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More than a billion people around the world still lack access to electricity; millions more receive poor and inadequate supplies. For the unserved and underserved, there can be significant implications for healthcare, food and education.

The lack of electricity is one of the main global problems. Since the current lighting systems include incandescent tungsten filament lamps, which consume more energy, or fluorescent lamps, which are not environmentally friendly because they are excited by mercury. In the current context of reducing energy consumption, the development of new, more energy-efficient and eco-friendly lighting devices is a key point. Organic Light-Emitting Diodes (OLEDs) can be one of them, besides they are extremely thin, flexible, vary in shape, color and size, some of them are even transparent, giving a beautiful ambient glow. The market is currently driven by the strong commercialization of OLED-based smartphone, TV, tablet screens etc.

Phosphorescent heavy-metal complexes, such as iridium(III) and platinum(II), complexes with strong spin-orbit coupling are able to efficiently harvest both singlet and triplet electrogenerated excitons, thus opening the possibility to achieve theoretically 100% internal quantum efficiency in such devices. Cyclometalated platinum(II) complexes are four-coordinated that can accommodate bidentate, tridentate, or tetradentate chelating ligands, with ancillary ligands where necessary, which allows considerable flexibility in engineering a desired complex for fabrication of OLEDs.

This work was planned to develop a number of new phosphorescent cyclometalated Pt(II) complexes, which would be interesting material for fabrication of second-generation OLEDs. Wise functionalization of the cyclometalating ligand and the auxiliary ligand selection allow to tune their photophysical and electrochemical properties. The influence of various structural modifications on the photophysical and electrochemical properties was carefully studied, and correlations between the structure of the complex and their properties have been revealed. This manuscript consists of 5 chapters, General Introduction, General Conclusion and Experimental Part. The first chapter introduces the basic knowledge of photophysical phenomena, as well as the structure and working principle of OLED devices. Chapter 2 presents the different series of developed platinum complexes achieving desired electroluminescence properties. Chapters 3, 4 and 5 describe in detail the synthesis and characterization of new series of tridentate cyclometalated C^N^N, N^C^N and bidentate C^N complexes, respectively, which were developed in our laboratory during my research project thesis.

Each of these three chapters clearly describes the synthesis of cyclometalating ligands, complexation conditions, and alkynyl-platinum(II) complex formation. The structures of these complexes have been confirmed by nuclear magnetic resonance (NMR: 1 H and 13 C), high resolution mass spectrometry (HRMS), element analysis and X-ray analysis. The photophysical and electrochemical properties of each new complex were studied and analyzed by UV-Vis spectroscopy, fluorescence spectroscopy and time-resolved fluorescence spectroscopy. Some photophysical properties were investigated in collaboration with Dr. Julien Boixel, ISCR, UMR Dans le contexte actuel de réduction de la consommation énergétique, le développement de nouveaux dispositifs d'éclairage énergétiquement plus sobres est un point clé. La technologie des diodes électroluminescentes organiques (OLED) permet de produire de la lumière blanche à partir de composés organiques et organométalliques ainsi que des polymères. La filière OLED suscite l'engouement des industriels depuis quelques années pour les applications dans les domaines de l'éclairage et de l'affichage d'information. Actuellement, le marché est porté par une forte commercialisation d'écrans de smartphones et de télévisions et de tablettes. Les OLED sont considérées comme plus polyvalentes que les LED inorganiques conventionnelles en raison de leur nature flexible, de leur légèreté, de leur finesse, des faibles coûts et d'une technologie économe en énergie. Les dispositifs OLED de seconde génération font appel à des émetteurs phosphorescents à base de métaux de transition tels que l'iridium(III) et le platine(II).

Dans ces matériaux moléculaires, la présence d'un métal de transition conduit à des interactions spin-orbite qui favorisent une conversion intersystème (ISC) efficace vers un état triplet permettant de collecter l'ensemble des excitons (singulet ou triplet) afin de réaliser un dispositif avec une conversion interne proche de 100 %. Les complexes de platine (II) cyclométallés dont certains sont fortement phosphorescents peuvent présenter une grande diversité structurale grâce à la capacité du platine à être coordonné par divers types de ligands cyclométallants et de ligands auxiliaires.

En général, il existe cinq modes de coordination pour les complexes cyclométallés de Pt (II) basés sur les types de ligands cyclométallants et les ligands auxiliaires (Figure 2) :

-ligands bidenté-monodenté-monodenté(I); -ligands bidenté-bidenté (II); -ligands tridenté-monodenté (III); -ligands tétradenté-ouvert (IV); -ligands tétradenté-fermé (V). Le principal point d'intérêt du développement de complexes de platine (II) est leur propriété de luminescence et plus particulièrement de phosphorescence. La conception des ligands cyclométallants est principalement centrée sur l'amélioration du rendement quantique de photoluminescence et la modulation de la couleur de l'émission.

La capacité des complexes Pt(II) à avoir différents ligands chélatants de coordination autour du centre métallique bidenté, tridenté ou tétradenté avec des ligands auxiliaires selon les besoins offre une flexibilité considérable dans la conception d'un complexe avec les propriétés photophysiques et électrochimiques souhaitées (Figure 3). Les complexes portant l'unité diazine ont attiré beaucoup d'attention en raison de leur fort caractère déficient en électrons et de leur forte capacité de coordination avec une large gamme d'ions métalliques. Les ligands à base de diazine sont de puissants accepteurs d'électrons π, permettant ainsi d'obtenir une émission décalée vers le rouge (Figure 4).

PtPy

PtPm PtPz De plus, en raison de la présence de deux doublets non liants sur les atomes d'azote, les diazines ont la capacité de se coordonner simultanément à deux centres métalliques similaires ou différents. L'introduction d'un second ion métallique rend le couplage spin-orbite plus élevé, le croisement intersystème et les transitions radiatives d'émission sont favorisées. Le deuxième ion métallique facilite le processus de désintégration radiative (PtPm kr = 16 x 10 4 [s -1 ] ® Pt2Pm 47 x 10 4 [s -1 ] d'environ 2 fois et, en conséquence, le rendement quantique de la photoluminescence(fPL) est plus élevé (25 ® 36%).
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lmax Par conséquent, ce travail de thèse décrit l'étude de trois séries de complexes de platine(II) cyclometallés principalement à base de pyrimidine avec des denticités, des conceptions et des structures différentes.

Une première série de dix nouveaux complexes de chlorure et acétylure de platine (II) basés sur des ligands cyclométallants de type 2-phényl-4-(pyridin-2-yl)pyrimidine et 4-phényl-2-(pyridin-2-yl)pyrimidine a été synthétisée et caractérisée avec succès (Figure 5). Il s'agit de la première série de complexes cyclométallés à base de ligands pyrimidiniques N^N^C décrite dans la littérature. Les propriétés photophysiques et électrochimiques de ces complexes ont pu être modulées en changeant la structure du ligand cyclométallant par inversion de position des substituants phényle et pyridin-2-yle sur le coeur pyrimidine, en incorporant un groupement encombrant de type tert-butyle, et en utilisant différents ligands auxiliaires (chlorure ou différents groupes phénylacetylures). Les complexes de platine (II) cyclométallés C^N^N 8-17 présentent une luminescence du jaune au rouge à température ambiante dans des solutions diluées et à l'état solide. La position des fragments phényle et pyridin-2-yle autour du cycle pyrimidine central a des effets sur la longueur d'onde et l'intensité de l'émission. Les complexes avec le groupement pyridin-2-yle en position 2 présentent un déplacement hypsochrome de l'émission dont l'intensité est augmentée par rapport aux complexes régioisomères avec le groupement pyridin-2-yle en position 4 (Figure 6). Une réduction à un potentiel plus négatif de 150-170 mV pour les complexes avec le groupement pyridin-2-yle en position 2 a été observée. L'introduction du substituant tert-butyle sur le cycle phényle du ligand N^N^C n'a pas d'effet significatif sur les propriétés photophysiques en solution. A l'état solide, le tert-butyle, par son encombrement stérique, inhibe la formation d'excimère. La présence d'un ligand auxiliaire de type phénylacétylure modifie les propriétés photophysiques et électrochimiques en fonction de leur nature. Un groupement électroattracteur (CN, CHO) en position para du phénylacétylure conduit à un déplacement hypsochrome de l'émission et une augmentation du rendement quantique de photoluminescence (Figure 8). Comme l'oxydation se produit sur le ligand phénylacétylure avec une faible contribution du métal, les complexes avec un groupement electroattracteur ont un potentiel d'oxydation plus élevé. Les complexes de platine (II) cyclométallés C^N^N présentent souvent des rendements quantiques d'émission faible, du fait de déformations structurelles, comme nous avons pu le voir avec cette première série de complexes. Pour améliorer les rendements quantiques d'émission, une solution simple consiste à changer l'ordre des atomes coordinants autour du platine. Les complexes de platine (II) cyclométallés N^C^N ont une liaison Pt-C plus courte, ce qui déstabilise l'état d-d et, par conséquent, les processus non radiatifs deviennent moins accessibles.

Nous avons ainsi proposé une seconde série de complexes de Pt(II) cyclométallés 24-37 avec des ligands tridentés N^C^N composés de deux cycles pyrimidines. Des modifications structurales ont été réalisées en introduisant différents substituants sur le cycle benzénique central et en utilisant différents ligands auxiliaires phénylacétylures à la place du chlorure. Pour les complexes de chlorure de platine (II), la présence de différents substituants dans le noyau benzénique central (R 1 ) du ligand peut moduler l'écart HOMO-LUMO. Ainsi, en passant d'un groupement méthoxy électrodonneur à un groupement trifluorométhyle électroattracteur, on observe un déplacement hypsochrome de l'émission (Figure 10). Les processus d'oxydation et de réduction dépendent entièrement de la nature de R 1 . La présence du groupement méthoxy, électrodonneur en tant que substituants R 1 et R 2 a un effet bénéfique sur les rendements quantiques de photoluminescence. Dans le dichlorométhane, un rendement quantique de 0.81 a été atteint pour le complexe 31 avec R 1 = R 2 = OMe, l'un des meilleurs jamais rapportés à notre connaissance, pour cette classe de complexes (Figure 12). Malheureusement, ces complexes de platine (II) cyclométallés N^C^N avec des ligands auxiliaires de type phénylacetylure souffrent d'une instabilité relative en solution dans le temps et, en raison de forte interactions Pt(II)×××Pt(II) et p-p une émission d'excimère est observée dans des solutions concentrées et à l'état solide. C'est la raison pour laquelle des complexes de Pt(II) cyclométallés avec un ligand C^N bidentés avec une tendance plus faible à l'agrégation ont été développés.

En 2017, Zhao et ses collègues ont montré une efficacité d'électroluminescence élevée de complexes de Pt(II) basés sur un ligand 2-(4-diphénylamino)phénylpyrimidine et portant des ligands pyridine et chlorure monodentés ouvrant une nouvelle voie pour ce type de complexes de platine (II) en tant qu'émetteur très efficace pour les OLED ( Figure 5.1). 197 Le potentiel de ce complexe de platine (II) a été évalué en construisant des dispositifs OLED présentant une efficacité quantique externe de 16,8 %, une efficacité de courant de 53,8 cd A -1 et une efficacité énergétique de 59,0 lm W -1 .

Sur la base de ces découvertes, nous avons décidé d'explorer davantage les propriétés de ces complexes C^N bidentés en concevant une série de 28 complexes de platine (II) basés sur des ligands phényldiazine et des ligands auxiliaires monodentés. Diverses modifications structurales ont été réalisées portant sur la nature du cycle diazine (pyrimidine, pyrazine et quinazoline), la présence de substituants en position C4 du cycle pyrimidine, la nature des groupements donneurs d'électrons en position para de l'atome de Pt sur le phényl du ligand C^N, la nature du ligand auxiliaire azahétérocyclique et le remplacement du chlorure par des fragments acétyléniques comme deuxième ligand auxiliaire (Figure 13). Les complexes de chlorure de platine(II) ont une émission phosphorescente allant du vert au rouge en solution dans le CH2Cl2 à température ambiante (Dlem max = 136 nm) et à l'état solide (Dlem max = 140 nm) en fonction des substituants sur le cycle phényle (Figure 14). Le caractère déficient en électrons des diazines a un effet significatif sur l'émission en solution et à l'état solide. Un décalage vers le rouge de l'émission à l'état solution/solide est observé en augmentant le caractère électroattracteur de la diazine. En remplaçant le ligand auxiliaire pyridine par la 4-méthoxypyridine, le rendement quantique à l'état solide est multiplié par 5 (Figure 16). fPL fPL

En raison du manque de stabilité en solution des complexes avec ligands phénylacétylures 77-79, leurs propriétés photophysiques et électrochimiques n'ont pas été étudiées.

La fonctionnalisation appropriée du ligand cyclométallant et le choix du ligand auxiliaire permettent ainsi d'ajuster les propriétés photophysiques et électrochimiques de ces complexes de Pt(II) cyclométallés. L'influence de diverses modifications structurelles sur les propriétés photophysiques a été étudiée de manière approfondie et un certain nombre de relations structure-propriétés ont été mises en évidence. Tous ces résultats sont décrits dans quatre articles dont un est en préparation. Chapter 1:

Photoluminescence, electroluminescence and light emitting devices

Photoluminescence phenomena

The luminescence also called "cold light" corresponds to the emission of light from any form of matter without the effect of heat. 1 There are many light emission processes in the nature that can be classified into different categories according to the mode of excitation such as: bioluminescence (originating from living organisms as an after-effect of a chemical reaction), chemiluminescence (as a result of chemical or electrochemical reactions), electroluminescence (originating from an applied electric field), photoluminescence (originating from the absorption of photons) etc. Photoluminescence (PL) has gained a lot of attention and can be used in different fields: biology, fluorometry, fluorescent microscopy, fluorescent lamp/compact fluorescent lamp(CFLs), fluorescent screen, forensic science, medicine, gemology, optoelectronic devices. 2 Photoluminescence is formally divided into two classes: fluorescence and phosphorescence, depending on the nature of the excited state (Figure 1.3 A). Fluorescence will involve a singlet excited state whereas phosphorescence will imply a triplet excited state.

Jablonski diagram

The Jablonski diagram (Figure 1.1) represents the electronic states of a molecule and the transitions between them. The design of this diagram includes ground state S0, excited singlet (S1, S2 … Sn) and triplet (T1, T2 … Tn) states. At each of these electronic energy levels the fluorophores can subsist in a number of vibrational energy levels, depicted by 0, 1, 2, etc. The transitions between states are represented as vertical lines. According to the Born-Oppenheimer approximation, the motions of electrons are much more rapid than those of the nuclei. All transitions occur so fast (~ 10 -15 s), so the time is too short for significant displacement of nuclei. That is in line with Franck Condon's principle, 3 according to which the nuclei can be considered as stationary until the rearrangement is completed. At room temperature, most of the molecules are in the lowest vibrational level of the ground state (according to the Boltzmann distribution). Eventually, absorption (10 -15 s) occurs mostly from molecule with the lowest vibrational energy to some higher vibrational level of either S1, S2 … Sn, by absorption of a photon.

The photoemission (fluorescence or phosphorescence) occurs mostly (in 99%) from the lowest-energy excited electronic state of the molecule (according to Kasha's rule 5 ), with some exceptions.

This happens because the molecules rapidly lose some of their energy on account of non-radiative decays internal conversion to the lower lying singlet electronic state followed by vibrational relaxation to the lowest vibrational level of the electronic state. The rate at which the chromophore reaches the lowest excited state depends on the Franck-Condon factor, which expresses the degree of overlap of the vibrational wave functions. The greater the overlap, the faster the molecule can down from one state to another.

The fluorophore being at the lower vibrational level S1, can homing to the ground state in several possible ways: non-radiative or/and radiative (fluorescence or/and phosphorescence) decays.

A radiative transition between two electronic states of the same spin multiplicity is known as fluorescence. Return to the ground state typically occurs fast (10 -10 -10 -7 s) to a higher vibrational level of ground state. Consequently, the spectrum of emission S1 → S0 is typically a mirror image of the absorption spectrum of the S0 -S1 transition (Figure 1.2). This likeness takes place because electronic excitation does not greatly alter the nuclear geometry. Hence the spacing of the vibrational energy levels of the excited states is similar to that of the ground state. In sum, the vibrational structures seen in the absorption and the emission spectra are kindred. The relationship between absorption and fluorescence lines is the "mirror image" (mirror image rule). Otherwise, the fluorophore can have intersystem crossing (ISC), process involving a transition between two electronic states with different states of spin multiplicity, from the excited singlet to the excited triplet states S1 → T1 (Figure 1.3 A). This non-radiative transition is in principle forbidden due to the conservation of spin angular momentum. Nevertheless, the electric field experienced by a moving electron is converted, in its rest frame, into a magnetic field proportional to its speed -a relativistic effect that is noticeable in crystal lattices with heavy atoms. The Zeeman interaction between the electron spin and this effective magnetic field is equivalent to the interaction of the momentum degrees of freedom and electronic spin and, known as spin-orbit coupling (SOC). SOC can split degenerate bands with finite angular momentum (p, d and f) by changing the structure of the electronic band and, consequently, ISC becomes possible to occur (Figure 1.3. B). Since the spin multiplicity of the fluorophore changes, hence, the phosphorescence spectrum does not follow the mirror-image rule and is one example of exceptions to the mirror-image rule. Emission from excited triplet state T1 to ground state S0 is termed phosphorescence. Similarly, to intersystem crossing, the transition T1 → S0 is forbidden, as a result the rate constants for triplet emission are several orders of magnitude smaller than those for fluorescence. Phosphorescence emission has long lifetime (10 -6 -10 s) and is generally shifted to longer wavelengths (lower energy) (Figure 1.4). There are several ways to get phosphorescence, despite the theoretically forbidden passage of Si ® Ti:

-by introducing heavy atoms such as, bromine atoms or carbonyl/thiocarbonyl/imine groups, which allows ISC by SOC in accordance to El-Sayed's rule (effective SOC and a high ISC rate (kISC) can be achieved in pure organic luminophores if the non-radiative transition involves a change of molecular orbital type due to their efficient orbital overlap) (Figure 1.5). [START_REF] Ma | Efficient and Long-Lived Room-Temperature Organic Phosphorescence: Theoretical Descriptors for Molecular Designs[END_REF][START_REF] He | White Light Emission from a Single Organic Molecule with Dual Phosphorescence at Room Temperature[END_REF][START_REF] Zhao | Rational Molecular Design for Achieving Persistent and Efficient Pure Organic Room-Temperature Phosphorescence[END_REF] ISC can occur from 1 (n,π*) singlet to 3 (π,π*) triplet excited states or from 1 (π,π*) singlet to 3 (n,π*) triplet excited states. Transitions 1 (n,π*) to 3 (n,π*) or from 1 (π,π*) to 3 (π,π*) are not beneficial due to the minimal overlap of orbits. Consequently, the presence of n orbitals perpendicular to π orbitals facilitate the SOC and promote the efficient ISC. [START_REF] Nozoe | Enhanced Emission by Accumulated Charges at Organic/Metal Interfaces Generated during the Reverse Bias of Organic Light Emitting Diodes[END_REF] Moreover, mixing singlet and triplet states with different electronic configurations can reduce DEST. -constructing rigid environment via crystal engineering, H-aggregates, host-guest doping, supramolecular interaction and polymerization to obtain the room temperature phosphorescence (RTP) (Figure 1.6). [START_REF] An | Stabilizing Triplet Excited States for Ultralong Organic Phosphorescence[END_REF][START_REF] Xie | How the Molecular Packing Affects the Room Temperature Phosphorescence in Pure Organic Compounds: Ingenious Molecular Design, Detailed Crystal Analysis, and Rational Theoretical Calculations[END_REF][START_REF] Cheng | Ultralong Phosphorescence from Organic Ionic Crystals under Ambient Conditions[END_REF] Luminogens are generally non-emissive when they existed in the solution form due to annihilation of triplet excitons by active intramolecular rotations and vibrations. One of the most promising ways to achieve the RTP is to stabilize the lowest triplet excited states T1 by forming numerous lower-lying energy states with suppressed non-radiative decay in rigid environment (H-aggregate etc) (Figure 1.7). In the crystalline state, intermolecular interactions between the carbonyl group (C=O) and halogen appear, making the structure of the organic phosphor more rigid to achieve a more efficient SOC and provide bright phosphorescence (Figure 1.8).

A)

B) -lanthanide (Ln) complexes have a stable phosphorescence induced by the antenna effect through the photo-excited energy transfer from aromatic ligands to Ln ions (Figure 1.10). -by introducing a transition metal center, [START_REF] Murphy | Blue-Shifting the Monomer and Excimer Phosphorescence of Tridentate Cyclometallated Platinum(Ii) Complexes for Optimal White-Light OLEDs[END_REF][START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF][START_REF] Sudheendran Swayamprabha | Approaches for Long Lifetime Organic Light Emitting Diodes[END_REF] which has strong spin orbital coupling, in the structure of molecular material (transition metal complexes (Figure 1.11). 

Characteristics of absorption and emission

Absorption spectrum

The absorption of UV-Visible radiation is in agreement with the excitation of valence electrons. When an atom (or molecule) absorbs energy, electrons are promoted from their ground state to an excited state. Electronic transition which can take place are of three types:

- So, absorption spectrum of a compound is the proportion of incident radiation absorbed by the material in the frequency range of electromagnetic radiation. Depending on how much energy the molecule receives, such a transition is observed. The transition to a higher level needs more energy. Each wavelength of light has a certain amount of energy associated with it. For this, it is necessary to define the relationship between the frequency (ν)/ wavelength(λ) of light absorbed and its energy (E):

ν = ! " Eq.1.1 c -speed of light [с = 3 x 10 8 m × s -1 ] E = hν = # × & " Eq.1.2 h -Planck's constant [ h = 6.626 x 10 -34 J × s ]
A higher energy jump requires light with a higher frequency and shorter wavelength.

Experimentally, the efficiency of light absorption at a wavelength λ by an absorbing medium is characterized by the absorbance A(λ) or the transmittance T(λ), defined as:

A(λ) = log ! ! " ! ! = -log T(λ)
Eq.1.

3

T(λ) = ! ! ! ! "
Eq.1.4 

I " # -
A(λ) = log ! ! " ! ! = ε(λ)lc Eq.1.5 ε (λ) -molar (decadic) absorption coefficient [ L× mol -1 cm -1 ] c -concentration of absorbing species [ mol × L -1 ] l -absorption path length (thickness of the absorbing medium) [cm]
The Beer-Lambert law relates a linear relationship between the concentration and absorption of a solution. In this way it is possible to calculate the concentration of a solution by measuring its absorbance. To illustrate this linear dependence, seven solutions of carbohydrate-conjugated azaphthalocyanine complexes 8b-Glc in DMSO were measured (Figure 1.13). From these absorption spectra, a linear calibration curve of the absorbance versus concentration was built. In this case, there is a perfectly linear dependence of the absorbance on the concentration, i.e. the law is respected. The deviation from the linearity of the Beer-Lambert law may be due to the formation of aggregates at high concentrations or the presence of other absorbing species.

Changes in chemical structure or the environment lead to changes in the absorption spectra of molecules and materials. The shift to longer wavelengths is called a bathochromic shift (informally referred to as a red-shift). A shift to shorter wavelengths is called a hypsochromic shift (informally referred to as a blue-shift). An increase in the molar absorption coefficient is called the hyperchromic effect, whereas the opposite is the hypochromic effect (Figure 1.14). 

Emission

The most important characteristics of a fluorophore are Stokes shift (Dn), photoluminescence quantum yield (PLQY) (ϕ), brightness and lifetime (t).

Stokes shift (Dn) is the difference (in frequency units) between positions of the band maxima of the absorption and emission spectra of the same electronic transition (Figure 1.15). Eq.1.7

The same way, the quantum yield can be determined by the balance between the radiative (k & ) and non-radiative (k '& ) transition rates:

ϕ = 6 ( 6 ( 7 ∑ 6 )(
Eq.1.8 k $ -radiative light emitting process (fluorescence/phosphorescence) k %$ -non-radiative process (internal conversion, intersystem crossing, energy transfer). [START_REF] Levitus | Tutorial: Measurement of Fluorescence Spectra and Determination of Relative Fluorescence Quantum Yields of Transparent Samples[END_REF] There are two methods for measuring the PLQY -absolute quantum yield and relative quantum yield.

The absolute quantum yield can be measured using an integrating sphere by comparing the number of emitted photons with the number of absorbed photons. The main advantage of this method is rapidity, as no reference standard is required. Besides, the absolute method can be applied to a much larger range of sample types and is the only reliable method for samples such as scattering solids. Depending of the integrating sphere, this method can however lacks of fiability.

The comparative or relative quantum yield involves the creation of a calibration curve using multiple standards of a compound with known fluorescence quantum yield. This method gives more accurate results but does not permit to measure quantum yield of solid sample.

The molecular brightness is the average number of luminescence photons per molecule during their residence time in the observation volume. [START_REF] Kay | Molecular Brightness Approach for FRET Analysis of Donor-Linker-Acceptor Constructs at the Single Molecule Level: A Concept[END_REF] The brightness of a fluorescent molecule depends on two factors:

Extinction coefficient (e) -how strongly a luminescence molecule absorbs light at a particular wavelength.

Photoluminescence quantum yield (F) -how efficiently the absorbed light is converted into emitted light.

Brightness = e x F

Eq.1.9

Brightness = [M -1 cm -1 ]
Lifetime (t ) is an intrinsic characteristic of a luminescent species that can provide insight into the species excited state dynamics. The value of lifetime is determined by the average time that a fluorophore spends on the excited state before returning to the ground state. Typically, the lifetime of fluorescence is about ns, and that of phosphorescence is µs to s. The decay of the excited state of a molecule to the ground state can be expressed as:

I(t) = I 9 exp(-t/τ)
Eq. 1.10

I0 -intensity at time zero τ -lifetime

The photoluminescence lifetime is the time during which the initial fluorescence intensity of a fluorophore down to 1/e (~37 %) of the initial intensity (Figure 1 .16).

In relation to the rate constants, the lifetime can be expressed as: 

Excimer emission

The fluorophore in the excited state can interact with itself in the ground state to form a dimer in the excited state -an excimer. One of the most famous examples of this process is formation of a pyrene excimer (Figure 1.18). 

Application of photoluminescence phenomena

Over the past 50 years, the use of photoluminescence in many fields has grown remarkably. Photoluminescence and time-resolved luminescence are considered to be primarily research tools in many disciplines (from biotechnology: flow cytometry, medical diagnostics, 34,[START_REF] Shahzad | Emerging Applications of Fluorescence Spectroscopy in Medical Microbiology Field[END_REF] DNA sequencing, 36 forensics, 37 genetic analysis [START_REF] Xiao | DNA Analysis by Fluorescence Quenching Detection[END_REF] to optoelectronics, digital encryption, optical recording devices, sensing, 39 bioimaging, anticounterfeiting, 40 security systems 41 etc.). Owing to changes of photoluminescence factors, it is possible to have control on a lot of process (the reaction proceeds, complex formation, presents of metal ions in biology environment, etc).

Metal ions are widely present in biological systems and are involved in many biochemical processes. They can cause health problems when deficiency or excess occur. That is why it is very important to measure the content and monitor the distribution of metal ions in individual cells, tissues, whole organisms, as well as control in drinking water and food. Among the various methods for detecting metal ions, fluorescent sensors have attracted great attention due to many advantages such as high sensitivity, selectivity, high signal to noise ratio, relatively low cost, simple operation, and precise tunability of probe molecules to sense a wide range of analytes through molecular engineering.

Luminescent sensor for Cu 2+ ion in the water

Tetraphenylethylene-functionalized salicylaldehyde Schiff-base fluorescent probe (TPE-An-Py) is an excellent ligand to coordinate Cu 2+ ions in water (at pH = 7) in the presence of other cations (such as Cd 2+ , Cu 2+ , K + , Pb 2+ , Li + , Fe 3+ , Ca 2+ , Mg 2+ , Co 2+ , Cr 3+ , Al 3+ , Ba 2+ , Ni 2+ , Zn 2+ , Ag + , Na + , Hg + )(Figure 1.20). [START_REF] Xie | A Turn-off Fluorescent Probe for the Detection of Cu 2+ Based on a Tetraphenylethylene-Functionalized Salicylaldehyde Schiff-Base[END_REF] The formation of a complex with copper indicates the quenching of the emission (Figure 1 

Luminescent sensor for Al 3+ ion

Using an ionic conjugated polytriazole (PI) it is possible to quantify Al 3+ ions in drinking water. [START_REF] Alam | AIE-Based Luminescence Probes for Metal Ion Detection[END_REF] The turn-on of emission occurs when one Al 3+ is coordinated with the sulfonic group in one polymer chain and nitrogen of the triazole ring in another polymer chain (Figure 1 

Luminescent sensor for Ca 2+ and pH

A single ratiometric fluorescent DNA nanoprobe detections Ca 2+ and pH in mitochondria, with high selectivity and accuracy (Figure 1 .22). [START_REF] Liu | Mitochondria-Targeted DNA Nanoprobe for Real-Time Imaging and Simultaneous Quantification of Ca 2+ and PH in Neurons[END_REF] This fluorescence sensor demonstrates high recognition for simultaneous determination of pH and Ca 2+ without being influenced by other metal ions, amino acids and reactive oxygen species (ROS). 

Thiolate -capped CdSe/ZnS core-shell QDs (Quantum Dots) as a glucose biosensor

The glucose detection principle is based on the fluorescence quenching effect after the oxidation process of glucose into gluconic acid (Figure 1.23). [START_REF] Abd | Thiolate-Capped CdSe/ZnS Core-Shell Quantum Dots for the Sensitive Detection of Glucose[END_REF] The higher the glucose concentration, the more H2O2 is produced and stronger quenching effect. 

Security systems

Document security plays a crucial role in the military and economic fields, as well as in our daily life. One of the most popular approaches to achieve paper-based security data recording is to use fluorescent security inks where the printed information or patterns are only visible under UV light.

The multi-level security printing was prepared by using ionic Mn(II) complexes [MnCl4] 2-[etpp]2 + (Figure 1.24). An image can be recorded on a security paper composed of [MnCl4] 2-[etpp]2 + (ethyltriphenylphosphonium) and a poly(ethylene glycol)-blockpoly(propylene glycol)-block-poly(ethylene glycol) (PEG-PPG-PEG) matrix using water as the ink. The imprinted patterns cannot be directly observed with the naked eye under sunlight, but are clearly revealed upon irradiation with 254 nm UV light. On the same security paper, it is possible to rewrite (up to 30 times) after erasing the old images by heating. Under various experiments, the delicate image on the security paper showed stability in daily life for 3 months. 

Organic Light emitting diodes

Organic semi-conductors

The first demonstration of organic electroluminescence (EL) appeared in 1963 by using an anthracene single crystal connected to high-field carrier injection electrodes, [START_REF] Helfrich | Recombination Radiation in Anthracene Crystals[END_REF] the commercial potential of this phenomenon was not realized until 1987 when Eastman Kodak's Research Laboratories have been a ground-breaking pioneer in developing organic lightemitting diode (OLED) technology. The company's scientists developed the first viable OLED material, Ching Wan Tang and Steven Van Slyke reported efficient green EL in an organic thin-film bilayer device using a complex of 8-hydroxyquinoline with aluminum (III) (Alq3) (3:1). Kodak researchers demonstrated that their first OLED device operated at sufficiently low voltages to allow commercial applications. [START_REF] Tang | Organic Electroluminescent Diodes[END_REF] OLEDs are thus emerging as the leading technology for the new generation of full color flat-panel displays used in electrical appliances including mobile phones, car stereos, digital cameras, televisions. [START_REF] Wong | Functional Metallophosphors for Effective Charge Carrier Injection/Transport: New Robust OLED Materials with Emerging Applications[END_REF] Since then, research and development of OLED technology have continuously evolved in academia as well as in industry [START_REF] Hong | A Brief History of OLEDs-Emitter Development and Industry Milestones[END_REF] (Figure 1.25). Organic-light emitting device are booming right now: after the lunch of commercial OLED displays based on phosphorescent complexes, OLEDs are on the way to replace LCD (liquid-crystal display) technology. [START_REF] Bizzarri | Sustainable Metal Complexes for Organic Light-Emitting Diodes (OLEDs)[END_REF] OLEDs have drawn much attention for their application in flat-panel displays with unique advantages, such as self-emitting property, high luminous efficiency, full color capability, wide viewing angle, high contrast, low power consumption, low weight, potentially large area color displays and flexibility. [START_REF] Wong | Functional Metallophosphors for Effective Charge Carrier Injection/Transport: New Robust OLED Materials with Emerging Applications[END_REF][START_REF] Müller | Multi-Colour Organic Light-Emitting Displays by Solution Processing[END_REF][START_REF] Holder | New Trends in the Use of Transition Metal-Ligand Complexes for Applications in Electroluminescent Devices[END_REF][START_REF] Zhou | New Design Tactics in OLEDs Using Functionalized 2-Phenylpyridine-Type Cyclometalates of Iridium(III) and Platinum(II)[END_REF] 

Structure of OLEDs

An organic light-emitting diode (OLED or organic LED), also known as organic electroluminescent (organic EL) diode, is a light-emitting diode (LED) in which the emissive electroluminescent layer is a film of organic (or organometallic) compound that emits light in the response to an electric current. shows a typical and well-established set-up of an OLED. It consists of a number of thin layers which are either solution-processed or vacuum-deposited, for example, on a transparent surface which can be glass or flexible plastic substrate. In operation, holes are injected from a transparent anode, mostly consisting of a non-stoichiometric composite of SnO2 (10-20%) and In2O3 (90-80%), called "indium tin oxide" (ITO). Adjacent to this anode layer, a hole injection (HIL) or directly a hole transport layer (HTL) is applied to allow for a wellbalanced hole transport into the active/emissive layer (EML), which is composed of the dopant diluted in a host material. An electron transport layer (ETL) follows with an electron injection layer (EIL) above and finally a metal-cathode with a suitably chosen work function, such as Ca, Al or Ba is evaporated on a top. Clearly, although electron transport from the cathode to the EML must be efficient, it is also important that the electron current is well balanced with the hole current in order to avoid ohmic losses. Such losses can be minimized by introducing a hole-blocking layer between the EML and the ETL and/or an electron blocking layer between the HTL and the EML. These additional layers (which are not shown in the diagram) prevent holes/electrons from crossing and leaving the EML without electron-hole recombination. As result, the device efficiency can be distinctly increased. However, such blockings may lead to the build-up of high charge densities at the interfaces, with unfavorable consequences for the device lifetime.

Each layer is described in details below:

Emissive layer (EML)

This layer is responsible for the emission properties of OLEDs like color and luminescence. Since heavy metal complexes have a long phosphorescent lifetime (µs), this can lead to predominant triplet-triplet (T1-T1) annihilation and exciton diffusion in a large range (>100 nm) at high currents, that lead to quenching in adjacent layers in OLED. [START_REF] Yeh | New Dopant and Host Materials for Blue-Light-Emitting Phosphorescent Organic Electroluminescent Devices[END_REF] That is why the phosphors are placed in the host-matrix to avoid unwanted processes inside. [START_REF] Jeon | Ideal Host and Guest System in Phosphorescent OLEDs[END_REF] The emissive dopant is diluted into the host material giving a single layer or a group of layers. [START_REF] Van Veldhoven | Picosecond Time-Resolved Fluorescence Depolarization of OLED Compounds Alq3' Gaq3' and Inq3[END_REF] The singlet and triplet levels of the host should be higher than those of the dopant in order to prevent undesired reverse energy transfer from the dopant to the host. Furthermore, it helps to prevent aggregation of emitters, which causes exciton quenching, and to improve the efficiency of the corresponding OLED by controlling the charge carrier recombination in the EML and have good thermal stability. 59

Hole and electron transport layers (HTL/ETL)

The mobility of electrons and holes is variable depending on the type of organic semiconductors (OSC). In an OLED a balance charge injection is required and for this purpose, it is required that electron and hole mobility should be as close as possible. The purpose of the transport layer is to facilitate the flow of charge carriers to emission layer. [START_REF] Yu | A New Prediction Model on the Luminance of OLEDs Subjected to Different Reverse Biases for Alleviating Degradation in AMOLED Displays[END_REF] They should preferably have a high mobility and their highest occupied molecular orbital (HOMO) 61 level (for holes) and lowest unoccupied molecular orbital (LUMO) 62 level (for electrons) should match with respective levels of EML.

Hole and electron injection layers (HIL/EIL)

HOMO and LUMO levels of OSC play an important role in charge carrier injection. If these levels match with the work-function of the adjacent electrode, charge injection into the OLED will be enhanced, resulting in higher charge carriers and ultimately recombination. The closer these two levels are, the better is the charge injection. These layers help charge carriers to reach respective transport layers as the energy barrier is reduced between transport layers and electrode work-function. [START_REF] Park | Electrical Properties of Trilayer Organic Light-Emitting Diodes With a Mixed Emitting Layer[END_REF] An effective HIL/EIL enable holes and electrons to be more evenly concentrated in the emitting layer, maximizing their recombination at low-power input levels that leads to enhanced device performance. [START_REF] Dong-Ying | Role of hole injection layer in intermediate connector of tandem organic light-emitting devices[END_REF] Moreover, EIL not only reduces the injection barrier and also protects the ETL from chemical reactions with the cathode material. The most commonly used EIL is ultrathin (0.5 -1 nm-thick) LiF, 65 Cs2CO3, [START_REF] Chen | The Roles of Thermally Evaporated Cesium Carbonate to Enhance the Electron Injection in Organic Light Emitting Devices[END_REF][START_REF] Huang | Low-Work-Function Surface Formed by Solution-Processed and Thermally Deposited Nanoscale Layers of Cesium Carbonate[END_REF] ZnO and TiO 2 . [START_REF] Lin | Effect of Carrier-Transporting Layer on Blue Phosphorescent Organic Light-Emitting Diodes[END_REF] This device consists of a number of thin layers which are vacuum-deposited on a transparent glass. The ITO coated on the glass substrate is used as anode. Then the series of organic layers was deposited on ITO under a high vacuum condition of ~10 -6 torr. TAPC (1,1-bis[(di-4-tolylamino)phenyl]cyclohexane) works as a HTL. The exciton quenching can be observed because the NPB (4,4′-bis[N-1-naphthyl-N-phenylamino]biphenyl) has lower triplet energy of 2.3 eV than that of Firpic. That is why the mCP (1,3-Bis(N-carbazolyl)benzene) benzene with T1 = 2.9 eV was inserted at HTL/EML interface as an exciton-blocking layer (EBL) to avoid exciton quenching by NPB. EML consists the phosphorescent dopant (Firpic 15 wt %) and host TAZ (3-(4-biphenyl-yl)-4-phenyl-5-(4-tertbutylphenyl)-1,2,4-triazole) with the similar HOMO-LUMO energy levels. TmPyPB (1,3,5tri(m-pyrid-3-yl-phenyl)benzene) has a high electron mobility so this layer is followed by DPPS, which is a weak electron-transport material with a wide bandgap Eg = 4.0 eV. Due to its deep HOMO energy level, DPPS is also used as a hole-blocking material. The electron injection layer 1.2 nm-thick lithium fluoride (LiF) and a 100 nm-thick AL cathode were deposited on organic stacks under a vacuum condition of ~10 -5 torr. 

Working principle of OLED (electroluminescence)

In order to gain some general understanding of the electroluminescent processes in the OLEDs, Figure 1.28 displays a simplified model of electron-hole recombination process.

When the driving voltage is applied, electrons (e-) are injected from the cathode into the LUMO of the adjacent layer material and holes (h+) are injected from the anode into the HOMO of its adjacent layer material. These charge carriers migrate inside the device, moving through the layers toward the emissive layer. In this active layer, electrons and holes recombine in the emissive organic material forming a neutral state called exciton, which relaxes from the excited state into the ground state with emission of light. The recombination zone should be in the middle of the emissive layer, thus an equally efficient injection but also equal mobility of e-and h+ in the organic materials are necessary. Improved device structures use additional interlayers, which facilitates the charge carriers to migrate inside the device, avoiding recombination at other layers than the active one and leads to much more efficient devices. Emission color is basically determined by the energy difference of HOMO and LUMO of the emitting organic material in the emissive layer. The intensity of the emission (brightness) depends on the amount of electrical current applied. Consequently, by changing these active materials the emission color can be varied across the entire visible spectrum. Understanding the electronic processes involving the diffusion of the charge carriers through the organic semiconductors is necessary in order to choose the right materials, especially for the host-guest system of the emitting layers. 

OLED performance

The primary objective in the development of organic light emitting diodes (OLEDs) for technological applications is the efficient transformation of electrical energy to electroluminescence inside of organic semiconductor. [START_REF] Vaufrey | OLED Microdisplays: Technology and Applications[END_REF] The basic important characteristics of OLEDs, to which special attention is drawn, are:

External Quantum Efficiency (EQE, ɳEQE %) of an OLED depends on two characteristics: ɳEQE = ɳ opt x ɳ IQE Eq.1.13 -ɳ opt ( optical out coupling) -ratio of photons emitted perceived by an external observer per emitted photons.

Internal Quantum Efficiency (IQE, ɳIQE, %) -ratio of emitted photons per electrons injected, which is itself a function of various factors: ɳIQE = ɳPL x Y x ɳinj = ɳ opt x ɳPL x Y x ɳi Eq.1.14 ɳPL (internal PL quantum efficiency) ratio of photons emitted per created excitons; Y ( charge balance ) -ratio of electrons per holes available in the OLED emissive layer; ɳinj (injection quantum efficiency) -ratio of electrons per holes injected in the OLED stack from cathode and anode respectively;

OLED brightness [cd×m -2 ] estimate the efficiency of the device at a given voltage or current density.

Efficiency: CE (current efficiency) -ratio of emitted luminance [cd×m -2 ] with the current density [A×cm -2 ]; PE (power efficiency) -ratio of optical emitted power [watt or lumens] with electrical consumed power [watt].

Classifications of OLEDs

Due to the effect of spin statistics, when holes injected from the anode recombine with electrons injected from the cathode, singlet and triplet excitons will be formed with a singlet/triplet ratio of 1:3 as shown in the Figure 1.29. [START_REF] Baldo | Highly Efficient Phosphorescent Emission from Organic Electroluminescent Devices[END_REF] The singlet excitons produced decay rapidly, yielding prompt electroluminescence (fluorescence (ns)). For conventional fluorescent materials, only the singlet excitons (25%) can emit light since the radiative decay of triplet excitons (75%) is spin forbidden, 10 Figure 1.29 A, the fluorescent material is also called the first-generation OLED emitter, whose theoretical IQE can reach no more than 25%. That is why using this kind of emitters, the EQE of fluorescence OLEDs is usually below 5%. In 1998 Baldo and co-workers fabricated the first high-efficient OLED based on platinum(II) complex as a phosphor dopant. [START_REF] Baldo | Highly Efficient Phosphorescent Emission from Organic Electroluminescent Devices[END_REF] For the phosphorescent emitter, thanks to the intersystem crossing (ISC) [START_REF] Ma | Electroluminescence from Triplet Metal-Ligand Charge-Transfer Excited State of Transition Metal Complexes[END_REF] , which allows to harvest triplets with singlets via the singlet-triplet transition and leads to a maximum IQE of 100%, [START_REF] Fan | Yellow/Orange Emissive Heavy-Metal Complexes as Phosphors in Monochromatic and White Organic Light-Emitting Devices[END_REF][START_REF] Rabelode | Chemical degradation mechanisms of highly efficient blue phosphorescent emitters used for organic light emitting diodes[END_REF] as shown in Figure 1.29 B. The phosphorescent material is usually referred as the second-generation OLED emitter. The last known type of emitter, at this moment, which has emission from excited singlet state that can be populated from the excited triplet state by thermal activation at ambient temperature, this phenomenon is called thermally activated delayed fluorescence (TADF) Figure 1.29 C. In these dyes, a reverse intersystem crossing (RISC) occurs from the triplet excited to the singlet excited states. RISC is facilitated by a good spin-orbit coupling and a small energy gap DEST between these states. In this thirdgeneration OLED emitter, IQE also achieves 100%. [START_REF] Hartmut | The triplet state of organotransition metal compounds. Triplet harvesting and singlet harvesting for efficient OLEDs[END_REF][START_REF] Uoyama | Highly Efficient Organic Light-Emitting Diodes from Delayed Fluorescence[END_REF] To create the third-generation OLED emitters, it is necessary to synthesize dopant with efficient RISC and DEST below 0,5 eV, which is not so easy to do. In analogy with phosphorescent devices, TADF OLEDs exhibit problems associated with the gradual decrease in electroluminescence performance during normal operation. This instability originates from the irreversible degradation of organic materials. The accumulation of degradation byproducts deteriorates device performance because such byproducts quench luminescent excitons, generate non-emissive excitons, and trap charge carriers. That is why there are not many 3rd generation-OLED emitters on the market yet, and PhOLED remains the benchmark. In general, organic compounds do not have the ability for efficient ISC at room temperature (RT). An effective way to achieve RT phosphorescence is the incorporation of the transition metals into the organic ligands. [START_REF] Li | Diversity of Luminescent Metal Complexes in OLEDs: Beyond Traditional Precious Metals[END_REF] That is the reason why research of phosphorescent materials based on transition metal complexes have been rapidly developing. 

Transition metal complexes for OLED emitters

Intensive research into the creation of phosphorescent (triplet) efficient emissive materials was driven in particular by the demand for the second-generation OLEDs. [START_REF] Thompson | The Evolution of Organometallic Complexes in Organic Light-Emitting Devices[END_REF][START_REF] Forrest | The Path to Ubiquitous and Low-Cost Organic Electronic Appliances on Plastic[END_REF] Organometallic compounds based on transition metal centers, such as iridium(III), [START_REF] Lo | Blue Phosphorescence from Iridium(III) Complexes at Room Temperature[END_REF][START_REF] Burn | The Development of Light-Emitting Dendrimers for Displays[END_REF] rhenium(I), 84 ruthenium(II), 85 osmium(II), 86 copper(I), 87 gold(I), [START_REF] Chen | Phosphorescent Polymeric Nanomaterials with Metallophilic D10⋯d10 Interactions Self-Assembled from [Au(NHC)2]+ and [M(CN)2][END_REF][START_REF] Yam | Photoluminescent and Electroluminescent Behaviour of Four-Coordinate Tetrahedral Gold(i) Complexes. X-Ray Crystal Structure of [Au(Dppn)2[END_REF] , platinum(II), [START_REF] Huo | Synthesis, and Applications of Highly Phosphorescent Cyclometalated Platinum Complexes[END_REF] or gold(III) 91 are considered highly attractive candidates for full-color display technologies and energy-saving solid-state lighting (Figure 1.30). Accordingly the presence of a heavy metal center effectively leads to the SOC and promotes an efficient ISC in order to realize 100% IQE device. 92 

Electronic transitions of metal complexes

There are various types of electronic states expected for transition metal complexes (Figure. 1.31):

Metal-to ligand charge-transfer (MLCT) electronic transitions from a metal-centered d orbital to a ligand-system delocalized 𝛑* antibonding orbital. MLCT transitions are strongly allowed processes with minimum structural distortion. Absorption bands of MLCT localized in the visible or near UV spectral regions, facilitating its radiative recombination and decay process with remarkable efficiency.

Intraligand (IL) or ligand-centered (LC) electronic transitions between 𝛑 -𝛑* orbitals that are mainly localized on the ligand chromophore. If the perturbation of the metal upon coordination is minimized, the luminescent complex can exhibit a transition that has spectral properties close to those of the free ligand states.

Ligand-to-metal charge-transfer (LMCT) occurs with metal complexes in which the metal is in high oxidation states. It is the electronic transition from p ligand system to a metal d -centered orbital. Some OLED devices incorporating a complex with LMCT have been fabricated; [START_REF] Ma | High Luminescence Gold(I) and Copper(I) Complexes with a Triplet Excited State for Use in Light-Emitting Diodes[END_REF] The d-d transition has no emission and uses the energy just for non-radiative decay. That is why this state should stand above others (MLCT or/and LC states) (Figure 1.32). However, the d-d excited state, even lying above the others, can still have a detrimental effect on luminescence, especially at room temperature, since it can be thermally accessible from the lowest energy excited state when ∆E in Figure 1.32 is too small and, therefore, they serve as a non-radiative deactivation path. As a rule, the most efficient emissive metal complexes are those in which ∆E is large.

Using a strong ligand field, we can raise the d-d excited state, thereby increasing ∆E and preventing the occurrence of d-d non-radiative decay pathway. Occasionally, other orbitals can happen with metal complexes. The square-planar geometry of Pt complexes (d8) enable them to come close to each other to form various intermolecular Pt(II)×××Pt(II) or p-p interactions or a combination of these, thereby facilitating formation of aggregates or dimers in the ground state and excimers or electromers in the excited state. The metal-metal-to-ligand charge transfer (MMLCT) occurs when Pt-Pt distance is below 3.4 Å (shorter than the sum of van der Waals radii of 3.44 Å), and can emit strong phosphorescence (Figure 1.33).

Simultaneous emissions from monomers and dimers/aggregates/ excimers can lead to broad coverage of the visible spectrum and to white light generation with a single dopant. Among various transition metals, iridium(III) and platinum(II) are considered to be the most effective 97 for fabrication of the 2 nd generation of OLEDs 98 because of their high lying non-radiative MC states and strong spin-orbit coupling compared to others metals. These two factors have a significant effect on the reduce knr and increase kr, hence the excited state energies and PLQY can be controlled through rational ligand design. [START_REF] Chi | Transition-Metal Phosphors with Cyclometalating Ligands: Fundamentals and Applications[END_REF][100][101] Other important benefits are respectable solubility in common organic solvents and high thermal and chemical stability. Moreover, they can form discrete, kinetically inert, charge-neutral coordination complexes with aromatic ligands. These properties allow them to be easily fabricated into thin films either by vacuum evaporation or solution-processing techniques.

Iridium(III) emitter for PhOLEDs.

Iridium-based emitters are considered to be the seminal generation of phosphorescence emitters. It is possible to optimize photophysical and, accordingly, electroluminescence results of OLEDs by modifying the design of the ligands. For example, by changing the design of the main ligand C^N (Figure 1.34), electroluminescence shows different colors emission with a reasonable performance of OLED. 102 (Table 1.1 

Vacuum-deposited OLED: ITO/ N,N' -diphenyl-N,N' -bis(1-naphthyl)-1,1'-biphenyl-4,4′-diamine (a- NPD) (500 Å) / doped in 4,4′-N, N′-dicarbazole-biphenyl (CBP) (300 Å) / 2,9-dimethyl-4,7-diphenyl-l,10- phenanthroline (BCP) (100 Å) / Alq3 (400 Å) / Mg-Ag.
In addition, not only the modification of the C^N ligands can have a significant effect on the photophysical and electroluminescent properties, but also modification or the replacement of ancillary ligand by, for instance, 2,2,6,6-tetrametylheptane-3,5-dionate (tmd), benzoyl acetone (bza), dibenzoylmethane (dbm), N-methylsalicyliminate (sal), picolinate (pic) etc. 102,103 The main role of ancillary ligand is to improve the efficiency of PLQY by changing the value of knr, kr and consequently OLED performance. 104 Baek and co-workers have theoretically explained that the emission efficiency of Ir(III) complexes depends on the availability of T2 from T1. 105 (Figure 1.35 A) In the triplet excited state T2 complexes are subjected to structural distortions due to metal-ligands bonds elongation. This leads to the fact that the unpaired electron is placed at the 3 MC state that is responsible for knr. (Figure 1.35 B) Accordingly, the correct insertion of an ancillary ligand adduces a bigger energy gap (ΔE) between the 3 MLCT state, that responsible for kr and 3 MC, avoiding non-radiative decay.

A)

B) Taking this effect into account, a series of Ir(III) complexes with a modified ancillary ligand by steric functional groups have been synthesized to suppress bending distortion in the excited state and avoid non-radiative processes (Figure 1.36). The improvement of the PLQY by slowing down the non-radiative decay is the main source of increasement of the efficiency of OLEDs (Figure 1.37). Summing up, the C^N is the main cyclometalating ligand that controls the photoluminescence color and L^X is a monoanionic chelating ancillary ligand with significant effect on knr and consequently PLQY (Figure 1.38). 106 

Green PhOLEDs

In 1999 Forrest and co-workers fabricated the first green OLED (PhOLED) based on fac-tris(2phenylpyridine)iridium fac-Ir(ppy) 3 complex EQE = 8,0 %; λ EL = 510 nm. 102 During further development of PhOLEDs, it was noticed that the nature of ancillary ligands (Ir(ppy)2acac EQE = 12,3 %; λ EL = 512 nm and Ir(ppy)2tmd EQE = 32,3 %; λ EL = 515 nm) 102 and the design of the main ligand have a significant effect on OLEDs performance (high brightness above 20 000 cd m -2 EQE = 16.6%; λ EL = 528 nm). 107

Along with Ir-based emitters, Pt-based complexes, due to their intense triplet MLCT emission and good film-forming capability have begun to be used in OLED applications. In 

Red PhOLEDs

Due to the difficulty of suppressing triplet-triplet annihilation and achieving efficient radiative decay of MLCT states red phosphorescent OLEDs are less available. The cyclometalated neutral Ir(III) complexes are promising candidates for the development of effective red PhOLEDs. In 2018, Wong and co-workers introduced the diarylboron group into heteroleptic PyThir Ir(III) complexes. The incorporation of a strong electron-deficient effect and the notable electron-transporting capacity of the diarylboron group allows to achieve the high EQE= 28,5 %; λ EL = 604 nm. 109 But the best NIR-emitting OLED with EQE of 24 ± 1 %; λ EL = 740 nm was fabricated based on the 2-pyrazinyl pyrazolate Pt (II) complex Pt(fprpz)2 thanks to the long-lived triplet states, high color purity and high horizontal dipole orientation. The EQE of Pt(fprpz)2 was increased to 55 ± 3% when OLED incorporated a light out-coupling hemisphere structure. 110 

Blue PhOLEDs

Iridium(III) and platinum(II) complexes are suitable material for fabrication of blue PhOLEDs. To achieve a blue-emitter the triplet energies have to be at least 2.8 eV. 111 The triplet energy can be increased by introducing electron-withdrawing groups EWG: CN; F; CF3 into the cyclometalating ligands. There is always competition in OLEDs efficiency between platinum(II) and iridium(III) complexes. So, by using a suitable metal as Ir(III) or Pt(II) and knowing the laws of tuning photophysical and electroluminescent properties, it is possible to achieve the desired properties of OLEDs.

Chapter 2:

GENERAL STRATEGIES FOR DESIGNING PHOSPHORESCENT PLATINUM(II) COMPLEXES

PLATIMUM MATERIALS

Platinum

Platinum is a transition metal with an unfilled d-orbital in its ground state and electronic configuration [Xe] 4f 14 5d 9 6s 1 . The most important oxidation state is +2, with electronic configuration d 8 , that has a thermodynamic preference to form square-planar complexes in the presence of strong-field ligands. This square geometry of Pt(II) complex pushes a single unoccupied orbital to higher energies, compared to others ones, whilst allowing substantial stabilization of three of the occupied orbitals. (Figure 2.1.) It is the 4-coordinate square-planar geometry that makes Pt(II) complexes very different from other metal complexes such as iridium(III). The square planar conformation is responsible for many of the key features that characterize the absorption, luminescence and other excited state properties of platinum(II) complexes. Furthermore, due to the flat geometry, the Pt(II) complexes easily interact with each other. They can interact through intermolecular Pt-Pt and or ligand-ligand interactions. Thus, dimers or aggregates arise in the ground state, an excimer or exciplex in the excited state, giving a broad coverage of the visible spectrum, even to white light generation with a single dopant. 112 Another advantage of using the Pt(II) complex instead of Ir(III) is that the iridium is an extremely scarce resource, and platinum is slightly more abundant in nature. [START_REF] Bizzarri | Sustainable Metal Complexes for Organic Light-Emitting Diodes (OLEDs)[END_REF]113 Platinum (II) complexes are divided into different classes depending on the type of coordinated ligand, that leads to various photophysical and electrochemical results.

Platinum(II) complexes with monodentate ligands

Platinum(II) complexes bearing monodentate ligands are likely to have very poor luminescence (mostly dual fluorescence and phosphorescence) properties. In these complexes, the molecular flexibility as a consequence of the low denticity favors efficient thermal deactivation via MC excited states and other non-radiative relaxation pathways.

In 2015 Geist and co-workers studied nevertheless a monodentate platinum(II) complex with trans-PtBr(PEt3)2(BODIPY), 114 which allows to obtain RTP (Figure 2.2). The fluorescence quantum yield is only 1.1% while phosphorescence QY reaches a value of 31.2% at RT in nitrogen saturated CH2Cl2 with rather long emission lifetime of 162 μs. Further attempts to improve PLQY of this Pt(II) complex by replacing bromide (with Cl, NO2, NCS, I and CH3) were unsuccessful. Schanze and co-workers have prepared a trans-N-heterocyclic carbene (NHC) platinum(II) acetylene complex NPtPE1 bearing only monodentate ligands as a dopant for OLED (Figure 2.3). 116 In this derivative, the MC state was efficiently destabilized by selecting strong σ-donating NHC and alkynyl ligands. The presence of the two bulky cyclohexyl (Cy) substituents on the imidazolylidene moiety contributed to rigidify the structure, as well as to avoid detrimental intermolecular interactions. The complex NPtPE1 exhibits a narrow deep blue photoluminescence with low PLQY in THF (≈ 3%) but high in poly(methyl methacrylate) (PMMA) films (≈ 30%). Multilayer vacuum-processed OLEDs were fabricated to test the electroluminescence performance of this complex. A remarkable value of EQE (8%) was attained, but a severe roll-off efficiency (the efficiency of OLED decreases with increasing brightness due to a number of different nonlinear effects) was observed with an EQE value dropping to 2% at a practical brightness of 500 cd m -2 . 117 Recent platinum(II) complexes based on monodentate ligands have opened up the perspective for further improvement. 117 But still, these complexes, due to the lack of planar geometry and rigidity, are far inferior to complexes bearing multidentate, especially cyclometalating ligands in terms of effective phosphorescent material for OLED fabrication.

CYCLOMETALATED PLATINUM(II) COMPLEXES

Cyclometallation effect

As mentioned previously, the distorted d-d excited state has a strong influence on the photophysical properties of complexes. Cyclometalating ligand increases the rigidity of the complex that leads to a higher lying MC state. The synergic effect of the strong s-donation Pt-C bond and the p-accepting character of the heterocycle, leads to stabilization of the MLCT states. 118 In this way, under the influence of cyclometallation, the energy of the 3 MLCT is reduced and at the same time, the energy of the MC level is increased, leading to a red-shift in absorption and emission, ∆E is indeed increased and non-radiative decay is inhibited. 119 (Figure 2.4). ` Moreover, the rigidity due to the cyclometallation reduces the structural distortion of the Pt(II) complexes that leads to lower knr by decreasing the value of the Huang-Rhys factor (SM) (electronic vibration coupling constant between the T1 and S0 states) (Figure 2.5). 120 The increase of the SM value indicates more geometric distortions that strongly facilitate the nonradiative decay. 121 The Huang-Rhys factor can also be expressed by : SM = ' ; w∆Q 2

Eq. 2.1.

Where w corresponds to amplitude of the zero-point oscillation and ∆Q -the configuration coordinates for the minimum energy in the excited and ground states. There are various cyclometalated Pt(II) complexes dependent on their denticity and a set of coordination atoms, which leads to different properties.

Classification of cyclometalated platinum(II) complexes

The main aspects of the development of various phosphorescent complexes are their photophysical properties. The design of cyclometalating ligand (an organic ligand coordinated to metal center and form at least one metal-carbon s bond) is mainly centered at improving the luminescent quantum efficiency and tuning the color of the emission.

Factors that can affect the luminescent properties are:

-The rigidity of the molecule as the geometric distortion in the excited state accelerates a non-radiative decay through vibrational coupling between the excited state and the ground state; -The strength of the ligand field that affects the degree of the involvement of nonemissive d-d transitions; -The HOMO and LUMO levels of the cyclometalating ligands and ancillary ligands that have to be managed to allow for the participation of the heavy platinum atom in the emissive transition state, which is crucial for promoting phosphorescent emission; -The energy gap law according to which the red-shift leads to a decrease in the PLQY, that is generally applicable to tune the emission energy (color) and the quantum yield (QY). 123,124 -The success in developing a large number of highly phosphorescent cyclometalated platinum complexes benefits substantially from the ability of platinum to accommodate different types of cyclometalating ligands and ancillary ligands.

In general, there are five coordination patterns for cyclometalated complexes of Pt(II) based on the types of cyclometalating ligands and the ancillary ligands ( To obtain high PLQY it is necessary to design the complexes in order to:

• Maximize the radiative decay by increasing the metal orbital contribution to the lowest triplet excited state (by reducing the distortion of the complex (rigid ligand; cyclometallation)); • Minimize the non-radiative decay by increasing the energy level of d-d MC excited state as high as possible by using strong-field ligands which splits d-d at high level (even if d-d state lies above the excited state, it can be accessed thermally).

Ligands based on pyridine ring for cyclometalated platinum(II) complexes

Pyridine (Figure 2.7) is one of the simplest six membered aromatic heterocycle with one nitrogen-atom C5H5N. The available "free" lone pair of nitrogen thus could be used in several ways suiting for chemical reactions either on pyridine ring or as Lewis base to form coordinate bond with Lewis acids. 2-arylpyridine ligand are attractive due to the fact that they can bind to metal ions with a carbon σ donor and through the pyridine nitrogen atom. 126 Moreover, the combination of the strong σ-donating carbon atom and the π-accepting pyridyl ring leads to a strong ligand field, which can induce a large d-orbital splitting and raise the non-radiative d-d transition to higher energy compared with the emissive states. The chelating ring imparts a desired rigidity to the complexes. The modification of the cyclometalating ligand can allow tuning of the ground and excited states of Pt(II) complexes, which is generally applicable to interpreting the relationship between the emission energy (color), lifetime(τ) and the quantum yield (QY).

Pyridine can be incorporated with phenyl and/or other organic blocks to create a convenient bidentate or tridentate cyclometalating ligands.

PLATINUM(II) COMPLEXES WITH BIDENTATE LIGAND

Compared to monodentate ligands, the more rigid structure of the bidentate motif is expected to reduce excited-state molecular distortion in the excited state and access to quenching channels to some extent.

N^N and C^N bidentate complexes have been less studied than other complexes. Since the 1980s, such complexes initially have been used in catalysis, 127 medicine 128,129 or as a sensors. 130

N^N bidentate platinum (II) complexes

N^N bidentate ligands cannot be strictly considered as cyclometalating since no coordinating carbon atom is present for forming Pt-C s bond. Nevertheless, it remains an attractive ligand for the synthesis of a phosphorescent platinum complex for fabrication of OLEDs.

By changing the design of the bidentate platinum(II) complexes the excited state can be tuned, which leads to modification of photophysical properties (Figure 2 stabilize a 3 MLCT excited state. Each electronic state has different properties accordingly different photophysical results are observed for these complexes. The type of electronic state has a significant influence on structural distortion of complexes, intensity of absorption band and consequently on efficiency of producing bright luminescence, decay process, radiative recombination etc. Among all these states, 3 MLCT shows the best results, in terms of the least smaller structure distortion, consequently, lower knr and higher PLQY. Due to the unsatisfactory results of using N^N complexes, it becomes necessary to change the design of the bidentate ligand. The cyclometalating bidentate С^N ligands are stronger-field ligands than N^N thanks to the presence of strong σ-donating carbon atom and appear therefore as an interesting alternative to N^N ligands.

C^N bidentate cyclometalated platinum (II) complexes

C^N cyclometalated platinum(II) complexes are more attractive than the N^N bidentate as they improve the luminescent properties of the complexes, raising the non-emitting d-d state towards higher energies.

Effect of cyclometalating ligand

Extending the p-conjugation of the bidentate C^N cyclometalating ligands narrows the HOMO-LUMO gap in the molecule and leads to red-shifted emission (Figure 2.11). 133 Complex with benzoquinoline (bzq)Pt(dmp) is red-shifted of 20 nm compare to the complex with phenylpyridine (ppy)Pt(dmp). By simple tailoring of the phenyl ring of phenylpyridine C^N bidentate cyclometalating ligand with distinct electronic structures allows tune and improve electroluminescence properties of Pt(II) complexes (Figure 2.14). 136 The electronic nature of the substituents has the strongest influence on HOMO and LUMO position and on the stabilization of the excited MLCT state. Pt-B complex has an "empty" pp orbital with strong p-accepting character (B(Mes)2) that gives a substantial contribution to the LUMOs and stabilize the MLCT at lower energy (l em max = 542 nm; PLQY = 42%) [ l em max (Pt(ppy)(Acac) = 481 nm)]. Pt-SO2 and Pt-PO contribute less to the LUMO as SO2Ph and POPh2 moieties are just inductively withdrawing and stabilize LUMO but not as strong as (B(Mes)2) Pt-SO2 and Pt-PO show therefore longer emission wavelengths than that of [Pt(ppy)(acac)] but shorter emission wavelengths relative to that of Pt-B. The complex with EDG-NPh2 Pt-N can push up the HOMO energy via electron donation and has emission at 540 nm. 137 Most of the complexes have high PLQY (® 95%) because of the branched and rigid architecture of the ligand, that helps to avoid the non-radiative transitions.

OLEDs devices were fabricated based on these complexes. The highest values of EQE were obtained by Pt-B (9,5 %), Pt-PO (7,9 %) Pt-SO2 (8,4 %) and Pt-N (8,5 %). B(Mes)2, POPh2 and SO2Ph are good electron-trapping groups which help the electrons to be successfully confined in EML by virtue of their lower LUMO levels. NPh2 is a good holetrapping group, which can trap enough holes in the emission layer thanks to its high HOMO level.

Photophysical properties

Electroluminescence properties Tunable HOMO-LUMO gap, stabilization or formation of a new triplet excited state, and optimization of OLEDs performance can be achieved by changing p-conjugation system, substituents and geometry of the bidentate cyclometalating ligand.

Using various ancillary ligands can optimize the photophysical and electroluminescence properties of Pt(II) complexes as effectively as the modification of bidentate ligands.

Effect of ancillary ligand

By changing the nature of halogen atom, it is possible to tune the intensity of the emission. As known, the strength of ligands changes in order I -< Br -< Cl -<F -according to the theory of ligand-field strength. For this reason, the emission intensity increases in the same order (Figure 2 Implementation of a strong-field acetylide ligand into the bidentate platinum(II) complex rises the energy of the deactivating metal-center d-d states and the complex is normally quite strongly emissive. 139

The replacement of halogen by a strong-field acetylide ligands leads to an increase of PLQY from 54 until 80 %. 140 OLED devices were fabricated to evaluate the EL properties of the bidentate Pt(II) complexes with different alkynyl ligands: PyPhDPA, PyPhPO and PyPhB (Figure 2.16). 140 Since, PyPhPO has the highest PLQY 80%, it was expected that this complex would show the best EL properties (brightness, EQE etc). After investigation of OLED devices, the best results were shown by the complex PyPhB. It can be explained by the fact that the dimesitylboryl group is larger than diphenylamino and diphenylphosphino oxide groups, and allows to suppress efficiently the aggregation of PyPhB in the EML compared to PyPhDPA and PyPhPO. Bulky electron-withdrawing substituent -dimesitylboryl group helps to improve the hole-electron transport balance and facilitate energy transfer. Suitable design and wise introducing of appropriate auxiliary ligands into the bidentate cyclometalated Pt(II) complex, leads to impressive OLEDs performance EQE = 21.7% (Figure 2.16). Electronic properties of alkynyl ligand can have a significant influence on the EL characteristics of Pt(II) complexes.

PyCl

PyPhDPA PyPhPO PyPhB Solution-processed method: ITO / poly(ethylene-dioxythiophene): poly (styrene sulfonic acid) (PEDOT:PSS) (45 nm) / 8 wt% Pt emitter: 4,4′,4′′-tri(N-carbazolyl)triphenylamine (TCTA) (30 nm)/1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene (TPBI) (45 nm) / LiF (1 nm) / Al (100 nm), in which PEDOT:PSS, TCTA, and TPBI functioned as the hole transporting, host, and electrontransporting materials, respectively. Tunable emission can be obtained by using different acetylide ligands and controlling the concentration of Pt(II) complexes (Figure 2.17 The nature of alkynyl ligands has a significant influence on the EL characteristics of Pt(II) complexes. Further modifications can be obtained by changing the denticity of ligands.

CYCLOMETALATED PLATINUM(II) COMPLEXES WITH TRIDENTATE LIGAND

A change in the denticity of the cyclometalating ligands from 2 to 3 leads to the formation of a more rigid tridentate complex. Cyclometalated tridentate complexes can have different structural and coordination models. The main advantage of the tridentate complexes is the additional rigidity that exceeds the bidentate complexes, in some cases, it can permit to suppress the non-radiative decays and increase the PLQY (1% → 60%) as shown in the example presented in Figure 2 In addition, tridentate complexes prefer flat geometry, which is less distorted in both ground and excited states. Consequently, the energy of the non-radiative d-d transition increases and it becomes less accessible. But depending on the coordination around metal center, Pt -N and Pt -C bond lengths can be lengthened beyond the ideal values and the bite angle is not ideal. Hence, the ligand field is reduced, and the d-d excited states that promote thermally activated non-radiative decay are lowered in energy. Despite this fact, in the case of tridentate complexes, this effect can be counteracted by using a strong field ancillary ligand in the fourth position (Figure 2.21). 147 Replacing the halogen by an alkynyl ligand, the energy levels HOMO and LUMO can be modified depend on the type and electronic properties of complexes. But the main idea of introducing the strong field alkynyl ligand is to make the d-d state less accessible, that can lead to higher PLQY as in the Figure 2 

N^N^N Platinum (II) complexes

As N^N bidentate ligands, N^N^N tridentate ones cannot be strictly considered as cyclometalating since no coordinating carbon atom is present for forming Pt-C s bond, they will be nevertheless treated in this subchapter. The platinum terpyridyl complex [Pt(tpy)Cl] + has been known since 1934 (Figure 2.22). 95 But only in the 1990s the photophysical properties of these complexes have begun to be intensively studied. 148 The cation [Pt(tpy)Cl] + does not exhibit emission in solution whatever the solvent at RT, due to the presence of lower-lying or thermally accessible Introducing bulky substituents into the tridentate and ancillary ligands, allows to avoid aggregation in the device and to achieve color purity. All complexes showed high PLQY. An OLED device was fabricated based on complex Ada -C5H11 (Figure 2 The device performance is particularly high for this N^N^N type of complexes. But they are significantly lower than other device based on tridentate cyclometalated complexes. Designing tridentate Pt(II) complexes with at least one Pt-C bond, allows to significantly improve and optimize their photophysical properties. From already known results, these cyclometalated complexes are particularly multi-faceted and have advantages over their terpyridine analogues.

Complexes based on cyclometalating C^N^N and N^C^N ligands

The Pt-C bond, which acts as a very strong σ-donor and provides to the metal a very strong ligand field, induces an increase of the energy of high-lying d-d-states in comparison with N^N^N systems and therefore C^N^N complexes have better emission properties.

However, the luminescence of these complexes originates from a lowest excited state that is best described as a ligand centered triplet ( 3 LC) with singlet and triplet metal-to-ligandcharge-transfer ( 1,3 MLCT) character mixed in through the spin-orbit coupling. Despite the fact that 1 MLCT and 3 MLCT state are mixed with 3 LC, 1 MLCT makes the greatest contribution to the optimization of photophysical properties. The strong σ-donor Pt-C bond stabilizes the 1 MLCT state and decreases the energy separation to the 3 LC state. This leads to a smaller ∆E, to a stronger spin-orbit coupling and gives efficient ISC to the triplet state 

C^N^N cyclometalated platinum (II) complexes

In 1990, Constable and co-workers presented the first C^N^N Pt(II) complex. 151 Since then, a large number of complexes based on the tridentate C^N^N ligand were synthesized and studied. Having the advantages listed above, tridentate cyclometalated complexes show improved and tunable photophysical results compared to bidentate and N^N^N complexes. The photophysical properties are tuned by changing the main ligand as well as replacing or changing the ancillary

Effect of cyclometalating ligand

Chow and co-workers synthesized a series of structural isomers of Pt(II) C^N^N tridentate complexes (Figure 2.26). [START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF] The structural distortion of complexes mainly in the excited state has a significant effect on their PLQY. Complex (C^N^N)-Pt-1 has the highest PLQY of the series of these isomers. The complex (C^N^N)-Pt-1 adopts planar geometry in the ground (S0) and in the lowest excited states(T1), whereas (C^N^N)-Pt-4 and (C^N^N)-Pt-3 are distorted in T1, the latter is also distorted in S0 due to electronic repulsion between the hydrogen atom on the 2-quinolinyl moiety and the Cl -ligand in the excited state and also the steric strain between the H atom on the central pyridine ring and the 1-isoquinolinyl moiety in the ground state. The important contribution of ILCT character in the T1 of (C^N^N)-Pt-2 leads to structural distortion which reflected on factor SM, [START_REF] Li | Highly Phosphorescent Platinum( II ) Emitters: Photophysics, Materials and Biological Applications[END_REF]122 resulting in a faster nonradiative decay rate and a low PLQY (φ = 1%). Red-shifted phosphorescence and decrease of kr were predicted by increasing the number of nitrogen atoms in both five-and six-membered N-heterocyclic compounds (Table 2.1). The complexes based on six-membered N-heterocyclic rings exhibit obvious blue-shifted emission and lower kr compared to complexes based on five-membered N-heterocyclic fragments. This is due to the lower electron-accepting abilities of the azole rings. By replacing N atom with oxygen and sulfur atoms kr and knr remain unchanged. 

N-heterocyclic fragment

λmax em [ nm ] kr [ s -1 ] N-heterocyclic fragment λmax em [ nm ] kr [ s -1 ] Pyridine 582
1.00 × 10 The modification of the nature of the Pt-C (Phenyl, thiophene and benzothiophene) on the C^N^N fragment leads to a tunable emission Ph-Pt (lmax = 521 nm); Th-Pt (lmax = 591 nm) and BzTh-Pt (lmax = 653 nm) (Figure 2.29). 157,[START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF] The large difference in the values of the PLQY is explained by the previously described influence of the structural distortion of the C^N^N fragment of the tridentate complexes and, in the case of the complex BzTh-Pt the synergistic effect of the structural distortion and the energy gap law. 

Effect of ancillary ligand

As explained previously, the replacement chloride by arylacetylide unit allows to enhance the PLQY by raising the energy of the non-emissive d-d excited state. This is illustrated by the examples presented in Figures 2.30. [START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF] Monochloride complexes Th-PtCl and Ph-PtCl have PLQY 25% and 78%, and their alkynyl derivatives Th-Pt-C6F5, Ph-Pt-C6F5 have PLQY respectively 3 and 1,5 times higher.

Th-PtCl

Th-Pt Among all known С^N^N complexes, the best photophysical properties were presented by Ph-Pt-C6F5 (lmax = 521 nm; kr = 1.8x10 5 s -1 , knr -negligible, PLQY = 99%) complex. [START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF] Ideal photophysical data was achieved due to the following factors 1) tridentate cyclometalating ligand adopts a coplanar geometry in both the S0 and T1 states -no structural distortion (small Huang-Rhys factor (SM = 1.25); 2) Pentafluorophenylacetylide ligand decreases the non-radiative decay. Pt(dxz) orbital coupled with the p(CºCAr) and p(central pyridyl) -HOMO. LUMO is localized on the central pyridyl and the isoquinolinyl moieties of the cyclometalating ligand. The T1 excited state is mainly derived from HOMO®LUMO and HOMO-3®LUMO transitions, that is why less influence of the 3 ILCT (decrease in ILCT character leads to less structural distortion along the aromatic C=C/C=N normal stretching modes of the cyclometalating ligand (smaller SM).

That is why OLED device (ITO/TAPC (4,4 ' -cyclohexylidenebis[N,N-bis(4methylphenyl)benzamine] (used as the hole-transporting material) ) (50 nm)/TCTA(4,4 ' , 4,4 ''tri(9-carbazoyl)triphenylamine (used as the host material)) : Pt(II) complex (2%, 10 nm)/ TmPyPB ( 3,3'-[5'-[3-(3-pyridinyl)phenyl] [1,1':3',1''-terphenyl]-3,3''-diyl]bispyridine (used as the electron-transporting material)) (50 nm)/LiF (1 nm)/Al (100 nm)) was fabricated using Ph-Pt-C6F5 complex.

The maximum EQE of 22.8 % shown by device is among the highest values recently reported with green phosphorescent dopant materials.

In summary, by changing the design of the main and ancillary ligands, the photophysical properties (emission energy/ kr and knr / PLQY) can be carefully controlled (Figure 2.32). 154 Through the use of various ancillary alkynyl ligands, changing the degree of π-conjugation and altering the substituents, the HOMO-LUMO gap, d-d excited states and lowest excited state are tuned. As for the other tridentate complexes N^C^N, they also undergo modification of the main and auxiliary ligand, which affects their photophysical properties.

N^C^N platinum (II) complexes

N^C^N complexes exhibits generally stronger emission than their C^N^N analogues due to the fact that the Pt-C (~1.90 Å) bond is shorter than for C^N^N complexes (~ 2.04 Å). 155 Owing to shorter Pt-C bond, the distortion in the excited state is reduced, 122 the bite angle is more ideal, which has a positive effect on SM -parameter, 122 accordingly d-d MС state is higher in energy and PLQY is enhanced. Similarly, to C^N^N cyclometalated complexes, the photophysical data of N^C^N can be modified by changing the design of the tridentate ligands and by replacing the halogen with different types of ancillary ligands.

Effect of cyclometalating ligand

By introducing various substituents on the central phenyl ring of the cyclometalating tridentate (N^C^N) ligand, the energy gap can be tuned and the emission energy changes accordingly Pt-4 (λ = 471 nm), Pt-1 (λ = 490 nm) and Pt-9 (λ = 543 nm) (Figure 2.33).

The incorporation of the electron-withdrawing fluoro or electron-donating groupsmethoxy on the phenyl ring in the tridentate cyclometalating ligand, is associated with an increase or decrease of oxidation potential respectively. Thus blue/red shifts of the emission maximums are observed in this series of Pt(II) complexes.

In this series, the functionalization of the phenyl ring affects not only on energy emission, but also on the nature of the excited state. The Pt-1 complex, as other Pt(N^C^N)X complexes, which are known as the most emissive in the literature, 156 has a high PLQY thanks to well established lowest excited state, which has mainly a 3 LC character mixed with 1 MLCT/ 3 MLCT components. 157,158 As described above, such an excited state gives the best photophysical results, such as a high kr, a low knr, and a small value of SM, resulting in a high PLQY. Adding an electron-donating substituent to the phenyl rings decrease the contribution of 1 MLCT/ 3 MLCT components, resulting lower kr and higher value of SM. That is why the PLQY of Pt-9 complex is in twice lower.

Pt-4

Pt The introduction of the EDG on the pyridyl ring shifts the emission to the blue region. [START_REF] Murphy | Blue-Shifting the Monomer and Excimer Phosphorescence of Tridentate Cyclometallated Platinum(Ii) Complexes for Optimal White-Light OLEDs[END_REF]159 Pt-5 complex (λ = 453 nm; PLQY = 60%) with -NMe2 groups are blue shifted of 18 nm relatively to Pt-4 (λ = 471 nm; PLQY = 60%) without the problematic drop-off in PLQY observed for bidentate analogues. 160 This effect is attributed to the enhanced rigidity induced by the tridentate coordination and the NMe2 groups of Pt-5 complex raise the LUMO energy without destabilizing the HOMO.

Pt-5

Pt-4 

lmax em [nm] 453 471 PLQY [%] 60 60 

Effect of ancillary ligand

Replacing the chloride ancillary ligand by a strong field ligand such as an alkynyl one, induces an increase of PLQY due to rise of d-d excited state (Figure 2.35). This effect was easily explored with a series of luminescent platinum(II) complexes of 1,3-Bis(Nalkylbenzimidazol-2′-yl)benzene-type ligands designed by Suk-Hang Lam and co-workers in which chloride was replaced by different alkynyl substituents. 161 Thus, the PLQY was increased from 19 % to 67%, while the emission energy remained unchanged. 163 To counterbalance the Pt-Cphenyl band the alkynyl Pt-C bond is elongated. 164 That is why the nature of alkynyl ligand has significant effect on the PLQY, pushing the deactivating d-d excited states to higher energy and has less probability to affect the HOMO-LUMO gap, but still possible.

NEW EXCITED STATES DUE TO THE INTERACTION BETWEEN PLATINUM(II) COMPLEXES

The luminescent platinum(II) complexes, thanks to their square-planar geometry, can be involved in intermolecular interactions. Depending on the type of interactions, different new excited states arise, which leads to the new photophysical properties of Pt(II) complexes. These interaction leading new excited states can occur with different types of cyclometalated Pt(II) complexes regardless of denticity and chelation. Nevertheless, this effect occurs a little bit more often with N^C^N Pt(II) complexes because of less structural distortion (smaller SM) .

The Excimer emission arising from оrganoplatinum(II) tridentate complexes can lead to excellent emissive materials for fabrication of OLEDs, due to their high radiative decay, which allow to optimize the OLED emission color and efficiency. The PtL 26 Cl complex (Figure 2.38) at low concentration show a green emission whereas at high-concentration a red (excimer) phosphorescence is observed (Figure 2.38 B). 165 By adjusting the relative amount of blue and red emitting particles, the color of the emission can be tuned from bluish green to red through white. 

CYCLOMETALATED PLATINUM(II) COMPLEXES WITH DIAZINE BASED-LIGAND

Diazine fragments

The diazines are six-membered heterocycles with two nitrogen atoms. There are three isomers depending on the arrangement of the nitrogen atoms: pyridazine (1,2-diazine), pyrimidine (1,3-diazine) andpyrazine (1,4-diazine) (Figure 2.39). It is an important class of ligands in coordination, 166 supramolecular 167 and bioinorganic chemistry. 168 The pyrimidine system is also an important pharmacophore. 169 The diazines rings exhibit a p-deficient characters and have been extensively used as an electron-withdrawing part in push-pull structures with a large range of applications (fluorescent sensors, photovoltaic, NLO materials etc). [170][171][172][173] (pydz) (pm) (pz) 

Interest of diazine based ligand with regards to pyridine-based ligand.

Thanks to the presence of the two nitrogen lone pairs, diazine based ligands are strong π-electron acceptors which are able to attract electron density from metal centers in metalligand back-bonding. 175 The π-accepting properties calculated through the difference in the total π-deficiency (TOTπD) of the heteroaromatic system are increased in the following order: pyridine (0.21) < pyrazine (0.28) < pyrimidine (0.42). 176,177 These fragments have attracted a lot of attention due to their versatility and strong coordinating ability to a broad range of metal ions. 178 Besides, due to the presence of two nitrogen lone pairs, diazines have the ability to coordinate to two similar or different metal centers simultaneously. Consequently, the two nitrogen-based ligands afforded a number of interesting structures comprising coordination polymers, 179 mononuclear through polynuclear coordination metal complexes. [180][181][182][183] Pyrimidine (Figure 2.40) is the six-member heterocycle with two nitrogen atoms in position 1 and 3. Pyrimidine exhibits a stronger π-deficient character than pyridine. This fragment can be easily substituted in position 2 and 4 to form bidentate and tridentate ligands. 184 All these benefits make pyrimidine a highly attractive building block for the construction of coordination metal bidentate/tridentate or tetradentate complex. 

Photophysical properties of platinum (II) complexes bearing a diazine fragment

The replacement of pyridine by pyrimidine makes LUMO lower in energy, energy gap smaller and as a result, the excited state is lower (Figure 2.42). 185 The lowest energy absorption bands of (bpym)PtR (R: H (425 nm); Me (330 nm)) are red-shifted compared to their pyridine analogues (bpy)PtR (R: H (386 nm); Me (389nm)) (Figure 2 Tridentate cyclometalated complex Pt-Pm 187 with lower lying excited state because of pyrimidine rings has emission band red-shifted of 13 nm compare to Pt-Py. 156 Moreover, Pt-Pm can exhibit an excimer emission at 650 nm in high concentrated solution. By this way one complex can have yellow or red emissions depending on the concentration. The PLQY of Pt-Pm is a bit higher than that of Pt-Py due to the smaller structural distortion (Figure 2.43).

Pt-Py

Pt-Pm lmax em [nm] 547 560 ( lmax em of excimer -650 nm)

PLQY [%] 30 37 The next interesting feature of the complexes based on bis(pyrimidine) ligands is due to their high interaction between each other, they can form not only excimer emission, but also tetramer emission (emission that arises from an oligomer formed from four monomers in the ground state) in the film PVK (Figure 2.44). Thus, controlling the concentration of the complex in the film, it is possible to obtain tunable emission energy (500 nm, 700 nm 850 nm) (Figure 2.44). OLED based on the t-Bu Pt(N^C^N) complex was fabricated. Due to the high interaction between complexes, OLED showed electroluminescence at 820 nm. Not only the number of nitrogen atoms affects the photophysical properties of the complexes, but also their position in the ring. Comparing similar complexes with different azaheterocyclic fragment, it can be observed that the emission energy can be easily tuned by lowering the LUMO energy using a more electron-deficient heterocycle. Replacing pyridine (PtPy) 189 by pyrimidine (PtPm) 190 or pyrazine (PtPz) 190 leads to a red-shift of emission (Figure 2.45). It was previously mentioned that pyrazine is weaker electron acceptor fragments than pyrimidine but the second nitrogen atom is in a conjugated position with the metal atom gives opposite effect (Figure 2.45). In addition, due to the presence of a second nitrogen atom in the ring, pyrimidine and pyrazine can be coordinated to the second metal center. The introduction of a second metal ion makes the SOC higher, the ISC and emission transition are more allowed. The second metal ion facilitates the process of radiative decay (PtPm kr = 16 x 10 4 [s -1 ] ® Pt2Pm 47 x 10 4 [s -1 ] by about 2 times and, accordingly, the PLQY is higher (25 ® 36%). Nevertheless, the opposite trend is observed with pyrazine Pt2Pz because of sterically unfavorable interannular interactions in the ground state (Figure 2 The pyrimidine ring can be also fused with an aromatic ring to obtain quinazoline, which has stronger p-accepting character. Because of the different electronic nature of each cyclometalating ligand, Pt(II) complexes have different photophysical properties. Changing pyridine to quinazoline emission induced a larger red-shift of 96 nm. 191 The Pt-PhenQuinazol complex has much more higher PLQY( 0.3 ® 46%) which can be explained by the following reasons: a greater overlap between absorption and emission, which indicates the strong singlettriplet mixing of the MLCT that leads to strongest SOC and more efficient ISC; 98 due to stabilization of the excited MLCT state and making bigger DE between excited and d-d states, big reducing of the knr (Figure 2.47).

t-Bu Pt(N^C^N)

PtPy

Pt-PhenPy

Pt-PhenQuinazol In summary, using platinum (II) complexes based on pyrimidine or other diazine rings leads to a number of significant changes in photophysical results. The Pt(II) complexes of diazines can be introduced in light-emitting devices, which are capable of working in both visible and near-IR spectral regions. Despite the energy gap law, most of the diazine complexes have the same or even higher PLQY compared to pyridine based complexes. 191 In the presence of diazine based ligand, platinum complexes interact more easily with each other, which leads to the formation of the new excited states and a number of new photophysical properties. Moreover, the presence of the second nitrogen atom that can easily coordinate to a second metal center, allows doubling kr due to a stronger SOC and tunes the energy emission.

Thus, the use of pyrimidine/diazine-based cyclometalating ligands appears as an interesting way to design Pt(II) complexes with desired photophysical properties for light emitting application and explain our interest in the development of a series of pyrimidine based cyclometalated Pt(II) complexes.

Introduction

As illustrated in the Chapter 2, with C^N^N ligands, Pt(II) complexes can be less emissive due to the large structural distortion of the singlet and especially triplet states [START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF] which reflected on the Huang-Rhys factor (SM). [START_REF] Li | Highly Phosphorescent Platinum( II ) Emitters: Photophysics, Materials and Biological Applications[END_REF]122 Fortunately, appropriate structural modifications of the tridentate ligand and an ancillary ligand selection permit to overcome this problem and high PLQY can be obtained. 154 In particular the introduction of phenylacetylide ancillary ligand tends to significantly enhance the PLQY thanks to the strong ligand-field and approaching of the bite angle to the ideal. 104 Structural isomers, including a π-conjugated fragment attached at different positions of the employed tridentate ligand, have different electronics properties. [START_REF] Huo | Synthesis, and Applications of Highly Phosphorescent Cyclometalated Platinum Complexes[END_REF] So, by changing the design of the cyclometalating ligand and using different alkynyl ligands, it is possible to achieve different photophysical and electrochemical properties.

In this context, we have designed a series of C^N^N Pt (II) complexes based on phenylpyridin-2-ylpyrimidine ligands (Figure 3 This chapter describes in detail the synthetic methodology to obtain the target complexes as well as their photophysical and electrochemical properties. Experimental results are supported by (time-dependent) density functional theory ((TD)-DFT) calculations. The effects of the position of substituents on the pyrimidine core and the nature of the ancillary ligands on the photochemical and electrochemical properties of complexes will be rationalized. These results have been described in the published article in 2021 in Dyes and Pigments. 193

Synthesis and characterization

To obtain a series of chloro-and alkynyl-platinum(II) complexes, synthesis of the C^N^N precursor ligands 2, 3, 6 and 7 has been undertaken. These cyclometalating tridentate ligands were prepared in a two-step synthesis by as shown in the Scheme 3.1. It should be noted that palladium-catalyzed cross coupling reaction can be efficiently performed on commercially available chloro-derivatives of pyrimidine without the use of specialized and expensive ligand due to the electron-withdrawing character of pyrimidine that facilitate insertion of palladium into the carbon-chlorine bond. In a first step, the 2-chloro-4-methyl-6-(pyridin-2-yl)pyrimidine 1 was produced by palladium catalyzed Stille cross-coupling reaction of 2,4-dichloro-6-methylpyrimidine with 2-(tributylstannyl)pyridine in the presence of Pd(PPh3)4 under reflux of toluene in moderate yield. 192 In the second step, the mono-chloro derivative 1 has to be converted into the tridentate ligands 2 and 3 under Suzuki-Miyaura crosscoupling reaction in presence of phenylboronic and tert-butylphenyl boronic acids respectively in good yields. 194 The ligands 6 and 7 were prepared by reactions similar to those described for 2 and 3, but using the Suzuki-Miyaura cross-coupling reaction as initial step, followed by a Stille cross-coupling reaction. As already observed in the laboratory, the coupling reactions using one equivalent of stannyl or boronic acid derivatives with 2,4-dichloropyrimidine derivatives exhibit a good selectivity for the position 4 with only the mono-coupling product in that position of the pyrimidine being obtained. The synthesis of the complexes with the cyclometalating tridentate ligands 2, 3, 6 and 7 have been investigated by mixing ligands with potassium tetrachloroplatinate (K2PtCl4) in a refluxed solution of 80% acetic acid, but, unfortunately, these conditions do not lead to the desired chloro-platinum complexes (Scheme 3.2).

Because of their better solubility and lower ability to aggregate, the complexes 9 and 15 with tBu substituent on the phenyl ring were chosen for the further preparation of σ-bonded platinum (II) acetylide. Moreover, the purification and chemical characterization of these compounds revealed easier. Thereby, C^N^N cyclometalated alkynyl-platinum (II) complexes 10-13, 16, and 17 were prepared under conventional Sonogashira cross-coupling condition by reaction of chloro-platinum (II) precursors 9 and 15 with the corresponding organic alkynes (p-anisole; p-benzonitrile; p-benzaldehyde; p-N,N-dimethylaniline) in the presence of a catalytic amount of copper(I) iodide and triethylamine at 50°C. 154 All complexes are air-stable and soluble in a range of common organic solvents, except the chloro-platinum (II) precursors 8, 9, 14, and 15 which display low solubility. The new ligands were characterized by NMR ( 1 H, 13 C) and HRMS. Due to their low solubility, chloro-platinum complexes 8, 9, and 14 have only been characterized by HRMS and elemental analysis. Alkynyl-platinum complexes 10-13, 16, and 17 were analyzed by 1 H NMR, IR and HRMS. The characterization data were found to be in complete agreement with the proposed structures. The υC≡C characteristic band of the metal-bonded-alkynyl group is observed at 2105-2085 cm -1 in the IR spectra of the complexes 10-13, 16 and 17. When comparing the NMR spectra of the structural isomers 11 and 16, for complex 16 with the pyridin-yl fragment in position 2, of the pyrimidine core, a significant low field shift of some signals including the one corresponding to proton in a position of the nitrogen atom of the pyridin-2-yl fragment is observed. The structural change in these complexes is noticeable not only in the NMR spectra but also in their photophysical and electrochemical properties, which will be described below (3.3. & 3.4). 

Electrochemical properties

Voltammetric studies were investigated in collaboration with Dr Nicolas le Poul, CEMCA laboratory, UMR CNRS 6521, Université de Bretagne Occidentale.

The redox properties of the C^N^N cyclometalated platinum complexes were carry out by cyclic voltammetry (CV) at a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M. The electrochemical data are gathered in the Table 3.1. All complexes display common CV features, including one reversible system in reduction at ca. E1/2 (1) = -1.6 V vs. Fc +/0 , and one quasi-reversible anodic peak at ca. Epa(2) = 0,5 V in oxidation (Figure 3.3). Table 3.1. Top -Electrochemical data (E 0 (1) and Epa( 2)) for complexes 8-17 (0.5 mM) at a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M (E / V vs. Fc +/0 , v = 0.1 V s -1 ). Bottom -DFT-computed electron affinities (EA), ionization energies (IE) in eV HOMO-LUMO gap (eV) and Dipole moment (D) in CH2Cl2. a Irreversible anodic peak whose low potential value can be ascribed to the high contribution of the dimethylamino moiety to the HOMO.

The nature of the ligands affects the values of the redox potentials for both reduction and oxidation processes. First of all, chloro-platinum(II) complexes 8, 9, 14, 15 have been investigated. This made it possible to study the effect of the substituents on the pyrimidine fragment on the electrochemical properties. As shown in Table 3.1, Figures 3.3. A & 3.4, complexes 2-pyridyl series 14 and 15 show reduction process are more negative of 150-170 mV than those found for complexes 4-pyridyl series 8 and 9. Thus it can be concluded that the reduction process is more impacted by the position of the pyridyl group (2 or 4) on the pyrimidine than by the nature of the substituent (tBu or H) on the phenyl ring. 156,197 Regarding the oxidation process, complexes with tBu substituents on the phenyl ring 9 and 15 have higher Epa (2) than 8 and 14 (120-160 mV difference, see Table 3.1). This result is confirmed by DFT calculations which give computed HOMO energies at conditions. Such difference of reversibility in oxidation can be explained the fact, that the oxidation process is partially localized on the metal center with a major C^N^N cyclometalated-ligand contribution and generates a transient Pt (III) species, which may be stabilized by the solvent. 156 The reduction process of alkynyl-platinum(II) 10-13 and 16-17 complexes is similar to their precursors chloro-platinum complexes 9 (E1/2 = -1.61 V) and 15 (E1/2 = -1.76 V) depends on the position of phenyl and pyridyl groups. The oxidation process of alkynyl-platinum complexes depends on the nature of phenylacetylide ligands. As shown in Table 3.1, Epa (2) increases slightly with the electron-withdrawing properties of the substituent (OCH3 vs. CN or CHO) for the 10-12 and 16-17 series. These observations indicate that the oxidation is occurring on alkynyl-ligand, but also with some contribution of the metal, as the oxidation peaks are broad and irreversible. The alkynyl-platinum(II) complexes 10, 11 and especially 13 (with dimethylamino group) display small peak(s) near -0.76 V which may correspond to the formation of dimers (oligomers) during the voltametric study (Figure 3.4 B, C and D). 

Photophysical properties

The photophysical properties of the synthesized chloro-and alkynyl-platinum(II) complexes have been investigated in solution using UV-visible absorption and luminescence spectroscopies in collaboration with Dr. Julien Boixel, ISCR, UMR CNRS 6226, Université de Rennes 1. The steady-state absorption and luminescence spectra of complexes 8 ,9,14,15 and 14 -17 are presented in the Figures 3.5 & 3.6, respectively, and the related data are summarized in Table 3.2. 

Chloro-platinum complexes display high energy absorption bands at 250 to 370 nm, assigned to intra-ligand (IL) 1 p-p* transitions on the functionalized cyclometalated (N^N^C) ligands. Absorption bands at 385-390 nm are attributed to an admixture of intra-ligand 1 ILCT pPh(N^N^C)→ p*bpy(N^N^C) and metal-to-ligand 1 MLCT d(Pt)→p*(N^N^C) charge transfer. The complexes 8 and 9 (4-pyridyl series) complexes show additional lower-lying absorption bands at 550 nm, which, in accordance with the CV energy gap between 4-and 2-pyridyl series: 9 (DE CV = 2.22 V; DE opt = 2.29 V) vs 15 (DE CV = 2.42 V; DE opt = 2.51 V) and with theoretical HOMO-LUMO gaps (Table 3.1). The tBu group on the phenyl ring has negligible effect on absorption characteristics.

Alkynyl-platinum complexes 10-13 display low-energy absorption bands at around 500 nm due 1 LLCT π(phenylacetylide)→π*(N^N^C), which strongly depend on the nature of the alkynyl ligand. Moreover, for 2-pyridyl series (complexes 16 and 17) the nature of alkynyl ligand has significant effect on the absorptivity (e). Complex 17 bearing an alkynyl ligand with the electron-withdrawing nitrile group has a twice higher e value (mM -1 cm -1 ) in the UV and visible region than the complex 16 with electron-donating methoxy group (Table 3.4). In addition, the complex 16 exhibits lower-lying transitions up to 575 nm attributed to its destabilized HOMO, induced by the electron-donating character of its alkynyl ligand.

Regarding the 4-pyridyl series of complexes 10-13, a hypsochromic shift is observed when the terminal function of the alkynyl ligand changes from electron donatingto electronwithdrawing substituent: 13 (dimethylamino, 494 nm), 11 (methoxy, 483 nm), 10 (aldehyde, 464 nm) compared to 12 (nitrile, 462 nm). When comparing the both 2-and 4-pyridyl series with the same alkynyl ligand (12 vs 17 and 11 vs 16), the 4-pyridyl series exhibits bathochromic shifts of the charge-transfer transitions (Δλ ≈ 20 nm) in accordance with the less negative reduction potential E1/2 (1) recorded for complexes 11 and 12 compared to 16 and 17 (Figure 3.4.B and Table 3.1).

With the exception of complex 13, all the new platinum complexes exhibit yelloworange luminescence at RT in diluted solutions as well as in frozen matrices and in the solid state. Additional non-radiative deactivation pathway through photo-induced electron transfer can explain the luminescent-silent character of dimethyamino-substituted complex 13. 198 As far as the room-temperature luminescence is concerned, chloro-platinum complexes 14 and 15 (2-pyridyl series) display structured emission profile (λmax = 580 and 585 nm, respectively) with vibrational spacing of about 1100 cm -1 , substantiating a ligand-centered character of the emissive states. Complexes 8 and 9 (4-pyridyl series) show broad emission bands centered at 608 nm, red-shifted of 26 nm in relation to the 2-pyridyl analogues, and owing for charge transfer emissive state. This difference in nature of the emissive excited state can only be explained by the exchanged positions of the phenyl and pyridine rings around the central pyrazine ring. Similarly, to the observation made for their absorption features, the tBu groups do not play a significant role in the luminescence energy at RT. Complexes 8 and 9 exhibit biexponential decays as previously observed with other platinum complexes excited states. 199,200 The PLQY are about one percent for the 4-pyridyl chloro-platinum complexes 8, 9 and of about the double for the 2-pyridyl analogues 14, 15. One can notice that these PLQY (1-2%) are in accordance with those reported for related (C^N^N) chloro-platinum complexes. [START_REF] Li | Highly Phosphorescent Platinum( II ) Emitters: Photophysics, Materials and Biological Applications[END_REF]201 As noted previously, the nature of the terminal group of the alkynyl ligand for the 2pyridyl series affects the absorptivity and therefore this effect is also seen in the emission. Complex with the better absorptivity 17 has higher intensity of emission compared to 16 by a factor 5.5. This observation can be ascribed to additional nonradiative deactivation pathways through population of low-lying states ( 3 ILCT and 3 LLCT) in case of complexes bearing panisole 11 and 16.

As for 2-and 4-pyridyl series, the nature of the alkynyl has influence on the position of emission band. Complexes with EDG (11 and 17) have bathochromic shifts of 38 and 27 nm relatively to complexes with EWG 12 and 17, respectively. The isomers 17 and 12 carrying the benzonitrile ligand in the 2-and 4-pyridyl series, respectively, display large differences in their emission features. The PLQY ratio is about 2.6 for 17/12 and the λmax shift reaches 35 nm. And even more pronounced redshift of 46 nm is observed between 16 and 11, while they display similar low PLQY. .9 shows the luminescence spectra of complexes 8-12 and complexes 14-17 recorded in EPA mixture (diethyl ether/isopentane/ethanol 2/2/1, λ ex = 420 nm) at 77 K. All the latter complexes display highly structured emission profile with vibrational spacing from around 1280 to 1380 cm -1 higher than those reported for related 6-phenyl-2,2′-bipyridine platinum (II) complexes. 154 The 0-0 emission bands of the chloro-platinum complexes are distributed according the electron richness of the ligand, starting with the complexes from the 2-pyridyl series (14 < 15) then the two of the 4-pyridyl series (8 < 9).

One can notice that unlike room-temperature emission, the inductive effect of the tBu groups induces a slight bathochromic shift on the emission energy. Within the alkynyl-platinum series, the nature of the cyclometalating ligand impacts the emissive energy level with lower λmax for the 2-pyridyl series, complexes 16 and 17, than for the 4-pyridyl analogues complexes 11 and 12. Also, the electron-richness of the aryl alkyne ligand induces drastic shifts of the emission energy, i.e.; within the 2-pyridyl series 16 and 17 that bear benzonitrile and anisole groups respectively show a Δλmax of 41 nm (from λmax = 526-567 nm), and for the 4-pyridyl series 10/12 (benzonitrile group: λmax = 548/545 nm) versus 11 (anisole group λmax = 589 nm) a Δλmax of 43 nm is observed. Regarding the emission lifetimes of the chloro-platinum complexes, the 2-pyridyl series shows luminescence decays similar to that of 6-phenyl-2,2 ′bipyridine analogues with about 7-8 μs, while the 4-pyridyl complexes exhibit twice the decay time with around 15-18 μs. Similar trends of longer emission life-time are observed in the alkynyl-platinum complexes series with 40% increased decays for the 4-pyridyl complexes. The solid-state luminescence of the chloro-platinum complexes 8 and 14 displays broad emission bands at 687 and 711 nm, respectively (Table 3.2). These structureless low-energy emission originate probably from excimer formation more than from metal-metal-to-ligand charge transfer MMLCT emission as shown by the concentration dependent experiments demonstrating the respect of the Beer Lambert law. 202,203 The other complexes do not exhibit such excimer emission due to the hindering tBu group. Complexes 9-12 and 15-17 display structured solid-state emission with comparable 0-0 emission energy than that observed in The ten complexes exhibit comparable optimized geometries, with rather similar metrical data. One can note that the chloro-platinum complexes 8, 9, 14 and 15 have slightly stronger Pt-N and Pt -C bonds than their phenylacetylide relatives. Within the phenylacetylide series, the major structural differences lie in the orientation of the phenylacetylide ring with respect to the Pt coordination plane. When this ring bears an electron-attracting group (CN or CHO), it is perpendicular to the rest of the molecule (complexes 10, 12 and 17), whereas in all the other compounds the molecule is close to ideal planarity. Obviously, the 16-electron metal center is maximizing its back-donation to the phenylacelylide ligand by using its π in-plane lone pair. This stronger conjugative effect is in line with the lowest CºC Wiberg index values for 10, 12 and 17. Consistently, the three complexes have the largest dipole moments of the series (Table 3.1). The Kohn-Sham MO diagrams of complexes 8 -17 are provided in Figures 3.12 & 3.13. Their frontier orbitals are plotted in Figures 3.14 and 3.15. They all exhibit a similar LUMO with a large (93 -95%) localization on the two conjugated heterocycles, which can be identified as the π* LUMO of the free N^N^C ligand. The HOMOs of the chloroplatinum complexes 8, 9, 14 and 15 have their major contribution from a π-type orbital of the N^N^C6 ring, with non-negligible (33-36%) metal 5 d(π) participation and no Cl participation. On the other hand, the alkynyl-platinum complexes 10-13, 16 and 17 have their HOMOs mainly (74-88%) localized on the phenylacetylide chain. Energy (eV) The electron affinities (EA) of complexes 8-17, computed as the energy differences between the complexes and their anions (both in their equilibrium geometries), are given in Table 3.1. They correlate reasonably well with the CV-recorded E1/2 (1) values and confirm the major influence of the position of the pyridyl group (Figure 3.16 A). A very similar correlation can be found between E1/2 (1) and the LUMO energies (Figure 3.17), indicating that no significant structural or electronic rearrangement occurs upon reduction. The correlation between the recorded Epa ( 2) potentials and the ionization energies (IE) calculated as the energy differences between the complexes and their cations (both in their equilibrium geometry) is more approximate (Table 3.1 & Figure 3.16, B). This can be attributed to the non-reversible nature of Epa ( 2) and/or the perpendicular or parallel orientation of the phenylacetylide ring with respect to the Pt coordination plane according to the R2 substituent. The TD-DFTsimulated UV-Vis spectra of complexes 8-17 are shown on Figure 3.18. They are in quite good agreement with their experimental counterparts (Figure 3.5 and 3.6). The transitions associated with the band of lower energy can be associated with HOMO→LUMO transitions and therefore reflect the HOMO-LUMO gaps. It follows that, in the case of chloro-platinum complexes 8, 9, 14 and 15, it is of major intraligand character (see their plot in Figure 3.14). The other major bands of these chloride derivatives can also be described as intraligand π→π* transition with some (modest) admixture of MLCT. The situation is different for alkynylplatinum complexes 10-13, 16 and 17 for which the transition of lowest energy (HOMO→LUMO) is associated with a π(phenylacetylide)→π*(N^N^C) charge transfer (LLCT). The other computed transitions are of the same ILCT nature as that of their chloride relatives. 

Conclusion

A series of new chloro-and alkynyl-platinum (II) complexes based on the phenylpyridin-2-ylpyrimidine cyclometalating ligand has been successfully synthesized and characterized. The structures of complexes have been confirmed by NMR ( 1 H, 13 C) and high resolution mass spectroscopy (HRMS). It is the first C^N^N series of complexes with pyrimidine ring known in the literature. By changing the design of the cyclometalating ligand (position of the phenyl and pyridine substituents around central pyrimidine ring, introduction of the tBu group on the phenyl ring) and using alkynyl ligand with different terminal groups (-CN, -CHO, -OCH3 and -N(CH3)2), it is possible to achieve different photophysical and electrochemical properties.

These complexes exhibit yellow-to-red luminescence at room-temperature in diluted solutions, in frozen matrices and in the solid state. Introduction of tBu substituent on the phenyl ring of the C^N^N ligand makes the complexes more soluble in organic solvents. The tBu group has no significant effect on the photophysical properties in solution. But as far as the emission in the solid state is concerned, the bulky tBu group prevent the formation of excimer: for complex 9 with a tBu bulky group a structured emission band centered at 625 nm is observed whereas complex 8 without tBu group exhibits a non-structured emission band centered at 711 nm attributed to excimer formation (Figure 3.21). The absence of tBu substituent on the phenyl ring of N^N^C ligand induces a lower oxidation potential (ΔEpa = 0.12-0.16 V). The presence of alkynyl ligand changes the photophysical and electrochemical propertied depends on their nature. The alkynyl-platinum complexes exhibit broad low-energy absorption bands of large ligand-to-ligand charge transfer 1 LLCT p (phenylacetylide)® p * (C^N^N), which strongly depends on the nature of the terminal alkynyl group. The EWGs (CN, CHO) lead to hypsochromically-shifted emission with increased PLQY (Figure 3.22.). The oxidation proсess occurs on the alkynyl-ligands with of a small contribution of the metal, therefore, the Epa( 2) value varies depending on terminal groups of the alkynyl ligands. All photophysical and electrochemical results were confirmed and agreed by theoretical investigation ((TD-)DFT -calculation).

The emission properties of this C^N^N Pt(II) complexes are limited. Nevertheless, this study provided an understanding of the influence of substituents and alkynyl ligands for this class of complexes, which paved the way for further investigation on pyrimidine-based cyclometalated Pt(II) complexes. 

Introduction

It is commonly admitted that the rigidity and planarity of Pt(II) complexes has a positive impact on PLQY by reducing the non-radiative decays. C^N^N-coordinated platinum(II) complexes often suffer from low PLQY due to the structural distortion as we have experienced with our 1 st series of complexes. A simple and efficient way to improve the photoluminescence efficiency of the complexes is to change the order of the coordinating atoms around Pt(II) metal center. Having analyzed the data of some X-ray structures of Pt(II) pincer complexes in the Cambridge Structural Database (CSD), it appears that N^C^N complexes show the smaller deviation from the planarity compared to C^N^N. 201 The N^C^N complexes have shorter Pt-C (~1.90 Å) bond (of the central phenyl ring) than the isoelectronic tridentate C^N^N complexes (~ 2.04 Å), 155 which is likely to result in a stronger s-donor character of N^C^N. 204 A shorter Pt-C band has a stronger interaction with the metal that allows to raise the nonradiative d-d state energetically higher than the emissive excited state, moreover, N^C^N complexes suffer less from structural distortion in the ground and excited states that C^N^N, Huang-Rhys factor is smaller for N^C^N (SM ® 0.1). [START_REF] Li | Highly Phosphorescent Platinum( II ) Emitters: Photophysics, Materials and Biological Applications[END_REF] Synergetic effect of a metal-perturbed 3 π®π * emission, planarity, rigidity and strong ligand-field character of s-donor Pt-C band enable the N^C^N complexes to achieve high PLQY. [START_REF] Cebrián | Recent Advances in Phosphorescent Platinum Complexes for Organic Light-Emitting Diodes[END_REF] As show in Chapter 2, the modification of the 5 th position of the central phenyl ring of cyclometalating ligand and replacement of the chloride with alkynyl ligands allows to tune the photophysical and electrochemical properties.

Several examples of N^C^N complexes based on pyrimidine have been already described in the literature 156,187,188 The use of the more electron-deficient pyrimidine 187 instead of pyridine 124 usually results in a redshift of the emission. Thus, complexes with stronger electron acceptor pyrimidine achieve red emission but usually suffer from lower PLQY. Due to the presence of the second nitrogen atom in the ring, complexes based on pyrimidines interact more easily with each other creating various interactions between the complexes, which makes it possible to modulate the luminescence of one complex from the visible to the near-IR (NIR) region (Figure 4.1). 187 For this reason, a series of N^C^N cyclometalated chloro-platinum complexes based on phenylbipyrimidine ligand has been developed and synthesized (Figure 4.2). These complexes were modified by introducing different substituents on the central phenyl ring: -OCH3 (methoxy series), -H(phenyl series) and -CF3 (trifluoromethyl series). Alkynyl-platinum(II) complexes with various terminal groups (-CN; -CHO; -H; OCH3 and NPh2) have been prepared from the chloro-platinum(II) precursors to offset the use of pyrimidine and obtain higher PLQY (Figure 4.2).

This chapter describes in detail the synthetic methodology to obtain the target complexes as well as their photophysical and electrochemical properties. Experimental results are supported by (TD)-DFT calculations. The effects of the electronic nature of substituents on the phenyl ring and the nature of the ancillary ligands on the photochemical and electrochemical properties of complexes are presented and theoretically supported.

The results presented in this chapter were detailed in an article published in the Dalton Transactions journal. 205 

Synthesis and characterization

Cyclometalating tridentate ligands N^C^N 21-23 are required to obtain the target cyclometalated chloro-platinum(II) complexes. These ligands were prepared in two-step synthesis from dibromo-benzene derivatives as starting materials (Scheme 4. The N^C^N cyclometalated chloro-platinum(II) complexes 24 and 25 are known compounds and were prepared as previously reported method. 156,187 The chloro-platinum(II) precursor complex 26 was obtained using a similar procedure in a good yield, after a 2-day reaction between the corresponding ligand 23 and K2PtCl4 in a refluxed solution of glacial acetic acid (Scheme 4.2). The Sonogashira conditions, described for the preparation of acetylenic derivatives of the N^N^C 154,206, and O^N^N Pt(II) complexes, 207 do not work for N^C^N complexes. Thus, other conditions had to be found and N^C^N cyclometalated alkynyl-platinum(II) complexes 27-37 were finally prepared under conventional cross-coupling conditions by reaction of chloro-platinum(II) precursors 24-26 with the corresponding organic alkynes in the presence of sodium methoxide in MeOH/CH2Cl2 (4 : 1 v/v) at 40 °C. Alkynyl-platinum complexes 27-37 were analyzed by NMR ( 1 H and 13 C), IR, HRMS and two of them by X-Ray diffraction. The characterization data were found to be in complete agreement with the proposed structures.

One of the 1 H NMR spectra of the alkynyl-platinun(II) complexes 34 is presented on the 

X-ray crystal structures

Apart from NMR, HRMS and the elemental analyses, crystallography is one of the best methods for confirming the structure of complexes. By X-ray diffraction not only the position of the atoms in the crystal can be determined, but also the chemical bonds, the crystallographic disorder, geometry and other lattice parameters. Crystals suitable for x-ray analyses of the alkynyl-platinum(II) complexes 30 and 31 were obtained by slow evaporation of CH2Cl2 solution of the complex at RT, and their molecular structures were determined by X-ray crystallography analysis in collaboration with Dr. Marie Cordier, ISCR, Université de Rennes 1 as shown in Figure 4.4 A & B. The crystal data and structure refinement details are provided in the experimental part and selected bond lengths and bond angles are listed in Table 4.1. As generally observed for cyclometalated N^C^N and C^N^N platinum(II) complexes, the Pt(II) ion center of complexes 30 and 31 adopts a distorted square-planar geometry defined by a tridentate cyclometalating ligand 22 and one alkynyl fragment. 147,154,208,209 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 30, and C10-Pt1-N3 79.70°, C10-Pt1-N3 79.30°, N3-Pt1-N1 158.90° for complex 31 are found to deviate from the idealized value of 180° and 90°, respectively. The Pt-N bond distances in the two complexes 30 and 31 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 30 and 31 are 2.125 and 2.092 Å, respectively. Complex 30 and 31 have a longer Pt-C(N^C^N) bond lengths (Pt1-C6 1.951 Å for 30 and Pt1-C10 1.949 Å for 31), which can be attributed to the higher trans influence of the alkynyl ligand than that of the chloride ligand.

The crystal lattices of complexes 30 and 31 are presented in the Figure 4.5 A & B. The crystal packing of complex 30 shows a staggered stacking arrangement between pairs of complex molecules (Figure 4.5 A). Intermolecular π⋯π interaction was found in the crystal packing and the distance between the vertical plane-to-plane separation (dπ-π) of two adjacent molecules is ∼3.30 Å. The closest Pt-Pt distance (dPt-Pt) in the crystal of 30 is only 3.300 Å, which is indicative of strong metal-metal interactions. The crystal packing of complex 31 show a head-to-tail stacking arrangement between pairs of complex molecules (Figure 4.5 B). Intermolecular π⋯π interactions have been detected in the crystal packing, and the distance between the vertical plane-to-plane separation (dπ-π) of two adjacent molecules is ∼3.40 Å. There is no Pt(II)⋯Pt(II) interaction for 31, the shortest Pt-Pt distance (4.683 Å) of 31 is much longer than 30. The divergence can be attributed to the difference in structural arrangement created by the addition of a methoxy group on the phenyl ring. Thermal ellipsoids are set at 50% probability level. 

Electrochemical properties

The redox properties of the N^C^N cyclometalated platinum complexes 24-37 were investigated in collaboration with Dr. Nicolas le Poul, CEMCA laboratory, UMR CNRS 6521, Université de Bretagne Occidentale. The cyclic voltammograms (CV) were performed with a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M. All electrochemical results are collected with some theoretical data (electron affinities and ionization energies) in the Table 4.2.

The chloro-platinum complexes 24-26 display an irreversible and broad oxidation peak Epa(1) at ca. 0.6-0.8 V vs. Fc + /Fc , which depends on the nature of the substituents on the central-phenyl ring (Figure 4.6 A). The Epa(1) value increases as R 1 changes from EDG to EWG, therefore, the most positive value was obtained for complex 26 with thifluoromethyl group (Table 4.2). A single reduction peak is detected at Epc( 3), this peak is irreversible at v = 0.1 V s -1 , but displays more reversibility when the scan rate is increased (Table 4.2 & 4.6 A).

The value of Epc( 3) is R 1 -dependent, consistent with a reduction process on the phenyl ligand. Noteworthy, this redox behavior is slightly different from that found for pyridine-based N^C^N Pt complexes, 124 although experimental conditions were not fully the same (DMF vs. CH2Cl2). Indeed, replacement of the two pyridine rings by two pyrimidine units induces of loss of reversibility of the reduction process. Moreover, both oxidation and reduction processes are shifted towards more positive potential values by approximatively 200 mV, as shown by the comparative data for H-and OMe-phenyl-based Pt complexes. Such a result is consistent with the stronger electron-deficient properties of the pyrimidine vs. pyridine moieties.

Alkynyl-platinum complexes 27-37 display similar behavior to chloro-complexes 24-26 (Figure 4.6 (B), Figure 4.7 and Table 4.2). The reduction process of the alkynyl-platinum complexes varies as their precursors chloro-platinum complexes 24-26. The irreversible oxidation process at Epa(1) does not sensibly change with R 2 for this series, as previously found for C^N^N Pt complexes. 210 For instance, alkynyl-complexes 27, 30 and 35 (R 2 = H) display similar values to their chloro-platinum analogues (complexes 24, 25 and 26 respectively) (Figure 4.10 B). Within a single R 1 series such as for complexes methoxy series 30-34, the oxidation potential seems independent of the electronic properties of R 2 (Figure 4.7 B and Table 4.2), this fact intersects with photophysical data (the emission energy of alkynyl complexes of methoxy series is independent of the nature of the alkynyl ligand in the Figure 4.6).Thus, these electrochemical data emphasize that the redox properties of the phenylacetylide complexes 27-37 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 Epa(1) with R 2 originates from the different possible orientations of the phenyl ring relative to the cyclometalating ligand, favoring or not conjugation between the two moieties, as the Pt-C bond is shorter and to counterbalance this, the Pt-C(alkynyl ligand) bond is elongated. Table 4.2. Electrochemical data (Epa(1), Epa (2) and Epc( 3)) for complexes 27-37 (0.5 mM) at a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M (E / V vs. Fc +/0 , v = 0.1 V s -1 ) and DFT-computed electron affinities (EA) and ionization energies (IE) in eV. 

Photophysical properties

The UV-Vis absorption and photoluminescence (PL) properties of chloro-and alkynylplatinum complexes 24-37 were measured in degassed CH2Cl2 solution at room temperature as well as in the solid state, as embedded in potassium bromide (KBr) pellets. The results are summarized in Table 4.3. Absorption spectra of chloro-platinum complexes 24-27 are displayed in Figure 4.8. These complexes exhibit intense absorption band in the UV region from 250 to 300 nm, assigned to intra-ligand (IL) p-p* transition on the cyclometalating (N^C^N) ligands and less intense bands from 350 to 450 nm attributed in particular to metal to ligand charge transfer (MLCT). The energy of the less energetic absorption band can be tuned by introducing different substituents on the central phenyl ring of cyclometalating tridentate ligand. For comparison, complex 25 bearing an electron-donating methoxy group on the central phenyl ring exhibits red-shifted emission with regards to the unsubstituted complex 24 (Dl = 37 nm), as observed recently in a series of 2-phenylpyrimidine platinum complexes. 211 On the contrary, the presence of a trifluoromethyl electron-withdrawing substituent, in the N^C^N ligand of complex 26 causes a slight blue shift of 6 nm of the same band. a All spectra were recorded at room temperature at c ~ 10 -5 M with deoxygenated solution prepared by bubbling N2 though the solutions. b lexc = l abs max of the lowest energy band. c Calculated using the less energetic absorption band and the more energetic emission band. d Photoluminescence quantum yield (±10%) measured relative to 9,10-bisphenylethynylanthracene in cyclohexane (FPl = 1. 00). e Photoluminescence quantum yield (±10%) measured relative to Rhodamine 6G in ethanol (FPl = 0.95). 212 f No emission detected.

Alkynyl-platinum complexes 27-37 exhibit similar absorption profile than their respective chloro-platinum parent complexes, with the lowest-energy absorption band attributed mainly to inter-ligand charge transfer. Within each series, by changing the nature of the alkynyl ligand from EWG to EDG, a red-shift of the low energy band is observed (Figure 4.9 & 4.10). A) B) All complexes exhibit emission in CH2Cl2 solution with emission lifetimes comprised between 3.1 to 12.3 µs, characteristic of phosphorescence emission. The PLQY are in some cases rather high (FPL up to 0.81), as expected for platinum (II) complexes with N^C^N ligand. [START_REF] Cebrián | Recent Advances in Phosphorescent Platinum Complexes for Organic Light-Emitting Diodes[END_REF] The emission spectra of chloro-platinum complexes 24-27 are displayed in Figure 4.11. Structured spectra with vibrational spacing of around 1300 cm -1 are observed for complexes 24 and 26 as described previously for similar N^C^N complexes. 124 A large red-shift of the main emission maxima and longer emission lifetime are displayed by complex 25 with methoxy substituted N^C^N ligand with regard to complex 24 (Dl = 76 nm). The less structured shape of the emission band of this complex would indicate a lower structural distortion of excited 157 state and could explain the higher PLQY observed. [START_REF] Li | Highly Phosphorescent Platinum( II ) Emitters: Photophysics, Materials and Biological Applications[END_REF] On the other hand, complex 26 with trifluoromethyl substituted N^C^N ligand shows a really similar emission profile than complex 24 with a blue shift of 7-12 nm and reduced PLQY. In the series of alkynyl-platinum complexes 30-34 with methoxy substituted N^C^N ligand, the presence of a methoxy electron-donating group on the alkynyl ligand in complex 31 leads to a slight red-shift of the main emission band to 572 nm (Figure 4.12). This complex exhibits the best quantum yield of the whole series (FPL ® 0.81). Diphenylamino group appended on alkynyl ancillary ligand in complex 34 induced a more pronounced red-shift of the position of emission maxima, but the PLQY is dramatically reduced, probably due to an additional non-radiative deactivation pathway through photo-induced electron transfer character of diphenylamino-substituted. The replacement of chloride ligand in methoxy N^C^N Pt(II) complexes by various alkynyl ligands such does not change the emission energy, 213 but significantly enhances PLQY due to optimization of the energy of the metalcentered d-d excited state, which is subject to efficient non-radiative decay, well above the emitting triplet state. [START_REF] Li | Highly Phosphorescent Platinum( II ) Emitters: Photophysics, Materials and Biological Applications[END_REF]214,215 The series of complexes with trifluoromethyl substituted 35-37 or unsubstituted 27-29 central phenyl ring N^C^N ligand display emission in solution, with emission maxima that can be tuned with the nature of alkynyl ligands (Figure 4. 13 & 4.14). The emission bands of the complexes 27-29 and 35-37 are blue shifted with increasing the electron-deficient character of the alkynyl ligand. The difference between the complexes with the methoxy group and trifluoromethyl may be due to the different geometry of the alkynyl ligand to the tridentate cyclometalating one.

In the methoxy series, the strong electron-donating diphenylamino or electronwithdrawing cyano groups on the phenylacetylene ancillary ligand in complexes 34 and 32 reduce the PLQY and the highest PLQY in observed with softer electron-donating methoxy group in complex 31. For the two other series of alkynyl complexes 27-29 and 35-37, the panisole alkyne ligand provides the highest PLQY in each case (Figure 4.13 & 4.14). When compared to their analogue complexes based on 1,3-bis(pyridin-2-yl)benzene ligands, the complexes 24, 27, 35 and 36 exhibit similar emission profile but lower PLQY. 156,162 On the other hand, methoxy substituted chloro-platinum complex 25 exhibits higher PLQY than its pyridine analogue (0.37 vs 0.30). 216 

Nirmalized Emission Intensity

Wavelength, nm 35 36 37 In solid state, complexes 24, 25, 27-34 exhibit red emission with unstructured band attributed to the formation of excimers more than to MMLCT (Figure 4.15 & Figure 4.16). 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 25 and 31(Figure 4.17 &4.18 d). 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 (Figure 4.17 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 30 and it is more bent in that of 31. These differences, which are more pronounced in the case of 30, can be attributed to the existence of the intermolecular forces existing in the solid state (substantial in the case of 30, see above), whereas the optimized structures were considered isolated in dichloromethane solution. As a matter of fact, the optimized geometries of 30 and 31 were found nearly planar, as all the investigated complexes, except that of 27, 29, 32, 33, 34 and 37. In the case of 34, the whole molecular framework is planar except that the NPh2 substituent is out-of-plane rotated by ∼40° due to steric repulsions. On the other hand, in 27, 29, 32, 33 and 37 the phenyl ring is found perpendicular to the N^C^N ligand. Actually, 29, 32, 33 and 37 are the only species bearing an electron accepting group of the phenyl-alkynyl ligand (R 2 = CN, CHO) whereas 27 is unsubstituted. An evaluation of the rotational energy barrier in 27, 29 and 32 provided values lower than 1 kcal mol -1 , 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-CN^C^N distances. The shortest ones, associated with the largest Wiberg bond indices (WBIs), are found for the chloro-platinum derivatives 24-27. Within the alkynylplatinum series 27-37, they lie in a range of 0.006 Å and the shortest correspond to the trifluoromethyl-substituted complexes 35-37. The Pt-CCR separations vary also within a small range of 0.005 Å, as well as the CºC distances which are almost constant within the 27-37 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 correspond to the cases where there is no donor substituent on the N^C^N ligand together with the presence of the electron donor OCH3 group on the phenylacetylene ancillary ligand (complexes 28 and 36). 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 29, 32 and 33). Obviously, this latter situation favors conjugation. The natural atomic orbital (NAO) charges show little variations on Pt and N (Table 4.4). That of the C alkynyl carbon are more dispersed and the lowest negative values correspond to the more conjugated 29, 32 and 33 complexes. These three compounds have by far the largest dipole moment (Table 4.5), indicating that the -CN or -CHO substituted phenylalkynyl 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 24-27 are shown in Figure 4.20 and their HOMOs and LUMOs are plotted in Figure 4. 21 & 4.22. The highest HOMOs are those of complexes bearing a donor R 2 substituent (28, 31, 34 and 36). The lowest HOMOs are those of complexes with no donor substituent (24, 26, 29 and 37). The LUMO energies are significantly less dispersed in energy and appear more dependent to the nature of R 1 than that of R 2 . It results that the lowest HOMO-LUMO gaps are those of complexes with donor R 2 substituents (31, 34 and 36) and the largest HOMO-LUMO gaps are those of compounds with no donor substituent (24, 26, 29 and 37). The HOMOs of the chloro derivatives 24-27 have a major contribution from the N^C^N ligand, with some Cl and Pt admixture. The same type of N^C^N centered HOMO is found for 32 and 33 (R 1 =OCH3; 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 27, 29 and 37 with respect to their "planar" counterparts. In the case of 30-33, 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. 217 The calculated ionization energies (IE) are gathered in Table 4.2. Their variation across the 24-37 series mainly reflects that of their HOMOs. Surprisingly, no linear relationship could be traced between the recorded Epa(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 Epc(3) values and the computed electron affinities (EA), as exemplified by Figure 4.23. Figure 4.23. Relationship between the experimental electrochemical Epc (3) values and the DFT-computed electron affinities (EA).

The major optical transitions contributing to the simulated band of lowest energy are given in Table 4.6. There is an overall good agreement with the experimental data, apart from the fact that the observed weak band of lowest energy of compounds 24-26, 29 and 37 is not reproduced in the simulations, it should be noted however that in the case of 26 and 29, the HOMO-LUMO transition is found at ∼420 nm (Table 4.6), but its modest oscillator strength prevents it to contribute to an individual simulated band of low-energy. In the slightly less stable planar configuration of 26 and 29, this transition is associated with a slightly higher oscillator strength. In the case of 37, the HOMO-LUMO transition appears fully forbidden. These results suggest that in the case of complexes 26, 29 and 37, the weak band observed at ∼420 nm corresponds to the HOMO-LUMO transition (phenyl-akynyl → (N^C^N) charge transfer), the expected oscillator strength of which being underestimated by the calculations in the considered frozen rotational conformations. In the case of complexes 24-26, the computed absorption band of lowest energy corresponds to the HOMO → LUMO transition and is thus of major intra-(N^C^N) charge transfer character. In the case of the alkynyl complexes 28-37, it is of HOMO → LUMO and/or HOMO → LUMO+1 nature, thus of major inter-ligand phenylakynyl → (N^C^N) charge transfer nature. The phosphorescence data where computed assuming the emissive state being the first excited triplet state, of which the optimized geometries are shown in Figure 4.24. Complexes 27-37 have all their N^C^N ligand and phenyl ring coplanar, compounds 27, 35 and 37 being in addition bent at the alkynyl carbon bonded to Pt, indicative of an electron-rich phenylalkynyl ligand in the excited state. This is consistent with the fact that in all the cases, the involved excited triplet state corresponds to the promotion of a single electron into the LUMO, LUMO+1 or a combination of both. Thus, in the cases of complexes 27-37, the electron is promoted into a phenyl-alkynyl orbital. 

Conclusion

A new series of luminescent cyclometalated N^C^N chloro-and alkynyl-platinum (II) complexes based on 1,3-bis(pyrimidin-2-yl)benzene ligands was synthesized and investigated. All of the complexes obtained are divided into three series according to their substituents on the phenyl ring: -OMe (methoxy series); -H (phenyl series) and -CF3 (trifluoromethyl series). As ancillary ligand phenylacetylides with different terminal groups (-CN, -CHO, -OCH3 and -NPh2) were used. The structures of these complexes have been confirmed by NMR ( 1 H, 13 C), HRMS, element analyses and X-ray structures. By changing the design of the N^C^N cyclometalating ligand (substituents on the central phenyl ring) and using various alkynyl ligands, it is possible to achieve different photophysical and electrochemical properties. The electrochemical and photophysical properties were thoroughly studied experimentally and theoretically with the help of DFT calculation.

All compounds are phosphorescent in CH2Cl2 solution at RT with emission ranging from green to red depending on the design of the complexes. Complexes with methoxy substituted or unsubstituted ligands exhibit red emission in KBr solid matrix. Alkynyl-platinum(II) complexes 30-33 with methoxy substituent on the central phenyl ring have the shape and maxima of emission. The nature of the alkynyl ligand has no effect on the emission energy of complexes 30-33 (Figure 4.27), but has a strong effect on PLQY which is attributed to the destabilization of the non-radiative d-d state. Moving from electrowithdrawing to electron-donating alkynyl ligand allows to achieve high PLQY® 81%. Diphenylamino group appended on alkynyl ancillary ligand in complex 34 induced a more pronounced red-shift of the position of emission maxima, but the PLQY is dramatically reduced, probably due to an additional non-radiative deactivation pathway through photoinduced electron transfer character of diphenylamino-substituted. In the Phenyl and trifluoromethyl series, the nature of alkynyl ligand on emission energy is a bit more pronounced with a red-shift when going from EWG to EDG. The presence of OMe groups as substituent on the central phenyl ring and as a terminal group of the alkynyl ligand has a beneficial effect. To the best of our knowledge, complex 31 with R 1 = R 2 = OMe, one of the best ever reported for the class of complexes (Figure 4.28.). 

PLQY (CH2Cl2) = 81% R 2 : -CN -CHO -H -OCH3 -NPh2
PLQY 35% 52% 55% 81% 1%

In solid state, the complexes of the methoxy (25, 30-34) and phenyl (24, 27-29) series exhibit red emission at 700-720 nm attributed to excimer formation (Figure 4.29). These results represent a useful study for understanding the effect of the cyclometalating and ancillary ligands on the photophysical and electrochemical properties of N^C^N chloro-and alkynyl-platinum(II) complexes. As expected, N^C^N complexes show higher PLQY than the isoelectronic C^N^N, due to the shortening of the Pt-C (central phenyl ring of the cyclometalating ligand), which is likely to result in a stronger s-donor. The shortening Pt-C bond raised the energy of the d-d non-radiative state and decreases the knr. That is why, by choosing the right design of the complex, it is possible to achieve high and desired photophysical results.

Unfortunately these N^C^N Pt(II) complexes with alkynyl ancillary ligands suffer from relative instability in solution, due to strong Pt(II)×××Pt(II) interactions, excimer emission is observed. This is the reason why, cyclometalated C^N bidentate Pt(II) complexes with a lower tendency to aggregation have been investigated and described in the Chapter 5.

Introduction

The first example of bidentate C^N cyclometalated Pt(II) complexes containing Naromatic monodentate ancillary ligand with the presence of one chloride trans to carbon have been reported by Esmaeilbeig and co-workers in 2011. 219 After that these complexes began to be studied in more detail 220 in 2017, Zhao and co-workers showed high electroluminescence efficiency of a Pt(II) complex based on a phenylpyrimidine ligand and bearing monodentate pyridine and chloride ligands opening a new avenue for this type of Pt(II) complexes as highly efficient emitter for OLEDs (Figure 5.1). 197 The addition of a functional triphenylamine (TPA) group in the bidentate ligand of the complex effectively enhances hole injection/transporting ability of the phosphorescent emitters. The potential of this novel Pt(II) complex in OLEDs was evaluated by constructing EL devices and very attractive fooled performance were obtained with external quantum efficiency of 14.8 %, current efficiency of 53.8 cd A -1 and power efficiency of 45.2 lm W -1 , representing the highest EL performances ever achieved by this type of complexes. Recently, our group reported some luminescent cyclometalated platinum(II) complexes with phenyl-pyrimidine as the C^N ligand and demonstrated that they exhibit tunable photophysical properties by varying the functional groups on the phenyl unit. 211 By introducing different EDG and EWG substituents on the phenyl ring in the para-position to the metal center, the emission energy can be easily tuned in solid state (Dl = 112 nm) (Figure 5.2). Based on these findings, we decided to further explore the properties of these bidentate C^N complexes by designing a series of 28 platinum(II) complexes bearing phenyldiazine ligands and monodentate ancillary ligands. Various structural modifications have been performed and concern the nature of the diazine ring (pyrimidine, pyrazine and quinazoline), the presence of substituents in the C4 position of the pyrimidine ring, the nature of EDG group in para position of the Pt atom on the phenyldiazine ligand, the nature of azaheterocyclic ancillary ligand and the replacement of chloride by acetylenic fragments as second ancillary ligand (Figure 5.3). The new C^N ligands 29-42 and platinum complexes 52-79 were characterized by NMR ( 1 H and 13 C), and high-resolution mass spectroscopy (HRMS). The characterization data were found to be in complete agreement with the proposed structures. One of the 1 H NMR spectra of the chloro-platinun(II) complexes 58 is presented on the Due to the lack stability in solution, alkynyl-platinum complexes 77-79 have only been characterized by 1 H NMR and HRMS. For the same reason, their photophysical and electrochemical properties have not been studied. 1 H NMR measurements at different times seem to suggest that the ancillary ligands rearrange from the trans to the cis form, followed by rapid decomposition. 224 
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X-ray crystal structures

Single crystals of chloro-platinum complexes 58, 63 and 65 were obtained by slow evaporation of hexane/ethyl acetate (2/1) solutions at room temperature, and their molecular structures were determined by X-ray crystallography analysis as shown in Figures 5.5-5.6 in collobaration with Dr. Marie Cordier, ISCR, UMR CNRS 6226, Université de Rennes 1. The data of selected bond lengths and bond angles are listed in Table 5.1. As confirmed by the Xray crystallography, the central platinum ion is coordinated by a bidentate cyclometalating C^N ligand and two monodentate ligands (chloride and pyridine). The coordination sphere of the Pt(II) cation in all complexes (58, 63 and 65) adopts a distorted square-planar geometry with trans-C,Cl, trans-N,N chelating disposition, characteristic of d 8 metal complexes. The C-Pt-N of 81.19-81.51° about the Pt(II) metal center are found to deviate from the ideal 90° owing to the restricted bite angle of the bidentate C^N ligands. This is accompanied by a concomitant opening of the C- Pt-N (94.66-95.38°) and N- Pt-Cl (94.54-96.26°) bond angles. The bonds chelating around the platinum ion exhibit typical bond lengths comparing with some similar complexes. 197 As shown in Figure 5.13, the complexes 58 and 63 packed as head-to-tail dimers in crystals. The closest Pt-Pt distances (dPt-Pt) 

Electrochemical properties

Voltammetric studies were investigated in collaboration with Dr Nicolas Le Poul and Laurianne Wojcik, CEMCA laboratory, UMR CNRS 6521, Université de Bretagne Occidentale. All the electrochemical measurements in dichloromethane were carried out in order to decipher the redox properties of the complexes in relation to their photophysical characteristics.

The Table 5.2. gathers the electrochemical data at a Pt working electrode. All complexes display several oxidation peaks above 0.3 V vs. Fc + /Fc as well as one reduction peak below ca. -1.6 V.

As a first observation, it appears clearly that the nature of the diazine significantly affects the reduction potential of the complexes. This is best exemplified by the methoxy series (complexes 52, 68, 73) which display a reduction peak at -2.27 V (pyrimidine) to -1.97 V (pyrazine) and -1,67 V (quinazoline) against Fc + /Fc, respectively. The potential difference of 300 mV between each of these complexes (Figure 5.7) can be correlated to the electronic properties of the diazine, the more electronically-deficient system (quinazoline) moving the reduction peak towards the most positive values. Possibly, annelated phenyl ring of the quinazoline system (compared to the pyrimidine one) favors electron delocalization upon electrochemical reduction, hence better stabilization of the reduced species. 133 Another interesting observation is that both pyrazine and quinazoline complexes exhibit a reversible reduction process whereas the pyrimidine complex is fully irreversible. Such irreversibility may be caused by the reaction between reduced complex and solvent molecules since the electrolytic solution starts being reduced at this redox potential. The process can also be interpreted as a disproportionation reaction involving the reduced pyrimidine complex. Voltametric studies were also carried out with complexes displaying various substituents into the fourth position of pyrimidine. A striking result was obtained with the complex 62 that bears a trifluoromethyl substituent in the fourth position of the pyrimidine. Indeed, the reduction process occurs at a much less negative potential (than the H-substituted pyrimidine (410 mV difference) (Figure 5.8). On the oxidation side, insertion of a diphenylamino group on the Pt-bound phenyl moiety (complexes 57-62) induces the appearance of a reversible system at ca. E 0 (1) = 0.35 V which can be ascribed to the oxidation of the amine. 197 By introducing other substituents, in the para position to the Pt metal center on the phenyl ring, we observe that the oxidation potential at Epa(2) moves with the electron-donating properties, the most negative oxidation being obtained with the strong-donating NPh2 group.

The redox properties of the present complexes can be compared to those already reported by Wong and co-workers [START_REF] Xie | How the Molecular Packing Affects the Room Temperature Phosphorescence in Pure Organic Compounds: Ingenious Molecular Design, Detailed Crystal Analysis, and Rational Theoretical Calculations[END_REF] for Pt-Pi triphenylamino compound (Figure 5.1). Although the voltammetric behavior is similar, the first two oxidation peaks found for complex 57 are found at much less positive values (approx. 300 mV) than for Pt-Pi. This discrepancy may be ascribed to the difference of position of the amino group on the phenyl which may affect both the amine and the Pt(II) oxidation processes. On the cathodic part, both complexes 57 and Pt-Pi display an irreversible reduction peak around -2.2 V (170 mV difference). Accordingly, this process was proposed to occur mainly on the pyrimidine and the ancillary pyridine groups. Further comparison can be done with tridentate C^N^N Pt complexes. For example, complexes 52 and 56 display oxidation at more positive potential values than the complex 8-17 described in chapter III. Even if the comparison is not strictly correct, this difference suggests that the tridentate structure stabilizes the oxidized and reduced states and lowers the HOMO-LUMO gap compared to the bidentate case. a Irreversible peak (Epa or Epc value). b Low-intensity system which becomes more intense after reduction at -2.3 V. c A supplementary low-intensity reversible system is detected at -1.42 V upon reduction.

Photophysical properties

The UV/Vis absorption and photoluminescence properties of complexes were measured in deoxygenated CH2Cl2 solution and in potassium bromide pellets KBr (2 wt%) and the results are summarized in Table 5 (6,71), 546 (2,79), 570(3.17)
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[a] All spectra were recorded at room temperature at c ~ 1.0 ×10 -5 M with deoxygenated solutions prepared by bubbling N2 through the solutions. [b] Photoluminescence quantum yield (±10%) determined relative to 9,10bisphenylethynylanthracene in cyclohexane (FPL = 1.00). 226 [c] Calculated using the less energetic absorption and the more energetic emission bands. [d] Absolute value measured with an integrating sphere (powder).

For all the complexes, various absorption bands are observed below 400 nm. The most intense ones are attributed to intraligand n-π* and π-π* transitions. 211 For all complexes, one or in some cases two significantly less intense band is observed between 400 and 570 nm. The absorption spectra of phenylpyrimidine complexes with different substituents on the phenyl ring in para-position to the Pt metal center 52, 57, 63 and 65 are shown in Figure 5.9. These bands have a MLCT and a ligand-to-ligand charge transfer (LLCT) character. In the phenylpyrimidine series, the less energetic absorption band is red-shifted with increase of the strength of the EDG in para position of the Pt atom on the phenyl fragment: from 404 nm for Ph group (63), 412 nm for 9H-carbazol-9-yl ( 65), 427 nm for methoxy (52) and 449 nm for diphenylamino group (57). The same trend is observed in the phenylpyrazine and phenylquinazoline series. In the pyrimidine series, the presence of an electron-donating methoxy group on the pyrimidine ring induces a slight blue-shift up to 14 nm (54, 55, 60 and 61 vs respectively 52, 53, 57 and 58) and electron-withdrawing -CF3 on the pyrimidine ring induces a red-shift of 28 nm (62 vs 57) (Figure 5.10). In the pyrimidine series, the modification of ancillary ligands (pyridine to 4-methoxypyridine or pyrimidine) does not significantly tune the position of the absorption band. The change of the nature of diazine leads to bathochromic shift with increasing the pacceptor character as shown in the example of methoxy series in Figure 5.11. Phenylpyrazine and phenylquinazoline analogues of phenylpyrimidine complexes have a less energetic absorption band that is significantly red-shifted in the methoxy series: 427 nm for the phenylpyrimidine complex 52, 466 nm for the phenylpyrazine complex 68 and 504 nm for the phenylquinazoline complex 73. This bathochromic shift can be explained, for the pyrazine complexes, by the second nitrogen atom in conjugated position with the Pt atom and for quinazoline complexes by the more pronounced electron-withdrawing character of this fragment. 221 Most of the complexes are luminescent in deoxygenated CH2Cl2 solutions with emission lifetime ranging from 4 to 12 µs, and "Stokes shifts", comprised between 4700 and 6300 cm -1 , characteristic of phosphorescence. The presence of electron-withdrawing trifluoromethyl group on the pyrimidine ring (complex 62) as well as the presence of strong electron-donating diphenylamino groups on phenylpyrazine/phenylquinazoline ligands (complexes 70, 75 and 76) lead to non-emissive complexes. In this last case, it may be explained by a too strong charge transfer that unfavors the radiative return to ground state. 162 The position of emission band of pyrimidine complexes follows the same trends than less energetic absorption band: a red-shift is observed with the strength of the electron-donating substituent is increased: from green (508/538 nm) for phenyl (63), yellow-green (547 nm) for 9H-carbazol-9-yl (65), yellow (556/582 nm) for methoxy (52) to red emission (644 nm) for diphenylamino group (57) ( Figure 5.12). In this series, the highest PLQY is observed for the methoxy complex 52 (45 %). Complex 67, with 9H-carbazol-2-yl-pyrimidine C^N ligand shows yellow-orange emission with PLQY of 20%. The presence of a methoxy substituent on the pyrimidine ring of methoxy series induces a slight blue shift (8-17 nm) of the emission (complexes 52, 53, 57 and 58 vs respectively 54, 55, 59 and 60) due to the reduction of the electron-withdrawing character of the heterocyclic part of the C^N ligand (Figure 5.13). The simultaneous introduction of a methoxy groups into pyrimidine and using 4-methoxypyridine (55) or pyrimidine (56, 61) as ancillary ligands significantly decreases PLQY. Nevertheless, regarding pyrazine and quinazoline, the solid-state emission of complexes 68-75 have a red-shift up to 80 nm relative to emission in solution (Figure 5.17). The structureless, broad red-shifted emission can be explained by excimer formation in the solid state. In order to try to confirm this hypothesis and eliminate the aggregation origin of this band, a series of absorption spectra were recorded at different concentration. The MLCT/LLCT band does not change its shape and no deviation from the Beer-Lambert law is observed which tend to eliminate an aggregation origin of the red-shifted band observed in solid state (Figure 5.18). -The nature of the diazine: pyrimidine (52-67); pyrazine (68-72) and quinazoline (73-75).

-For the pyrimidine complexes, the substituents (-OMe and -CF3 ) in position 4; -The nature of azaheterocyclic ancillary ligand (pyridine, 4-methoxypyridine and pyrimidine); -The replacement of chloride ancillary ligand by phenylacetylides with different terminal groups: -CN, -H and -OCH3.

The structures of these complexes have been confirmed by NMR ( 1 H, 13 C), HRMS, and X-ray analyses.

The structural modification of the bidentate C^N cyclometalating ligand by various electron-donating substituents and exchanging of diazines have significant effect the electronic character of the complexes.

The series of phenylpyrimidine complexes shows phosphorescence ranging from green to red in diluted CH2Cl2 solution at RT (Dl = 136 nm) and in solid state(Dl = 140 nm) depending on the substituents on the phenyl ring in para-position to the metal center, associated with a decrease of their oxidation potential (Figure 5.21). By replacing the pyrimidine ring by a pyrazine or a quinazoline ring, a redshift of emission in solution/solid states associated with an increase of the reduction potential is observed (Figure 5.22). Introducing different substituents into the diazine unit of the cyclometalating C^N and the type of ancillary ligands have a very weak effect on electronic character of complexes. But the use of 4-methoxypyridine as. the ancillary ligand significantly enhances the PLQY in the solid state (Figure 5.23).

Complex 52

Complex 53 A wide spectrum of intense phosphorescence in solution and solid states has been achieved. The electrochemical properties are easily modulated by constructing the appropriate design of complexes. The theoretical calculation is in progress in collaboration with Dr Samia Kahlal and Prof. Jean-Yves Saillard, ISCR, UMR CNRS 6226, Université de Rennes 1. Theoretical data will permit to rationalize the results obtained. 

General Conclusion 210

The objective of the research presented in this thesis was based on the development of new luminescent molecular materials for further application as a dopant in the emission layer of PhOLEDs. Сyclometalated platinum(II) complexes exhibit all the necessary parameters for the creation of these devices. Platinum(II), having a strong spin-orbit coupling, facilitates the intersystem crossing, that allows to harvest both singlet and triplet electro-generated excitons, theoretically achieving 100% internal quantum efficiency in such devices. The excited state of Pt(II) complexes are influenced by the design of the ligands around the metal ion. Fourcoordinated Pt(II) metal center can accommodate various cyclometalating bidentate, tridentate or tetradentate chelating ligands with countervailing ancillary ligands where it is necessary thus affecting the excited state. Cyclometalating diazine based ligands have attracted a lot of attention due to their π-electron deficient character and strong coordinating ability to the metal ion. The synergic effect of the strong s-donation Pt-C bond and the p-accepting character of the diazine, leads to stabilization of the excited states.

In this work, we reported the synthesis and characterization of three new series of cyclometalated chloro-and alkynyl-platinum(II) complexes bearing various diazine-based cyclometalating tridentate N^C^N and C^N^N, and bidentate C^N ligands. Their structure, photophysical and electrochemical properties have been studied using different spectroscopic and electrochemical methods.

Our first study focused on the development of the first example of tridentate chloroand alkynyl-C^N^N tridentate Pt(II) complexes known in the literature containing a pyrimidine-based ligand. Pyrimidine-based Pt(II) complexes allow to obtain an orange-red emission in solution and solid states. Photophysical properties can be controlled by structural isomerization of C^N^N cyclometalating ligands. The emission properties of the complexes can be improved by replacing chloride with an alkynyl ancillary ligand. By choosing the correct nature of the alkynyl ligand, it is possible to improve the emission efficiency by several times (Figure 1). N^C^N complexes often achieve more efficient emission compared to their isoelectronic C^N^N complexes due to smaller structural distortion in the ground and excited states. The HOMO-LUMO energy gap of N^C^N complexes and therefore the emission wavelength can be easily tuned using different substituents on the central phenyl ring of the tridentate N^C^N ligand. The presence of OMe groups both as a substituent on the central phenyl ring and as a terminal group of alkynyl ligand has a beneficial effect on PLQY. To the best of our knowledge, complex 31 exhibits one of the highest PLQY ever reported for the platinum complexes. A series of 28 cyclometalated Pt(II) complexes with bidentate C^N ligands possessing a lower tendency to aggregate have been developed and investigated. Various structural modifications were performed on this series of complexes, which made it possible to obtain a wide range of phosphorescence from green to deep red in solution and in the solid states (Figure 3). Appropriate functionalization of the cyclometalating ligand and the choice of the ancillary ligand, allow to tune the photophysical and electrochemical properties of cyclometalated Pt(II) complexes. With the theoretical calculations, the modifications of the design of cyclometalating ligands and the selection ancillary ligands present on these classes of complexes were studied to understand the electronic effects of the changes. The influence of various structural modification on photophysical performance had been thoroughly studied and structure-property correlation provided a better understanding of the electronic properties of these complexes. All these results are described in three articles recently published, and in another one in preparation.

PLQY (CH2Cl2) = 81%

This thesis research highlighted the potential of cyclometalated Pt (II) complexes based on pyrimidine and other diazines ligands. In a near future, the most promising emitters such as a complex 53 with the highest PLQY in solid state (F = 20%) will be incorporated in PhOLEDs devices. Moreover, the photoluminescence efficiency of this complex can be improved by future modification of this structure. Due to the presence of two nitrogen lone pairs, pyrimidine has the ability to coordinate simultaneously to two similar or different metal centers, which allows a new field of investigation to be explored (Figure 5.). In fact, the introduction of a second metal ion in known to make the SOC stronger, consequently, the ISC and emission transition are more allowed. The second metal ion is reported to facilitate the process of radiative decay (kr) up to 2 times. In addition, it could be envisaged to introduce a bulky electron-withdrawing substituent such as the dimesitylboryl group, which could improve the hole-electron transport balance in the PhOLED device, facilitate energy transfer and stabilize the excited state (Figure 6). 140,136 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 CaH2 and kept under Ar in the glovebox. The supporting salt NBu4PF6 was synthesized from NBu4OH (Fluka) and HPF6 (Aldrich). It was then purified, dried under vacuum for 48 hours at 100°C, and then kept under N2 in the glovebox Photophysical details UV visible 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 CH2Cl2. The emission quantum yields of these complexes were calculated relative to 9,10 -Bis (phenylethynyl) anthracene in cyclohexane (Φem = 1) or Rhodamine 6G in ethanol (FPl = 0.95) as the reference solution. 212 Five diluted solutions (with 0.01< A < 0.1) at excitation wavelength) are used for studied chromophores and standard. QY is calculated according to the following equation:

F ( = F )* +$', # +$', $% Q % # % $% R -
where Gradx and GradSt 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 CH2Cl2 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, employing the PBE0 functional, together with the Def2-TZVP basis set with relativistic pseudopotentials, from EMSL Basis Set Exchange Library. Implicit solvent (chloroform) effects were included through the polarizable continuum model (PCM) approximation, which is routinely used for non-coordinating solvents. This level of theory has been shown appropriate in previous investigations on related Pt complexes. 210,227 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. TD-DFT calculations were carried out at the same level of calculations, which has been shown to provide satisfactory results on related investigations. 210,228 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 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 above). 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 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. All the vibronic plots were realized using the VMS piece of software. 229 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 distances as defined by Adamo and coworkers.

General procedures and spectroscopy data

General procedures and spectroscopy data for the chapter three Synthesis of the tridentate cyclometalating ligands Still Cross Coupling reaction (Method A): In a Schlenk flask, aromatic dichloro-6methylpyrimidine or (2-chloro-4-methyl-6-phenylpyrimidine / 4-(4-(tert-butyl)phenyl)-2chloro-6-methylpyrimidine) ( 5 mmol, 1 equiv) was degassed by bubbling with nitrogen for 15 minutes. Toluene (60 mL) was added to the flask and stirred. Whereupon 2-(tributylstannyl)pyridine ( 5.5 mmol, 1.1 equiv) was added and the mixture was stirred under nitrogen for 10 min. Pd(PPh3)4 (5 mol%, 0.05 equiv) was quickly added. The reaction was stirred under nitrogen at reflux for 24h. The mixture was allowed to cool to room temperature. 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 MgSO4, filtered and the solvents were evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, v/v) to give compounds: Suzuki Cross Coupling reaction (Method B): In a Schlenk flask, dichloro-6methylpyrimidine or 2-chloro-4-methyl-6-(pyridin-2-yl) pyrimidine (5 mmol, 1 equiv) and phenylboronic acid or (4-(tert-butyl)phenyl)boronic acid (5.5 mmol, 1.1 equiv) were introduced. The mixture was degassed by bubbling with nitrogen for 15 minutes. Whereupon toluene (48 mL), Na2CO3 saturated solution (3 ml) and EtOH (2 mL) were added. The reaction mixture was stirred under bubbling with Nitrogen into the solution for 10 min. Then Pd(PPh3)4 (5 mol%, 0.05 equiv) was quickly added. The reaction was stirred under nitrogen at reflux for 48h. 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 MgSO4, filtered and the solvents were evaporated under reduced pressure. The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, v/v) to give compounds: The product was synthesized by method A using 2-cloropyrimidine (344 mg, 3 mmol, 3 equiv) and 1,3-bis (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (compound 18) (331 mg, 1 mmol, 1 equiv). The product 21 was obtained as a crystalline solid in 56 % yield (395 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 8.42 (1 H, s), 8.14 (2 H, s), 1.34 (24 H, s) The spectroscopic data are reported in the literature. The product was synthesized by method A using 2-cloropyrimidine (344 mg, 3 mmol, 3 equiv) and 2,2'-(5-methoxy-1,3-phenylene)bis (4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (compound 19) (361 mg, 1 mmol, 1 equiv). The crude product was purified by silica gel column chromatography (eluent: petroleum ether to petroleum ether/EtOAc 5/1). The product 22 was obtained as a white solid in 90 % yield (715 mg). The spectroscopic data are reported in the literature. The product was synthesized by method D using 4-ethynylbenzaldehyde (24 mg, 0.18 mmol, 3 equiv) and complex 25 (30 mg, 0.06 mmol, 1 equiv). The complex 33 was obtained as yellow powder in 60% yield (22 mg). NMR (δ (ppm), CDCl3): The product was synthesized by method D using 4-ethynyltriphenylamine (49 mg, 0.18 mmol, 3 equiv) and complex 25 (30 mg, 0.06 mmol, 1 equiv). The complex 34 was obtained as orange powder in 80% yield (35 mg).NMR (δ (ppm), CDCl3): 1 H (300 MHz): 9.56 (ddd, Pt(II), complexes are able to efficiently harvest both singlet and triplet electrogenerated excitons, thus opening the possibility to achieve theoretically 100% internal quantum efficiency in such devices. Structure of the fourcoordinated Pt(II) complexes can accommodate bidentate, tridentate, or tetradentate chelating ligands, with ancillary ligands where necessary which allows considerable flexibility in engineering complexes with desired photophysical and electrochemical properties. In this thesis, we are interested in the design of three new series of phosphorescent cyclometalated platinum (II) complexes, containing tridentate (C^N^N and N^C^N) and bidentate (C^N) coordinating ligands based on pyrimidine and other diazines. In addition to their synthesis and characterization, photophysical and electrochemical properties of these complexes were experimentally studied and explained with the help of theoretical calculations. The results demonstrate that the appropriate functionalization of the cyclometalating ligand and the choice of the auxiliary ligand allow to modulate the photophysical and electrochemical properties of these complexes. The influence of various structural modifications on emission properties has been thoroughly studied and structure properties relationships were highlighted.
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 1 Figure 1. Mécanisme d'utilisation des excitons (a) Émetteurs fluorescents -OLEDs de première génération ; (b) Émetteurs phosphorescents -OLEDs de deuxième génération ; Les voies non radiatives sont représentées par des lignes pointillées tandis que les voies radiatives sont représentées par des lignes pleines.

Figure 2 .

 2 Figure 2. Types de complexes de platine (II) cyclométallés. X, Y, Z, L = motifs structuraux contenant un atome donneur, au moins un étant le donneur de carbone dans le ligand cyclométallant.

Figure 3 .

 3 Figure 3. Сomplexes de platine bidentés, 138 tridentés 19 et tétradentés 235 de cyclométallés avec différentes propriétés photophysiques

Figure 4 .

 4 Figure 4. Structure des complexes de Pt(II) avec différents hétérocycles et leurs propriétés photophysiques PtPy 189 dans CH3CN, PtPm 190 et PtPy 190 dans CH2Cl2 à TA.

Figure 5 .

 5 Figure 5. Structure des complexes Pt(II) mono-et binucléaires et leurs propriétés photophysiques dans CH2Cl2.

Figure 6 .

 6 Figure 6. Structure des complexes C^N^N cyclométallés de platine (II) 8-17.

Figure 7 .

 7 Figure 7. Émission des complexes 8 (lem = 608 nm) et 14 (lem = 582 nm) dans CH2Cl2 (c = 10 -5 M) à TA.

Figure 8 .

 8 Figure 8. Formation d'émission d'excimère par le complexe 8 (l = 711 nm) et d'émission de monomère de 9 (l = 625 nm) à l'état solide.

Figure 9 .

 9 Figure 9. Émission des complexes 17 (l = 582 nm) et 16 (l = 609 nm) dans CH2Cl2 (C = 10 -5 M) à TA. En médaillon : images d'une solution de CH2Cl2 prise sous irradiation UV (l = 365 nm).

Figure 10 .

 10 Figure 10. Structures chimiques des complexes à base de phenylbipyrimidine platine(II) cyclométallés 24-37.

Figure 11 .

 11 Figure 11. Émission des complexes 26 (lem = 476 nm), 24 (lem = 485 nm) et 25 (lem = 561 nm) dans CH2Cl2 (C ~ 10 -5 M) à TA. En médaillon : images de solutions de CH2Cl2 prises sous irradiation UV (l = 365 nm).
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 12 Figure 12. Structures des complexes 31 et 32 et ses émissions dans CH2Cl2 et dans la matrice KBr (2 wt %) prises sous irradiation UV (l = 365 nm).

Figure 13 .

 13 Figure 13. Structures chimiques des complexes à base de phenyldiazine platine(II) cyclométallés 52-79.

Figure 14 .

 14 Figure 14. Spectres d'émission normalisés des complexes 52, 57, 63 et 65 en solution CH2Cl2 désoxygénée (C ~ 10 -5 M) et à l'état solide (matrice KBr 2 % en poids). lexc = l abs max de la bande d'énergie la plus basse. En médaillon : image de solutions de CH2Cl2 et de palettes de KBr prises sous irradiation UV (l = 365 nm).
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 15 Figure 15. Spectres d'émission normalisés des complexes 52, 68 et 73 en solution CH2Cl2 désoxygénée (C ~10 -5 M) et 53, 69 et 74 à l'état solide (matrice KBr 2 % en poids). lexc = l abs max de la bande d'énergie la plus basse. En médaillon : image de solutions de CH2Cl2 et de palettes de KBr prises sous irradiation UV (l = 365 nm).
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 16 Figure 16. Complexes 52 et 53 dans une matrice KBr (2 % en masse) sous irradiation UV (l = 365 nm).

Figure 17 .

 17 Figure 17. Image de divers complexes de Pt(II) cyclométallisés en solution CH2Cl2 et en matrice KBr (2 % en masse) sous irradiation UV (l = 365 nm).
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 11 Figure 1.1. One form of a Jablonski diagram. (The diagram is not intended to be to scale -it just shows the relative placing of the different states and levels). Reproduced from ref.4.
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Figure 1 . 2 .

 12 Figure 1.2. Mirror image rule. Electronic absorption and emission bands. Reproduced from ref.3.
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 1 Figure 1.3. A) Schematic representation of singlet and triplet states; B) the coupling of orbital angular momentum L to spin orbital momentum S. Reproduced from ref.6.
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 14 Figure 1.4. Absorption, fluorescence and phosphorescence spectra. Reproduced from ref.4.
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 15 Figure 1.5. Heavy atom, lone-pair electron effect on ISC. Reproduced from ref.11.
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 16 Figure 1.6. Stringent conditions to get RTP. Reproduced from ref.11.

Figure 1 . 7 .

 17 Figure 1.7. Schematic illustration of the generation of lower-lying energy states for stabilization of the lowest triplet excited state (T1) to achieve long organic phosphorescence. Reproduced from ref.15.
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 1 Figure 1.8. A) Illustrating the halogen bond between carbonyl oxygen and bromine; B) Schematic illustration of the realization of phosphorescence of Br6A in crystal form. Reproduced from ref.15.

Figure 1 . 9 .

 19 Figure 1.9. Schematic representation for the polymer-based RTP. Facile and largescale approach of RTP through B─O click reaction between phosphors with boronic acid and polymer with hydroxyl groups. Reproduced from ref.16.
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 110 Figure 1.10. Architecture diagram of luminescent lanthanide complexes. Reproduced from ref.17.
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 1 Figure 1.11. Examples of heavy metal complexes exhibiting phosphorescence properties.

  Transitions involving s, p, and n electrons; -Transitions involving charge-transfer electrons; -Transitions involving d and f electrons. There are various possible transitions involving s, p, and n electrons (Figure 1.12): -from s bonding orbital to s * anti-bonding orbital. (These transitions occur only for simple bonds (C-H or C-C for example) and require a lot of energy. That is why s ® s * transitions are not visible in typical UV-Vis spectra (200 -700 nm)); -from n bonding orbitals to s * anti-bonding orbitals. (These transitions occur for molecules with one heteroatom (with lone pair electrons: N, O, S etc.) and also requires a high quantity of energy. n ® s * transitions are found between 150 and 250 nm); -from π non-bonding orbitals to π * anti-bonding orbitals. (These transitions occur only for atoms with unsaturated functions. π ® π * transitions are located in the UV-Vis domain (200 to 700 nm)); -from n non-bonding orbitals to π * anti-bonding orbitals (These transitions occur only for atoms with lone pair electrons and for unsaturated functions. n ® π * transitions usually take place in the UV-Vis domain.

Figure 1 . 12 .

 112 Figure 1.12. Different transitions between the bonding and anti-bonding electronic states when light energy is absorbed in UV-Visible Spectroscopy. (The diagram is not intended to be to scale -it just shows the relative placing of the different orbitals). Reproduced from ref.21.

  light intensities of the beams entering the absorbing medium I " -light intensities of the beams leaving the absorbing medium In many cases, for low concentration solution, the absorbance of a sample follows the Beer-Lambert Law 22 :

Figure 1 .

 1 Figure 1.13. UV-Vis absorption spectra of a carbohydrate-conjugated azaphthalocyanine complexes 8b-Glc at different concentration in DMSO. Concentration range: (A) 15 μM, (B) 10 μM, (C) 8 μM, (D) 6 μM, (E) 4μM, (F) 2μM, (G) 1μM. Inset: plot of absorbance at absorption maxima vs concentration. Reproduced from ref.23.
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 114 Figure 1.14. Schematic representation of absorption and intensity shifts. Reproduced from ref.24.
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Figure 1 . 15 .

 115 Figure 1.15. Illustration of Stokes shift. Reproduced from ref.21.
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 116 Figure 1.16. Typical exponential decay of the photoluminescence. Reproduced from ref.4.

Figure 1 . 17 .

 117 Figure 1.17. Different profiles of photoluminescence decays. Reproduced from ref.29,30.
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 1181 Figure 1.18. Structure of Pyrene.

Figure 1 .

 1 Figure 1.20. A) Structure of tetraphenylethylene-functionalized salicylaldehyde schiff-base (TPE-An-Py) fluorescent probe for detection of Cu 2+ ions. B) The X-ray crystal of complex (TPE-An-Py) with Cu 2+ , the hydrogen atom are omitted for clarity. Reproduced from ref. 42 . C) Fluorescence spectra of the fluorescence probe TPE-An-Py (1.00×10 -4 mol•L -1 , VTHF:VH2O = 4/1, Tris -HCl buffer 2.00×10 -3 mol •L -1 , pH = 7.00) interacting with different metal ions (2.00×10 -4 mol •L -1 ) (λex/λem = 415/598 nm, slit: 5/5 nm, voltage: 900 D) Photo of TPE-An-Py interacting with metal ions under a 365 nm UV lamp. Reproduced from ref.43.

Figure 1 .

 1 Figure 1.21. A) Structure of polytriazole (PI); B) The change in the relative PL intensity of PI upon addition of metal cations in a DMSO/water mixture (fw = 5%). Inset: the PL spectra of PI in the presence of different metal cations in a DMSO/water mixture (fw = 5%); C) Picture of PI when dispersed in a DMSO/ water mixture (fw = 5%) after the addition of different metal ions, irradiated with ultraviolet light at 365 nm. Reproduced from ref.43.

Figure 1 . 22 .

 122 Figure 1.22. Design and features of tetrahedron DNA-based nanosensor. A mitochondria-targeted scaffolded DNA nanoprobe was constructed by conjugating a highly specific Ca 2+ probe (CD@CaL), pH-responsive fluorescein (FITC), mitochondria-targeting molecule (TPP), and inner reference molecule (AF660) onto a tetrahedron DNA (tDNA) nanostructure via chemical bonds with each edge length of ~12 nm; A) Structure and design of tetrahedron DNA-based nanoprobe. B) Schematic illustration of the working principle of the developed DNA nanosensor for Ca 2+ and pH sensing. Reproduced from ref.44.
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 1 Figure 1.23. Schematic representation of successive reactions involved in the sensitive detection of glucose by means of glucose oxidase GOX: horseradish peroxidase HRP / CdSe / ZnS-TGA (thio-glycolic acid) QD system. Reproduced from ref.45.

Figure 1 .

 1 Figure 1.24. A) Schematic illustrations of four-layer structure of water-jet rewritable security paper. Ethyltriphenylphosphonium (etpp); poly(ethylene glycol)-block-poly(propylene glycol)-blockpoly(ethylene glycol) (PEG-PPG-PEG). B) Water-Jet Rewritable Security Printing. Photographs of sentences and patterns printed on security paper by using pure water as ink under ambient light and UV light. Reproduced from ref.46.
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 1 Figure 1.25. Overview of milestones in OLED technology; PMOLED-passive matrix OLED, AMOLED-active-matrix OLED. Reproduced from ref.51.
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 126 Figure 1.26. Basic set-up of an organic light emitting diode (OLED). The different layers are not drawn to scale. Reproduced from ref.50.

Figure 1 .

 1 Figure 1.26. shows a typical and well-established set-up of an OLED. It consists of a number of thin layers which are either solution-processed or vacuum-deposited, for example, on a transparent surface which can be glass or flexible plastic substrate. In operation, holes are injected from a transparent anode, mostly consisting of a non-stoichiometric composite of SnO2 (10-20%) and In2O3 (90-80%), called "indium tin oxide" (ITO). Adjacent to this anode layer, a hole injection (HIL) or directly a hole transport layer (HTL) is applied to allow for a wellbalanced hole transport into the active/emissive layer (EML), which is composed of the dopant diluted in a host material. An electron transport layer (ETL) follows with an electron injection layer (EIL) above and finally a metal-cathode with a suitably chosen work function, such as Ca, Al or Ba is evaporated on a top. Clearly, although electron transport from the cathode to the EML must be efficient, it is also important that the electron current is well balanced with the hole current in order to avoid ohmic losses. Such losses can be minimized by introducing a hole-blocking layer between the EML and the ETL and/or an electron blocking layer between the HTL and the EML. These additional layers (which are not shown in the diagram) prevent holes/electrons from crossing and leaving the EML without electron-hole recombination. As result, the device efficiency can be distinctly increased. However, such blockings may lead to the build-up of high charge densities at the interfaces, with unfavorable consequences for the device lifetime.
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Figure 1 .

 1 Figure 1.27 presents the schematic device structure of blue PhOLEDs : ITO/NPB (50 nm)/mCP (10 nm)/TAZ:Fipic (15% in volume) (40 nm)/DPPS (45 nm)/LiF (1.2 nm)/Al (100 nm), and energy band diagram of materials.[START_REF] Lin | Effect of Carrier-Transporting Layer on Blue Phosphorescent Organic Light-Emitting Diodes[END_REF] This device consists of a number of thin layers which are vacuum-deposited on a transparent glass. The ITO coated on the glass substrate is

Figure 1 .

 1 Figure 1.27. A) Schematic device structure of blue phosphorescent organic light-emitting diode (PHOLED) and energy band diagram of Ir(III) complex Firpic, 3-(4-biphenyl-yl)-4-phenyl-5-(4-tertbutylphenyl)-1,2,4-triazole (TAZ), diphenyl-bis[4-(54yridine-3-yl)phenyl]silane (DPPS), diphenylbis[4-(54yridine-3-yl)phenyl]silane (DPPS) and 1,3,5-tri(m-pyrid-3-yl-phenyl)benzene (TmPyPB), 1,3-Bis(N-carbazolyl)benzene (mCP), 4,4′-bis[N-1-naphthyl-N-phenyl-amino]biphenyl (NPB) and 4,4′-bis[N-1-naphthyl-N-phenyl-amino]biphenyl (NPB), 1,1-bis[(di-4-tolylamino)phenyl]cyclohexane (TAPC), used in the blue PHOLEDs; B) chemical structure of the organic compounds. Reproduced from ref.69.
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 128 Figure 1.28. Illustration of the light-emitting mechanism in an OLED. Reproduced from ref.70.
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Figure 1 .

 1 Figure 1.29. Excitons harvesting mechanism (a) Fluorescent dopants -First generation of OLEDemitter; (b) Phosphorescent dopants -second-generation OLED emitter; (c) TADF dopants -thirdgeneration OLED emitter. Non-radiative pathways are shown with dashed lines while radiative ones are shown with solid lines. Reproduced from ref.52.
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 1 Figure 1.30. Organometallic compounds based on transition metal centers(the color of the drawn complex corresponds to the color of the emission).[START_REF] Wu | Electronic Structures and Electron-Injection Mechanisms of Cesium-Carbonate-Incorporated Cathode Structures for Organic Light-Emitting Devices[END_REF][START_REF] Chen | The Roles of Thermally Evaporated Cesium Carbonate to Enhance the Electron Injection in Organic Light Emitting Devices[END_REF][START_REF] Huang | Low-Work-Function Surface Formed by Solution-Processed and Thermally Deposited Nanoscale Layers of Cesium Carbonate[END_REF][START_REF] Sessolo | Hybrid Organic-Inorganic Light-Emitting Diodes[END_REF][START_REF] Lin | Effect of Carrier-Transporting Layer on Blue Phosphorescent Organic Light-Emitting Diodes[END_REF][START_REF] Kalyani | Organic Light Emitting Diodes: Energy Saving Lighting Technology-A Review[END_REF][START_REF] Vaufrey | OLED Microdisplays: Technology and Applications[END_REF][START_REF] Baldo | Highly Efficient Phosphorescent Emission from Organic Electroluminescent Devices[END_REF][START_REF] Ma | Electroluminescence from Triplet Metal-Ligand Charge-Transfer Excited State of Transition Metal Complexes[END_REF][START_REF] Fan | Yellow/Orange Emissive Heavy-Metal Complexes as Phosphors in Monochromatic and White Organic Light-Emitting Devices[END_REF] 

  Figure 1.30. Organometallic compounds based on transition metal centers(the color of the drawn complex corresponds to the color of the emission).[START_REF] Wu | Electronic Structures and Electron-Injection Mechanisms of Cesium-Carbonate-Incorporated Cathode Structures for Organic Light-Emitting Devices[END_REF][START_REF] Chen | The Roles of Thermally Evaporated Cesium Carbonate to Enhance the Electron Injection in Organic Light Emitting Devices[END_REF][START_REF] Huang | Low-Work-Function Surface Formed by Solution-Processed and Thermally Deposited Nanoscale Layers of Cesium Carbonate[END_REF][START_REF] Sessolo | Hybrid Organic-Inorganic Light-Emitting Diodes[END_REF][START_REF] Lin | Effect of Carrier-Transporting Layer on Blue Phosphorescent Organic Light-Emitting Diodes[END_REF][START_REF] Kalyani | Organic Light Emitting Diodes: Energy Saving Lighting Technology-A Review[END_REF][START_REF] Vaufrey | OLED Microdisplays: Technology and Applications[END_REF][START_REF] Baldo | Highly Efficient Phosphorescent Emission from Organic Electroluminescent Devices[END_REF][START_REF] Ma | Electroluminescence from Triplet Metal-Ligand Charge-Transfer Excited State of Transition Metal Complexes[END_REF][START_REF] Fan | Yellow/Orange Emissive Heavy-Metal Complexes as Phosphors in Monochromatic and White Organic Light-Emitting Devices[END_REF] 

  however, none of them have shown performance data comparable to those fabricated using MLCT and/or IL 𝛑𝛑* emitting materials. Metal-centered (MC)/ d-d: electron transition between the nonbonding (dπ) and antibonding (dσ*) orbitals. These d-d transitions are Laporte-forbidden, showing low transition probability for the occurrence of both MC-based absorption and emission signals.

Figure. 1 .

 1 Figure. 1.31. Schematic energy level diagram of MOs and possible electronic transitions in a metal complex. Reproduced from ref.94.

Figure 1 . 32 .

 132 Figure 1.32. The illustration of the displacement of the potential energy surface for the d-d excited state in a square planar d8 complex, formed by population of the dx 2 -y 2 orbital, compared to the ground state. Reproduced from ref.95.

Figure 1 .

 1 Figure 1.33. Relative energy between MMLCT state. Reproduced from ref.96.

Figure 1 . 34 .

 134 Figure 1.34. Structure of Ir(III) complexes with different design of C^N ligand. The color of the drawn complex corresponds to the color of the emission.

Figure 1 .

 1 Figure 1.35. A) Qualitative energy diagram for the Ir(III)-complexes; B) Qualitative Walsh diagram illustrating the most important change in the ordering of the frontier orbitals in the two triplet states of Ir-complex. Reproduced from ref.105.

5 Figure 1 . 36 .

 5136 Figure 1.36. Chemical structures of Ir(III) complexes with different substituents on the ancillary ligand and corresponding knr values. Reproduced from ref.105.

Figure 1 .

 1 Figure 1.37. A) Identical emission spectra of Ir(III) complexes doped in mixed host; B) Maximum EQE normalized by horizontal transition dipole moment according to the PL quantum yield. Reproduced from ref.105.

Figure 1 . 38 .

 138 Figure 1.38. Effect of ligand design on photophysical properties. Reproduced from ref.106.

  2007, Williams and co-workers reported the OLED device using PtL 3 Cl as emitting dopant (EQE = 10%; λ EL = 510 nm).108 In 2015, the tridentate cyclometalated Pt(II) complexes have been developed with conjugated aryl-substituted diphenylpyridines and showed the highest EQE of 22.8%; λ EL = 521 nm among mononuclear green emitters known in the literature.[START_REF] Chow | Luminescent Pincer Platinum(II) Complexes with Emission Quantum Yields up to Almost Unity: Photophysics, Photoreductive C≡C Bond Formation, and Materials Applications[END_REF] 

Figure 1 . 39 .

 139 Figure 1.39. Examples of emitters for second generation of green OLED. Reproduced from ref.50.

Figure 1 . 40 .

 140 Figure 1.40. Examples of emitters for second generation of red OLED. Reproduced from ref.50.

Figure 1 .

 1 Figure 1.41. Examples of emitters for second generation of blue OLED. Reproduced from ref.50.

Figure 2 . 1 .

 21 Figure 2.1. Splitting of d-orbital energy levels in ligand fields of different symmetries. Reproduced from ref.95.
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Figure 2 . 2 .

 22 Figure 2.2. A) Monodentate trans-PtBr(PEt3)2(BODIPY) complex 114 B) its analogues trans-PtX(PEt3)2(BODIPY). 115

Figure 2 . 3 .

 23 Figure 2.3. Monodentate NPtPE1complex.

Figure 2 . 4 .

 24 Figure 2.4. Schematic illustration of the influence of cyclometallation on the energies of MLCT and MC states. Reproduced from ref.119.

Figure 2 . 5 .

 25 Figure 2.5. The relationship among the Huang-Rhys factor SM and the structural distortion of the T1 state and S0 state as well as the emission spectrum. Reproduced from ref.122.

Figure 2 . 6 .

 26 Figure 2.6. Types of cyclometalated platinum(II) complexes. X, Y, Z, L = structural units containing a donating atom, with at least one being the carbon donor in the cyclometalating ligand. Reproduced from ref.90.

Figure 2 . 7 .

 27 Figure 2.7. Structure of pyridine and its ligation to metal. Reproduced from ref.125.

Figure 2 . 8 .

 28 Figure 2.8. Bonding picture of pyridine. Reproduced from ref.125.

  .9). For example, [Pt(bpy)(en)] 2+ , [Pt(bpy)(Cl)2] and [Pt(3,3 ' -(CO2Me)2bpy)(Cl)2] complexes with similar chemical structures have different nature of the excited states. The large stabilization of 3 MLCT and ligand field triplet excited state ( 3 LF states correspond to transitions between metal centered orbitals, and due to their low extinction coefficients, they are accessed indirectly from MLCT states, rather than directly via light absorption) 131 for [Pt(bpy)(Cl)2] can be attributed to the strongly σ-donating character of the chloride ligands. Furthermore, the strong-CO2Me electron-withdrawing substituents on the bipyridine ligand of [Pt(3,3 ' -(CO2Me)2bpy)(Cl)2]

Figure 2 . 9 .

 29 Figure 2.9. Estimation of the energies of lowest excited states of three Pt(II) bpy complexes. Reproduced from ref.131.

Figure 2 . 10 .

 210 Figure 2.10. Structure of unsymmetric N^N Pt(II) alkynyl complex.
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Figure 2 .

 2 Figure 2.11. Structure of cyclometalated bidentate phenylpyridine C^N Pt(II) complexes and their photophysical results in cyclohexane at RT.

  2.13

Figure 2 .

 2 Figure 2.12. Top -The structure of cyclometalated bidentate imidazole-pyridine C^N Pt(II) complexes and middle -stacking structures. Reproduced from ref.135. bottom -photophysical results in crystalline powders at RT.

Figure 2 . 13 .

 213 Figure 2.13. Emission spectra of Pt-Me (red), Pt-Et (orange), Pt-i Pr (green), and. Pt-t Bu (blue) in the solid state at RT with pictures of crystalline powders under UV light. Reproduced from ref.135.

Figure 2 .

 2 Figure 2.15. A) Structures of the bidentate phenylpyridine C^N complexes with different halogen atom; B) halogen effect on emission properties in the solid state at RT. Reproduced from ref.138.

Figure 2 .

 2 Figure 2.16. Structure of the phenylpyridine bidentate Pt(II) complexes with different alkynyl ligands and their photophysical results in PMMA film doped with ≈1.0 wt% Pt(II) complex compared to Pt(II) monochloride at RT, OLED performance.

  ). The bidentate imidazolepyridine C^N Pt(II) complexes show high PLQY (12 -58%) with precise tunability of emission energies by changing the acetylide ligand and concentration of the complexes in PMMA films. Monomer or excimer emission have large visible-range λ &'( = 460 -590 nm(Figure 2.20). These properties make these complexes suitable for fabrication of OLEDs.

Figure 2 .

 2 Figure 2.17. A) The structure of cyclometalated bidentate imidazole-pyridine C^N Pt(II) complexes. B) Chromaticity diagram (CIE-1931) of Pt(II) complexes with different ancillary ligands at different concentrations in PMMA film at RT. a = 1 wt %, b = 3 wt %, c = 10 wt %, d = 15 wt %, e = 20 wt %, f = 50 wt %, g = 80 wt %. Reproduced form ref.141.

Ø

  Dependent on Pt(II) chelation (Figure 2.18): o C^N denote the most commonly occurring five-membered chelation to the platinum; o C*N denote a six-membered chelation and other less common sizes of the chelation rings

Figure 2 . 18 .

 218 Figure 2.18. Different chelation of tridentate ligands around Pt(II) metal center. Reproduced from ref.90.

Figure 2 . 19 .

 219 Figure 2.19. Tridentate cyclometalated complexes depend on the combination of Nitrogen and Carbon atoms around Pt(II) center.

Figure 2 .

 2 Figure 2.22. Structure of [Pt(tpy)Cl] + .

  3 d-d excited states, which provide easy deactivation pathways via molecular distortion. The energy of emission in solid state of these complexes depends on the nature of the counter-anions and condition of crystallization PF6 -(630 nm); CF3SO3 -(640 nm); Cl -(650 nm) and ClO4 -(645/725 nm) due to different Pt(II)•••Pt(II) and π-π interactions. In 2011 De Cola and co-workers synthesized a series of neutral platinum N^N^N complexes by using a pyridine as the ancillary ligand (Figure 2.23). 149 Replacement of the chloride ligand in [Pt(tpy)Cl] + by other stronger-field ligands, leads to a dramatic increase of PLQY.

  OLED: structure: ITO / 40 nm of Li224 (4,4 ' -bis(dihydrodibenzazepin1yl)biphenyl) / 30 nm of mCP (1,3-bis(9H-carbazol-9-yl)benzene) + 6% Ada -C5H11 / 10 nm of ZrQ4(zirconium tetrakis(8-hydroxyquinolinolate)/60 nm of VK953(2,9-substituted anthracene) / 1 nm of LiF / 150 nm of Al.

Figure 2 .

 2 Figure 2.24. A) a photo of OLED based on the Ada -C5H11 complex. Reproduced from ref.149; B) OLED performance of Ada -C5H11 complex.

  Figure 2.25. Therefore, based on these theoretical results, complexes based on cyclometalating C^N^N and N^C^N ligands are more effective than those based on N^N^N ligands.

Figure 2 .

 2 Figure 2.25. Simplified schematic energy level diagram. Reproduced from ref.150.

1 Figure 2 . 26 .

 1226 Figure 2.26. Structure of tridentate cyclometalated (C^N^N) Pt(II) complexes and their photophysical properties in СH2Cl2 at RT.

Figure 2 . 27 .

 227 Figure 2.27. Structure of tridentate cyclometalated (C^N^N) Pt(II) complexes with different substituents on the pyridine ring and their photophysical properties in СH2Cl2 (C=10 -5 M) at RT.

Figure 2 .

 2 Figure 2.28. Structure of cyclometalated C^N^N tridentate Pt(II)complexes 1-2 (a-g) designed by Zhang and co-workers. Reproduced from ref.153.

Figure 2 . 29 .

 229 Figure 2.29. Pentafluorophenylacetylide tridentate cyclometalated (C^N^N) Pt(II)complexes and their photophysical properties in СH2Cl2 (C=10 -5 M) at RT.

Figure 2 .Pt

 2 Figure 2.30. Structure of tridentate cyclometalated C^N^N Pt(II) monochloride and alkynyl complexes and their photophysical results in СH2Cl2 (C=10 -5 M) at RT.

Figure 2 .

 2 Figure 2.31. Structure of phenylbipyridine C^N^N Platinum(II) complexes and effect of different substituents on the alkynyl ligand on the emission maximum in CH2Cl2 (C=10 -5 M) at RT.

Figure 2 . 32 .

 232 Figure 2.32. Tridentate cyclometalated C^N^N Pt(II) complexes and their emission maximums in CH2Cl2 (C=10 -5 M) at RT. Reproduced from ref.154.

Figure 2 . 33 .

 233 Figure 2.33. Structure of Pt-4, Pt-1 and Pt-9 complexes and their photophysical data in CH2Cl2 (C=10 -5 M) at RT. Reproduced from ref.156.

Figure 2 . 34 .

 234 Figure 2.34. Structure and photophysical data of Pt-4 and Pt-5 complexes in CH2Cl2 (C=10 -5 M) at RT.

Figure 2 . 35 .

 235 Figure 2.35. Structure of tridentate N^C^N monochloride and alkynyl complexes and their photophysical properties in CH2Cl2 (C=10 -5 M) at RT.

Figure 2 . 36 .

 236 Figure 2.36. Structure of tridentate N^C^N alkynyl complexes and their photophysical properties in CH2Cl2 (C=10 -5 M) at RT.

  square-planar Pt(II) complexes are able to aggregate under the effect of two types of non-covalent intermolecular interactions, namely Pt(II)•••Pt(II) ( < 3.4 Å)and π-π stacking (<4.96 Å) interactions. 162 Thus, these complexes display different luminescent properties in the solid state or concentrated solution compared to those observed in diluted solution. The introduction of alkynyl units enhances the propensity of such interactions. Chen and co-workers have designed a series of N^C^N Pt(II) complexes with different acetylide ancillary ligands whose emission properties in solid states are dramatically sensible to the nature of substituents because of formation of the new MMLCT states (Figure 2.37). 162 When R 1 is an electron withdrawing group -CF3, the complexes 1-6 have various colors in solid state (in solution -the same yellow) from green to orange, depending on the substituent R 2 on the aryl-acetylide ligand. So, depending on the substituents and respective type of Pt(II)•••Pt(II), ππ, and C-H•••π (C≡C) interactions between pincer complexes, different colors are observed the solid state (Table2.2).

Figure 2 . 37 .

 237 Figure 2.37. Chemical structures and solid-state colors of complexes 1-8. Reproduced from ref.162.

Figure 2 .

 2 Figure 2.38. A) Structure of tridentate PtL 26 Cl complex; B) Electroluminescence spectra for OLEDs with emitters of varying concentrations of PtL 26 Cl; C) CIE diagram showing (x, y) color-coordinates for OLEDs with emitters of varying concentrations of PtL 26 Cl. Reproduced from ref.165.

Figure 2 . 39 .

 239 Figure 2.39. The isomers of the diazines. Reproduced from ref.174.

Figure 2 . 40 .

 240 Figure 2.40. Structure of pyrimidine.

Figure 2 . 41 .

 241 Figure 2.41. The calculated HOMO and LUMO energy levels of six-membered aryl cycles of benzene, pyridine and pyrimidine Gaussian03W, B3LYP, 6-31+G(d,p)). Reproduced from ref.185.

Figure 2 . 42 .

 242 Figure 2.42. Molecular structure and photophysical properties of (bpy)PtX (in degassed CH2CN at RT) and (bpym)PtX (in presence of O2 in CH2Cl2 at RT).

Figure 2 . 43 .

 243 Figure 2.43. Structures of Pt-Py and Pt-Pm and their photophysical properties in CH2Cl2 at RT.

Figure 2 .

 2 Figure 2.44. Structure of t-Bu Pt(N^C^N) and photoluminescence spectra of in solution-processed film: 5% load in PVK (black continuous line); 20% load in PVK (red dashed line); pristine prepared from solution (blue dashed line). The excimer PL spectra in solution (green continuous line) are displayed again here for comparison. Reproduced from the ref.188.

Figure 2 . 46 .

 246 Figure 2.46. Structure of mono-and binuclear Pt(II) complexes and their photophysical properties in CH2Cl2 at RT.

Figure 2 . 47 .

 247 Figure 2.47. Structures of bidentate Platinum (II) complexes based on phenylpyridine Pt-PhenPy and phenylquinazoline (Pt-PhenQuinazol) ligands. Photophysical results were measured in CH2Cl2 at RT.

  .1). Moreover, our research group already has an extensive experience in constructing polyazaheterocyclic ligands based on the pyrimidine core.192 It is, to the best of our knowledge, the first C^N^N series of Pt(II) complexes with a central pyrimidine ring known in the literature. The four new chloro-platinum complexes were designed by introducing a phenyl (or tBu phenyl) and a pyridine substituents into the different positions (2 and 4) around the central pyrimidine ring. These chloro-platinum(II) complexes are used as precursors for the preparation of the six new alkynyl-complexes with various terminal groups on alkynyl ligand (nitrile, aldehyde, methoxy and dimethylamino). With regards to C^N^N Pt(II) complexes based on 6-phenyl-2,2'-bipyridine ligand, the stronger electron-withdrawing character of the pyrimidine should sensibly modify the properties of our target compounds even if it is relatively difficult to anticipate the effect in advance. The possibility to switch the position of phenyl and pyridin-2-yl fragments on the pyrimidine core offer another possibility to tune the photophysical properties of these complexes.

Figure 3 . 1 .

 31 Figure 3.1. Chemical structures of cyclometalated chloro-and alkynyl-platinum(II) complexes bearing various tridentate C^N^N-cyclometalating and ancillary ligands.
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Scheme 3 . 1 .

 31 Scheme 3.1. Synthesis of the C^N^N ligands 2, 3, 6 and 7.

Figure 3 . 2 .

 32 shows the NMR spectra of the alkynyl-platinum(II) complex 11. Three main significant signals of the following groups can be easily identified on the spectrum: methoxy (singlet at d: 3.84 ppm), methyl (singlet at d: 2.58 ppm) and tBu (singlet atd: 1.40 ppm), which indicate the presence of each part of complex 11. Moreover, it is easy to recognize four protons of the alkynyl ligand; their two doublets are indicated by blue and green stars (d ~ 6.86 ppm) and (d ~ 7.48 ppm) respectively. Finally, the last easily recognizable signal, but at the same time it is the most important one -deshielded Ha proton (d ~ 9.05 ppm) of the pyridine ring. Insert picture in Figure 3.2 displays 195 Pt satellites of this Ha proton H-C=N signal with coupling constant ( 3 JPt-H = 22.2 Hz). This distinct signal indicates the formation of platinum complex.

Figure 3

 3 Figure 3.2.

1 H

 1 NMR spectrum (300 MHz, CDCl 3 ) of complex 11. Insert: picture of195 Pt satellites of the H-C=N signal of complex.118

Figure 3 . 3 .

 33 Figure 3.3. CVs at a Pt electrode of complexes 8 and 14 (A) (negative scanning), complexes 12 and 17 (B) (positive scanning) in CH2Cl2/NBu4PF6 0.1 M (v = 0.1 V s -1 , C = 0.5 mM). The arrow indicates the initial sweeping direction.

Figure 3 . 4 .

 34 Figure 3.4. CVs at a Pt electrode of complexes 9 (A), 10 (B), 11 (C), 13 (D), 15 (E), and 16 (F) upon positive scanning in CH 2 Cl 2 /NBu 4 PF 6 0.1 M (v = 0.1 V s -1 , C = 0.5 mM). The arrow indicates the initial sweeping direction.

Figure 3 . 5 .

 35 Figure 3.5. Absorption spectra in CH2Cl2 of chloro-platinum complexes (8, 9, 14 and 15) (C ≈ 10 -5 M) at RT.

Figure 3 . 6 . 2 .a

 362 Figure 3.6. Absorption spectra in CH2Cl2 of alkynyl-platinum complexes (10, 11, 12, 16 and 17) (C ≈ 10 -5 M) ar RT.

Figure 3 . 7 .

 37 Figure 3.7. Emission spectra in degassed dichloromethane at 298 Kof chloro-platinum complexes 8, 9, 14 and 15 (C ≈ 10 -5 M; lex = 420 nm).

Figure 3 . 8 .

 38 Figure 3.8. Emission spectra in degassed dichloromethane at 298 K of alkynyl-platinum complexes 10-12, 16 and 17 (C ≈ 10 -5 M; lex = 420 nm).

  Figure 3.9 shows the luminescence spectra of complexes 8-12 and complexes 14-17 recorded in EPA mixture (diethyl ether/isopentane/ethanol 2/2/1, λ ex = 420 nm) at 77 K. All the latter complexes display highly structured emission profile with vibrational spacing from around 1280 to 1380 cm -1 higher than those reported for related 6-phenyl-2,2′-bipyridine platinum (II) complexes.154 The 0-0 emission bands of the chloro-platinum complexes are distributed according the electron richness of the ligand, starting with the complexes from the 2-pyridyl series(14 < 15) then the two of the 4-pyridyl series(8 < 9).One can notice that unlike room-temperature emission, the inductive effect of the tBu groups induces a slight bathochromic shift on the emission energy. Within the alkynyl-platinum series, the nature of the cyclometalating ligand impacts the emissive energy level with lower λmax for the 2-pyridyl series, complexes 16 and 17, than for the 4-pyridyl analogues complexes 11 and 12. Also, the electron-richness of the aryl alkyne ligand induces drastic shifts of the emission energy, i.e.; within the 2-pyridyl series 16 and 17 that bear benzonitrile and anisole groups respectively show a Δλmax of 41 nm (from λmax = 526-567 nm), and for the 4-pyridyl series 10/12 (benzonitrile group: λmax = 548/545 nm) versus 11 (anisole group λmax = 589 nm) a Δλmax of 43 nm is observed. Regarding the emission lifetimes of the chloro-platinum complexes, the 2-pyridyl series shows luminescence decays similar to that of 6-phenyl-2,2 ′bipyridine analogues with about 7-8 μs, while the 4-pyridyl complexes exhibit twice the decay time with around 15-18 μs. Similar trends of longer emission life-time are observed in the alkynyl-platinum complexes series with 40% increased decays for the 4-pyridyl complexes.

Figure 3 . 9 .

 39 Figure 3.9. Emission spectra in EPA glass at 77K of complexes 8-12 and 14-17, λ ex = 420 nm.

Figure 3 .

 3 Figure 3.12. Kohn-Sham MO diagrans of complexes 8, 9, 14 and 15.

Figure 3 .

 3 Figure 3.13. Kohn-Sham MO diagrans of complexes 10-13, 16 and 17.

Figure 3 . 14 .

 314 Figure 3.14. Frontier orbitals of complexes 8, 9, 14 and 15. The numbers in blue represent the localization (in %) on molecular fragments in the order Pt/N^N^C ligand/Cl.

Figure 3 .

 3 Figure 3.15 Frontier orbitals of complexes 10-13, 16 and 17. The numbers in blue represent the localization (in %) on molecular fragments in the order Pt/N^N^C ligand/Phenyl alkynyl ligand.

Figure 3 . 16 .

 316 Figure 3.16. Correlation between EA and E1/2(1) A) and between IE and Epa(2) B) Values taken from Table 3.1.

Figure 3 . 17 .

 317 Figure 3.17. Correlation between E(LUMO) and E1/2(1).

Figure 3 .

 3 Figure 3.18. TD-DFT-simulated UV-Vis absorption spectra of chloro-platinum complexes (8, 9, 14 and 15) and alkynyl-platinum complexes (10-12,16 and 17).

  The position of phenyl and pyridin-2yl fragments around the central pyrimidine ring effects on the photophysical and electrochemical properties. Complexes with pyridine ring in the position 4 have additional lower-lying absorption bands around 550 nm. The emission of the 2-pyridyl series of chloro-and alkynyl-platinum complexes is blue-shifted and more intense than that of the 4-pyridyl series (Figure3.19). Complexes with electron-poorer 4-pyridin-2ylpyrimidine ligand display a more positive reduction of 150-170 mV than that of the 2-pyridyl series(Figure 3.20).

Figure 3 . 19 .

 319 Figure 3.19. Emission of complexes 8 (l = 608 nm) and 14 (l = 582 nm) in CH2Cl2 (C= 10 -5 ) at RT.

Figure 3 . 20 .

 320 Figure 3.20. CVs at a Pt electrode of complexes 8 and 14 in CH2Cl2/NBu4PF6 0.1 M (v = 0.1 V s -1 , C = 0.5 mM). The arrow indicates the initial sweeping direction.

Figure 3 . 21 .

 321 Figure 3.21. Formation of excimer emission by complex 8 (l = 711 nm)and monomer emission of 9 (l = 625 nm) in solid state.

Figure 3 . 22 .

 322 Figure 3.22. Emission of complex 17 (l = 582 nm) and 16 (l = 609 nm) in CH2Cl2 (C= 10 -5 ) at RT.

Figure 4 . 1 .

 41 Figure 4.1. Structure of the tridentate cyclometalated N^C^N platinum(II) complexes and its emission in the solid state depends on the type of the intermolecular interaction. Reproduced from ref.187.

Figure 4 . 2 .

 42 Figure 4.2. Chemical structures of cyclometalated chloro-and alkynyl-platinum(II) complexes bearing various tridentate N^C^N-cyclometalating and ancillary ligands.

  1). In a first step, the arylboronate ester derivatives 18-20 were produced by Pd-catalyzed Miyaura borylation cross-coupling reaction of 1,3-dibromobenzene derivatives with bis(pinacolato)diboron in the presence of PdCl2(dppf) and potassium acetate in DMF at 90 °C in moderate yield. In the second step, the arylboronate ester derivatives 18-20 were converted into the corresponding ligands 21-23 under Pd-catalyzed Suzuki-Miyaura cross-coupling reaction in presence of the 2-chloropyrimidine, Pd(PPh3)4 and K2CO3 (aq) under reflux of toluene in moderate to good yields. The structures of tridentate cyclometalating ligands 21-23 were confirmed by NMR ( 1 H and 13 C) and HRMS.

Scheme 4 . 1 .

 41 Scheme 4.1. Synthesis of the cyclometalating N^C^N ligands 21-23.

Scheme 4 . 2 .

 42 Scheme 4.2. Synthesis of the N^C^N cyclometalated chloro-platinum(II) complexes 24-25 and alkynyl-platinum(II) complexes 27-37.

Figure 4 . 3 .

 43 The anchor signal of the methoxy group is located at d = 3.92 ppm. The easily visible doublet marked with a pink star at d ~ 7.4 ppm corresponds to two protons of the phenyl ring of the alkynyl ligand. The previously discussed deshielded Ha of pyrimidine rings with 195 Pt satellites of the H-C=N are observed at d ~ 9.5 ppm, 3 J( 195 Pt-1 H) = 49.7 Hz. Next to the deshielded Ha there is the signal d ~ 8.9 ppm appearing as doublet of doublets, which corresponds to the two protons of pyrimidine rings marked with red stars. The singlet at d = 7.55 ppm corresponds to two protons of the phenyl ring of the cyclometalating tridentate ligand.

Figure 4

 4 Figure 4.3.
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Figure 4 . 4 .

 44 Figure 4.4. ORTEP drawings of complexes A) 30 and B) 31.Thermal ellipsoids are set at 50% probability level.

Figure 4 . 5 .

 45 Figure 4.5. ORTEP drawings of the crystal packing structure in dimeric form: (A) complex 30 showing the staggered configuration, (B) complex 31 showing the head-to-tail configuration. Thermal ellipsoids are set at 50% probability level. Hydrogen atoms have been omitted for clarity.

Figure 4 . 6 .

 46 Figure 4.6. Cyclic voltammetry (CV) at a Pt working electrode (E/V vs.Fc + / Fc) of A) chloro-platinum complexes 24, 25 and 26 (v = 0.1 V s -1 ) and B) alkynyl-platinum complexes 27, 30 and 35 in CH2Cl2/NBu4PF6 0.1 M under inert atmosphere C = 0.5 mM. Inset A): CV of complex 24 at v = 5 Vs -1 .

Figure 4 . 7 .

 47 Figure 4.7. Cyclic voltammograms at a Pt working electrode (E / V vs. Fc + /Fc) of A) complexes 28 (orange) and 29 (brown); B) complexes 31 (purple), 32 (light green), 33 (pink) and 34 (olive); C) complexes 36 (gray) and 37 (cyan), in CH2Cl2/NBu4PF6 0.1 M under inert atmosphere. C = 0.5 mM.

Figure 4 . 8 .

 48 Figure 4.8. Absorption spectra of chloro-platinum complexes 24-26 in CH2Cl2 (C ~ 10 -5 M).

Figure 4 . 9 .

 49 Figure 4.9. Absorption spectra of alkynyl-platinum complexes 30-34 in CH2Cl2 (C ~ 10 -5 M).

Figure 4 . 10 .

 410 Figure 4.10. Absorption spectra of alkynyl-platinum complexes A) 27-29 and B) 35-37 in CH2Cl2 (C ~ 10 -5 M).

Figure 4 . 11 .

 411 Figure 4.11. Normalized emission spectra of chloro-platinum complexes 24-26 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l=365 nm).

Figure 4 . 12 .

 412 Figure 4.12. Normalized emission spectra of alknyl-platinum complexes 30-34 in degassed CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l=365 nm).

Figure 4 . 13 .

 413 Figure 4.13. Normalized emission spectra of complexes 27-29 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l=365 nm).

Figure 4 . 14 .

 414 Figure 4.14. Normalized emission spectra of complexes 35-37 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l=365 nm).

  & 4.18 A-C).

Figure 4 . 15 .

 415 Figure 4.15. Normalized emission spectra of complexes 24, and 27-29 in KBr matrix (2 wt%). lexc = l abs max of the lowest energy band in CH2Cl2 solution. Inset: picture of complexes in KBr matrix (2w%) taken under UV irradiation (l=365 nm).

Figure 4 . 16 .

 416 Figure 4.16. Normalized emission spectra of complexes 25, and 30-34 in KBr matrix (2 wt%). lexc = l abs max of the lowest energy band in CH2Cl2 solution.

Figure 4 .

 4 Figure 4.17. Photophysical Data for Complex 25 A) Absorption spectra at different concentration in CH2Cl2 solution; B)excitation spectra at different concentration in CH2Cl2 solution; C)Absorption at l = 456 nm as a function of the concentration; D)emission spectra at different concentration in degassed CH2Cl2 solution, lexc = l abs max of the lowest energy band.

Figure 4 .

 4 Figure 4.18. Photophysical Data for Complex 31 A) Absorption spectra at different concentration in CH2Cl2 solution; B) excitation spectra at different concentration in CH2Cl2 solution; C) Absorption at l = 448 nm as a function of the concentration; D)emission spectra at different concentration in deoxygenated CH2Cl2 solution, lexc = l abs max of the lowest energy band.

Figure 4 .

 4 Figure 4.19. DFT-optimized structures of complexes 24-37.

Figure 4 .

 4 Figure 4.24. DFT-optimized structures of the lowest triplet stated of complexes 24-37.

  Chloro-platinum complexes 24-26 using different substituents (-CF3, -H and -OCH3) on the central phenyl ring (R 1 ) of the tridentate ligand (Figure 4.25) can tune the HOMO-LUMO (energy) gap (Figure 4.26). The lowest energy absorption bands of complexes 24-26, which is attributed to the ILCT/MLCT, vary depending on the R 1 : 26-CF3 (lmax abs = 404 nm), 24-H (lmax = 410 nm) and 25-OCH3 (lmax abs = 448 nm). Accordingly, changing from the EDG to the EWG, a hypsochromic shift of emission is observed: 25-OCH3(lmax = 561 nm), 24-H (lmax = 485 nm) and 26-CF3 (lmax = 476 nm). This influence is also clearly observed in the electrochemical gap on the CV: 26-CF3 (DEg CV = 2.60 V), 24-H (DEg CV = 2.64 V) and 25-OCH3 (DEg CV = 2.66 V).

Figure 4 . 25 .

 425 Figure 4.25. Tridentate cyclometalated N^C^N chloro-platinum(II) complexes with different substituted (R 1 ) on the central-phenyl ring.

Figure 4 .

 4 Figure 4.26. A) Absorption spectra of complexes 26 (l = 404 nm), 24 (l = 410 nm) and 25 (l = 448 nm) and B) their emission 26 (l = 476 nm), 24 (l = 485 nm) and 25 (l = 561 nm) in CH2Cl2 (C= 10 -5 ) at RT. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l=365 nm).

3 `Figure 4 . 27 .

 3427 Figure 4.27. Normalized emission spectra of complexes 30-34 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l=365 nm).

Figure 4 . 28 .

 428 Figure 4.28. Structure of the complex 31 and picture of complex in degassed CH2Cl2 solution and in KBr matrix (2 w%) taken under UV irradiation (l=365 nm).

Figure 4 . 29 .

 429 Figure 4.29. Picture of complexes 24, and 27-29 in KBr matrix (2 wt%) taken under UV irradiation (l=365 nm).

Figure 5 . 1 .

 51 Figure 5.1. Structure of the Pt-Pi complex and its OLEDs performance.

  : ITO/PEDOT: PSS (45 nm)/8 wt% Pt-Pi: CBP (40 nm) / TPBi (45 nm) / LiF : Al (1 : 100 nm).

Figure 5 . 2 .

 52 Figure 5.2. Structure of bidentate phenyl-pyrimidine Pt(II) complexes and a picture of powder of the complexes under UV irradiation (l=365 nm). Reproduced from the ref.211.

Figure 5 . 3 .

 53 Figure 5.3. Chemical structures of cyclometalated chloro-platinum(II) complexes bearing various bidentate C^N-cyclometalating and ancillary ligands.

Scheme 5 . 5 .

 55 Scheme 5.5. Unsuccessful synthesis of C^N cyclometalated chloro-platinum(II) complexes from phenylquinoxaline.

Figure 5 . 4 .

 54 The anchor signal of the methoxy group is located at d = 3.72 ppm. The good visible doublet marked with a red star at d ~ 9.3 ppm corresponds to a Ha proton of pyrimidine ring with195 Pt satellites of the H-C=N, 3 J( 195 Pt-1 H) = 33.4 Hz. Next to the deshielded Ha there is the signal d ~ 9.0 ppm doublet, which is correspond to the two protons of pyridine ring marked with blue stars with195 Pt satellites of the H-C=N, 3 J( 195 Pt-1 H) = 41.7 Hz.

Figure 5

 5 Figure 5.4.

1 H

 1 NMR spectrum (300 MHz, CDCl 3 ) 195 Pt satellites of the H-C=N signals of complex 58.

  in crystals of 58 and 63 are 5,144 Å, 5,815 Å respectively, indicating the absence of metal-metal interactions. However, the dimers have slight overlap between adjacent [Pt(C^N)] moieties with a vertical plane-to-plane separation (dp-p) of ~3,40 Å for 58 and ~3,51 Å for 63, indicative of moderate p-p -interactions for these two complexes. Notably, molecules of complex 65 pack as head-to-tail dimers in the crystal packing with one co-crystallized ethyl acetate solvent molecule between two Pt complexes. No significant Pt … Pt interactions are present, with the closest Pt-Pt distance being 10,051 Å and the absence of direct overlap between adjacent complexes indicates negligible p-p-interactions.

Figure 5 . 5 .

 55 Figure 5.5. ORTEP representation of complexes 58, 63 and 65 with 50% ellipsoid probability.All co-crystallized solvent molecules have been omitted for clarity.

Figure 5 . 6 .

 56 Figure 5.6. ORTEP representations of the crystal packing structure in dimeric form: complex 58 (left) and 63 (right) showing the head-to-tail configuration. Thermal ellipsoids are set at 50% probability level. Hydrogen atoms and all co-crystallized solvent molecules have been omitted for clarity.
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Figure 5 . 7 .

 57 Figure 5.7. Cyclic voltammograms of complexes 52 (yellow), 68 (orange) and 73 (red) at a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M (E / V vs. Fc + /Fc, v = 0.1 V s -1 ). (Concentration in complex: 0.5 mM). The arrow indicates the scanning direction from the initial potential.

Figure 5 . 8 .

 58 Figure 5.8. Cyclic voltammograms of complexes 57 and 62 at a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M (E / V vs. Fc + /Fc, v = 0.1 V s -1 , C =0.5 mM). The arrow indicates the scanning direction from the initial potential.

Figure 5 . 9 .

 59 Figure 5.9. Absorption spectra of phenyl-pyridine based chloro-platinum complexes 52, 57, 63 and 65 in CH2Cl2 (C ~ 10 -5 M).

Figure 5 . 10 .

 510 Figure 5.10. Absorption spectra of diphenylamino-phenyl-pyrimidine chloro-platinum complexes with different substituents on the main and ancillary ligands 57 -62 in CH2Cl2 (C ~ 10 -5 M).

Figure 5 .

 5 Figure 5.11. Absorption spectra of methoxy-phenyl -(pyrimidine/-pyrazine/-quinazoline) based chloro-platinum complexes 52, 68 and 73 in CH2Cl2 (C ~ 10 -5 M).

Figure 5 . 12 .

 512 Figure 5.12. Normalized emission spectra of complexes 52, 57, 63 and 65 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation irradiation (l=365 nm).

Figure 5 . 13 .Figure 5 . 14 .

 513514 Figure 5.13. Normalized emission spectra of complexes methoxy-series 52 -56 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band.

Figure 5 . 15 .202

 515 Figure 5.15. Normalized emission spectra of complexes 71, 72 and 68 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution taken under UV irradiation (l = 365 nm).

Figure 5 . 16 .

 516 Figure 5.16. Normalized emission spectra of complexes 52, 57, 63 and 65 in KBr matrix (2 w%). lexc = l abs max of the lowest energy band in CH2Cl2 solution. Inset: picture of complexes in KBr matrix (2 w%) taken under UV irradiation (l = 365 nm).

Figure 5 . 17 .Figure 5 . 18 .

 517518 Figure 5.17. Normalized emission spectra of complexes 53, 69 and 74 in KBr matrix (2 w%). lexc = l abs max of the lowest energy band in CH2Cl2 solution. Inset: picture of KBr pellets taken under UV irradiation (l = 365 nm).

Figure 5 . 19 .

 519 Figure 5.19. Normalized emission spectra of complexes 52 and 53 in KBr matrix (2 w%). lexc = l abs max of the lowest energy band in CH2Cl2 solution. Inset: picture of complexes in KBr matrix (2 w%) taken under UV irradiation (l = 365 nm).

  In this study, a series of new cyclometalated chloro-and alkynyl-platnium complexes with bidentate C^N ligands derived from phenyldiazine were synthesized and studied(Figure 5.20).

Figure 5 . 20 .

 520 Figure 5.20. General structure of cyclometalated chloro-platinum(II) complexes bearing various bidentate C^N-cyclometalated and ancillary ligands.

Figure 5 . 21 .

 521 Figure 5.21. Normalized emission spectra of complexes 52, 57, 63 and 65 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M) and in solid state (KBr matrix 2 w%). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution and of KBr matrix (2w%) taken under UV irradiation (l = 365 nm).

Figure 5 . 22 .

 522 Figure 5.22. Normalized emission spectra of complexes 52, 68 and 73 in deoxygenated CH2Cl2 solution (C ~ 10 -5 M) and 53, 69 and 74 in solid state (KBr matrix 2 w%). lexc = l abs max of the lowest energy band. Inset: picture of complexes in degassed CH2Cl2 solution and in KBr matrix (2w%) taken under UV irradiation (l = 365 nm).

Figure 5 . 23 .

 523 Figure 5.23. Structure of complexes 52 and 53. Inset: picture of complexes in KBr matrix (2w%) taken under UV irradiation (l = 365 nm).

Figure 1 .

 1 Figure 1. Emission of complexes 17 (l = 582 nm) and 16 (l = 609 nm) in degassed CH2Cl2 (C ~ 10 -5 M) at RT. Inset: picture of complexes in degassed CH2Cl2 solution at RT taken under UV irradiation (l = 365 nm).

Figure 2 .

 2 Figure 2. Structure of complex 31. Inset: picture of complex in degassed CH2Cl2 solution at RT and in KBr matrix (2 w%) taken under UV irradiation (l = 365 nm).

Figure 3 .

 3 Figure 3. Picture of various bidentate C^N Pt(II) complexes in degassed CH2Cl2 solution and in KBr matrix (2 w%) taken under UV irradiation (l = 365 nm).

Figure 4 .

 4 Figure 4. Structure of complex 53. Inset: picture of complex in KBr matrix (2 w%) taken under UV irradiation (l = 365 nm).
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Figure 5 .

 5 Figure 5. Structure of binuclear Pt(II) complexes based on the pyrimidine ligand.

Figure 6 .

 6 Figure 6. Structure of binuclear Pt(II) complexes based on the pyrimidine ligand with dimesitylboryl group as a substituent.

  5 th International Caparica Conference on Chromogenic and Emissive Materials 2022, Portugal. Poster: Tunning the Luminescence properties of Cyclometalated Platinum(II) complexes Presentation 2. 01-02.02.2023 -PhotOnline 2023, SP2P Web-conference. Presentation: Tunable Phosphorescence via the structure design of Cyclometalated Pt(II) complexes. 3. 14.10.2022 -Recherche & Innovation, Côtes d'Armor, Saint-Brieuc. Presentation: Ma these en 180 s. 4. 03-08.07.2022 -5 th International Caparica Conference on Chromogenic and Emissive Materials 2022, Portugal. Shot-gun presentation: Tunning the Luminescence properties of Cyclometalated Platinum(II) complexes. (The excellent shot-gun communication prize) 5. 17.06.2022 -PhD students' day in Lannion, Lannion. (Conference organizer) Presentation: Platinum complexes as an efficient material for fabrication of OLEDs 6. 10.06.2022 -OMC Seminar, Lannion. Presentation: Optimization of the photophysical properties by modifying the design of cyclometalated C^N Pt II complexes. 7. 02-06.05.2022 -GECOM-CONCOORD-Sévrier, Annecy. Presentation: Photophysical properties of Cyclometalated N^C Platinum(II) Complexes based on Phenyldiazine Ligands 8. 16-17.03.2022 -AHEROC (AromaticHeteRoCycles: A Wonderful Pool of Organic Materials) Virtual Congress, Pardubice, Czech Republic. Presentation: Tunning the Luminescence Properties of Cyclometalated Platinum(II) Complexes based on N^C Phenyldiazine Ligands 9. 01.12.2021 -Journée Des Doctorants Photonique, l'ENSSAT, Lannion. Presentation: Luminescent materials based on N-heterocyclic organometallic complexes for fabrication of OLEDs 10. 29.11.2021 -OMS Seminar, Université de Rennes 1, Rennes. Presentation: Photophysical properties of cyclometallated platinum(II) complexes with pyrimidine tridentate N^N^C and N^C^N ligands 11. 31.09.2021-01.10.2021 -Scientific Days of the French Society of Chemistry (SCF), Western Section (BPL), 2021, Rennes. Presentation: Tuning the luminescence properties of cyclometallated alkynylplatinum (II) complexes with pyrimidine tridentate N^N^C and N^C^N ligands 12. 23-24.09.2021 -Journées de Chimie de Coordination JCC 2021, Sorbonne Université, Paris. (Awards for the best presentation) Presentation: Luminescence tridentate N^N^C and N^C^N cyclometallated platunum (II) complexes 13. December, 2020 -Visio-conférence Virtual JED 3M. Presentation: Luminescent cyclometallated platinum (II) alkynyl complexes containing novel pyrimidine-based tridentate ligan

  The product was synthesized by method A using 2,4-dichloro-6-methylpyrimidine (815 mg, 5 mmol, 1 equiv) and 2-(tributylstannyl)pyridine (2 g, 5.5 mmol, 1.1 equiv). The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, 1:10, v/v) to give compound 1 as a colorless crystalline solid in 52% yield (535 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 8.71 (d, 3 JHH = 3.9 Hz, 1H), 8.47 (d, 3 JHH = 7.3 Hz, 1H), 8.19 (s, 1H), 7.87 (t, 3 JHH = 7.8 Hz, 1H), 7.46 -7.41 (m, 1H), 2.63 (s, 3H); 13 C{ 1 H}(JMOD (75 MHz) 171.6 (C), 165.4 (C), 160.9 (C), 152.6 (C), 149.6 (CH), 137.2 (CH), 125.9 (CH), 122.2 (CH), 115.2 (CH), 24.2 (CH3). HRMS (ESI) m/z calculated for C10H8N3 35 ClNa [M + Na] + : 228.0298, found: 228.0298 (0 ppm). The product was synthesized by method B using 2-chloro-4-methyl-6-(pyridin-2-yl) pyrimidine (compound 1) (1.0 g, 5 mmol, 1 equiv) and phenylboronic acid (671 mg, 5.5 mmol, 1.1 equiv). The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, 3:7, v/v) to give compound 2 as a colorless crystalline solid in 97 % yield (1.2 g). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 8.65 (d, 3 JHH = 4.6 Hz, 1H), 8.63 -8,55 (m, 3H), 8.06 (s, 1H), 7.76 (t, 3 JHH = 7.0 Hz, 1H), 7.55 -7.41 (m, 3H), 7.32 -7.24 (m, 1H), 2.62 (s, 3H); 13 C{1H} NMR (JMOD, 75 MHz, CDCl3) 168.3(C), 163.8(C), 162.3 (C), 154.4 (C), 149.2 (CH), 137.9 (C), 136.8 (CH), 130.4 (CH), 128.3 (CH), 128.3 (CH), 125.0 (CH), 121.7 (CH), 114.3 (CH), 24.5 (CH3). HRMS (ESI) m/z calculated for C16H14N3 [M + H] + : 248.1182, found: 248.1179 (1 ppm).

  The product was synthesized by method B using 2,4-dichloro-6-methylpyrimidine (815 mg, 5 mmol, 1 equiv) and (4-(tert-butyl)phenyl)boronic acid (980 mg, 5.5 mmol, 1.1 equiv). The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, 10:1, v/v) to give compound 5 as a pale-yellow oil in 50 % yield (652 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 7.77 (d, 3 JHH = 8.6 Hz, 2H), 7.32 -7.23 (m, 3H), 2.32 (s, 3H), 1.15 (s, 9H); 13 C{1H} NMR (JMOD, 75 MHz, CDCl3) 170.1 (C), 165.8 (C), 160.65 (C), 154.6 (C), 131.7 (C), 126.6 (CH), 125.4 (CH), 113.7 (CH), 34.3 (C), 30.6 (CH3), 23.5 (CH3). HRMS (ESI) m/z calculated for C15H17N2 35 ClNa [M + Na] + : 283.0972, found: 283.0970 (1 ppm).

  -6-phenyl-2-(pyridin-2-yl)pyrimidine The product was synthesized by method A using 2-chloro-4-methyl-6phenylpyrimidine (compound 6) (1.0 g, 5 mmol, 1 equiv) and 2-(tributylstannyl)pyridine (2 g, 5.5 mmol, 1.1 equiv). The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, 3:7, v/v) to give compound 6 as a pale-yellow oil in 72 % yield (891 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 8.86 (d, 3 JHH = 4.0 Hz, 1H), 8.66 (d, 3 JHH = 7.9 Hz, 1H), 8.25 -8.12 (m, 2H), 7.86 (td, 3 JHH = 7.8, 4 JHH =1.8 Hz, 1H), 7.58 (s, 1H), 7.55 -7.45 (m, 3H), 7.42 -7.35 (m, 1H), 2.72 (s, 3H); 13 C{1H} NMR (JMOD, 75 MHz, CDCl3) 168.8 (C), 164.1 (C), 163.5 (C), 155.5 (C), 150.1 (CH), 137.0 (C), 136.9 (CH), 130.9 (CH), 129.0 (CH), 127.4 (CH), 124.7 (CH), 124.0 (CH), 115.5 (CH), 24.9 (CH3). HRMS (ESI) m/z calculated for C16H14N3 [M + H] + : 248.1182, found: 248.1185 (1 ppm).

Compound 12 [

 12 Pt(C ∧ N ∧ N) (CºCC6H4-CN-p)] The product was synthesized by method D using [Pt(C ∧ N ∧ N)Cl] (compound 9) (54 mg, 0.1 mmol, 1 equiv) and 4-Ethynylbenzonitrile (39 mg, 0.3 mmol). The product 12 was obtained as yellow powder in 81 % yield (51 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 9.22 (d, 3 JHH = 4.6 Hz, 1H), 8.14 -8.08 (m, 1H), 7.98 (d, 4 JHH = 1.9 Hz, 1H), 7.94 (d, 3 JHH = 7.8 Hz, 1H), 7.73 -7.65 (m, 2H), 7.62 -7.51 (m, 4H), 7.31 (s, 1H), 7.18 (dd, 3 JHH = 8.2, 4 JHH = 1.9 Hz, 1H), 2.65 (s, 3H), 1.37 (s, 9H). IR (ATR, cm -1 ): 2220(νC≡N), 2087 (νC≡C), 1594 (νC=C), 1542 (νC=N). HRMS (ESI) m/z calculated for C22H14N4Na 195 Pt [M + Na] + :552.0756, found: 552.0761 (0 ppm).

Compound 13 [

 13 Pt(C ∧ N ∧ N) (CºCC6H4-N(CH3)2-p)] The product was synthesized by method D using [Pt(C ∧ N ∧ N)Cl] (compound 9) and 4ethynyl-N,N-dimethylaniline (44 mg, 0.3 mmol) was used in place of 4-Ethynylbenzaldehyde. The product 13 was obtained as dark red powder in 50 % yield (33 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 9.07 (d, 3 JHH = 6.4 Hz, 1H), 8.04 (d, 3 JHH = 1.9 Hz, 1H), 7.89 (td, 3 JHH = 7.9, 4 JHH = 1.6 Hz, 1H), 7.80 -7.72 (m, 1H), 7.56 (d, 3 JHH = 8.1 Hz, 1H), 7.51 (d, 3 JHH = 6.2 Hz, 1H), 7.45 (d, 3 JHH = 8.8 Hz, 2H), 7.19 (s, 1H), 7.13 (dd, 3 JHH = 8.2, 4 JHH = 2.0 Hz, 1H), 6.72 (d, 3 JHH = 8.9 Hz, 2H), 2.98 (s, 6H), 2.52 (s, 3H), 1.41 (s, 9H). IR (ATR, cm -1 ): 2098 (νC≡C), 1584 (νC=C), 1534 (νC=N). HRMS (ESI) m/z calculated for C30H31N4 195 Pt [M + H] + : 642.2191, found: 642.2190 (0 ppm).
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Compound 33 [

 33 Pt(N ∧ C ∧ N)(Cº CC6H4-CHO-p)]

  1 H (300 MHz): 9.98 (s, 1H), 9.41 (ddd, 3 JHH = 2.3 Hz, 4 JHH = 5.7 Hz, 3 JHPt =22.8 Hz, 2H), 8.89 (dd, 3 JHH = 2.3 Hz, 4 JHH = 4.8, 2H), 7.80 (d, 3 JHH = 8.3 Hz, 2H), 7.62 (d, 3 JHH = 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), 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(OCH3). IR (ATR, cm -1 ): 2085(νC≡C), 1686(νC=O), 1577(νC=C), 1551(νC=N), 1046(νC-O). HRMS (ESI) m/z calculated for C24H16N4O2Na 195 Pt [M+Na] + : 610.0813, found: 610.0816 (0 ppm).

Compound 34 [

 34 Pt(N ∧ C ∧ N)(Cº CC6H4-NPh2-p)]

  3 JHH = 2.2 Hz, 4 JHH = 5.6 Hz, 3 JHPt =22.2 Hz, 2H), 8.92 (dd, 3 JHH = 2.3 Hz, 4 JHH = 4.8 Hz, 2H), 7.55 (s, 2H), 7.43 (d, 3 JHH = 8.4 Hz, 2H), 7.26 (s, 2H), 7.25 (s, 2H), 7.23 -7.16 (m, 3H), 7.10 (d, 3 JHH = 7.6 Hz, 3H), 7.00 (dd, 3 JHH = 5.6 Hz, 4 JHH = 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 C35H25N5ONa 195 Pt [M+Na] + : 749.1599, found: 749.1603 (0 ppm).

  Titre : Matériaux moléculaires luminescents à base de complexes organométalliques hétérocycliques azotés Mots clés : complexes de platine(II), ligands cyclométallants, diazines, phosphorescence Résumé: Les complexes de platine (II) cyclométallés portant des ligands bidentés ou tridentés à base de diazine sont des matériaux moléculaires luminescents attractifs comme dopant dans la couche d'émission des PhOLEDs. En raison du fort couplage spin-orbite du platine (II), ces complexes sont capables de récolter efficacement les excitons électro-générés de type singulet et triplet, ouvrant ainsi la possibilité d'atteindre théoriquement une efficacité quantique interne de 100 % dans de tels dispositifs. Les structures des complexes tétracoordinés du platine peuvent être constituées des ligands chélatants bidentés, tridentés ou tétradentés, avec des ligands auxiliaires si nécessaire, ce qui permet une flexibilité considérable dans leur structure permettant de moduler leurs propriétés photophysiques et électrochimiques. Dans le cadre de cette thèse, nous nous sommes intéressés à la conception de trois nouvelles séries de complexes de platine(II) cyclométallés phosphorescents, contenant des ligands de coordination tridentés (C^N^N et N^C^N) et bidentés (C^N), à base de pyrimidine et d'autres diazines. Outre leur synthèse et leur caractérisation, les propriétés photophysiques et électrochimiques de ces complexes ont été expérimentalement étudiées et expliquées à l'aide de calculs théoriques. Les résultats démontrent que la fonctionnalisation appropriée du ligand cyclométallant et le choix du ligand auxiliaire permettent de moduler les propriétés photophysiques et électrochimiques propriétés d'émission a été étudiée de manière approfondie et un certain nombre de relations structure-propriétés ont été mises en évidence. Title : Luminescent molecular materials based on nitrogen heterocyclic organometallic complexes Keywords : platinum(II) complexes, cyclometalating ligands, diazines, phosphorescence Abstract: Cyclometalated platinum(II) complexes bearing diazine-based bidentate or tridentate ligands are an attractive class of luminescent materials for use as a dopant in the emission layer of PhOLEDs. Due to the strong spin-orbit coupling of

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 1 .

 1 

1. OLED Performance of ppy 2 Ir(acac), bt 2 Ir(acac), and btp2Ir(acac)-based OLEDs. 102 dopant phosphor (7% wt)

ppy 2 Ir(acac) bt 2 Ir(acac

  

			)	btp2Ir(acac)
	EL color	green	Yellow	red
	λ(nm)	525	565	617
	Luminance at 10 mA/cm 2 (cd/m 2 )	3300	2500	470
	EQE (%)			
	at 1 mA/cm 2	10	9.7	6.6
	at 10 mA/cm 2 at 100 mA/cm 2	7.6 5.4	8.3 5.5	6.0 4.6
	power efficiency (lm/W) at 1	18	11	2.2
	mA/cm 2			

). 135 Pt-t Bu Pt-i Pr Pt-Et Pt-Me

  

	λ max em [nm]	484	537	592	612
	τ	[µs ]	1.25	0.67	0.50	0.58
	PLQY [ % ]	70	72	81	51

  The structure of cyclometalated phenylpyridine C^N Pt(II) complexes with different substituents on the phenyl ring. Bottom -photophysical properties in CH2Cl2 (C= 10 -5 M) at RT and performance parameters of the most efficient OLED devices.

		l max, nm	PLQY, % wt, % L, cd m -2 EQE, %	l max, nm
	Pt-B	542, 580,6 35sh	42	4	34721	9,5	542,580
	Pt-Si	497, 534, 570sh	84	10	18156	3,3	446,496,532
	Pt-Ge	493, 528, 563	63	8	17153	4,0	450,492,531
	Pt-N	483, 540, 576sh	7	4	11720	8,5	542,572
	Pt-PO	500, 537, 570sh	93	4	23361	7,9	502,540,576
	Pt-O	487, 521, 555sh	42	10	7466	5,0	448,487,524
	Pt-S	510, 546, 585	27	6	21490	6,7	455,508,544
	Pt-SO2	503, 541, 580sh	95	4	27121	8,4	507,545,583
	High-vacuum deposition OLED: ITO / NPB (4,4 ' -Bis [N-( 1-naphthyl)-N-phenylamino]
	biphenyl) (40 nm) / x% Pt:CBP (20 nm) / BCP (10 nm)/Alq3 (30 nm)/ LiF:Al (1 : 100 nm).	
	sh-shoulder					
	Figure 2.14. Top -					

  .20. 

	lmax em [nm]	485	490
	t	[µs]	1.8	3.8
	PLQY [%]	< 1	60
		Figure 2.20. Comparison of photophysical properties of bidentate Pt(ppy)(py)Cl 145
		and tridentate Pt(pbpy)Cl 146 complexes counterpart in CH2Cl2 at RT.

  .21, up to 20 times (3% → 62%).

	A)	B)	
	lmax em [nm]	504; 540	511; 534
	t [µs]	< 0.5	5.2
	PLQY [%]	3	62

Figure 2.21. Structure and photophysical properties of tridentate cyclometalated Pt(II) monochloride A) and acetylide B) in CH2Cl2 at RT.

  3 

	lmax em [nm] 507; 540	507; 539	530; 560	527; 560
	t [µs]	14.1	13.6	16.0	15.6
	PLQY [%]	73	64	73	67

Figure. 2.23. Structure of cyclometalated Pt(II) complexes based on N^N^N bistriazol-pyridine ligands and their photophysical properties in CHCl3 at RT.

Table 2 .

 2 

1. Calculated photophysical properties of 1,1b,1c and 2, 2e, 2g cyclometalated Pt(II) complexes.

Table 2 . 2

 22 

	Complex	
	1	4

. Crystallographic data for complex 1 and 4.

  Figure 2.45. Structure of Pt(II) complexes with different heterocycles and their photophysical properties PtPy in CH3CN and PtPm and PtPy in CH2Cl2 at RT.

			PtPm	PtPz
	lmax em [nm]	495	521	554
	PLQY [%]	17	25	43

  .46).

		PtPm	Pt2Pm	PtPz	Pt2Pz
	lmax em [nm]	521	558	554	612
	fPL [%]	25	36	43	37
	kr [s -1 ]	16 × 10 4	33 × 10 4	5.6 × 10 4	9.3 × 10 4
	knr [s -1 ]	47 × 10 4	58 × 10 4	7.4 × 10 4	16 × 10 4

Table 3 .

 3 3. Emission data in the solid state (powder)at 298 K for platinum complexes 8-12 and complexes 14-17.

	Normalized Emission	Intensity	0.2 0.4 0.6 0.8 1	8 9 14 15	Normalized Emission	Intensity	0.2 0.4 0.6 0.8 1		10 11 12 16 17
			0				0	
			490 540 590 640 690 740 790			500	600	700	800
			Wavelength, nm					Wavelength, nm
			Complex			l em a / nm [t b / ns]
			8				711 [/]	
			9	547, 584, 624 [169 (74%), 848 (26%)], 682sh
			10	612 [370 (80%), 590 (20%)], 644
			11	601 [61 (18%), 208 (82%) ], 639, 730 br
			12	543, 583, 605 [83 (76%), 565 (24%)], 661sh
			14	687 [105(25%), 254 (75%)]
			15	517, 559, 605 [98 (75%), 455 (25%)], 700 br
			16	627 [20 (9%), 103 (31%), 468 (60%)]
			17	552, 589 [61 (43%), 338 (57%)], 636
			a lexc = 420 nm				
			b lexc = 375 nm				
			Sh -shoulder				
			Br-broad					

Figure 3.11. DFT-optimized geometries of complexes 8-17.
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Table 3 .

 3 3. Relevant computed data (in CH2Cl2) for complexes 8-17. Interatomic distances are given in Å. Values in brackets are the Wiberg indices.

			8	9	14	15	10	11	12	13	16	17
	Pt-Cl/Pt-CCCPh	2.318 [0.464]	2.316 [0.463]	2.317 [0.464]	2.316 [0.463]	1.945 [0.698]	1.953 [0.685]	1.945 [0.697]	1.953 [0.684]	1.953 [0.684]	1.946 [0.696]
	Pt-Npyrimidine	1.942 [0.465]	1.943 [0.464]	1.942 [0.464]	1.943 [0.463]	1.988 [0.340]	1.985 [0.343]	1.988 [0.340]	1.984 [0.345]	1.958 [0.342]	1.988 [0.340]
	Pt-C		1.985 [0.742]	1.987 [0.740]	1.983 [0.745]	1.985 [0.743]	1.992 [0.723]	1.989 [0.727]	1.992 [0.723]	1.989 [0.727]	1.988 [0.730]	1.990 [0.725]
	Pt-Npyridine	2.138 [0.254]	2.142 [0.252]	2.143 [0.252]	2.144 [0.251]	2.143 [0.252]	2.142 [0.253]	2.143 [0.252]	2.141 [0.254]	2.145 [0.252]	2.145 [0.252]
	C≡C						1.225 [2.660]	1.224 [2.702]	1.224 [2.664]	1.225 [2.699]	1.224 [2.703]	1.224 [2.664]
		Pt	0.64	0.63	0.64	0.63	0.61	0.60	0.61	0.60	0.60	0.60
	NAO charges	Cl/C(CCPh) -0.61 Npyrimidine -0.41 Npyridine -0.44	-0.61 -0.44 -0.44	-0.61 -0.41 -0.45	-0.61 -0.41 -0.45	-0.23 -0.46 -0.44	-0.29 -0.46 -0.44	-0.23 -0.46 -0.44	-0.31 -0.46 -0.44	-0.29 -0.46 -0.44	-0.23 -0.46 -0.44
		C( N^N^C)	-0.14	-0.12	-0.13	-0.12	-0.11	-0.11	-0.11	-0.11	-0.11	-0.11

3.35 eV 3.38 eV 2.47 eV

  

	-3
	2
	-8

.89 eV 17 16 3.58 eV 3.09 eV

  

Table 4 .

 4 1. Selected X-ray bond distances (Å) and angles (°) of complexes 30 and 31. Corresponding DFT-computed values are given into brackets.

	Complex 30	Complex 31
	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	3.30	Pt … Pt	4.68
	p-p	~3.30	p-p	~3.40

Table 4 .

 4 4. Relevant computed data for complexes 24-37.

	Compound	HOMO-LUMO gap (eV)	Pt	N	NAO charges CN^C^N	Cl/C(CR)	Dipole moment (D)
		4.12	0.67	-0.44	-0.05	-0.73	3.47
		3.71	0.66	-0.44	-0.07	-0.73	4.51
		4.15	0.68	-0.44	-0.04	-0.72	0.79
		3.75	0.68	-0.44	-0.13	-0.40	1.49
		3.39	0.68	-0.44	-0.13	-0.42	1.49
		4.01	0.68	-0.44	-0.13	-0.36	8.78
		3.49	0.68	-0.44	-0.16	-0.40	2.57
		3.30	0.68	-0.44	-0.16	-0.42	0.97
		3.72	0.68	-0.44	-0.15	-0.36	9.77
		3.71	0.68	-0.44	-0.15	-0.36	8.01
		3.03	0.68	-0.43	-0.16	-0.41	2.30
		3.60	0.69	-0.43	-0.12	-0.40	3.01
		3.31	0.69	-0.44	-0.12	-0.42	4,66
		3.93	0.69	-0.44	-0.11	-0.36	4.48

Table 4 .

 4 6. Major computed optical transitions λ (nm) contributing to the simulated absorption band of lowest energy (Table4.5) and their dominant character. Oscillator strengths are provided in parentheses.

	λ (osc. strenght)	Major contribution
	386 (0.1293)	H->L (+96%)
	429 (0.1313)	H->L (+91%)
	383 (0.1117)	H->L (+96%)
	422 (0.0156)	H->L (+98%)
	386 (0.0566)	H-1®L+1 (79%), H®L+1 (19%)
	464 (0.1475)	H->L (+97%)
	420 (0.2341)	H®L (97%)
	395 (0.0619)	H->L (96%)
	384 (0.1139)	H-1®L+1 (95%)
	461 (0.1037)	H®L (83%), H®L+1 (15%)
	448 (0.1006)	H®L+1 (82%), H®L (15%)
	482 (0.1274)	H®L+1 (62%), H®L (35%)
	470 (0.0746)	H®L (61%), H®L+1 (35%)
	433 (0.0485)	H®L (67%), H®L+1 (31%)
	424 (0.1354)	H®L+1 (67%), H®L (31%)
	434 (0.0614)	H®L (75%), H®L+1 (23%)
	425 (0.1338)	H®L+1 (74%), H®L (23%)
	505 (0.2127)	H®L (71%), H®L+ 1(20%)
	490 (0.0434)	H®L+1 (72%), H®L (20%)
	434 (0.1577)	H®L+1 (97%)
	467 (0.1745)	H®L+1 (97%)
	385 (0.0851)	H-1®L+1 (97%)
	384 (0.0928)	H-1®L (95%)

Table 5 .

 5 1. Selected X-ray bond distances (Å) and angles (°) of complexes

58, 63 and 65.

  

		58	63	65
	Pt1-C1	1.988(3)	1.990(3)	1.988(3)
	Pt1-N1	2.025(3)	2.021(3)	2.010(3)
	Pt1-N2	2.028(3)	2.017(3)	2.017(3)
	Pt1-Cl1	2.3890(9)	2.3952(9)	2.3874(9)
	C1-Pt1-N1	94.66(12)	95.33(13)	95.38(13)
	C1-Pt1-N2	81.23(12)	81.51(3)	81.19(13)
	N1-Pt1-N2	175.86(10)	176.84(11)	176.29(12)
	C1-Pt1-Cl1	176.56(10)	175.57(10)	177.26(11)
	N1-Pt1-Cl1	88.70(10)	88.62(9)	87.17(9)
	N2-Pt1-Cl1	95.41(8)	94.54(9)	96.24(9)
	Pt … Pt	5.144	5.815	10.051
	p-p	3.40	3.51	-

Table 5 .

 5 2. Electrochemical data for complexes 52-76 (0.5 mM) at a Pt working electrode in CH2Cl2/NBu4PF6 0.1 M (E / V vs. Fc, v = 0.1 V s -1 ).

	Complex	E 0 (1)	Epa(2)	Epa(3)	Epa(4)	E 0 (5)
			0.78 a	1.00 a	1.11 a	-2.27 a
			0.75 a	0.97 a	1.10 a	-2.29 a
			0.72 a	0.96 a	1.12 a	-2.39 a
			0.70 a	0.88 a	1.05 a	-2.40 a
			0.83 a	1.16 a		-2.26 a
		0.36	0.58 b	1.04 a	1.28 a	-2.25 a
		0.35	0.62 b	1.02 a	1.27 a	-2.21 a
		0.35	0.56 b	1.00 a	1.26 a	-2.36 a
		0.33	0.63 b	0.98 a	1.24 a	-2.40 a
		0.39	0.57 b	1.08 a		-2.24 a
		0.42		1.12 a		-1.84
				1.07 a	1.15 a	-2.21 a
			0.92 a	1.11 a	1.23 a	-2.27 a
			0.90 a	0.99 a		-2.28 a
			0.75 a	0.84 a	1.11	-2.24 a
			0.50	0.80 a	1.09 a	-2.27 a
			0.82 a			-1.97
		0.40		1.05 a	1.20 a	-1.97 a,c
				1.02 a	1.15 a	-1.96 a
			0.82 a	0.93 a		-1.94 a
			0.82 a	1.00 a	1.19 a	-1.67
			0.77 a	0.95 a	1.12 a	-1.69
		0.42		1.04 a	1.27 a	-1.67
		0.40		1.00 a	1.21 a	-1.68

  .3. Table 5.3: Photophysical characteristics of complexes 52-76 in CH2Cl2 and solid state (2 wt% in KBr matrix).

		CH2Cl2 [a]				KBr (2 w%)	
	UV/Vis lmax, nm (e, mM -1 cm -1 )	lmax, nm	PL t, µs	FPL,% [b]	Stokes Shift, cm -1 [c]	lmax, nm	PL t, µs	FPL,% [d]
	254 (42.28), 294 (14.01), 347 (6.22), 427 (2.95)	556, 582	12.9	45	5434	531, 593	14.8	4
	254 (40.94), 289 (13.93), 351 (5.55), 430 (2.55)	558,582	9.7	52	5553	551, 589	11.6	20
	253 (46.01), 297 (10.78), 341(5.89), 416 (4,57)	545, 575	12.0	47	5404	547, 577	13.2	3
	252 (38.46), 288 (18.4), 338 (5.04), 415 (2.99)	545, 576	7.7	16	5632	562, 594	9.6	2
	251 (28.79), 285 (14.32), 345 (4.69), 413 (2.49)	543, 574	4.3	7	5797	587	9.6	< 1
	258 (24.41), 293 (35.2), 449 (2.92)	644	8.9	5	6744	635	9.7	2
	258 (24.96), 294 (34.99), 451 (3.13)	635	7.4	3	6474	630	15.6	8
	259 (30.59), 293 (38.47), (5.71), 437 (1.67)	627	6.8	7	6523	625	13.6	5
	262 (33.65), 293 (50.04), 350 (8.24), 433 (2.17)	627	6.1	6	6422	604	10.9	3
	259 (19.91), 292 (28.66), 342 (6.53), 442 (1.74)	630	6.0	2	6498	598, 627	13.4	5
	255 (24.07), 299 (44.43), 345 (3.57), 383 (1.45) 477 (0.84)	-[e]	-[e]	-[e]	-[e]	691	9.9	2
	277 (41.27), 346 (3.94), 404 (1.27)	508, 538	8.5	3	4705	495, 531, 566	12.0	7
	277(35.07), 348(4.06), 402(1.79)	508, 537	4.4	4	6253	517sh, 555, 590	11.5	3
	241 (68.90), 261 (52.55), 291 (38.71), 341 (10.64), 412 (2.29)	547	4.7	9	5990	517, 568	12.2	5
	270 (36.37), 330 (9.11), 342(10.03), 415(2,46)	543	3.9	13	6094	567	13.2	14
	271 (26.72), 298 (11.96), 341 (14.12), 379 (8.33), 455 (1.84)	587, 614	7.3	20	5040	630	14.5	1
	256 (33.0), 319 (13.1), 357 (7.82), 466 (2.12)	630	6.3	11	5725	634, 699	17.4	4
	264 (53.46), 283 (60.05), 372 (4.31), 490 (1.57)	-[e]	-[e]	-[e]	-[e]	684	7.4	2
	270 (61.16), 321 (19.59), 347 (11.88), 445 (2.55)	574	7.9	28	6275	652	14.6	3
	243 (56.83), 267 (53.56), 328 (13.17), 343 (10.58), 452 (1.02)	610	5.6	8	5928	638	10.5	2
	274 (29.38), 351 (10.47), 401 (4.53), 504 (3.32)	678	5.4	23	4975	728	9.2	3
	246 (21.27), 259 (23.12), 276							
	(22.36), 351 (8.05), 367 (7.53),	676	5.1	18	4776	720	6.3	6
	408(3.98), 511 (3.13)							
	280(48.88), 299(49.85),							
	345(24.81), 364(16.04),							
	397							

Scheme 3.3. Synthesis of C^N^N Cyclometalated Platinum (II) complexes 8-13.

Figure 4.21. The frontier orbitals of complexes 24-30.

Figure 4.22. The frontier orbitals of complexes 31-37.

Scheme 5.2. Synthesis of C^N cyclometalated chloro-platinum(II) complexes 52-66. Scheme 5.3. Synthesis of C^N cyclometalated chloro-platinum(II) complex 67. Scheme 5.4. Synthesis of C^N cyclometalated chloro-platinum(II) complexes 68-72.

Abbreviations

Finally, the C^N^N cyclometalated chloro-platinum (II) complexes precursors 8, 9, 14, and 15 were obtained in a good yield after a 3-day reaction between the corresponding ligands and K2PtCl4 in a refluxed solution of glacial acetic acid (99,8%) ( Scheme 3.3 & 3.4). 196 Chapter 4:

N^C^N tridentate cyclometalated

Platinum(II) complexes

Computational studies

The theoretical studies of complexes 24-37 was performed in collaboration with Dr Samia Kahlal and Prof. Jean-Yves Saillard, ISCR, UMR CNRS 6226, Université de Rennes 1. In continuation of previous computational studies on related platinum complexes, 122,187,215,217,218 the density functional theory (DFT) calculations was performed at the PBE0/Def2-TZVP level were performed to optimize the geometries of chloro-and alkynylplatinum complexes 24-37. Solvent (CH2Cl2) effect corrections were included. The 14 optimized structures are shown in Figure 4. 19. Selected computed data are provided in Table 4.4 &Table 4.5. The optimized geometries of 30 and 31 are mainly consistent with their X-ray structures (Table 4.1). Chapter 5:

C^N bidentate cyclometalated

Platinum(II) complexes

Synthesis and characterization

The synthesis of required C^N ligands 38-51 was easily performed starting from commercially available chlorodiazines and appropriate arylboronate ester derivatives by Suzuki-Miyaura cross-coupling reaction in good yield according to the literature method (Scheme 5.1). 211,221,222 Scheme 5.1. Synthesis of C^N cyclometalating bidentate ligands 38-51.

The C^N cyclometalated chloro-platinum(II) complexes 52-79 (Chart 5.1) were prepared according to the well-established method of synthesis for the traditional counterparts by treating the Pt(II) µ-chloro-bridged dimer complexes with pyridine/pyrimidine ancillary ligand (Schemes 5. 2-5.4 & 5.6) in a low to moderate yield. 197 These air-stable compounds are isolated in high purity as solids by column chromatography on silica gel with the proper solvent. It should be noted that the yield of the complexes with phenylpyrazine ligands are significantly lower than their pyrimidine and quinazoline analogues probably due to some electronic effects of the second nitrogen atom in conjugated position to the Pt atom (Scheme 5.4). For the same reason, the complexation with the 2-phenylquinoxaline ligand failed (Scheme 5.5). 

Experimental Part

General Methods

Materials and Methods

In air-and moisture-sensitive reactions, all glassware was flame-dried. All reactions were conducted under a dry nitrogen atmosphere using Schlenk techniques, but workups were used as received. The starting materials were purchased from Sigma-Aldrich, TCI or Alfa-Aesar and were used as received. 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 Sigma-Aldrich silica gel 60 (particle size 63-200 µm) and Macherey Nagel Aluminum neutral oxide 40 (particle size 40-160 µm).

Characterization Techniques

Nuclear magnetic resonance (NMR) spectra were acquired at room temperature on a Bruker AC-300 spectrometer ( 1 H at 300 MHz, [START_REF] Xie | How the Molecular Packing Affects the Room Temperature Phosphorescence in Pure Organic Compounds: Ingenious Molecular Design, Detailed Crystal Analysis, and Rational Theoretical Calculations[END_REF] C at 75 MHz,) and referenced as follows: 1 H NMR, residual CHCl3 (δ = 7.26 ppm); 13 C{ 1 H} NMR, internal CDCl3 (δ = 77.16 ppm). The chemical shifts δ are reported in parts per million relative to TMS ( 1 H, 0.0 ppm) and CDCl3 ( 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 CDCl3 were removed by treatment with anhydrous K2CO3.

IR spectra were recorded on a Perkin-Elmer spectrum 100 spectrometer with an ATR sampling accessory.

X-ray Structure Determination-The SCXRD studies of complexes 30 (CCDC 2126978) and 31 (CCDC 2126979), 58, 63 and 65 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, and then refined with full-matrix leastsquare methods based on F 2 (SHELXL). 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.

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.

Cyclic voltammetry

The electrochemical studies were performed in a glovebox (Jacomex) (O2 < 1 ppm, H2O < 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. 

Compound 4 2-chloro-4-methyl-6-phenylpyrimidine

The product was synthesized by method B using 2,4-dichloro-6-methylpyrimidine (815 mg, 5 mmol, 1 equiv) and phenylboronic acid (671 mg, 5.5 mmol, 1.1 equiv). The crude product was purified by silica gel column chromatography (Petroleum ether to petroleum ether/AcOEt, 1:10, v/v) to give compound 4 as a white solid in 72 % yield (737 mg).

The spectroscopic data are reported in the literature. 230 

Synthesis of the tridentate cyclometalated chloro-platinum(II) complexes

Complexation (Method C): A 250 ml Schlenk flask, charged with the tridentate ligand (0,3 mmol, 1 equiv) and K2PtCl4 (0.3 mmol, 1 equiv) was degassed and back-filled with nitrogen three times. Then glacial acetic acid (60 ml) was introduced into the reaction flask by syringe. The reaction mixture was stirred under nitrogen protection under reflux for 72 h. The precipitate was filtered off and washed subsequently with water, methanol and diethyl ether.

Synthesis of the tridentate cyclometalated alkynyl-platinum(II) complexes

Sonogashira Cross Coupling (Method D):

A mixture of cyclometalated tridentate chloro-platinum(II) [(C^N^N)PtCl] complex ( 0.1 mmol, 1 equiv) and appropriate alkynyl ligand (0.3 mmol, 3 equiv) in the presence of a catalytic amount of copper(I) iodide (2 mg, 10 mol%) in degassed CH2Cl2 : Et3N (10:1, v/v, 60 mL) was stirred for 15 h under a nitrogen atmosphere at 50⁰C. The mixture was diluted with water, and the aqueous layer was extracted with DCM (2 × 30 mL). The separated organic phase extracts were dried over MgSO4, filtered and the solvents were evaporated under reduced pressure. The crude product was purified by neutral Al2O3 column chromatography (CH2Cl2 to CH2Cl2/ AcOEt, 10:3, v/v) and recrystallized from dichloromethane/diethyl ether. The product was synthesized by method C using 4-methyl-2-phenyl-6-(pyridin-2yl)pyrimidine (compound 2) (75 mg, 0,3 mmol, 1 equiv) and K2PtCl4 (125 mg, 0.3 mmol, 1 equiv). The product 8 was obtained as red powder in 95 % yield (136 mg). HRMS (ESI) m/z calculated for C16H12N3 [START_REF] Shahzad | Emerging Applications of Fluorescence Spectroscopy in Medical Microbiology Field[END_REF] ClNa 195 Pt [M + Na] + : 499.0259, found: 499.0259 (0 ppm). Anal. Calcd. for C16H12N3ClPt·1H2O: C, 38.84; H, 2.85; N, 8.49, found: C, 38.93; H, 2.46; N, 8.38.

The product was synthesized by method C using 2-(4-(tert-butyl)phenyl)-4-methyl-6-(pyridin-2-yl)pyrimidine (compound 3) (91 mg, 0.3 mmol, 1 equiv) and K2PtCl4 (125 mg, 0.3 mmol, 1 equiv). The product 9 was obtained as as yellow powder in yield 98 % (157 mg). HRMS (ESI) m/z calculated for C20H20N3 [START_REF] Shahzad | Emerging Applications of Fluorescence Spectroscopy in Medical Microbiology Field[END_REF] ClNa 195 Pt [M + Na] + : 555.0886, found: 555.0887 (0 ppm). Anal. Calcd. for C20H20N3ClPt: C, 45.08; H, 3.78; N, 7.88, found: C, 44.99; H, 3.64; N, 7.78. 

General procedures and spectroscopy data for the chapter four

Synthesis of the tridentate cyclometalating ligands

Suzuki Miyaura Borylation Cross Coupling reaction (Method A): the mixture of 1,3-dibromo-benzene derivatives (3 mmol), bis(pinacolato)diboron (B2pin2) (6.5 mmol), PdCl2(dppf) (15 mol%, 0.15 equiv), potassium acetate (18 mmol), and DMF (40 mL) were stirred for 2.5 h -2 days at 90 °C. The solvent was removed in vacuo and the residue was dissolved in CH2Cl2. The solution was washed with water and dried over magnesium sulfate. The filtrate was concentrated to dryness, and the residue was purified by flash column chromatography on silica gel (eluent: petroleum ether/ CH2Cl2 10/1, v/v).

Suzuki Cross Coupling reaction (Method B): 2-cloropyrimidine (3 mmol, 3 equiv) and appropriate boronic ester (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), K2CO3 saturated solution (5 ml) were added. The reaction mixture was stirred under bubbling with Nitrogen into the solution for 10 min. Then Pd(PPh3)4 (15 mol%, 0.15 equiv) was quickly added. The reaction was stirred under nitrogen at reflux for 48 h. 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 MgSO4, filtered and the solvents were evaporated under reduced pressure. The crude product was purified by silica gel column chromatography.

Compound 18 1,4,5,3,

-yl)benzene

The product was synthesized by method A using. B2pin2 (1.7 g, 6.5 mmol) and 1,3dibromobenzene (0.7 g, 3 mmol) for 2 days. The product 18 was obtained as a yellow pasty solid in 69 % yield (800 mg). The spectroscopic data are reported in the literature. The product was synthesized by method A using. B2pin2 (1.7 g, 6.5 mmol) and 1,3dibromo-5-methoxybenzene (0.8 g, 3 mmol) for 2,5 hours. The product 19 was obtained as a white solid in 56 % yield (605 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 7.87 (s, 1H), 7.42 (d, J = 0.9 Hz, 2H), 3.84 (s, 3H), 1.33 (s, 24H). The spectroscopic data are reported in the literature. dioxaborolane) The product was synthesized by method A using. B2pin2 (1.7 g, 6.5 mmol) and 1,3dibromo-5-(trifluoromethyl)benzene (1.0 g, 3 mmol) for 2 days. The product 20 was obtained as a crystalline solid in 66 % yield (790 mg). NMR (δ (ppm), CDCl3): 1 H (300 MHz): 8.42 (1 H, s), 8.14 (2 H, s), 1.34 (24 H, s) The spectroscopic data are reported in the literature. 

Synthesis of the tridentate cyclometalated chloro-platinum(II) complexes

Complexation (Method C): A 250 ml Schlenk flask, charged with the tridentate ligand (0,3 mmol, 1 equiv) and K2PtCl4 (0.3 mmol, 1 equiv) was degassed and back-filled with nitrogen three times. Then glacial acetic acid (20 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.

Synthesis of the tridentate cyclometalated alkynyl-platinum(II) complexes

Method D: Sodium methoxide (0.18 mmol, 3 equiv) in methanol (2 mL) was stirred for 15 min. Alkynyl ligand (0.18 mmol, 3 equiv) was added to sodium methoxide solution. The mixture was stirred for 30 min at room temperature. Then chloro-platinum(II) complex (0.06 mmol, 1 equiv) dissolved in solution of 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.

Compound 24

The product was synthesized by method C using 1,3-di(pyrimidin-2-yl)benzene (compound 21) (29 mg, 0.12 mmol, 1 equiv) and K2PtCl4 (50 mg, 0.12 mmol, 1 equiv). The complex 24 was obtained as yellow powder in yield 54% (31 mg). The spectroscopic data are reported in the literature. 124

Compound 25

The product was synthesized by method C using 2,2'-(5-methoxy-1,3-phenylene) (compound 22) (32 mg, 0,12 mmol, 1 equiv) and K2PtCl4 (50 mg, 0.12 mmol, 1 equiv). The complex 26 was obtained as oranger powder in 72% yield (43mg). The spectroscopic data are reported in the literature. The product was synthesized by method C using 1,3-di(pyrimidin-2-yl),5trifluoromethylbenzene (compound 23) (37 mg, 0.12 mmol, 1 equiv) and K2PtCl4 (50 mg, 0.12 mmol, 1 equiv). The complex 26 was obtained as dark red powder in yield 62% ( 40 The product was synthesized by method D using 4-phenylacetylene (19 mg, 0.18 mmol, 3 equiv) and complex 24 (28 mg, 0.06 mmol, 1 equiv). The complex 27 was obtained as orange powder in 87% yield ( 28 The product was synthesized by method D using 4-ethynylanisole (24 mg, 0.18 mmol, 3 equiv) and complex 24 (28 mg, 0.06 mmol, 1 equiv). The complex 28 was obtained as orange powder in 93% yield (33 mg). NMR (δ (ppm), THF-d8): The product was synthesized by method D using 4-ethynylbenzonitrile (23 mg, 0.18 mmol, 3 equiv) and complex 24 (28 mg, 0.06 mmol, 1 equiv). The complex 29 was obtained as orange powder in 84% yield ( 28 The product was synthesized by method D using 4-phenylacetylene (19 mg, 0.18 mmol, 3 equiv) and complex 25 (30 mg, 0.06 mmol, 1 equiv)). The complex 30 was obtained as orange powder in 57% yield ( 20 The product was synthesized by method D using 4-ethynylanisole (24 mg, 0.18 mmol, 3 equiv) and complex 25 (30 mg, 0.06 mmol, 1 equiv). The complex 30 was obtained as orange powder in 57% yield (20 mg). The complex 31 was obtained as yellow powder in 73% yield (26 mg). NMR (δ (ppm), CDCl3): The product was synthesized by method D using 4-ethynylbenzonitrile (23 mg, 0.18 mmol, 3 equiv) and complex 25 (30 mg, 0.06 mmol, 1 equiv). The complex 32 was obtained as yellow powder in 91% yield (32 mg). NMR (δ (ppm), CDCl3): The product was synthesized by method D using 4-phenylacetylene (19 mg, 0.18 mmol, 3 equiv) and complex 26 (32 mg, 0.06 mmol, 1 equiv). The complex 35 was obtained as green powder in 96% yield (35 mg). NMR (δ (ppm), CDCl3): The product was synthesized by method D using 4-ethynylanisole (24 mg, 0.18 mmol, 3 equiv) and complex 26 (32 mg, 0.06 mmol). The complex 36 was obtained as dark red powder in 96% yield (37 mg). NMR (δ (ppm), CDCl3): 

General procedures and spectroscopy data for the chapter five

Synthesis of the bidentate cyclometalating ligands

Suzuki Cross Coupling Reaction (Method A): Chlorodiazine derivatives (1.1 equiv) and corresponding pinacol ester (1 equiv) were dissolved in toluene (20mL), and nitrogen was bubbled through the solution for 10 min. Pd(PPh3)4 (5 %) and 20% aqueous K2CO3 were added, and then the reaction was reflux for 15h. The reaction mixture was cooled to room temperature and diluted with EtOAc/aqueous NH4Cl (1:1, 100 mL). Organic layer was separated, and the aqueous one was extracted with EtOAc (2 × 50 mL). The combined organic extracts were dried over anhydrous MgSO4 and solvent was evaporated under reduced pressure. The solid residue was purified by silica gel column chromatography (indicated solvents). Compounds 40 and 46 are commercially available. 

Synthesis of the tridentate cyclometalated chloro-platinum(II) complexes

Complexation (Method B): K2PtCl4 (1 equiv) and ligand (1.2 equiv) were dissolved in a mixture of 2-ethoxyethanol/H2O (3:1, 20 mL). The mixture was bubbled with nitrogen for 10 min and then stirred at 90 °C for 15h. The solution was cooled to room temperature and diluted with H2O, precipitate was filtrated off, and dried under vacuum. μ-Chloro-bridged intermediate was dissolved in CHCl3 and pyridine (or 4-methoxypyridine / pyrimidine) was added (2.5 equiv). The mixture was stirred at 50 °C for 15h. The reaction mixture was cooled to room temperature and diluted with CH2Cl2/aqueous NH4Cl (1:1, 100 mL). Organic layer was separated, and the aqueous one was extracted with CH2Cl2 (2 × 50 mL). The combined organic extracts were dried over anhydrous MgSO4 and solvent was evaporated under reduced pressure.The solid residue was purified by silica gel column chromatography (EtOAc/CH2Cl2, 10:1, v/v ).

Compound 52

Complex 52: was synthesized from K2PtCl4 (100 mg, 0.24 mmol), 38 (54 mg, 0.29 mmol) and pyridine (48 mg, 0.05 ml, 0.6 mmol) following the general procedure for the synthesis of Pt(II) complexes. The product 1 was obtained as a yellow powder in yield 44 % (53 mg). The spectroscopic data are reported in the literature. 

Compound 57

Complex 57: was synthesized from K2PtCl4 (100 mg, 0.24 mmol), 41 (94 mg, 0.29 mmol) and pyridine (48 mg, 0.05 ml, 0.6 mmol) following the general procedure for the synthesis of Pt(II) complexes. The product 57 was obtained as a orange powder in yield 77 % (117 mg). The spectroscopic data are reported in the literature. 7.81 (m, 3H), 7.53-7.40 (m, 3H), 7.31-7.21 (m, 4H), 7.18-7.09 (m, 4H), 7.06-6.92 (m, 3H) 

Synthesis of the bidentate cyclometalated alkynyl-platinum(II) complexes

Method C: In one Schlenk flask Platinum (II) chloride complex (1 equiv) was dissolved in 1 ml of DCM and diluted in 15 ml of EtOH. In an other flask KOtBu (1.1 equiv) was dissolved in 2 ml of EtOH and stirred. After 10 min appropriate alkynyl ligand was added and stirred 20 min. The solution with terminal alkynyl ligand was dropwise added to the cooled Pt(II) chloride solution (-5°C) . The reaction was going 2 hours at -5°C and 3 hours at RT. The reaction mixture was evaporated and purified by recrystallization from DCM/Hexane. 

X-Ray Structures

Complex 30: crystal Data for C23 H16 N4 O Pt, (M = 559.49), monoclinic, space group C 2/c (I.T.#15), a = 24.768( 3), b = 10.8889 (13), c = 13.8726(19)Å, β = 92.343(6)°, V = 3738.3(8) Å 3 . Z = 8, d = 1.988 g.cm -3 , μ = 7.530 mm -1 . The structure was solved by dual-space algorithm using the SHELXT program, [1] and then refined with full-matrix least-square methods based on F 2 (SHELXL). [2] 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 4245 unique intensities and 221 parameters converged at ωR(F 2 ) = 0.0965 (R(F) = 0.0467) for 2978 observed reflections with I > 2σ(I). 12), b = 7.8562 (5), c = 20.3724(18) Å, α = 90, β = 94.458(6), γ = 90 °, V = 1990.9(3) Å 3 . Z = 4, d = 1.967 g.cm -3 , μ = 7.078 mm -1 . The structure was solved by dual-space algorithm using the SHELXT program, [1] and then refined with full-matrix leastsquare methods based on F 2 (SHELXL). [2] 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 3675 unique intensities and 282 parameters converged at ωR(F 2 ) = 0.0852 (R(F) = 0.0424) for 2555 observed reflections with I > 2σ(I). 9), b = 10.5776 (12), c = 17.4264(19) Å, α = 98,163(5), β = 104.652(4), γ = 101.634(5) °, V = 1540.6(3) Å 3 . Z = 2, d = 1.613 g.cm -3 , μ = 4.674 mm -1 . The structure was solved by dual-space algorithm using the SHELXT program, [1] and then refined with fullmatrix least-square methods based on F 2 (SHELXL). [2] 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 6996 unique intensities and 360 parameters converged at ωR(F 2 ) = 0.0852 (R(F) = 0.0424) for 6467 observed reflections with I > 2σ(I). (10), b = 7.3821 (7), c = 20.8746(18) Å, α = 90°, β = 94.571(3), γ = 90°, V = 1794.2(3) Å 3 . Z = 4, d = 2.002 g.cm -3 , μ = 7.979 mm -1 . The structure was solved by dual-space algorithm using the SHELXT program, [1] and then refined with full-matrix leastsquare methods based on F 2 (SHELXL). [2] 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 4075 unique intensities and 235 parameters converged at ωR(F 2 ) = 0.0699 (R(F) = 0.0285) for 3545 observed reflections with I > 2σ(I). (10), γ = 90°, V = 1794.2(3) Å 3 . Z = 4, d = 1.800 g.cm -3 , μ = 5.779 mm -1 . The structure was solved by dual-space algorithm using the SHELXT program, [1] and then refined with full-matrix leastsquare methods based on F 2 (SHELXL). [2] 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 5683 unique intensities and 322 parameters converged at ωR(F 2 ) = 0.0644 (R(F) = 0.0281) for 4968 observed reflections with I > 2σ(I).

Crystallographic data for 65 + 0.