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An excursion in the second-order nonlinear optical properties of platinum complexes

Some basic second-order nonlinear optical notions

Nonlinear optics (NLO) is concerned with optical phenomena, in which an incident electromagnetic field and a compound interact affording electromagnetic fields with new frequency, phase, or other physical characteristics [START_REF] Prasad | Introduction to Nonlinear Optical Effects in molecules and Polymers[END_REF][START_REF] Zyss | Molecular Nonlinear Optics: Materials, Physics and Devices[END_REF][START_REF] Roundhill | Optoelectronic Properties of Inorganic Compounds[END_REF]. These optical phenomena depend on molecule or bulk material's polarizability. Some basic notions are given here, along with methodologies to measure the second-order NLO properties. Detailed information is reported elsewhere .

The induced polarization of a bulk material interacting with an electric field of very high power, E  , can be expressed by equation [START_REF] Prasad | Introduction to Nonlinear Optical Effects in molecules and Polymers[END_REF]:
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in which χ (1) and 0 P  are the linear polarizability and the intrinsic polarity, respectively, whereas χ (2) , χ (3) and χ (n) tensors are the nonlinear polarizabilities and correspond to the 2 nd , 3 rd and n-order electrical susceptibilities.

For a molecule, equation (1) becomes equation (2):
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in which the dipole moment in the ground state is µ0, whereas the linear polarizability, the quadratic hyperpolarizability and the cubic hyperpolarizability are α, β, and γ, respectively. represents the generation of a frequency that is two times the incident one. In a centrosymmetric structure, χ (2) and β equal zero. A high β or χ (2) value corresponds to a high NLO activity.

For linear-shaped molecules in which the β value is controlled by only one charge-transfer transition along the z direction, Oudar provided the "two-level" model that allows calculation of β as a function of the charge transfer transition frequency (νeg), the incident radiation frequency (νL), the dipole moment of the transition (reg) and the variation of the dipole moment between excited and ground states (∆µeg), according to equation (3) [START_REF] Oudar | Hyperpolarizabilities of the nitroanilines and their relations to the excited state dipole moment[END_REF][START_REF] Oudar | Optical nonlinearities of conjugated molecules. Stilbene derivatives and highly polar aromatic compounds[END_REF]:
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In agreement with the two-level model, a molecule with low νeg but large ∆µeg and reg values is expected to have a large β value. If a molecule is centrosymmetric, ∆µeg is zero and therefore β is null.

Thus, good quadratic hyperpolarizabilities values can be reached when an electron-donor moiety (D) is connected by means of a polarizable bridge to an electron-acceptor moiety (A). Coordination complexes, with the metallic center acting as donor or acceptor or bridge, are particularly appealing for second-order NLO. These are often characterized by low-energy and high-intensity transitions with charge transfer character [START_REF] Nalwa | Organometallic materials for nonlinear optics[END_REF][START_REF] Marder | Inorganic Materials[END_REF][START_REF] Long | Organometallic Compounds for Nonlinear Optics-The Search for En-light-enment![END_REF][START_REF] Whittall | Organometallic Complexes in Nonlinear Optics I: Second-Order Nonlinearities[END_REF][START_REF] Heck | Mono-and dinuclear sesquifulvalene complexes, organometallic materials with large nonlinear optical properties[END_REF][START_REF] Bozec | Dipolar and Non-Dipolar Pyridine and Bipyridine Metal Complexes for Nonlinear Optics[END_REF][START_REF] Powel | Nonlinear otical properties of transition metal acetylides and their derivatives[END_REF][START_REF] Bella | Second-order nonlinear optical properties of transition metal complexes[END_REF][START_REF] Coe | Nonlinear Optical Properties of Metal Complexes[END_REF][START_REF] Coe | Metal complexes for molecular electronics and photonics[END_REF][START_REF] Maury | Molecular Engineering of Octupolar NLO Molecules and Materials Based on Bipyridyl Metal Complexes[END_REF][START_REF] Cariati | Coordination and organometallic compounds and inorganic-organic hybrid crystalline materials for second-order non-linear optics[END_REF][START_REF] Coe | Switchable nonlinear optical metallochromophores with pyridinium electron acceptor groups[END_REF][START_REF] Coe | Non-Linear Optical Properties of Matter[END_REF][START_REF] Morrall | Organotransition metal complexes for nonlinear optics[END_REF][START_REF] Di Bella | Molecular Organometallic Materials for Optics[END_REF][START_REF] Maury | Wiley: Chichester, Matel-based quadratic molecular materials[END_REF][START_REF] Humphrey | Comprehensive Inorganic Chemistry II (Second Edition): From Elements to Applications[END_REF][START_REF] Pizzotti | Organometallic Counterparts of Push-Pull Aromatic Chromophores for Nonlinear Optics: Push-Pull Heteronuclear Bimetallic Complexes with Pyrazine and trans-1,2-bis(4-pyridyl)ethylene as Linkers[END_REF][START_REF] Tessore | Large, Concentration-Dependent Enhancement of the Quadratic Hyperpolarizability of [Zn(CH3CO2)2(L)2] in CHCl3 on Substitution of Acetate by Triflate[END_REF].

Multipolar systems, such as octupolar molecules, are also of interest from an NLO point of view, because it was shown that non dipolar structures may also be the origin of significant second harmonic generation [START_REF] Prasad | Introduction to Nonlinear Optical Effects in molecules and Polymers[END_REF][START_REF] Zyss | Molecular Nonlinear Optics: Materials, Physics and Devices[END_REF][START_REF] Roundhill | Optoelectronic Properties of Inorganic Compounds[END_REF][START_REF] Bozec | Dipolar and Non-Dipolar Pyridine and Bipyridine Metal Complexes for Nonlinear Optics[END_REF][START_REF] Powel | Nonlinear otical properties of transition metal acetylides and their derivatives[END_REF][START_REF] Bella | Second-order nonlinear optical properties of transition metal complexes[END_REF][START_REF] Coe | Nonlinear Optical Properties of Metal Complexes[END_REF][START_REF] Coe | Metal complexes for molecular electronics and photonics[END_REF][START_REF] Maury | Molecular Engineering of Octupolar NLO Molecules and Materials Based on Bipyridyl Metal Complexes[END_REF]. An advantage of octupolar molecules is that they have no net dipole moment, an advantage with respect to dipolar compounds which have to be aligned, parallel to an applied electric field, to be NLO-active. The prototypical example of an octupolar molecule is represented by 1,3,5-triamino-2,4,6-trinitrobenzene. Some efficient NLO-active octupolar molecules have a central core characterized by an electron donor or acceptor behaviour to which three π-delocalized branches, containing acceptor or donor groups, are linked [START_REF] Maury | Molecular Engineering of Octupolar NLO Molecules and Materials Based on Bipyridyl Metal Complexes[END_REF].

Experimentally, the quadratic hyperpolarizability of dipolar compounds can be determined in solution by the EFISH (Electric Field Induced Second Harmonic generation) technique [START_REF] Ledoux | Influence of the molecular environment in solution measurements of the second-order optical susceptibility for urea and derivatives[END_REF], working with an incident wavelength λ, by means of equation ( 4): γEFISH = (µβλ/5kT) + γ (-2ω; ω, ω, 0)

where βλ corresponds to the projection of βVEC (vectorial contribution of the tensor β) along the µ (dipole moment in the ground state) axis. The first term of the sum is the dipolar orientational contribution of the NLO response whereas the second term is the electronic cubic contribution, usually negligeable for dipolar compounds. This technique gives the µβλ product. In order to obtain βλ, µ has to be determined (theoretically or experimentally with the Guggenheim technique [START_REF] Guggenheim | A proposed simplification in the procedure for computing electric dipole moments[END_REF]).

Another way to determine the quadratic hyperpolarizability in solution is the HRS (Hyper-Rayleigh Scattering, sometimes called Harmonic Light Scattering) technique [START_REF] Maker | Spectral broadening of elastic second-harmonic light scattering in liquids[END_REF][START_REF] Clays | Hyper-Rayleigh scattering in solution[END_REF][START_REF] Zyss | Molecular engineering implications of rotational invariance in quadratic nonlinear optics: From dipolar to octupolar molecules and materials[END_REF][START_REF] Zyss | Nonlinear optics in multipolar media: theory and experiments[END_REF], suitable for all compounds (dipolar or not). The dissolved molecule is irradiated with λ as incident wavelength, there is generation of the incoherently scattered second harmonic which gives βxβ as mean value. The components of the quadratic hyperpolarizability tensor are obtained by studying how the second harmonic generation (SHG) depends on the polarization.

Besides, the quadratic hyperpolarizability can be calculated by means of Density Functional Theory (DFT) and Time-Dependent DFT (TD-DFT) methods or by the "Sum Over States" (SOS) approach [START_REF] Kanis | Optical nonlinearities of conjugated molecules. Stilbene derivatives and highly polar aromatic compounds[END_REF][START_REF] Marques | Time-dependent density functional theory[END_REF].

From an applicative point of view, there is particular interest for compounds with values of µβ larger than 500 x 10 -48 esu, the value characteristic of Disperse Red One [trans-4,4'-O2NC6H4N=NC6H4NEt(CH2CH2OH)], which has been used in electrooptic polymeric poled films [START_REF] Singer | Second-order nonlinearoptical properties of donor-and acceptor-substituted aromatic compounds[END_REF]. Soluble NLO-active compounds can be easily nano-organized in a polymeric matrix, such as poly(methyl methacrylate) or polystyrene, to afford thin films with nonlinear optical properties. It is usually necessary to orient dipolar molecules by corona wire poling to give NLO-active thin films with a given χ (2) value [START_REF] Prasad | Introduction to Nonlinear Optical Effects in molecules and Polymers[END_REF][START_REF] Zyss | Molecular Nonlinear Optics: Materials, Physics and Devices[END_REF][START_REF] Roundhill | Optoelectronic Properties of Inorganic Compounds[END_REF].

In the last two decades, coordination complexes with second-order NLO properties have attracted increasing attention, often reaching an NLO response superior to that of the prototypal Disperse Red One, making them competitive materials with respect to organic chromophores [START_REF] Nalwa | Organometallic materials for nonlinear optics[END_REF][START_REF] Marder | Inorganic Materials[END_REF][START_REF] Long | Organometallic Compounds for Nonlinear Optics-The Search for En-light-enment![END_REF][START_REF] Whittall | Organometallic Complexes in Nonlinear Optics I: Second-Order Nonlinearities[END_REF][START_REF] Heck | Mono-and dinuclear sesquifulvalene complexes, organometallic materials with large nonlinear optical properties[END_REF][START_REF] Bozec | Dipolar and Non-Dipolar Pyridine and Bipyridine Metal Complexes for Nonlinear Optics[END_REF][START_REF] Powel | Nonlinear otical properties of transition metal acetylides and their derivatives[END_REF][START_REF] Bella | Second-order nonlinear optical properties of transition metal complexes[END_REF][START_REF] Coe | Nonlinear Optical Properties of Metal Complexes[END_REF][START_REF] Coe | Metal complexes for molecular electronics and photonics[END_REF][START_REF] Maury | Molecular Engineering of Octupolar NLO Molecules and Materials Based on Bipyridyl Metal Complexes[END_REF][START_REF] Cariati | Coordination and organometallic compounds and inorganic-organic hybrid crystalline materials for second-order non-linear optics[END_REF][START_REF] Coe | Switchable nonlinear optical metallochromophores with pyridinium electron acceptor groups[END_REF][START_REF] Coe | Non-Linear Optical Properties of Matter[END_REF][START_REF] Morrall | Organotransition metal complexes for nonlinear optics[END_REF][START_REF] Di Bella | Molecular Organometallic Materials for Optics[END_REF][START_REF] Maury | Wiley: Chichester, Matel-based quadratic molecular materials[END_REF][START_REF] Humphrey | Comprehensive Inorganic Chemistry II (Second Edition): From Elements to Applications[END_REF][START_REF] Pizzotti | Organometallic Counterparts of Push-Pull Aromatic Chromophores for Nonlinear Optics: Push-Pull Heteronuclear Bimetallic Complexes with Pyrazine and trans-1,2-bis(4-pyridyl)ethylene as Linkers[END_REF]. Complexes with metals of groups 6 and 8-12 of the periodic table have been investigated with a variety of ligands.

Particularly large quadratic hyperpolarizabilities have been reached with Ru, Ir, Pt, and Zn complexes. Although reviews have been dedicated to ruthenium [START_REF] Coe | Developing iron and ruthenium complexes for potential nonlinear optical applications[END_REF][START_REF] Colombo | Abbotto, Thiocyanatefree ruthenium(II) 2,2′-bipyridyl complexes for dye-sensitized solar cells[END_REF], zinc [START_REF] Di Bella | Zinc(II) as a versatile template for the preparation of fascinating dipolar and octupolar second-order nonlinear optical molecular materials[END_REF], and Ir [START_REF] Colombo | A trip in the nonlinear optical properties of iridium complexes[END_REF] complexes, to the best of our knowledge no review has appeared documenting the NLO properties of platinum complexes. This observation prompted us to write an overview on platinum-containing second-order NLO active complexes which is reported in the next sections. The aim is to focus on important aspects of each family of platinum complexes, therefore the review does not provide an exhaustive account of all NLO-active platinum compounds.

Pt(II) compounds with pyridine, bipyridine, or phenanthroline

The EFISH technique put in evidence the augmentation of the β value of NMe2-Phenyl(CHCH)Pyridine upon coordination; the enhancement factor is controlled by the identity of the metallic center and of its ancillary ligands [START_REF] Cariati | Coordination and organometallic compounds and inorganic-organic hybrid crystalline materials for second-order non-linear optics[END_REF][START_REF] Di Bella | Molecular Organometallic Materials for Optics[END_REF]. For example, there is a two-fold and four-fold augmentation of β(EFISH) upon coordination to ''W(CO)5'' [START_REF] Kanis | Electronic Structure and Quadratic Hyperpolarizabilities in Organotransition-Metal Chromophores Having Weakly Coupled pi-Networks. Unusual Mechanisms for Second-Order Response[END_REF] and "cis-Ir(CO)2Cl" [START_REF] Roberto | Quadratic Hyperpolarizability Enhancement of para-Substituted Pyridines Upon Coordination to Organometallic Moieties: the Ambivalent Donor or Acceptor Role of the Metal[END_REF],

respectively. The augmentation of β is controlled by an intraligand charge transfer transition that depends on the acidity of the metallic fragment that augments the π* accepting behaviour of the pyridine moiety; the ''two level'' model [START_REF] Oudar | Hyperpolarizabilities of the nitroanilines and their relations to the excited state dipole moment[END_REF][START_REF] Oudar | Optical nonlinearities of conjugated molecules. Stilbene derivatives and highly polar aromatic compounds[END_REF] explains the resulting bathochromic shift of the ILCT transition with augmentation of β. It was observed that the β value of NMe2-Phenyl(CHCH)Pyridine doesn't change upon coordination to "cis-PtCl2", as expected for the absence of ILCT red shift [START_REF] Roberto | Effect of the Coordination to M(II) Metal Centers (M = Zn, Cd, Pt) on the Quadratic Hyperpolarizability of Various Substituted 5-X-1,10-phenanthrolines (X = Donor Group) and of trans-4-(Dimethylamino)-4'-stilbazole[END_REF].

It is important pointing out that the control of the optical behaviour of molecules by an exterior stimulus is of great interest in order to develop new materials, notably for photonic communication and data processing [START_REF] Attar | Optically Multiresponsive Heteroleptic Platinum Dithiolene Complex with Proton-Switchable Properties[END_REF][START_REF] Margapoti | A 2D Semiconductor-Self-Assembled Monolayer Photoswitchable Diode[END_REF][START_REF] Nisic | Highly efficient acido-triggered reversible luminescent and nonlinear optical switch based on 5-π-delocalized-donor-1,3-di(2-pyridyl)benzenes[END_REF][START_REF] Castet | Design and Characterization of Molecular Nonlinear Optical Switches[END_REF][START_REF] Harvey | Transition metal functionalized photo-and redox-switchable diarylethene based molecular switches[END_REF][START_REF] Bella | An unprecedented switching of the second-order nonlinear optical response in aggregate bis(salicylaldiminato)zinc(II) Schiff-base complexes[END_REF][START_REF] Cariati | An acidotriggered reversible luminescent and nonlinear optical switch based on a substituted styrylpyridine: EFISH measurements as an unusual method to reveal a protonationdeprotonation NLO contrast[END_REF][START_REF] Wang | Metallopolymers for advanced sustainable applications[END_REF]. In particular, the use of light, to control the NLO response of coordination compounds, is fascinating because it leads to all-optical molecular materials, in which light reads, writes, and stores the information [START_REF] Guerchais | Linear and Nonlinear Optical Molecular Switches Based on Photochromic Metal Complexes[END_REF]. In this context, an appealing photochrome is dithienylethene (DTE) because it presents thermal stability, high photoconversion, and because the open (o) and closed (c) isomers are characterized by a very different optical behaviour [START_REF] Irie | Diarylethenes for Memories and Switches[END_REF][START_REF] Irie | Photochromism of Diarylethene Molecules and Crystals: Memories, Switches, and Actuators[END_REF]. As a matter of fact, the passage from the open isomer to the closed one, and vice versa, is a tool to photomodulate the π-delocalization of the system [START_REF] Boixel | Contrasted Photochromic and Luminescent Properties in Dinuclear Pt(II) Complexes Linked Through a Central Dithienylethene Unit[END_REF]. In this context, the quadratic hyperpolarizability of various mono and bimetallic platinum(II) complexes bearing a pyridine ligand functionalized with a photoresponsive DTE moiety was studied by the density functional theory method (Figure 1) [START_REF] Zhang | Theoretical exploration of second-order nonlinear optical properties of mono-and bimetallic Pt(II) dithienylcyclopentene complexes: Ligands and photoisomerization effect[END_REF]. It turned out that the computed quadratic hyperpolarizability of complex 1 increases by a factor of 5.4 on going from the open to the close form (βtot = 26.8 x10 -30 and 145 x 10 -30 esu for 1o and 1c, respectively) in agreement with an increase of the system delocalization. In the related bimetallic complex (2), a similar trend is observed although the quadratic hyperpolarizabilities are lower (βtot = 12.4 x10 -30 and 46.6 x 10 -30 esu for 2o and 2c, respectively). Interestingly, substitution of the cyclopentene ring with a perfluorocyclopentene causes a decrease of the second-order NLO response (βtot = 5.8 x10 -30 and 20.1 x 10 -30 esu for 3o and 3c, respectively). These results confirm that the introduction of a DTE moiey is an effective method to allow switching of the quadratic hyperpolarizability [START_REF] Zhang | Theoretical exploration of second-order nonlinear optical properties of mono-and bimetallic Pt(II) dithienylcyclopentene complexes: Ligands and photoisomerization effect[END_REF].

Pt

Besides, the second-order NLO response of a Pt(II) complex bearing a bipyridine, substituted with dimesitylboryl and diphenylamino groups, has been studied by density of states (DOS), and time-dependent DFT (TDDFT) calculations (Complex 4, Figure 2) [START_REF] Ma | Quantum Chemical Study of Redox-Switchable Second-Order Nonlinear Optical Responses of D-π-A System BNbpy and Metal Pt(II) Chelate Complex[END_REF]. As a consequence of the enhanced π conjugation, this complex is stable toward reduction and display reversible reduction peaks, providing a model for redox switching of NLO responses. According to the calculations, there is a three-fold enhancement of the βvec value of 4 upon formation of the one-electronic-reduced species 4 -. For the second one-electron-reduced process of complex 4, two possible spin states (singlet state 1 4 2-and triplet state 3 4 2-) have been studied; it was found that the more stable (by 13.87 kcal/mol) singlet state has a βvec value 3.8 times larger than that of the neutral form 4 whereas the value of 3 4 2- is huge (1349.4 x 10 -30 esu), being 286 times larger than the value of 4. In this system, the reduction process affects the geometries resulting in a better conjugation in the bipyridine, compared to the neutral form, and thus heightens βvec [START_REF] Ma | Quantum Chemical Study of Redox-Switchable Second-Order Nonlinear Optical Responses of D-π-A System BNbpy and Metal Pt(II) Chelate Complex[END_REF]. Besides, the quadratic hyperpolarizability of various square planar platinum(1,10phenanthroline)(dithiolate) have been investigated, in dichloromethane solution, by EFISH with a 1.907 µm incident wavelength (Figure 3) [START_REF] Cummings | Metalloorganic Compounds for Nonlinear Optics: Molecular Hyperpolarizabilities of M(diimine)(dithiolate) Complexes (M = Pt, Pd, Ni)[END_REF]. It was shown how a suitable design of the compounds, by variation of the thiolate ligands, is a way to optimize the NLO properties. The thiolate ligands play the role of electron-donors and contribute to the composition of the highest occupied molecular orbitals (HOMOs), which consist in a combination of the orbitals of the metal and thiolate, whereas the phenanthroline acts as electron-acceptor through the lowest unoccupied molecular orbitals (LUMOs), which are π * orbitals. For this reason, the introduction of a donating unit on the thiolate ligands leads to an increase of β. 
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Thus the complex with two p-aminothiophenolate ligands (5) presents the greatest µβ1.907EFISH (-390 × 10 -48 esu where µ = 10 × 10 -18 esu and β1.907EFISH = -39 × 10 -30 esu), larger than that of the complex with two p-methoxythiophenolates (6; µβ1.907EFISH = -279 × 10 -48 esu, µ = 9 × 10 -18 esu, β1.907EFISH = -31× 10 -30 esu), because the amino group is a stronger donor than the methoxy group.

Complex 7 with a dithiolate bearing electron-withdrawing substituents has a lower NLO response (µβ1.907EFISH = -135 × 10 -48 esu, µ = 9 × 10 -18 esu, β1.907EFISH = -15 × 10 -30 esu). Interestingly, the quadratic hyperpolarizability decreases upon substitution of Pt(II) by Pd(II), in line with a diminution of the oscillator strength of the HOMO-LUMO transition. In this family, all compounds present negative β values, in accordance with a negative solvatochromism and with a diminution of µ upon charge transfer (∆µeg<0) [START_REF] Oudar | Hyperpolarizabilities of the nitroanilines and their relations to the excited state dipole moment[END_REF][START_REF] Oudar | Optical nonlinearities of conjugated molecules. Stilbene derivatives and highly polar aromatic compounds[END_REF].

The related complex 8, bearing the same phenanthroline but a chelating di-t-butylbenzenedithiolate, is characterized by a much higher NLO response (µβ1.907EFISH = -821 × 10 -48 esu, in dichloromethane) which increases even more upon substitution of the sulphur atoms by oxygen (complex 9; µβ1.907EFISH = -1300 × 10 -48 esu) as expected for the red-shift of the HOMO (mixed platinum-thiolate or catecholate) -LUMO (π* phenanthroline) transition [START_REF] Base | On the Second-Order Nonlinear Optical Structure-Property Relationships of Metal Chromophores[END_REF].

Pt(II) compounds with dithiolene

Pt(II) compounds bearing two different dithiolenes ligands, [R2(C2S2)Pt(C2S2)R '2] where R and R' have different electron-withdrawing capability are fascinating for nonlinear optics. In these mixed-ligand dithiolenes platinum complexes, the dithiolato ligand acts as donor, contributing mainly to the HOMO whereas the dithione is the acceptor, contributing mainly to LUMOs; the HOMO-LUMO excitation is mediated by the platinum(II) center leading to interesting quadratic hyperpolarizabilities. The NLO potential of these mixed-ligand platinum complexes with dithionedithiolato ligands was well investigated by Deplano, through a systematic investigation of dithione and dithiolato ligands to understand the structure/property relationship useful to synthesize compounds with optimized properties. These complexes exhibit large negative quadratic hyperpolarizabilities, in line with their negative solvatochromism and negative Δμeg [START_REF] Espa | Molecular engineering of heteroleptic metaldithiolene complexes with optimized second-order NLO response[END_REF].

For example, complex 10 (Figure 4), with a dibenzyl-piperazine- The mixed-ligand dithiolene platinum complex [START_REF] Powel | Nonlinear otical properties of transition metal acetylides and their derivatives[END_REF] bearing the same dithione but a benzodithiolato ligand shows a stronger µβ1.907EFISH value (-3390 × 10 -48 esu), in line with a lower HOMO-LUMO distance with respect to 10 [START_REF] Espa | Mixed-ligand Pt(II) dithione-dithiolato complexes: influence of thedicyanobenzodithiolato ligand on the second-order NLO properties[END_REF]. Complex 12, with the same dithione but with a different dithiolato ligand is characterized by an even lower energy gap, and therefore an even stronger NLO response (µβ1.907EFISH value = -10000 × 10 -48 esu) [START_REF] Espa | Redox-Switchable Chromophores Based on Metal (Ni, Pd, Pt) Mixed-Ligand Dithiolene Complexes Showing Molecular Second-Order Nonlinear-Optical Activity[END_REF]. A lower µβ1.907EFISH value (-4400 × 10 -48 esu) is obtained upon substitution of sulphur with selenium in the dithiolato ligand (complex 13), despite the greater size and polarizability of selenium with respect to sulphur [START_REF] Espa | Electrochromic second-order NLO chromophores based on M II (M = Ni, Pd, Pt) complexes with diselenolato-dithione (donor-acceptor) ligands[END_REF].

The effect of the nature of the acceptor dithione ligand was also investigated. Thus the mixedligand platinum complex with diethylperhydrodiazepine-dithione and the same dithiolate of complex 10 (complex 14) was prepared. Its second-order NLO response (µβ1.907EFISH value = -1300 × 10 -48 esu) was lower than that observed for 10, because the structure of these compounds tunes intensely their quadratic hyperpolarizability. In compounds 10 and 12, the dithione torsion angle N-S-S′-N′ is about 2.7° whereas it is about 40° in 14. Thus the torsion angle of 14 is much higher than that of 10 and 12, putting in evidence that the highest dithione torsion angle corresponds to the lowest oscillator strength and therefore to the lowest quadratic hyperpolarizability. The fascinating high quadratic hyperpolarizability of 12 is due to a low N-S-S′-N′ angle and great dithiolate's π delocalization [START_REF] Espa | Role of the Acceptor in Tuning the Properties of Metal [M(II) = Ni, Pd, Pt] Dithiolato/Dithione (Donor/Acceptor) Second-Order Nonlinear Chromophores: Combined Experimental and Theoretical Studies[END_REF].

A related platinum-dithiolene complex [START_REF] Maury | Molecular Engineering of Octupolar NLO Molecules and Materials Based on Bipyridyl Metal Complexes[END_REF], bearing a quinoxaline-dithiolate and diisopropylpiperazine-dithione as donor and acceptor ligands, respectively, also shows a significant µβ1.907EFISH value (-4280 × 10 -48 esu). As expected from the above presented dithiolene complexes, substitution of Pt by Ni (µβ1.907EFISH value = -1490 × 10 -48 esu) or Pd (µβ1.907EFISH value = -1970 × 10 -48 esu) leads to a lower response [START_REF] Attar | Uncommon Optical Properties and Silver-Responsive Turn-Off/On Luminescence in a Pt II Heteroleptic Dithiolene Complex[END_REF].

Besides, the anionic platinum(II) complex 16 (Figure 5) shows an interesting µβ1.907EFISH (-735 × 10 -48 esu), as NBu4 + salt in CHCl3 solution. Remarkably, addition of HCl gives 17, characterized by a four-fold NLO response (-2980 × 10 -48 esu). The dipole moment of 16 and 17 being 12.6 and 3.9 x 10 -18 esu, respectively, the β1.907EFISH value increases by a factor of 12 (complex 16, 60 × 10 -30 esu; complex 17, 735 × 10 -30 esu). Addition of NH3 to 17 gives back 16. The quadratic hyperpolarizabilities have a negative sign, as expected for a negative Δμeg and the negative solvatochromism of the involved transitions. Interestingly, 16 is deep blue and gives a red emission whereas 17 is green and emits in the green region. Therefore, this system is a fascinating REVISED MANUSCRIPT 13 multiresponse optical switch [START_REF] Attar | Optically Multiresponsive Heteroleptic Platinum Dithiolene Complex with Proton-Switchable Properties[END_REF]. 

Pt(II) compounds with cyclometalated imine

An EFISH study of dimeric platinum complexes with mixed bridges (chloro-thiolato or thiolato-carboxylato) and two cyclometalated imine ligands has been accomplished in chloroform at 1.34 µm. Complexes 18 and 20 (Figure 6) are characterized by µβ1.907EFISH equal to 454 and 325 × 10 -48 esu, respectively, greater than the value of the related non-coordinated imine (158 × 10 -48 esu).

Similarly, in the case of complexes 19 and 21 (µβ1.907EFISH = 513 and 590 × 10 -48 esu, respectively, compared to 200 × 10 -48 esu for the free imine). However, this increase can be attributed to an augmentation of µ upon formation of the dimers. Thus, µ goes from 4.4 to 10.8 and 12.5 × 10 -18 esu upon formation of 18 and 20 and from 5.7 to 9.5 and 10 × 10 -18 esu upon formation of 19 and 21.

Therefore, although the imine moieties in the dimer have a cisoid disposition, which could lead to positive addition of the nonlinear effects from each moiety, it turned out that there is a decrease of the β value upon cyclometallation. It was suggested that, in these systems, the metal atom acts as an electron acceptor, through its bond with the iminic nitrogen, making the charge-transfer in the imine ligand more difficult and thus decreasing the quadratic hyperpolarizability. As a mater of fact there is a decrease of the intraligand charge transfer transition band wavelength of the imine upon formation of the platinum complexes. A similar effect is observed upon substitution of Pt with Pd [START_REF] Buey | Synthesis and Second-Order Nonlinear Optical Properties of New Palladium(II) and Platinum(II) Schiff-Base Complexes[END_REF].

Pt N R Pt N Cl S R Pt N R Pt N S R O O CHCl CH 3 18 , R = NO 2 ; R ' = OC 8 H 17 19 , R = OC 8 H 17 ; R ' = NO 2 R ' R ' 20 , R = NO 2 ; R ' = OC 8 H 17 21 , R = OC 8 H 17 ; R ' = NO 2 C 8 H 17 C 8 H 17 ( R ) - KO 2 CCHClCH 3 * R ' R ' Figure 6
. Pt(II) compounds with cyclometalated imine.

Pt(II) compounds with cyclometalated phenylpyridine

Luminescent coordination compounds with good quadratic hyperpolarizabilities are interesting multifunctional molecular materials [START_REF] Colombo | A trip in the nonlinear optical properties of iridium complexes[END_REF][START_REF] Cariati | X-ray Structures and Emissive and Second-Order Nonlinear Optical Properties of Two Inorganic-Organic Polymeric Adducts of CuI with 4-Acetylpyridine. The Role of Both "Intrastrand" Charge Transfers and Structural Motifs on the Nonlinear Optical Response of Cu(I) Polymeric Adducts with Pseudoaromatic η 1 -Nitrogen Donor Ligands[END_REF][START_REF] Dragonetti | The role of 5-R-1,10-phenanthroline (R = CH3, NO2) on the emission properties and second order NLO response of cationic Ir(III) organometallic chromophores[END_REF][START_REF] Chavan | Synthesis, spectroscopic characterization, luminescence and NLO properties of heterometallic M(II)-Ru(II) (M=Ni and Zn) hybrid complexes composed of coordination and organometallic sites[END_REF][START_REF] Chakrabarty | Multifunctional Lanthanide Complexes: Mesomorphism, Photoluminescence and Second Order NLO Property[END_REF][START_REF] David | Novel ferrocene-appended β-ketoimines and related BF2 derivatives with significant aggregation-induced emission and second-order nonlinear optical properties[END_REF]. For this reason, the quadratic hyperpolarizabilities of luminescent Pt(II) compounds, with a β-diketonate and a cyclometalated 2phenylpyridine, were studied by the EFISH method in chloroform. Complex 22 (Figure 7), with the acetylacetonate ligand, has a good µβ1.907EFISH (-535 × 10 -48 esu with µ = 4 × 10 -18 esu and β1.907EFISH = -134 × 10 -30 esu). With a more π-delocalized β-diketonate (complex 23), there is not a significant change of µ but there is an increase of β1.907EFISH (-193 × 10 -30 esu), in line with the lower polarizability of methyl with respect to phenyl. These high β1.907EFISH have been attributed to ILCT transitions of the 2-phenylpyridine. It is worth pointing out that the relatively low β1.907EFISH

(35 × 10 -30 esu) of the non-coordinated 2-phenylpyridine increases by a factor of 4-5 upon cyclometallation, showing the importance of platinum [START_REF] Valore | Luminescent cyclometallated Ir(III) and Pt(II) complexes with β-diketonate ligands as highly active second-order NLO chromophores[END_REF].

Following this report, a study was carried out on the influence of the functionalization of the cyclometalated 2-phenylpyridine. Some 4-styryl-2-phenylpyridines, bearing in para position R groups of different donor or acceptor ability, were prepared along with the related Pt(II) complexes (24, 25, 26, 27 for R = H, OMe, NEt2, NO2, respectively; Figure 7) [START_REF] Colombo | Cyclometalated 4-Styryl-2phenylpyridine Platinum(II)Acetylacetonate Complexes as Second-Order NLO Building Blocks for SHG Active Polymeric Films[END_REF]. The µβ1.907EFISH value of complex 25 is four-fold that of the non-coordinated phenylpyridine, confirming the important role of cyclometallation on the NLO activity. Interestingly, dispersion and orientation of 26 in poly(methyl methacrylate) gives a film characterized by a good (χ33 (2) = 5.62 pm/V) and relatively stable (χ33 (2) = 2.8 pm/V after 3 months) second harmonic generation (SHG) response [START_REF] Colombo | Cyclometalated 4-Styryl-2phenylpyridine Platinum(II)Acetylacetonate Complexes as Second-Order NLO Building Blocks for SHG Active Polymeric Films[END_REF], higher than that observed for related Ir(III) compounds [START_REF] Dragonetti | Functionalized styryl Iridium(III) complexes as active second-order NLO chromophores and building blocks for SHG polymeric films[END_REF] but slightly lower than that observed for NMe2-methylstilbazolium (χ33 (2) = 10.6 pm/V) [START_REF] Macchi | Stable SHG from in situ grown oriented nanocrystals of [(E)-N,N-dimethylamino-N' methylstilbazolium][p-toluenesulfonate] in a PMMA film[END_REF] or ferrocene-quinoxaline Yshaped chromophores (χ33 (2) = 10.6 pm/V) [START_REF] Senthilkumar | Ferrocene-quinoxaline Y-shaped chromophores as fascinating secondorder NLO building blocks for long lasting highly active SHG polymeric films[END_REF][START_REF] Prabu | NLO-active Y-shaped ferrocene conjugated imidazole chromophores as precursors for SHG polymeric films[END_REF].

Recently, the first hyperpolarizability of various cyclometalated platinum(II) acetylacetonate complexes [START_REF] Guggenheim | A proposed simplification in the procedure for computing electric dipole moments[END_REF][START_REF] Maker | Spectral broadening of elastic second-harmonic light scattering in liquids[END_REF][START_REF] Clays | Hyper-Rayleigh scattering in solution[END_REF] bearing an isomeric donor-acceptor conjugation framework phenylpyridine ligand (Figure 8) have been studied by the density functional theory method [START_REF] Zhang | Redox-triggered switch based on platinum(II) acetylacetonate complexes bearing an isomeric donor-acceptor conjugation ligand shows a high second-order nonlinear optical response[END_REF]. In the case of complex 29, coordination with the strong electron donating ability of triphenylamine and the electron-withdrawing capacity of the [START_REF] Prasad | Introduction to Nonlinear Optical Effects in molecules and Polymers[END_REF][START_REF] Zyss | Molecular Nonlinear Optics: Materials, Physics and Devices[END_REF][START_REF] Nalwa | Organometallic materials for nonlinear optics[END_REF]thiadiazolo [3,4-c]pyridine unit produces the highest first hyperpolarizability (βtot= 329 x 10 -30 esu). Complexes 28 and 30 are characterized by a lower NLO response (βtot= 145

x 10 -30 and 55 x 10 -30 esu, respectively). Remarkably, good to large βtot contrasts were observed for these isomeric Pt(II) complexes upon redox process. The first hyperpolarizability is enhanced for the three complexes after the oxidation reaction, while it is slightly decreased by the reduction process, except for complex 30. In the case of complex 28, the oxidized species has a βtot of 7346 x 10 -30 esu, 51 times larger compared to the related neutral complex. On the other side, the one-electron reduction induces a slight diminution of the NLO response by 2.5 times, putting in evidence that complex 28 is characterized by a two-state switching NLO effect. In the case of complexes 29 and 30, the oneelectron oxidation leads to an increase of βtot by a factor of 3.3 and 168, respectively). Complex 30, characterized by the highest on/off ratio using an oxidation stimulus, appears as a promising candidate for efficient redox-triggered NLO switches [START_REF] Zhang | Redox-triggered switch based on platinum(II) acetylacetonate complexes bearing an isomeric donor-acceptor conjugation ligand shows a high second-order nonlinear optical response[END_REF]. 

Pt(II) compounds with N^C^N-pincers

Various Pt(II) compounds of the type [PtCl([Ph(CH2N(CH3)2)2-2,6-R-4]] (where R = trans-CHCHPh-R′-4′ and R′ = N(C6H5)2 (31), N(CH3)2 (32), OCH3 [START_REF] Kanis | Optical nonlinearities of conjugated molecules. Stilbene derivatives and highly polar aromatic compounds[END_REF], Si(CH3)3 [START_REF] Marques | Time-dependent density functional theory[END_REF], H [START_REF] Singer | Second-order nonlinearoptical properties of donor-and acceptor-substituted aromatic compounds[END_REF], I (36), CN (37) (Figure 9) were investigated in dichloromethane with an incident wavelength of 0.8 µm by the HRS method which gives the βzzz contribution of the hyperpolarizability's tensor (z represents the charge transfer direction). The βzzz value (1106 [START_REF] Zyss | Molecular engineering implications of rotational invariance in quadratic nonlinear optics: From dipolar to octupolar molecules and materials[END_REF], 667 [START_REF] Zyss | Nonlinear optics in multipolar media: theory and experiments[END_REF], 164 [START_REF] Kanis | Optical nonlinearities of conjugated molecules. Stilbene derivatives and highly polar aromatic compounds[END_REF], 270 [START_REF] Marques | Time-dependent density functional theory[END_REF], 272 [START_REF] Singer | Second-order nonlinearoptical properties of donor-and acceptor-substituted aromatic compounds[END_REF], 1324 [START_REF] Coe | Developing iron and ruthenium complexes for potential nonlinear optical applications[END_REF], 940 (37) × 10 -30 esu) goes from 164 to 1324 × 10 -30 esu. The best responses are obtained for complexes 31 and 36, which bears the N(C6H5)2 and I moiety, respectively, in agreement with the fact that they have the largest absorption coefficient and therefore the largest oscillator strength. In the case of 36, the large value can also be attributed to the high polarizability of iodine which leads to a large ∆µeg. In this family of complexes, the PtCl moiety acts as donor, and interestingly, a good NLO response is observed for both donor or acceptor R' groups, in line with TD-DFT calculations that indicate that the HOMO-LUMO gap diminishes on going from 35 (with R′=H) to 32 (with the electron-donor R', N(CH3)2) or 37 (with the electron-acceptor R′, CN). In 37, the HOMO is essentially centered on the Pt moiety and the LUMO on nitrile, whereas in 32 the HOMO is localized on Pt and N(CH3)2 with LUMOs on the central ethylene bridge [START_REF] Batema | Substituted 4,4′-Stilbenoid NCN-Pincer Platinum(II) Complexes.Luminescence and Tuning of the Electronic and NLO Properties and the Application in an OLED[END_REF]. Interestingly, in related 4,4'substituted benzylidene aniline platinum complexes, it was shown that the Pt-pincer moiety can behave as a strong acceptor inductively and as a strong donor mesomerically [START_REF] Batema | Organometallic benzylidene anilines: donor-acceptor features in NCN-pincer Pt(II) complexes with a 4-(E)-[(4-R-phenyl)imino]methyl substituent[END_REF]. 

Pt(II) compounds with cyclometalated N^C^N dipyridylbenzene

A HRS study, in DMF at 1.064 µm, has been carried out on Pt(II) compounds with a cyclometalated dipyridylbenzene and a chloride (41 and 43, Figure 11) or arylacetylide ligand [START_REF] Nisic | Highly efficient acido-triggered reversible luminescent and nonlinear optical switch based on 5-π-delocalized-donor-1,3-di(2-pyridyl)benzenes[END_REF].

It turned out that these complexes are characterized by large quadratic hyperpolarizabilities (βzzz = 1160 [START_REF] Roberto | Quadratic Hyperpolarizability Enhancement of para-Substituted Pyridines Upon Coordination to Organometallic Moieties: the Ambivalent Donor or Acceptor Role of the Metal[END_REF], 1460 [START_REF] Attar | Optically Multiresponsive Heteroleptic Platinum Dithiolene Complex with Proton-Switchable Properties[END_REF], 610 (45) × 10 -30 esu), the highest value being obtained in the case of compound Pt(II) compounds with a cyclometalated dipyridylbenzene constitute an interesting family of multifunctional materials since they show remarkable luminescent [START_REF] Williams | An alternative route to highly luminescent platinum(II) complexes: cyclometalation with N=C=N-coordinating dipyridylbenzene ligands[END_REF][START_REF] Williams | The coordination chemistry of dipyridylbenzene: N-deficient terpyridine or panacea for brightly luminescent metal complexes?[END_REF][START_REF] Colombo | Neutral N^C^N terdentate luminescent Pt(II) complexes: their synthesis, photophysical properties and bio-imaging application[END_REF][START_REF] Garoni | Controlling the emission in flexibly-linked (N^C^N)platinum dyads[END_REF][START_REF] Dragonetti | First Member of an Appealing Class of Cyclometalated 1,3-Di-(2-Pyridyl)Benzene Platinum(II) Complexes for Solution-Processable OLEDs[END_REF] and NLO [START_REF] Scarpaci | Preparation and characterization of second order non-linear optical properties of new "push-pull" platinum complexes[END_REF] properties.

To better understand the influence of the cyclometalated ligand's substituents and of the ancillary ligands on the electronic origin and control of the quadratic hyperpolarizabilities, a series of complexes was investigated (for example, complexes 47-52 presented in Figure 12) in DMF at 1.907

µm by EFISH and HRS techniques, and by TD-DFT calculations [START_REF] Rossi | Tuning the Dipolar Second-Order Nonlinear Optical Properties of Cyclometalated Platinum(II) Complexes with Tridentate N^C^N Binding Ligands[END_REF]. Their µβ1.907EFISH is negative, in line with a diminution of µ upon excitation. With chloride as ancillary ligand, the absolute value of β1.907EFISH for the complex with F on the phenyl (48, β1.907EFISH = -177 × 10 -30 esu; µ = 6 × 10 -18 esu) is almost four-fold the value obtained for the compound with CH3 (47, β1.907EFISH = -47 × 10 -30 esu; µ = 10.2 × 10 -18 esu), in accordance with a stronger charge-transfer process. Complex 49, with two fluorine atoms on the metalated benzene and two CF3 groups on the pyridine rings, has a slightly higher value of β1.907EFISH (-188 × 10 -30 esu) and a much larger dipole moment (µ = 13.1 × 10 -18 esu) leading to a very large µβ1.907EFISH (-2470 × 10 -48 esu). The introduction of acceptor groups on the N^C^N ligand causes an augmentation of its accepting power, as confirmed by a diminution of the LUMO orbitals energy, allowing an easier MLCT from the Pt center, therefore consenting an augmentation of the first hyperpolarizability.

Interestingly, introduction of CF3 groups on the pyridine rings constitutes a way to augment µ and therefore the µβ1.907EFISH values. Replacement of Cl in compound 47 by a phenylalkynyl (50; β1.907EFISH = -296 × 10 -30 esu), leads to a six-fold augmentation of the first hyperpolarizability, caused by an augmentation of the charge transfer from the metal-phenylalkynyl fragment and a diminution of the HOMO-LUMO distance. The charge transfer from the phenylalkynyl to the cyclometalated ligand corresponds to the HOMO-LUMO transition.

An augmentation of the acetylide's accepting ability does not affect significantly µβ1.907EFISH, as evidenced upon comparison of 50 (with phenylacetylide; µβ1.907EFISH =-2190 × 10 -48 esu) and 51 (with pentafluorophenylacetylide; µβ1.907EFISH = -2290 × 10 -48 esu), because the diminution of the quadratic hyperpolarizability in 51 (β1.907EFISH =-180 × 10 -30 esu) is shielded by an augmentation of µ (12.7 × 10 -18 esu). In complex 52, with a NMe2 group on the phenylacetylide ligand, the HOMO is localized on the phenylalkynyl and the LUMO on the cyclometalated ligand, leading to a facile HOMO-LUMO transition and to the greatest β1.907EFISH value (-470 × 10 -30 esu), keeping a high µβ1.907EFISH (-2020 × 10 -48 esu) although the dipole moment is much lower (µ =4.3 × 10 -18 esu).

An HLS investigation confirmed that complexes 47, 48 and 51 present a large first hyperpolarizability, that is not due to the low dipolar contribution but to the high octupolar involvement [START_REF] Rossi | Tuning the Dipolar Second-Order Nonlinear Optical Properties of Cyclometalated Platinum(II) Complexes with Tridentate N^C^N Binding Ligands[END_REF], as reported in the case of some Ln(III) β-diketonates [START_REF] Valore | Fluorinated β-Diketonate Diglyme Lanthanide Complexes as New Second-Order Nonlinear Optical Chromophores: The Role of f Electrons in the Dipolar and Octupolar Contribution to Quadratic Hyperpolarizability[END_REF], Ir(III) and Pt(II) compounds [START_REF] Dragonetti | The relevance of the octupolar contribution to the quadratic hyperpolarizability of dipolar neutral Ir(III), Pt(II) and Ru(II) complexes[END_REF], and bipyridyl iridium(III) compounds [START_REF] Aubert | Linear and Nonlinear Optical Properties of Cationic Bipyridyl Iridium (III) Complexes: Tunable and Photoswitchable?[END_REF]. However, in the case of complex 52, the REVISED MANUSCRIPT 22 dipolar component is relatively high (51%) as expected for the strong charge transfer from the NMe2Ph-alkynyl ligand to the cyclometalated one.

It is known that the µβ1.907EFISH of 5-(p-Ph2NC6H4CHCH)-1,3-dipyridylbenzene (230 × 10 - 48 esu where µ =3.6 × 10 -18 esu) is increased upon methylation, due to an 8-fold enhancement of µ [START_REF] Nisic | Highly efficient acido-triggered reversible luminescent and nonlinear optical switch based on 5-π-delocalized-donor-1,3-di(2-pyridyl)benzenes[END_REF]. As expected from the intensification of the quadratic hyperpolarizability of phenylpyridines by cyclometallation to a Pt center [START_REF] Valore | Luminescent cyclometallated Ir(III) and Pt(II) complexes with β-diketonate ligands as highly active second-order NLO chromophores[END_REF][START_REF] Colombo | Cyclometalated 4-Styryl-2phenylpyridine Platinum(II)Acetylacetonate Complexes as Second-Order NLO Building Blocks for SHG Active Polymeric Films[END_REF], the µβ1.907EFISH of 5-(p-Ph2NC6H4CHCH)-1,3dipyridylbenzene can also be increased upon formation of complex 53 (Figure 13; µβ1.907EFISH = -880 × 10 -48 esu, where β1.907EFISH = -82 × 10 -30 esu and µ =10.7 × 10 -18 esu) [START_REF] Nisic | Tuning the dipolar second-order nonlinear optical properties of 5-π-delocalized-donor-1,3-di(2-pyridyl) benzenes, related cyclometallated platinum(II) complexes and methylated salts[END_REF], by means of an augmentation of the first hyperpolarizability and dipole moment. The sign of β1.907EFISH becomes negative, as expected for a diminution of µ upon excitation [START_REF] Kanis | Electronic Structure and Quadratic Hyperpolarizabilities in Organotransition-Metal Chromophores Having Weakly Coupled pi-Networks. Unusual Mechanisms for Second-Order Response[END_REF]. In this complex, the quadratic hyperpolarizability can be attributed to the charge transfer from the Pt center to the N^C^N ligand, shielded by the ILCT [START_REF] Rossi | Tuning the Dipolar Second-Order Nonlinear Optical Properties of Cyclometalated Platinum(II) Complexes with Tridentate N^C^N Binding Ligands[END_REF]. The highest occupied molecular orbital of 53 is localized on Pt dyz and on the π-delocalized phenyl system, whereas pyridyl moieties are involved in the LUMO and LUMO+1, in accordance with two opposite sign contributions to the NLO behaviour, as observed for related complexes, with the negative contribution giving the global quadratic hyperpolarizability sign.

Similarly a large µβ1.907EFISH has been observed for compounds 54 (µβ1.907EFISH = -820 × 10 -48 esu, where β1.907EFISH = -87 × 10 -30 esu and µ =9.4 × 10 -18 esu) [START_REF] Nisic | Tuning the dipolar second-order nonlinear optical properties of 5-π-delocalized-donor-1,3-di(2-pyridyl) benzenes, related cyclometallated platinum(II) complexes and methylated salts[END_REF], 55 (µβ1.907EFISH = -1260 × 10 -48 esu, where β1.907EFISH = -133 × 10 -30 esu and µ =9.5 × 10 -18 esu) [START_REF] Nisic | Tuning the dipolar second-order nonlinear optical properties of 5-π-delocalized-donor-1,3-di(2-pyridyl) benzenes, related cyclometallated platinum(II) complexes and methylated salts[END_REF], 56 (µβ1.907EFISH = -660 × 10 -48 esu, where β1.907EFISH = -69 × 10 -30 esu and µ = 9.5 × 10 -18 esu) [START_REF] Baggi | Design of cyclometallated 5-π-delocalized donor-1,3-di(2pyridyl)benzene platinum(II) complexes with second-order nonlinear optical properties[END_REF], and 57 (µβ1.907EFISH = -1540 × 10 -48 esu, where β1.907EFISH = -115 × 10 -30 esu and µ = 13.4 × 10 -18 esu) [START_REF] Fontani | Novel cyclometallated 5-π-delocalized donor-1,3-di(2-pyridyl)benzene platinum(II) complexes with good second-order nonlinear optical properties[END_REF], much higher than that found for 47 (Figure 12). Thus, substitution of the methyl in 47 by a polarizable π-delocalized vinyl fragment causes a great intensification of the NLO activity. The best quadratic hyperpolarizabilities are reached with the highly π-delocalized terthiophene [START_REF] Zhang | Theoretical exploration of second-order nonlinear optical properties of mono-and bimetallic Pt(II) dithienylcyclopentene complexes: Ligands and photoisomerization effect[END_REF] and guaiazulene (57) moieties, higher than that measured for a guaiazulene linked to a squaraine bearing an electron-acceptor group (µβ1.907EFISH = -420 × 10 -48 esu) [START_REF] Beverina | Second harmonic generation in nonsymmetrical squaraines: tuning of the directional charge transfer character in highly delocalized dyes[END_REF]. Interestingly, complex 58 is also characterized by a good response (µβ1.907EFISH = -764 × 10 -48 esu, where β1.907EFISH = -69 × 10 -30 esu and µ =11 × 10 -18 esu) [START_REF] Baggi | Design of cyclometallated 5-π-delocalized donor-1,3-di(2pyridyl)benzene platinum(II) complexes with second-order nonlinear optical properties[END_REF]. Thus, the use of an ethylene bond, to link the cyclometalated phenyl ring and the triphenyl amino moiety, instead of a triple bond (compare complexes 53 and 58),

does not influence significantly the nonlinear optical behaviour of these compounds. This is in contrast with organic molecules where substitution of an ethylenic linker with a triple bond causes a strong reduction of the NLO activity [START_REF] Cheng | Experimental investigations of organic molecular nonlinear optical polarizabilities. 2. A study of conjugation dependences[END_REF].
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The quadratic hyperpolarizabilities of a series of Pt(II) compounds functionalized with various thiophene fragments on the dipyridylbenzene were also investigated by the EFISH method (Figure 14 [START_REF] Fontani | Novel cyclometallated 5-π-delocalized donor-1,3-di(2-pyridyl)benzene platinum(II) complexes with good second-order nonlinear optical properties[END_REF]). 60) leads to a decrease of β1.907EFISH because of the diminution of the LUMO's delocalization. With the pyrene complexes, there is no decrease of the quadratic hyperpolarizability on going from 54 (with the double bond) to 61 (with thiophene) since in both cases there is delocalization of the lowest unoccupied molecular orbitals on the pyrene moiety. Therefore, delocalization of the LUMO not only on the pyridines but also on the moiety in position 5 of the 1,3dipyridylbenzene ligand appears crucial to improve the NLO activity of the Pt(II) family [START_REF] Fontani | Novel cyclometallated 5-π-delocalized donor-1,3-di(2-pyridyl)benzene platinum(II) complexes with good second-order nonlinear optical properties[END_REF].

As above reported, dithienylethene (DTE) is a useful tool to photomodulate the NLO response of coordination compounds [START_REF] Guerchais | Linear and Nonlinear Optical Molecular Switches Based on Photochromic Metal Complexes[END_REF][START_REF] Irie | Diarylethenes for Memories and Switches[END_REF][START_REF] Irie | Photochromism of Diarylethene Molecules and Crystals: Memories, Switches, and Actuators[END_REF][START_REF] Boixel | Contrasted Photochromic and Luminescent Properties in Dinuclear Pt(II) Complexes Linked Through a Central Dithienylethene Unit[END_REF][START_REF] Zhang | Theoretical exploration of second-order nonlinear optical properties of mono-and bimetallic Pt(II) dithienylcyclopentene complexes: Ligands and photoisomerization effect[END_REF]. For this reason, an EFISH investigation was accomplished on two photochromic platinum(II) complexes (64 and 65, Figure 15), in which the phenyl of the dipyridylbenzene ligand bears a DTE moiety [START_REF] Zhao | Photochromic DTE-Substituted-1,3-di(2pyridyl)benzene Platinum(II) Complexes: Photomodulation of Luminescence and Second-Order Nonlinear Optical Properties[END_REF]. Remarkably, dispersion of 64 in a polystyrene matrix leads to a film which second harmonic generation (SHG) can be reversibly photoswitched [START_REF] Zhao | Photochromic DTE-Substituted-1,3-di(2pyridyl)benzene Platinum(II) Complexes: Photomodulation of Luminescence and Second-Order Nonlinear Optical Properties[END_REF]. Interestingly, it was observed that polystyrene has a better ability than poly(methyl methacrylate) to maintain the orientation of the dipolar molecules. As a matter of fact, the SHG signal of films in poly(methyl methacrylate) progressively fades due to a rapid loss of orientation of the NLO-active dipolar molecules, perhaps due to the β transition of poly(methyl methacrylate), which has been attributed to rotation of the ester side group. Polystyrene gives a much better stability of the NLO response [START_REF] Zhao | Photochromic DTE-Substituted-1,3-di(2pyridyl)benzene Platinum(II) Complexes: Photomodulation of Luminescence and Second-Order Nonlinear Optical Properties[END_REF].

Another family of N^C^N derivatives are luminescent platinum(II) compounds with cyclometalated bis(heteroazolyl)benzene. Thus, substitution of pyridines in dipyridylbenzene with benzimidazolyl, benzoxazolyl or benzothiazolyl moieties leads to highly phosphorescent complexes [START_REF] Tam | Luminescent Alkynylplatinum(II) Complexes of 2,6-Bis(N-alkylbenzimidazol-2′-yl)pyridine-Type Ligands with Ready Tunability of the Nature of the Emissive States by Solvent and Electronic Property Modulation[END_REF][START_REF] Wu | Long-Lived Room-Temperature Near-IR Phosphorescence of BODIPY in a Visible-Light-Harvesting N^C^N PtII-Acetylide Complex with a Directly Metalated BODIPY Chromophore[END_REF][START_REF] Lam | Luminescent Platinum(II) Complexes of 1,3-Bis(N-alkylbenzimidazol-2′yl)benzene-Type Ligands with Potential Applications in Efficient Organic Light-Emitting Diodes[END_REF][START_REF] Wang | Neutral and Cationic NCN Pincer Platinum(II) Complexes with 1,3-Bis(benzimidazol-2′-yl)benzene Ligands: Synthesis, Structures, and Their Photophysical Properties[END_REF][START_REF] -W. Chan | Synthesis and Characterization of Luminescent Cyclometalated Platinum(II) Complexes of 1,3-Bis-Hetero-Azolylbenzenes with Tunable Color for Applications in Organic Light-Emitting Devices through Extension of π Conjugation by Variation of the Heteroatom[END_REF][START_REF] Okamoto | Preparation and Characterization of Luminescent SCS and NCN Pincer Platinum Complexes Derived from 3,5-Bis(anilinothiocarbonyl)toluene[END_REF]. This family was also investigated for its second-order NLO properties [START_REF] Dang | Asymmetrical 1,3-Bis(heteroazolyl)benzene Platinum Complexes with Tunable Second-Order Non-Linear Optical Properties[END_REF]. An EFISH study was accomplished on Pt(II) complexes with cyclometalated bis(benzoxazolyl)benzene (66, Figure 16), (benzoxazolyl)(benzothiazolyl)benzene [START_REF] Cariati | X-ray Structures and Emissive and Second-Order Nonlinear Optical Properties of Two Inorganic-Organic Polymeric Adducts of CuI with 4-Acetylpyridine. The Role of Both "Intrastrand" Charge Transfers and Structural Motifs on the Nonlinear Optical Response of Cu(I) Polymeric Adducts with Pseudoaromatic η 1 -Nitrogen Donor Ligands[END_REF][START_REF] Dragonetti | The role of 5-R-1,10-phenanthroline (R = CH3, NO2) on the emission properties and second order NLO response of cationic Ir(III) organometallic chromophores[END_REF][START_REF] Chavan | Synthesis, spectroscopic characterization, luminescence and NLO properties of heterometallic M(II)-Ru(II) (M=Ni and Zn) hybrid complexes composed of coordination and organometallic sites[END_REF], and (methylbenzimidazol-2yl)(benzothiazolyl)benzene [START_REF] Chakrabarty | Multifunctional Lanthanide Complexes: Mesomorphism, Photoluminescence and Second Order NLO Property[END_REF], dissolved in DMF. Complex 66 presents a μβ1.907EFISH value (-550 × 10 -48 esu where β1.907EFISH = -65 × 10 -30 esu and µ = 8.5 × 10 -18 esu) slightly larger than the value of the compound with dipyridylbenzene (47, μβ1.907EFISH = -480 × 10 -48 esu) due to a higher β1.907EFISH value (by a factor of 1.4). Replacement of a benzoxazolyl unit with a benzothiazolyl [START_REF] Cariati | X-ray Structures and Emissive and Second-Order Nonlinear Optical Properties of Two Inorganic-Organic Polymeric Adducts of CuI with 4-Acetylpyridine. The Role of Both "Intrastrand" Charge Transfers and Structural Motifs on the Nonlinear Optical Response of Cu(I) Polymeric Adducts with Pseudoaromatic η 1 -Nitrogen Donor Ligands[END_REF] lowers the LUMO, because of the lower electronegativity of sulphur with respect to oxygen, and therefore leads to an increase of the quadratic hyperpolarizability (μβ1.907EFISH = -660 × 10 -48 esu; β1.907EFISH = -76 × 10 -30 esu; µ = 8.6 × 10 -18 esu). Addition of the electron-acceptor CF3 group on the cyclometalated phenyl ring (69) leads to a large enhancement of β1.907EFISH (-178 × 10 -30 esu) but μβ1.907EFISH (-670 × 10 -48 esu) remains similar because of a significant µ reduction (µ = 3.8 × 10 -18 esu). As above reported, exchange of Cl with phenylalkynyl leads to an increase of the NLO activity of cyclometalated dipyridylbenzene Pt(II) compounds. Similarly, the quadratic hyperpolarizability is multiplied by two on moving from 67 to 68 (μβ1.907EFISH = -850 × 10 -48 esu; β1.907EFISH = -145 × 10 -30 esu; µ = 5.9 × 10 -18 esu), due to a lower HOMO-LUMO distance with an augmentation of the charge transfer from the Pt-phenylacetylide fragment to the N^C^N ligand.

Compound 70, with cyclometalated (methylbenzimidazol-2-yl)(benzothiazolyl)benzene, has a much higher dipole moment, leading to a higher μβ1.907EFISH value (-950 × 10 -48 esu where β1.907EFISH = -87 × 10 -30 esu and µ = 10.9 × 10 -18 esu). 

Pt(II) compounds with cyclometalated N^N^C phenylbipyridine

As reported in section 7, cyclometalated N^C^N Pt(II) compounds are fascinating multifunctional materials characterized by remarkable luminescent and NLO properties. In these complexes, the use of an acetylide ancillary ligand represents a route for improving the NLO activity.

These observations were a springboard for the investigation of related cyclometalated N^N^C Pt(II) compounds with an acetylide ancillary ligand [START_REF] Boixel | Second-order NLO switches from molecules to polymer films based on photochromic cyclometalated platinum(II) complexes[END_REF][START_REF] Boixel | Sequential double second-order nonlinear optical switch by an acidotriggered photochromic cyclometallated platinum(II) complex[END_REF]. A dithienylethene (DTE) unit was introduced in the acetylide ligand for NLO photomodulation.

Thus, an EFISH investigation was accomplished, in CH2Cl2 solution, on two photochromic cyclometalated phenylbipyridine platinum(II) complexes with an acetylide DTE ancillary ligand bearing a phenyl [START_REF] David | Novel ferrocene-appended β-ketoimines and related BF2 derivatives with significant aggregation-induced emission and second-order nonlinear optical properties[END_REF] or dimethylaminophenyl (72) group (Figure 17) [START_REF] Boixel | Second-order NLO switches from molecules to polymer films based on photochromic cyclometalated platinum(II) complexes[END_REF]. 
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30 48 esu where β1.907EFISH = -214 × 10 -30 esu and µ = 12.3 × 10 -18 esu). Remarkably, the quadratic hyperpolarizability of 72(c) is 3.5 times larger than that of 71(c), a behavior that is due to an augmentation of charge transfer distance and therefore of Δμeg [START_REF] Boixel | Second-order NLO switches from molecules to polymer films based on photochromic cyclometalated platinum(II) complexes[END_REF].

Nano-organization of both complexes in poly(methyl methacrylate) affords NLO-active films. The second harmonic generation (SHG) response of the film based on 71(o) is relatively low (χ33 (2) , χ31 (2) , and χ15 (2) = 0.16, 0.10, and 0.07 pm/V, respectively) but increases significantly upon formation of 71(c) (χ33 (2) , χ31 (2) , and χ15 (2) = 0.32, 0.20, and 0.08 pm/V, respectively). Similarly, in the case of the film prepared with the complex bearing the NMe2 electron donor group (72(o): χ33 (2) , χ31 (2) , and χ15 (2) = 0.58, 0.40, and 0.12 pm/V, respectively); 72(c): χ33 (2) , χ31 (2) , and χ15 (2) = 0.70, 0.70, and 0.13 pm/V, respectively). Remarkably, it is possible to switch their SHG response by interaction with a suitable electromagnetic radiation [START_REF] Boixel | Second-order NLO switches from molecules to polymer films based on photochromic cyclometalated platinum(II) complexes[END_REF].

Another kind of Pt(II) compound functionalized with DTE (73(o), Figure 18) was investigated by EFISH in dichloromethane [START_REF] Boixel | Sequential double second-order nonlinear optical switch by an acidotriggered photochromic cyclometallated platinum(II) complex[END_REF]. In contrast to 72, where the platinum acetylide and dialkylaminophenyl units are on opposite thiophene rings of DTE (Figure 17 

Pt(II) dialkynyl compounds

The great potential of unsymmetrical Pt bis(acetylide) for second-order nonlinear optics was reported in 1997, showing that Pt is an efficient element to prepare conjugated chains for NLO materials thanks to dπ-pπ interactions [START_REF] Nguyen | Second-Order Nonlinear Optical Properties of Push-Pull Bis(phenylethynyl)benzenes and Unsymmetric Platinum Bis(phenylacetylide) Complexes[END_REF]. A platinum(II) bis(dimethylphenylphosphine) moiety was used to bridge a donor phenylethynyl and an acceptor nitrophenylethynyl in a trans coordination arrangement (Figure 19). Donor groups of different strength were chosen (74, shows how platinum can be a key bridge between a donor and an acceptor moiety to obtain large REVISED MANUSCRIPT 32 quadratic hyperpolarizabilities. Interestingly, a poly(methyl methacrylate) film containing a complex similar to 74, but with triphenylphosphine instead of dimethylphenylphosphine ancillary ligands, afforded a large second harmonic generation response (χ33 (2) = 4.6 pm/V) [START_REF] Amato | Synthesis, characterisation and optical properties of symmetrical and unsymmetrical Pt(II) and Pd(II) bis-acetylides. Crystal structure of trans-[Pt(PPh3)2(CC-C6H5)(CC-C6H4NO2)][END_REF]. The NLO response doubled by using ferrocene instead of methoxyphenyl as donor group reaching a SHG response (χ33 (2) = 9.2 pm/V) closer to that of Disperse Red One (χ33 (2) = 16.7 pm/V) [START_REF] Amato | Synthesis, characterisation and optical properties of symmetrical and unsymmetrical Pt(II) and Pd(II) bis-acetylides. Crystal structure of trans-[Pt(PPh3)2(CC-C6H5)(CC-C6H4NO2)][END_REF]. It is known that fullerene C60 has a large polarizability and strong acceptor properties [112][START_REF] Guldi | Fullerenes: three dimensional electron acceptor materials[END_REF] and therefore it represents an appealing building block for NLO systems [START_REF] Valore | Novel ruthenium(II) complexes with substituted 1,10-REVISED MANUSCRIPT 50 phenanthroline or 4,5-diazafluorene linked to a fullerene as highly active second order NLO chromophores[END_REF][START_REF] Dragonetti | R-4,5-diazafluorene)[END_REF]. An interesting NLO investigation was carried out by EFISH, at 1.907 µm in dimethylformamide, on donor-bridge-acceptor (D-π-A) systems (Figure 20) in which the fullerene (A) is linked to an acetylide thienyl unit by means of a cyclopropane (π) and then connected to a Pt acetylide moiety (D) [START_REF] Dragonetti | Novel Fullerene Platinum Alkynyl Complexes with High SecondOrder Nonlinear Optical Properties as a Springboard for NLO-Active Polymer Films[END_REF]. Complex 76 presents a huge μβ1.907EFISH (-3100 × 10 -48 esu, where β1.907EFISH = -534 × 10 - 30 esu and µ = 5.8 × 10 -18 esu), much higher (factor of 9) than that of a related compound with a trimethylsilyl unit instead of the (phenylacetylide)Pt(PEt3)2 moiety (μβ1.907EFISH value -350 × 10 -48 esu, where β1.907EFISH = -83 × 10 -30 esu and µ = 4.2 × 10 -18 esu), because of an augmentation of µ and β1.907EFISH. A similar huge response is reached with the cis isomer 77 (μβ1.907EFISH = -3200 × 10 -48 esu), as a consequence of a larger µ (13.3 × 10 -18 esu) although the β1.907EFISH is lower (-241 × 10 -30 esu) because the "push-pull" system is less efficient when the two alkynyl fragments are in cis position. A slightly lower μβ1.907EFISH value (-2700 × 10 -48 esu, where β1.907EFISH = -458 × 10 - where β1.907EFISH = -627 × 10 -30 esu and µ = 5.1 × 10 -18 esu). In these complexes, there is complete delocalization of the HOMO and HOMO-1 on the platinum acetylide terthiophene or thienyl moieties whereas LUMO and LUMO+1 are fullerene-centered orbitals, with charge transfer from the acetylide terthiophene or thienyl moiety to C60.

Dispersion and orientation of the fullerene platinum bis(acetylide) complexes 76 and 78 in a polymeric matrix, afforded thin films with interesting NLO properties. In poly(methyl methacrylate), a two-fold SHG signal was observed for 78 with respect to 76. Replacement of poly(methyl methacrylate) by polystyrene, for 78, gives a further two-fold enhancement of SHG. Although χ33 (2) is not high (0.5 pm/V), the result shows how important is the nature of the polymer, influencing the stability of the NLO chromophores orientation [START_REF] Dragonetti | Novel Fullerene Platinum Alkynyl Complexes with High SecondOrder Nonlinear Optical Properties as a Springboard for NLO-Active Polymer Films[END_REF].

The quadratic hyperpolarizabilities of another family of Pt(II) diacetylide compounds (80-85, Interestingly, the dinuclear Pt(II) species 86 (Figure 22), in which two platinum bis(acetylide) moieties are linked by a benzothiadiazole unit, presents a significant μβ1.907EFISH (-520 × 10 -48 esu, where β1.907EFISH = -151 × 10 -30 esu and µ = 3.4 × 10 -18 esu) in CH2Cl2 solution [START_REF] Colombo | Unexpectedly high second-order nonlinear optical properties of simple Ru and Pt alkynyl complexes as an analytical springboard for NLO-active polymer films[END_REF]. In this REVISED MANUSCRIPT 36 complex, the HOMOs correspond to platinum orbitals mixed with benzothiadiazole and thiophene orbitals whereas there is localization of the LUMO on the benzothiadiazole only. pyrimidinium moiety displays the highest NLO response among all the complexes of this series, in agreement with the strong charge transfer occurring in its lowest excied state. Its NLO response is almost twice as high as that of the related mononuclear complex 83 (Figure 21), which has been confirmed both experimentally and theoretically (TD-DFT studies). Clearly, a V-shaped design, when coupled to strong electron-withdrawing groups such as pyrimidinium, leads to significant NLO responses [START_REF] Durand | Investigation of second-order nonlinear optical responses in a series of V-shaped binuclear platinum(II) complexes[END_REF]. 
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Conclusion

This excursion on the second-order NLO properties of various platinum compounds affords a better understanding of the molecular design-NLO behaviour relationship and shows the appealing future of these coordination compounds in the NLO field. Many of the investigated platinum(II) complexes present a µβ1.907EFISH value much higher than the value of DR1 (500 x 10 -48 esu), a pushpull organic compound that found application in electrooptic films, and similar or even higher than the value of the best NLO-active metal complexes. Thus, in (phenanthroline)(dithiolate) platinum compounds, where the thiolate ligands play the role of electron-donors whereas the phenanthroline acts as electron-acceptor, functionalization of thiolates with a donor unit leads to an augmentation of the first hyperpolarizability; the presence of a chelating dithiolate or catecholate allows to reach µβ1.907EFISH twice that of DR1. The highest second-order NLO properties (µβ1.907EFISH = -10000 x 10 -48 esu) have been obtained with platinum complexes bearing dithione-dithiolato ligands; in this fascinating family, the dithiolato ligand acts as donor, contributing mainly to the HOMO whereas the dithione is the acceptor, contributing mainly to the LUMO; the platinum atom acts as mediator for the HOMO-LUMO excitation.

Large quadratic hyperpolarizabilities have also been reached for platinum(II) complexes bearing cyclometalated phenylpyridines, N^C^N pincers, dipyridylbenzene, and N^N^C phenylbipyridine. In the case of platinum(II) complexes with a cyclometalated dipyridylbenzene, it was shown that the introduction of acceptor groups on the N^C^N ligand causes an augmentation of its accepting power, as confirmed by a diminution of the LUMO orbitals energy, allowing an easier MLCT from the Pt center, therefore consenting an increase of the second-order NLO properties; besides, the introduction of CF3 groups on the pyridine rings causes an augmentation of µ and therefore of µβ1.907EFISH.

Platinum(II) dialkynyl complexes represent another appealing NLO-active family, where the metal can act as an efficient bridge between a donor moiety and an acceptor unit. The introduction of a fullerene acceptor moiety leads to huge µβ1.907EFISH values (-3200 x 10 -48 esu). Similar values can be reached with well designed Donor-(π-Pt-π-Acceptor)2 V-shaped dinuclear platinum(II) dialkynyl complexes bearing a strong electron-withdrawing group such as pyrimidinium.

Many of the investigated NLO-active platinum(II) complexes are highly luminescent, an aspect of particular interest for the design of multifunctional materials. Another fascinating characteristic is that their NLO properties can be controlled by an exterior stimulus, of great importance for photonic communication and data processing. For example, an efficient NLO switch controlled by acid/base external stimulus has been developped with a mixed-ligand dithiolene platinum complex. Also, it was shown how the introduction of a dithienylethene moiety is an elegant way to design platinum compounds which quadratic hyperpolarizabilities can be controlled and modulated by light. Platinum complexes with a redox-switchable NLO response are also very promising.

Most NLO studies have been carried out in solution. A few platinum(II) complexes have been nano-organized in polymeric films, affording an NLO-active material. The best second harmonic generation response was obtained for a poly(methyl methacrylate) film based on a Pt(II) dialkynyl compound having ferrocene as donor group. Preliminary studies put in evidence that the nature of the polymeric matrix has a strong influence on the stability of the dipolar NLO chromophores orientation and therefore on the stability of the NLO response, polystyrene being superior with respect to poly(methyl methacrylate). Remarkably, it was shown how the NLO properties of films based on cyclometalated phenylbipyridine Pt(II) compounds, having an alkynyl ancillary ligand functionalized with a dithienylethene, can be easily photomodulated by a suitable radiation.

Up to now the great potential of platinum(II) complexes for nonlinear optics was put in evidence. Now, work should be devoted to study their nano-organization in polymeric films with the aim of reaching stable and large second harmonic generation.
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 11 Figure 11. Pt(II) compounds with cyclometalated dipyridylbenzene ligands investigated by the HRS
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 12 Figure 12. Pt(II) compounds with cyclometalated dipyridylbenzene studied by the EFISH method.
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 75 donor= NMe2). The quadratic hyperpolarizability of these compounds was obtained with the EFISH technique, in chloroform solution at 1.064 µm. The rather good μβ1.064EFISH value of 74 (310 × 10 - 48 esu where β1.064EFISH = 62 × 10 -30 esu and µ = 5.0 × 10 -18 esu) doubles upon substitution of OMe with NMe2 (for 75, μβ1.064EFISH = 670 × 10 -48 esu, β1.064EFISH = 126 × 10 -30 esu, and µ = 5.3 × 10 - 18 esu), in line with the greater donor strength of the dimethylamino group. This pioneering work
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 2121 Figure21), dissolved in chloroform, were studied by EFISH[START_REF] Durand | Incorporation of a platinum center in the pi-conjugated core of pushpull chromophores for nonlinear optics (NLO)[END_REF]. Complexes 80-82 incorporate
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 23 Figure 23. V-shaped dinuclear platinum(II) dialkynyl complexes.

esu and µ = 5.9 × 10 -18 esu) is obtained upon introduction of a diphenylamino group on the phenyl ring (complex 78), probably because the measured NLO activity has negative and positive contributions caused by different charge transfer transitions. Replacement of thiophene (76) by terthiophene (79) leads to a similar huge NLO response (μβ1.907EFISH value = -3200 × 10 -48 esu,