in order to associate the photoswitching properties of azobenzene with the electrochemical, 36 luminescent, 37 or magnetic, [38][39] properties of metal complexes, less attention has been paid to the study of the tautomeric (azonium-ammonium) equilibrium in transition metal 70 based species. The goal of the current study was thus to investigate both experimentally and theoretically the photophysical properties of (C^N^N)Pt(II)-ethynyl-linked azobenzene complexes. In particular, we discuss the perturbation of the electronic structure of the extended π-conjugation and photophysical changes of a cyclometalated square-planar platinum(II) complex bearing a 4-N,N-dibutylamino-4′-ethynylazobenzene ligand, which revealed to be highly sensitive to acidic traces.

Experimental Section

Synthesis.

All manipulations were performed using Schlenk techniques under an Ar atmosphere. All commercially available starting materials were used as received. All solvents were dried and purified by standard procedures. The starting complex, [Pt(tBu2-C^N^N)Cl], was prepared according to previously published methods. 1a,b were obtained as previously described. [40][41] Physical Measurements and Instrumentation.

NMR spectra were recorded on AV 400 MHz or AV 500 MHz spectrometers. 1 H and 13 C chemical shifts are given versus SiMe4 and were determined by reference to residual 1 H and 13 C solvent signals. High resolution mass spectra (HRMS) were performed on a MS/MS ZABSpec TOF at the CRMPO (Centre de Mesures Physiques de l'Ouest) in Rennes. UV-vis absorption spectra were recorded using a UVIKON 9413 or Biotek Instruments XS 20 spectrophotometer using quartz cuvettes of 1 cm path-length. Luminescence spectra were measured in dilute degassed cyclohexane, dichloromethane, acetonitrile or Me-THF solutions (10 -6 M) using a FS920 steady-state fluorometer (Edinburgh Instruments). The spectra shown are corrected for the wavelength dependence of the detector, and the quoted emission maxima refer to the values after correction. Luminescence quantum yields were determined using the method of continuous dilution, using [Ru(bpy)3]Cl2 as the standard ( = 0.095 in deaerated acetonitrile solution) 42 and correcting for the refractive index.

Synthesis of 2a.

[Pt(tBu2-C^N^N)Cl] (100 mg, 0.174 mmol) was added to a suspension of alkyne 1a (53 mg, 0.159 mmol), CuI (5.0 mg, 25 μmol) and K2CO3 (200 mg) in 10 mL of deoxygenated methanol and methylene chloride (1:3 v/v). The mixture was stirred at room temperature overnight. After evaporation of the solvents, the crude residue was purified by column chromatography on silica gel with dichloromethane/methanol/triethylamine (98/2/0.5) as eluent to give 2a as a red solid (274 mg, 63%). 1 H NMR (CD2Cl2, 400 MHz): δ 9.12 (d, J = 5.6 Hz, 1H), 7.94 (s, 1H), 7.91 (d, J = 6.9 (m,4H), 1.00 (t, J = 7.3 Hz, 6H). 13 C NMR (CDCl3, 125 MHz): δ 165.13, C^N^N)Cl] (118 mg, 0.206 mmol), 1b (50 mg, 0.216 mmol), CuI (5.0 mg, 25 μmol) and K2CO3 (220 mg, 1.45 mmol) in 10 mL of deoxygenated methanol and methylene chloride (1:3 v/v) gave 2b as a red solid (181 mg, 47%). 1 6), c = 15.3741(4) Å, β = 107.0200(10)°, V = 4137.60(18) Å 3 . Z = 4, d = 1.617 g.cm -3 , μ = 3.815 mm -1 . The structure was solved by direct methods using the SIR97 program, 43 and then refined with full-matrix least-square 80 methods based on F 2 (SHELXL-97) 44 with the aid of the WINGX program. 45 All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms were finally included in their calculated positions. A final refinement on F 2 with 9441 unique intensities and 484 parameters converged at ωR(F 2 ) = 85 0.1327 (R(F) = 0.0497) for 6939 observed reflections with I > 2σ(I). Computational studies. Density functional theory (DFT) calculations were performed using the standard B3LYP functional [46][47][48] and a double zeta LANL2DZ basis set, 49 90 augmented with polarization functions on all atoms except hydrogen ones (exponents equal to 0.587 and 0.736 respectively for the d functions of C and N, and 0.8018 for the f function of Pt) with the Gaussian09 50 program. The geometries of complexes 2a, 2b and 2a-H+ in their singlet ground-state have been 95 optimized and all stationary points were fully characterized as true minima on the potential energy hypersurface via analytical vibrational frequency calculations. Solvent (CH2Cl2) effects have been taken into account using the PCM model. [51][52] The computations of the electronic absorption spectra using time-100 dependent DFT (TD-DFT) were carried out at the same level. In order to estimate the phosphorescence wavelengths, the relaxed triplet states geometries of the complexes have been obtained using both TD-DFT and unrestricted DFT computations. Drawings of molecular structures and orbitals were done using 105 the Molekel program 53 whilst theoretical absorption spectra were plotted using Swizard, 54 the half-bandwidths for the Gaussian model being taken equal to 2000 cm -1 . Percentages compositions of molecular orbitals (MOs) were computed using the AOMix program. [START_REF] Gorelsky | AOMix: Program for Molecular Orbital Analysis[END_REF] 110

Results and Discussion

The synthesis of the azo containing

[Pt(tBu2-C^N^N)(CC-C6H4- N=N-C6H4-R)] (tBu2-C^N^N = 4,4'-di(tert-butyl)-6-phenyl-2,2'- bipyridine; R = NBu2 (2a), R = CN (2b)
) was obtained by reaction of the [Pt(tBu2-C^N^N)Cl] 1 precursor with the substituted azo-alkynes 1a,b 1,[40][41] in the presence of a catalytic amount of CuI and K2CO3. The complexes were characterized by 1 H and 13 C NMR, HRMS, and elemental analysis. S1 (ESI) with selected bond lengths and angles for both structures given in Table 1. The complex exhibits a distorted square planar coordination geometries around the Pt(II) nucleus. The Pt-N distance to the central pyridine, the Pt-C(aryl) and the Pt-C(acetylide) distances, 1.986(5), 1.990( 7) and 1.974(7) Å, respectively, are slightly shorter than the peripheral Pt-N distance of 2.110(6) Å. These values are in the expected range of 2.0 Å and are thus consistent with earlier reports of similar structures. 1,7 The azobenzene moiety is not coplanar with the phenylacetylide fragment (dihedral angle C(21)-Pt(1)-C(33)-C(34) 25.49°). 25 Neither  nor intermolecular Pt …. Pt contacts were observed; the nearest Pt …. Pt distance is 6.757 Å. Although the transitions occurring in the region of 420-440 nm are less sensitive to the effects of para substituents on the azoacetylide ligand, a similar trend was observed for these transitions (2a: 432 nm; 2b: 425 nm), which likely originate from the dπ (Pt) → π*(C^N^N) MLCT. A similar effect of the para substituent at the phenylacetylide ligand on the charge-transfer band energy has been reported by Che's group for [Pt( t Bu2-C^N^N) (CC-C6H4-R)] complexes without the 4-phenyl substituent. 1 The more electron rich acetylide ligand with the electron-donating dibutylamino-substituent raises the Pt d orbital energy, which leads to a decrease of the energy gap between the bipyridinebased LUMO and the Pt-based HOMO and results in the observed red-shift, compared to 2b. Continuous irradiation of 2a,b in hexane with 450 nm radiation did not result in a trans → cis isomerization. This observation indicates that the irradiation generates excited states that decay without isomerization. This is in line with the above discussion and the assumption of a bipyridine-based character of the lowest unoccupied MOs of complexes 2a,b. The emission characteristics of complexes 2a,b in cyclohexane, dichloromethane and acetonitrile at room temperature were first investigated. Excitation of the complexes in cyclohexane solution at their respective charge-transfer band at room temperature results in very weak luminescence. 2a is almost non emissive (Figure 2a) even at low temperature. Even if also weakly emissive at room temperature, 2b shows an almost structured emission profile (Figure 2b). Its frozen solution emission spectrum appears at a shorter wavelength, as frequently observed in related complexes. 1,8,58 This frozen solution emission has a well structured emission profile that spans the range of ca. 500-40 700 nm (with vibrational progressions of around 1350 cm -1 , typical of the ring-breathing mode of the 6-phenyl-2,2′-bipyridyl ligand). 1,8,58 Conversely, the spectrum observed from frozen solutions of 2a (Me-THF) does not exhibit vibronic structure and this complex emits at a longer wavelength, compared to 2b. The 45 values of the Stokes shift (2b, almost 5800 cm -1 at r.t.) suggest that the observed emission from these complexes is from a triplet excited state. With reference to the other platinum ( t Bu2-C^N^N) complexes reported in the literature, the emission could be tentatively assigned to the 3 MLCT/ 3 L'LCT emission. 1,10,59 The 50 charge transfer nature of the emitting state is also supported by the vibronic feature of the emission spectra at low temperature. Finally, the solvents also influence the emission quantum yield pronouncedly: as commonly observed in Pt(II) complexes with a 3 MLCT emitting state, 2b is more emissive in less polar solvents : 55 [(DCM) = 1.8x10 -3 ; (MeCN) =0.2x10 -3 ]. The emission intensity for 2a is much lower [(DCM) = 0.2x10 -3 ]. This is in line with general observations for ( t Bu2-C^N^N) platinum acetylide complexes with a strong electron-donating substituent on the phenylacetylide ligand, for which the lifetimes are much shorter and the emission 60 quantum yields are much lower. 1 This could be attributed to the presence of a low-lying 3 L'LCT state, which adds an additional decay pathway. At the opposite, substituents with large electronwithdrawing abilities raise the L'LCT excited-state energy, thus lowering its contribution to the emissive state.

Computational results (ground state). The optimized structural parameters of 2b in the S0 ground state are in good agreement with the X-ray structural analysis data. The computed optimized bond lengths of complex 2b are in the range of the observed ones for the Pt-C bonds (2.001 Å vs. 11)). In particular, the computed C(31)-C(32) bond length (1.243 Å) appears slightly larger than the observed one (1.184 Å). This phenomenon has already been described for similar inorganic complexes. 10,60 The computed dihedral angle (C(21)-Pt(1)-C(33)-C( 34)) equal to 73.08° (25.49° observed) confirms that the azobenzene and phenylacetylide moieties are not coplanar. This difference between the computed and X-ray dihedral angle can be due to packing effects; indeed the rotation barrier between the computed and X-ray conformations is very weak (< 0. Similarly, most of the HOMOs of compound 2b are also localized on Pt and on the L' ligand. However, the LUMO of this 30 complex is not localized on the L moiety but on the diazo part of the L' one and partly on the nitrile withdrawing group. This difference is explained by the strong accepting character of CN in para of the azobenzene. TD-DFT calculations were performed on both complexes. The computed absorption wavelengths (λ) and oscillator strengths (f) are reported in Table 3 and the simulated spectra of 2a and 2b are depicted on Figure 3. A perfect agreement can be observed between the computed (293 nm and 341 nm) and experimental (280 nm and 332 nm) values for the highest energy bands of complex 2a (respectively 284 nm and 341 nm vs. 280 nm and 330 nm for complex 2b). The computed absorption bands at 433 nm (HOMO → LUMO +2 (80 %)) for complex 2a and 413 nm (HOMO -3 → LUMO (58 %) + HOMO -2 → LUMO +1 (38 %)) for complex 2b are in good agreement with experimental values, at 432 nm (2a) and 425 nm (2b). These bands can be assigned to a mix of MLCT and L'LCT for both complexes and to a IL'CT excitation, in the case of complex 2a. The lowest energy absorption band experimentally observed at 470 nm for 2a can be related to calculated excitations at 500 nm (HOMO to LUMO) and 533 nm (HOMO to LUMO +1), which correspond to charge transfers from the L' moiety to both L' and L moieties (IL'CT and L'LCT). 55 Similarly, the lowest energy absorption band experimentally observed for 2b can be attributed to a mix of HOMO and HOMO -2 to LUMO transitions. The experimental red shift of the lowest energy absorption band between complexes 2a and 2b (20 nm experimentally) is also well reproduced by the TD-DFT 60 calculations (35 nm), as expected on the basis of the respective HOMO-LUMO gaps. The phosphorescence wavelengths of 2a and 2b have been computed using TD-DFT, carrying out geometry optimizations of the first triplet states of the molecules. In the case of 2b, two low 65 energy triplet states have been found, respectively at 620 and 580 nm above the singlet ground state, values which are in agreement with the experimental observation. An in-depth investigation of these two triplets showed that their relaxed geometries differ, more particularly by the C(21)-Pt(1)-C(33)-C(34) dihedral angle 70 (see Figure 1) respectively equal to 43° and -3° for the first (at 620 nm) and second (at 580 nm) triplet states, so that the first one exhibits a more planar conformation than the second. We remind that the computed dihedral angle in question is equal to 73.08° for 2b in the ground state (X-ray value, 25.49°). The planarity of the 75 complex is a key factor driving its electronic structure and optical properties. As a consequence, the two different geometries lead to different frontier MOs (MO diagrams and composition of the MOs involved in the transitions are given in figure S1 and table S3 of the SI). Moreover, the nature of the two triplet states is 80 different (see figure S1 of the SI); the second one is a 3 ML'CT/ 3 LL'CT excited state while the first one is mainly a 3 MLCT expected to be more emissive. In the case of 2a, the TD-DFT computations led us to find a first triplet state at 697 nm above the ground state; this value slightly overestimates the 85 wavelength of the weak emission observed from 600 to 700 nm. As in the majority of aminoazobenzenes, the protonated molecule 2a-H+ can be subject to ammonium-azonium tautomerism. 32-35 30 Most azonium ions absorb above 500 nm. The band at ca. 555 nm was thus tentatively assigned to the azonium form of 2a-H+ as the predominant form. The protonated 2a-H+ is non-emissive at room temperature (Figure 6). Meanwhile, at low temperature, 2a-H+ in 35 dichloromethane solution produced luminescence at 580 and 630 nm, upon excitation at 500 nm, with vibrational progressions of around 1250 cm -1 . The apparent Stokes shift strongly decreases from 2a to 2a-H+. Considering that the azonium is a great deal more electron-withdrawing than the azobenzene substituent, we Computational studies (2a-H+). In order to determine the structure of complex 2a-H+, we considered the three possible protonation sites depicted in scheme 2. The geometries of the possible isomers were first optimized. Their normal modes of vibration were then determined. All optimized structures were checked to be true minima on the potential energy surface. Their electronic relative energies and their Gibbs free energies were computed (Scheme 3). In a first step, the calculations have been done in vacuum. Isomer 1 was found to be the most stable but its energy is very close to that of the isomer 2 (0.2 kcal.mol -1 in 10 energy, 1.7 kcal.mol -1 in free Gibbs energy). Finally, the third protonation site, i.e. on the NBu2 group, appears as the less suitable: the total energy of the isomer 3 is higher than that of the isomer 1 by ca. 22.0 kcal.mol -1 (23.0 kcal.mol -1 for Gibbs free energy). The second step of this computational study concerned the influence of the solvent (dichloromethane) on the relative stability of the different protonated isomers. First, carrying out geometry optimizations using the PCM model, it was found that isomer 1 is definitely more stable than isomer 3, by 16.2 kcal.mol -1 (18.0 kcal.mol -1 for Gibbs free energy). Interestingly, the same optimization process applied to isomer 2, did not permit to obtain a converged protonated structure. Thus, we used other functionals, among them M06, M06-2X, and larger basis sets, but in all cases it was not possible to get a correct convergence for the geometry of the protonated structure. This suggests that this site is not suitable for the protonation, in solution. These results confirm that the nitrogen atom N(39) (see figure 1) is the favoured protonation site thus leading to an azonium. In the following, we will only discuss the case of the isomer 1.

Structurally, the main differences between compound 2a and 2a-H + appear on the C(36)-N (39) and N(40)-C(41) bonds whose lengths become shorter after protonation (1.413 Å and 1.399 Å 40 for the neutral species 2a vs. 1.398 Å and 1.363 Å for the 2a-H + ) whereas the N=N distance becomes slightly longer (1.280 Å vs 1.296 Å, for complexes 2a and 2a-H + respectively).

The HOMO and LUMOs of complexes 2a and 2a-H + are dramatically different (Figure 7). First at all, the HOMO of 2a, 45 mainly localized on the NBu2 unit disappears. The HOMO of the complex 2a-H + is now mainly localized on the Pt-acetylide moiety with a participation of the NBu2 unit, and is similar to the HOMO-1 of 2a. The energy remains almost unchanged from the HOMO-1 of 2a to the HOMO of 2a-H + . At the same time, we can 50 notice an important stabilization of the LUMO +1 of complex 2a, localized on the di-azo moiety, which becomes the LUMO of 2a-H + . This strong decrease of the energy leads to a smaller HOMO-LUMO gap (1.99 vs. 2.32 eV, respectively for complexes 2a-H+ and 2a). Conversely, the LUMO of complex 2a becomes the 55 LUMO +1 for the complex 2a-H + which keeps approximately the same energy as for the neutral species. TD-DFT calculations for compound 2a-H + (Figure 8 and Table 4) well reproduce the experimental shift of 100 nm observed for the lowest energy absorption bands (experimental values: 470 nm 60 (2a) vs. 570 nm; computed values: 500-553 nm (2a) vs 625 nm (2a-H + )). The absorption band at 570 nm can be assigned to a mix of transitions from the HOMO to the LUMO, but also from HOMO -3 and the HOMO-4 to the LUMO. It can be described as resulting from ML'CT with some IL'CT and LL'CT participation 65 (Table 4). The emission spectrum of 2a-H+ was then computed using TD-DFT calculations at the same level of theory, carrying out the geometry optimization of its first singlet excited state in CH2Cl2 solution. The computed fluorescence wavelength (690 nm), corresponding to a mix of 1 LL'CT and 1 IL'CT states, is in a reasonable agreement with the experimental value at low temperature (630 nm). Moreover, it is worth noting that the computed Stokes shift for 2a-H+ and the observed one are the same, i.e. 65 nm. Altogether, this DFT analysis supports well the hypothesis that the azonium tautomer 1 is the predominant species present in the 10 acidic solution. Interestingly, this specific behavior leads to dramatic changes of both the HOMO and LUMO levels of the overall system. In this way, it dramatically differs from that of platinum acetylide complexes bearing amino moieties on the phenylacetylide unit for which the protonation of the amino substituent dramatically lowers the phenylacetylide-based molecular orbital and moves the Pt-based orbital as the HOMO. 61- 62 

Conclusions

The photophysics of two mononuclear cyclometalated 20 platinum(II) 4,6-diphenyl-2,2′-bipyridyl acetylide complexes 2a,b was investigated. Lowest energy absorption bands correspond to the superimposed absorptions of the (C ^N^N ) platinum acetylide fragment and that of the azobenzene entity. These broad, moderately intense 1 MLCT/ 1 ILCT/ 1 L'LCT absorption bands at 400-550 nm are shifted in accordance with the electron-donating ability of the para substituent on the azocontaining phenylacetylide ligand. Excitation of these complexes in solution at their respective charge-transfer band results in weak luminescence that can be assigned to a 3 MLCT/ 3 LLCT emission, to which the azo unit does not interfere. Upon protonation, the azo-amino containing complex 2a shows a substantial shift of the lowest energy transition, which is related to the formation of a preponderant azonium species 2a-H+, whose emission was tentatively assigned to a 1 IL' origin. The photophysical properties of the (C ^N^N ) platinum acetylide fragment were then masked. DFT and TD-DFT calculations allowed us to accurately describe the perturbations of both HOMO and LUMOs orbitals of 2a upon its protonation, allowing the observed properties to be rationalized.
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 1 Scheme 1. Synthetic route to 2a,b. K2CO3, CuI, CH2Cl2/MeOH, 16h, r.t. (2a: 63 %; 2b: 47 % ).10
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 1 Figure 1. An ORTEP plot for 2b drawn with thermal ellipsoids at 30
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 1 Photophysical properties. The UV-vis absorption spectra of 2a,b in dichloromethane solution are presented in Figure 2, and45

Figure 2 .

 2 Figure 2. UV-vis absorption spectra of Pt(II) complexes 2a,b in dichloromethane solution (2.0×10 -5 M, 293 K) ( __ ). RT (Cyclohexane) ( … ) and frozen emission spectra (Me-THF) (---) of complexes 2a,b (5 × 10 -6 mol/L). The excitation wavelength was 450 nm for 2a and 2b. Table 2. Photophysical Parameters of 2a,b, 2a-H + λabs a /nm (ε/10 3 L•mol -1 •cm -1 ) λem a /nm λem b /nm λem c /nm 2a 280 (33.0), 332 (18.0), 432 (40.0), 470 (45.0) 595 600 625 2a-H+ d 280 (32.0), 350 (18.0), 570 (25.0) 580, 630 -575, 635 2b 280 (28.0), 330 (15.2), 425 (18.0), 450 (22.1) 585 580, 635, 690 520, 570, 620 a. Measured at room temperature, in dichloromethane; b. Measured at room temperature, in cyclohexane c. Measured at 77 K in Me-THF, 5 × 10 -6 mol/L (λexc = 450 nm); d. upon addition of 1.5 eq. of CF3CO2H, in dichloromethane or Me-THF.

  [1.990] Å for Pt(1)-C(21) and 1.950 Å vs. [1.974] Å for Pt(1)-C(31)) or slightly longer for Pt-N ones (2.018 Å vs. [1.986] Å for Pt(1)-N(1) and 2.183 Å vs. [2.110] Å for Pt(1)-N(

Figure 4 .

 4 Figure 4. As expected, HOMO of 2a exhibits an important contribution of the NBu2 group. The HOMO -1 and the HOMO -3 are almost totally localized on the Pt-C≡C moiety of the molecule. The HOMO-4 orbital is mainly localized on the phenyl group of the L ligand. The LUMO of complex 2a is localized on the bipyridine ligand whereas the LUMO +1 is mainly localized on the diazo moiety; the same localization appears for LUMO +2 (not depicted on Figure 4 for clarity). Similarly, most of the HOMOs of compound 2b are also localized on Pt and on the L' ligand. However, the LUMO of this

Figure 3 .

 3 Figure 3.Simulated UV-Visible spectra of 2a and 2b.
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Figure 4 .

 4 Figure 4. Frontier MO diagrams of 2a and 2b.

  +5 (31 %) Protonation studies. The presence of an amino substituent in 2a prompted us to study the possibility of protonation of this compound in dichloromethane. When a dichloromethane solution of 2a was treated by an acid (HCl, CF3CO2H), the solution immediately assumed a deep blue color. The UV-vis spectra of 2a dissolved in neat methylene chloride and upon addition of a saturated HCl/diethylether are shown in Figure 5, making obvious the substantial shift of the lowest energy transition after addition of the HCl solution. The intense band from 380 to 550 nm strongly decreases monotonically throughout the sequential addition of the saturated HCl/diethylether solution while a new band centred at ca. 555 nm concomitantly grows in. A well-defined isosbestic point at 502 nm is observed, suggestive of a ground-state equilibrium of two species. Addition of drops of triethylamine results in the recovery of the initial absorption spectrum, indicating the reversible nature of the protonation of 2a. Let us notice that the addition of a 20 saturated HCl/diethylether solution to 2b in dichloromethane in similar conditions didn't result in any change. The addition of a stronger acid (trifluoroacetic acid) leads to the rapid degradation of this product.
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Figure 5 .

 5 Figure 5. UV-Vis absorption spectral changes of 2a (10 -6 M) in CH2Cl2 upon addition of a saturated HCl/diethylether solution.
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 40 that an IL' excited state derived from the azonium moiety becomes lower lying in energy in comparison to the MLCT/L'LCT state in the neutral form. The emission is thus tentatively assigned as derived from an azonium based 1 IL' origin, as the predominant emissive state of the protonated form 45 2a-H+.

Figure 6 .

 6 Figure 6. Normalized absorption of 2a and 2a-H+ in CH2Cl2 and and emission spectra at 77K in Me-THF. The excitation wavelength was 450 nm for 2a and 500 nm for 2a-H+.

Scheme 2 .

 2 Scheme 2. The three possible protonation sites of 2a. 1 corresponds to the protonation at N(39); 2: N(40); 3: N(48).

Table 4 .Figure 7 .Figure 8 .

 478 Figure 7. Frontier MO diagrams of 2a and 2a-H+

Table 3 .

 3 TD-DFT computed spectra of 2a and 2b [experimental wavelengths are reported between square brackets].
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