In this work, six π-conjugated oxazole compounds dissolved in dichloromethane (DCM) were characterized with linear and nonlinear optical measurements. Z-Scan with femtosecond laser pulses was employed to determine the two-photon absorption (TPA) spectra. Other photophysical parameters, such as: absorbance, solvatochromism, lifetime fluorescence and fluorescence anisotropy were evaluated with linear optical techniques. The experimental TPA cross section spectra were adjusted by Sum-Over-States (SOS) model, in which important parameters such as transition dipole moments and broadening parameters were determined. In order to better understand the TPA spectra of the oxazole compounds, quantum-chemical calculations using the response function formalism and the DFT level of theory were performed.

Using the results provided by the quantum-chemical calculations and the broadening parameters estimated through the application of the SOS model, the TPA spectra were simulated by the superposition (summation) of individual homogeneous Lorentzian absorption profiles.

INTRODUCTION

Heterocyclic aromatic organic compounds with biological interest have been studied in the nonlinear optics field for their potential application on optical devices, such as, multiphoton microscopy [START_REF] Zipfel | Nonlinear Magic: Multiphoton Microscopy in the Biosciences[END_REF] , photodynamic therapy [START_REF] Kamkaew | Bodipy Dyes in Photodynamic Therapy[END_REF] and photoluminescence bioprobes [START_REF] Ding | Bioprobes Based on Aie Fluorogens[END_REF] . The latter technique consists in the detection of a biological analyte by an optical signal, which, in this particular case, is the fluorescence emission signal from a biocompatible organic compound, acting as signal transducer [START_REF] Turner | Biosensors: Fundamentals and Applications[END_REF] . These type of biocompatible optical transducers have been studied for at least two decades, in which quantum dots have an important role [START_REF] Algar | Beyond Labels: A Review of the Application of Quantum Dots as Integrated Components of Assays, Bioprobes, and Biosensors Utilizing Optical Transduction[END_REF] and probably still have in the future.

Although the toxicity level of the quantum dots is always an unfavorable factor, regardless of its dependence on physicochemical and environmental factors [START_REF] Hardman | A Toxicologic Review of Quantum Dots: Toxicity Depends on Physicochemical and Environmental Factors[END_REF] , it is important to look for new materials with (similar) higher efficiency. The constant presence of this dangerous factor is leading to an urge of searching for new biocompatible compounds, such as organic compounds, with similar optical and nonlinear optical performances as the quantum dots, to be used as fluorescent bioprobes triggered by two-photon absorption (TPA) process [START_REF] Boyd | Nonlinear Optics[END_REF] .

Among the variety of natural and synthesized organic compounds, not all of them are suitable for photoluminescence bioprobes excited by a TPA process. In fact, it happens due to the low probability to transfer population from the ground state to the excited state by TPA [START_REF] Brakenhoff | Analysis of Efficiency of Two-Photon Versus Single-Photon Absorption for Fluorescence Generation in Biological Objects[END_REF] , which must be somehow compensated by a reasonable value of the efficiency quantum yield from the fluorescent emission. Besides the equilibrium between these two optical characteristics, the most suitable organic compounds to be used as photoluminescence bioprobes by two-photon excitation (PB-TPE) should present low photo-damage, low auto-fluorescence and high detection sensivity. Also, the warranty of excitation at certain depth is an extremely important factor, in order to have the light excitation with low power densities at a certain depth. The presence of these photophysical characteristics, are indeed, the traditional advantages of photoluminescence bioprobes via multiphoton excitation compared with single photon excitation [START_REF] Bush | Two-Versus One Photon Excitation Laser Scanning Microscopy: Critical Importance of Excitation Wavelength[END_REF] . For example, chalcones derivatives, that have been widely used in biological chemistry activities, which possess a satisfactory TPA response [START_REF] Abegão | Second-and Third-Order Nonlinear Optical Properties of Unsubstituted and Mono-Substituted Chalcones[END_REF][START_REF] Gu | Two-Photon-Induced Excited-State Absorption: Theory and Experiment[END_REF] , are an example of biocompatible compounds which are unviable to be used as PB-TPE. This is due to the extremely low fluorescence quantum yield. On the other hand, recent cell-imaging experiments acquired with oxazole derivatives bioprobes have shown that the fluorescent emission signal can be triggered by one-photon absorption (OPA), leading these type of compounds to be very promising as photoluminescence TPA bioprobes [START_REF] Dias | Fluorescent Oxazoles from Quinones for Bioimaging Applications[END_REF] . Another recent work [START_REF] Mahuteau-Betzer | Synthesis and Evaluation of Photophysical Properties of Series of Π-Conjugated Oxazole Dyes[END_REF] , has shown a series of oxazole dyes with high efficiency quantum yields, with a medium π-conjugated molecular size, suggesting that this class of compounds could have a reasonable TPA cross section and consequently the possibility to trigger the fluorescence emission signal by TPA, leading to a promise PB-TPE.

Based on this facts, in this work, we present an experimental and theoretical TPA study in dichloromethane medium of six π-conjugated oxazole dyes compounds, which have a 2,5diaryloxazole unit as their building block, previously synthesized by Mahuteau-Betzer and Piguel [START_REF] Mahuteau-Betzer | Synthesis and Evaluation of Photophysical Properties of Series of Π-Conjugated Oxazole Dyes[END_REF] , in order to understand if this class of molecules are indeed potential compounds to be used as PB-TFE. Z-Scan technique [START_REF] Sheik-Bahae | Sensitive Measurement of Optical Nonlinearities Using a Single Beam[END_REF] with tunable femtosecond pulses was used to obtain the TPA spectra. Additional to these measurements, linear optical techniques as solvatochromism [START_REF] Nigam | Principles and Applications of Solvatochromism[END_REF] , fluorescence anisotropy [START_REF] Lakowicz | Principles of Fluorescence Spectroscopy[END_REF] and fluorescence lifetime were performed to reduces the number of parameters and increase the accuracy on the determination of the transition dipole moment evolved on the singlet ground state to the singlet excited states. Sum-Over-State (SOS) approach was used together with the experimental results to fit the TPA spectra and estimate some important spectroscopic parameters of the excited states. Quantum-chemical calculations carried out at the density functional theory (DFT) level were also employed to further understand the TPA spectra behavior. The quantum-chemical calculations were carried out assuming the compounds were solvated by considering them immersed in a structureless polarizable continuum mimicking the macroscopic properties of the solvent.

EXPERIMENTAL SECTION

The six molecular structures of the 2,5-diaryloxazole derivatives investigated in this work are displayed in Figure 1. Henceforth, those compounds will be designated as 8j (C21H18N2O4), 10d (C19H13NO), 12c (C20H16N2O3), 16b (C19H15NO3), 16c (C18H10N2O) and 16e (C18H10F3NO), the same nomenclature used on Ref. 13, in which information regarding the synthesis and preparation can be found.

For linear optical measurements, the samples were placed in 10 mm thick fused quartz cuvette while in the nonlinear optical measurement a 2 mm long optical path cuvette was used.

The OPA spectra were measured by a UV-VIS spectrophotometer system (Shimadzu, Model UV-1800), fluorescence emission spectra and the determination of the anisotropy of fluorescence were obtained by a fluorescence spectrophotometer (Hitachi F-4500). Life time decay was evaluated by measuring the fluorescence signal as a function of the time with a fast silicon detector (0.7 ns risetime) while the samples were pumped with a 120 fs pulse at 390 nm (second harmonic generated in a thin BBO crystal pumped with 150 fs Ti:Saphire laser at 1kHz repetition rate). The TPA spectra were measured by the well-known Z-Scan technique [START_REF] Sheik-Bahae | Sensitive Measurement of Optical Nonlinearities Using a Single Beam[END_REF] , in the openaperture configuration, in which an optical parametric amplifier (Quantronix, model TOPAS) was employed as a tunable light source. TOPAS was pumped by single pulses of 150 fs from a 1 kHz Ti:Saphire laser (MXR-CLARK). To achieve a Gaussian spatial profile, wavelengths from TOPAS were spatial filtered with a 50 m diamond pinhole. Dichloromethane (DCM), Tetrahydrofuran (THF), Acetonitrile (ACN), Dimethyl sulfoxide (DMSO) and Toluene, all acquired from SIGMA Aldrich, were used as the solvent media to determine the experimental Stokes shift. The remaining photophysical measurements were acquired in DCM medium. The concentration samples used were of the order of 10 -5 M and 10 -2 M for the linear and nonlinear optical measurements respectively.

In the Z-Scan technique, the relation between the normalized transmittance and the position of the sample with respected to the focal region is given by the following equation 14

T(z) = 1 √πq 0 (z,0) ∫ ln[1 + q 0 (z, 0)e -τ 2 ] +∞ -∞ dτ (1) 
in which, q 0 (z, 0) = α TPA I 0 L(1 + z 2 /z 0 2 ) -1 , α TPA is the TPA coefficient, I 0 is the intensity of the pulse, L is the optical path, z 0 is the Rayleigh length, and z is the sample position. The experimental Z-Scan curves, regarding to the maxima values of α TPA , are presented in Figure S1 in the supporting information. The experimental TPA cross section (𝜎 𝑇𝑃𝐴 ) can be obtained by using the following relation

𝜎 𝑇𝑃𝐴 = hν N α 𝑇𝑃𝐴 (2) 
in which, hν is the energy of the incident photon, N is the number of molecules per cm 3 , and α 𝑇𝑃𝐴 is the TPA coefficient. A Göppert-Mayer unit (GM) [START_REF] Göppert-Mayer | Elementary Processes with Two Quantum Transitions[END_REF] , which corresponds to 1 GM = 1 × 10 -50 cm 4 s photon -1 , is commonly used to quantify the 𝜎 𝑇𝑃𝐴 .

In this work, the combination between the optical linear techniques allowed to obtain the difference between excited and ground states permanent dipole moments (𝛥𝜇 01 = 𝜇 11 -𝜇 00 ), by using the Lippert-Mataga equation 18 

in which 𝜏 𝑒𝑚𝑖 is the fluorescence lifetime (time resolved fluorescence data are presented in Figure S4), 𝜂 is the solvent viscosity, 𝑟 is the fluorescence anisotropy, 𝑘 is the Boltzmann constant, and 𝑇 is the room temperature. The fluorescence anisotropy was determined by using the following equation 16

𝑟 = 𝐼 ∥ 𝐼 ⊥ -1 𝐼 ∥ 𝐼 ⊥ +2 (5) 
in which 𝐼 are fluorescence emission intensities designated as the intensity parallel and perpendicular to the excitation beam, as 𝐼 ∥ and 𝐼 ⊥ respectively, and the respective plots are presented in Figures 2 and4 (blue dotted lines).

THEORETICAL SECTION

The equilibrium geometries of the compounds investigated were obtained performing a geometry optimization calculation and all second derivatives confirm a minimum energy condition. These calculations were performed using the Gaussian09 software 20 . To determine the electronic transitions and the excited state properties, quantum-chemical calculations using response formalism [START_REF] Bauernschmitt | Treatment of Electronic Excitations within the Adiabatic Approximation of Time Dependent Density Functional Theory[END_REF][START_REF] Stratmann | An Efficient Implementation of Time-Dependent Density-Functional Theory for the Calculation of Excitation Energies of Large Molecules[END_REF][START_REF] Casida | Molecular Excitation Energies to High-Lying Bound States from Time-Dependent Density-Functional Response Theory: Characterization and Correction of the Time-Dependent Local Density Approximation Ionization Threshold[END_REF] , linear function for OPA transitions and quadratic one for TPA transitions, were performed using the Dalton 2016 program [START_REF] Aidas | The Dalton Quantum Chemistry Program System[END_REF] . All the quantum-chemical calculations were performed at the Density Functional Theory (DFT) level using the long range corrected CAM-B3LYP functional [START_REF] Yanai | A New Hybrid Exchange-Correlation Functional Using the Coulomb-Attenuating Method (Cam-B3lyp)[END_REF] in combination with the 6-311++G(d,p) basis set.

The solvent interactions were taken into account by employing the Polarizable Continuum Model (PCM) [START_REF] Mennucci | Continuum Solvation Models: A New Approach to the Problem of Solute's Charge Distribution and Cavity Boundaries[END_REF][START_REF] Miertuš | Electrostatic Interaction of a Solute with a Continuum. A Direct Utilizaion of Ab Initio Molecular Potentials for the Prevision of Solvent Effects[END_REF] . In such approach the solute is placed in one cavity generated inside a dielectric continuum medium. The cavities were generated using the United Atom

Hartree-Fock cavity model [START_REF] Barone | A New Definition of Cavities for the Computation of Solvation Free Energies by the Polarizable Continuum Model[END_REF] , which uses spheres with radius 10% higher than the van der Waals radius and centered only on heavy atoms.

The Z-Scan technique was used to measure the two-photon absorption cross section. For comparing theoretical results with experiment ones, some cares were needed. The theoretical TPA spectrum was simulated by taking into account the contribution of the ten lowest-energy excited states. For each transition from the ground (𝑔) to a final (𝑓) excited state, the theoretical 𝜎 𝑔𝑓 𝑇𝑃𝐴 was obtained considering a single beam setup. The mathematical representations of the TPA are given in atomic units [START_REF] Boyd | Nonlinear Optics[END_REF][START_REF] Mcclain | Excited State Symmetry Assignment through Polarized Two-Photon Absorption Studies of Fluids[END_REF][START_REF] Ohta | Theoretical Study of the Two-Photon Absorption Properties of Several Asymmetrically Substituted Stilbenoid Molecules[END_REF][START_REF] Monson | Polarization Dependence of the Two-Photon Absorption of Tumbling Molecules with Application to Liquid 1-Chloronaphthalene and Benzene[END_REF] .

𝜎 𝑔𝑓 𝑇𝑃𝐴 = 4 𝜋 3 𝑐 2 𝜔 2 𝑔(2𝜔, 𝜔 𝑔𝑓 ; 𝛤 𝑓 ) 〈𝛿 𝑔𝑓 〉 (6) 
where 𝜔 𝑔𝑓 is the transition energy, the 𝜔 is the energy of the incident photon and 𝑐 is the light speed. The spectral broadening 𝑔(2𝜔, 𝜔 𝑔𝑓 ; 𝛤 𝑓 ) is assumed as a Lorentzian shape with linewidth (full-width at half-maximum) given by the damping constant 𝛤 𝑓 . The Lorentzian shape is given by

𝑔(2𝜔, 𝜔 𝑔𝑓 ; 𝛤 𝑓 ) = 1 2𝜋 𝛤 𝑓 (2𝜔-𝜔 𝑔𝑓 ) 2 +0.25𝛤 𝑓 2 (7) 
while the TPA transition probability 〈𝛿 𝑔𝑓 〉 for a linear polarized source in an isotropic media is defined as

〈𝛿 𝑔𝑓 〉 = 1 15 ∑ {𝑆 𝛼𝛼 𝑔𝑓 (𝑆 𝛽𝛽 𝑔𝑓 ) * + 2 𝑆 𝛼𝛽 𝑔𝑓 (𝑆 𝛼𝛽 𝑔𝑓 ) * } 𝛼𝛽 (8) 
where 𝑆 𝛼𝛽 𝑔𝑓 are the two-photon matrix elements for the TPA degenerated process and are given as

𝑆 𝛼𝛽 𝑔𝑓 = ∑ { ⟨𝑔|𝜇 𝛼 |𝑘⟩⟨𝑘|𝜇 𝛽 |𝑓⟩ 𝜔 𝑔𝑘 -𝜔 + ⟨𝑔|𝜇 𝛽 |𝑘⟩⟨𝑘|𝜇 𝛼 |𝑓⟩ 𝜔 𝑔𝑘 -𝜔 } 𝑘 (9) 
where the α and β represent the cartesian coordinates. The simulated TPA spectra were obtained by summing the contribution of the main low-lying TPA transitions employing the Γ 𝑓 values estimated through the SOS fitting. The theoretical values are presented in the table 1. The conversion factor from atomic units (a.u.) to Göppert-Mayer (GM) is 1.896788.

In order to improve the TPA spectra analysis, the theoretical sum-over-states (SOS) method was used to fit the experimental TPA spectra with the following equation [START_REF] Kamada | Two-Photon Absorption Properties of Symmetric Substituted Diacetylene: Drastic Enhancement of the Cross Section near the One-Photon Absorption Peak[END_REF][START_REF] Neves | Two-Photon Absorption Spectra of Salen Dye Complexes with Azo Dyes[END_REF] : (10) in which, ν is the frequency of the laser, 𝑐 is the speed of light, L is the local correction factor and ℎ is the Planck constant. The spectroscopic parameters, 𝜈 0𝑛 , 𝛤 0𝑛 and 𝜇 0𝑛 correspond to the transition frequency, damping constant and transition dipole moments, respectively, of the 0 → 𝑛 transition (𝑛 = 1,2), while the difference between permanent dipole moments of the excited and ground states of the molecule is given by 𝛥𝜇 01 . The transition dipole moment between the ground and the first excited state (𝜇 01 ) can be evaluated from OPA spectra using the following relation [START_REF] Neves | Two-Photon Absorption Spectra of Salen Dye Complexes with Azo Dyes[END_REF] :

𝜎 𝑆𝑂𝑆 𝑇𝑃𝐴 (𝜈) = 4 5𝜋 (2𝜋)
𝜇 01 = √ 3 8𝜋 3 𝑐ℎ 𝑁 1 𝜈 01
∫ 𝛼(𝜈)𝑑𝜈 (11) in which, N is the number of molecules per cm 3 , 𝛼 is the absorption coefficient in cm -1 . It is important to say that in Eq. 10 the only parameters that were obtained by adjusting the TPA spectra were 𝜇 12 , Γ 02 and 𝜇 13 , Γ 03 , and these parameters are independently adjusted. Later, this point will be clarified together with the TPA spectra. Table 1 summarizes the spectroscopic parameters provided by the SOS fitting, considering that 𝜇 12 and 𝜇 13 are the estimated adjusted parameters retrieved by the SOS approach.

RESULTS AND DISCUSSION

The experimental OPA spectrum of the compound 8j shows a higher energy band centered at ca. 280 nm and a lower energy band, almost with the same intensity, centered at approximately 350 nm, as shown in Figure 2. The latter band is related to the quinoline group, where the presence of the nitrogen affects the charge distribution in both heterocyclic rings, creating an asymmetry of charge, reducing the density of -electrons in the benzene ring [START_REF] Alajarin | Six-Membered Heterocycles: Quinoline and Isoquinoline[END_REF] . This charge asymmetry allows that the dipole selection rules to be relaxed. Consequently, it is expected that the TPA spectrum has similar spectral characteristic of the OPA, as one can see a clearly spectral correlation between the OPA and the TPA spectrum with two well-defined bands. In other words, the TPA spectral line shape follows almost the same behavior of its analog of one-photon, showing that states accessed via one-photon are also accessed via twophotons due to relaxation of the selection rules [START_REF] Kamada | Two-Photon Absorption Properties of Symmetric Substituted Diacetylene: Drastic Enhancement of the Cross Section near the One-Photon Absorption Peak[END_REF][START_REF] Kamada | Boron Difluoride Curcuminoid Fluorophores with Enhanced Two-Photon Excited Fluorescence Emission and Versatile Living-Cell Imaging Properties[END_REF] , which is in accordance with the asymmetrical nature of the molecular structure of the 8j compound. The previous mentioned absorption bands, for this compound, have the same molar absorptivity; however the less energetic band has a maximum 𝜎 𝑇𝑃𝐴 two times smaller than the one located at ca. 270 nm, revealing that even with the charge asymmetry provided by the quinoline heterocycle structure, this transition is less allowed by a two-photons than one-photon. Experimental TPA and OPA spectra of compound 10d also present two electronic transitions allowed by one-photon centered at ca. 286 nm corresponding to the higher energetic transition, while the lower energetic transition is centered at ca. 355 nm, as one can see in figure 2. By comparison with compound 8j, it is possible to see that the higher energetic band presents a reduction of the molar absorptivity of about 1.5 times. Additionally, the TPA spectrum does not match the OPA, where the lower energetic OPA band does not have its correspondence in TPA spectrum. This correspondence absence could be associated to the less charge asymmetry of the naphthalene group compared to the quinolone moiety. Probably a less asymmetrical nature of the compound 10d leads to a weaker relaxation of the selection rules, which makes this particular one photon transition less probable by two-photons. The experimental 𝜎 𝑇𝑃𝐴 highest value achieved is located at ca. 580 nm (excitation wavelength), which corresponds to the energy of the higher energy band allowed by one-photon. The magnitude of this band matches the same experimental value of the equivalent band from compound 8j.

Compound 12c seems to have a less asymmetric molecular structure compared with 8j and 10d, in which the quinoline and naphthalene groups are replaced by 4-cyanophenyl. As discussed previously, less symmetric charge distribution give an higher probability from having a relaxation of the selection rules [START_REF] Bonin | Two-Photon Electric-Dipole Selection Rules[END_REF] , consequently, one could expect that electronic transitions, of this compound, allowed by one-photon are also allowed by two-photons, which is indeed observed in figure 2. The most intense transitions allowed by one-photon, which have its maximum of probability at ca. 275 nm and at ca. 375 nm, are also allowed by two-photons with maxima experimental 𝜎 𝑇𝑃𝐴 values at 570 nm and 750 nm. This spectral behavior is in accordance with previous studies [START_REF] Ohta | Theoretical Study of the Two-Photon Absorption Properties of Several Asymmetrically Substituted Stilbenoid Molecules[END_REF][START_REF] Kamada | Boron Difluoride Curcuminoid Fluorophores with Enhanced Two-Photon Excited Fluorescence Emission and Versatile Living-Cell Imaging Properties[END_REF][START_REF] Kuzyk | Effects of Centrosymmetry on the Nonresonant Electronic Third-Order Nonlinear Optical Susceptibility[END_REF] and excepted for compounds that have an asymmetric molecular structure nature.

The transitions observed on the TPA spectra are corroborated by the excitation anisotropy displayed in the same Figure 2 (dotted blue lines). Particularly for molecule 10d, it is possible to see a constant value on the excitation anisotropy (r) between 325 and 390 nm, which is attributed to a transition from the ground-state (S0) to the first singlet excited state (S1). A change in the excitation anisotropy value for shorter wavelengths than 325 nm indicates that a second excited state (S2) is reached. The previously described behaviors were also observed for the compounds 8j and 12c.

Concerning the theoretical OPA spectrum of the compound 8j, the calculated results pointed out that, despite its structure, a single OPA allowed transition (HOMO → LUMO, 29.6%) is responsible by the lowest-energy band in the spectrum. The higher energy band (centered at 285 nm), on the other hand, would be the result of the summation effect of three transitions. The theoretical results indicate that the bands observed in the TPA spectrum (centered at 345 and 275 nm) of the compound 8j are related, each of them, to a single transition, i.e., the access to a single excited state. On the other hand, the enhancement of the TPA cross section from the region λ > 250 nm should be ascribed to the presence of two excited states of higher energy and TPA strongly allowed.

As it will be evidenced later, for all compounds investigated the lowest energy band of the OPA spectrum is related to the lowest-energy transition of the compound. Since the most important contribution for that transition is the HOMO→LUMO excitation, such molecular orbitals are shown in Figure 3. For the compound 10d, theoretical results pointed out that the lowest-energy band in the simulated OPA spectrum is the result of a single transition (HOMO → LUMO, 42.2%), the lowest-energy transition of the compound. The higher energy band (centered at 287 nm) should also be ascribed to a single OPA allowed transition, but much less intense than the lowest-energy transition of the compound. The theoretical results confirmed that there is no TPA allowed transition in the spectral region around 350 nm and, also, that the band centered at 285 nm in the TPA spectrum of the compound 10d is related to a single transition. Moreover, the theoretical results indicate that the increase of the TPA cross section for the region of λ > 260 nm should be ascribed to the three higher energy excited states strongly TPA allowed.

HOMO

Concerning the simulated OPA spectrum of the compound 12c, the theoretical results pointed out that a single transition (HOMO → LUMO, 32.5%), the lowest-energy one, is responsible by the lowest-energy band in the OPA spectrum. The higher energy band (centered at 285 nm) clearly presents an asymmetric profile. The theoretical results pointed out that there are four OPA allowed transitions along the spectral region of such band. For the compound 12c, the theoretical results indicate that the TPA band centered at 378 nm is related to a single excited state of the compound, the lowest-energy excited state and that is OPA allowed also. A band in the higher energy region of the TPA spectrum is also observed. The shape of such band, centered at ca. 290 nm, is severely affected by the abrupt increase of the TPA cross section due to either the presence of others TPA allowed excited states energetically close or the resonance enhancement (due to the OPA process). The theoretical results pointed out a TPA allowed transition at the 283 nm region to which one can associate the TPA band centered at ca. 290 nm and a TPA allowed transition at ca. 260 nm region that can explain the increase of the TPA cross section for λ > 275 nm.

Comparable experimental study was made for compounds 16b, 16e and 16c, which are similar from each other and distinct from 8j, 10d and 12c. It can be seen on the molecular structures, that the differences between these three compounds are the substituents on the phenyl rings. However, the compounds are more conjugated if compared to the first three molecular structures (8j, 10d and 12c) because of the triple bonds. Previous studies [START_REF] Albota | Design of Organic Molecules with Large Two-Photon Absorption Cross Sections[END_REF][START_REF] Pawlicki | Two-Photon Absorption and the Design of Two-Photon Dyes[END_REF] already have shown that a more extended π-conjugation favors the response of TPA, consequently, it is expected that compounds 16b, 16e and 16c present higher values of experimental 𝜎 𝑇𝑃𝐴 than compounds 8j, 10d and 12c. Additional, to the extension of the π-conjugation interfering on the 𝜎 𝑇𝑃𝐴 values, for example, the position of the substituents on the phenyl ring could increase those values as well [START_REF] Lee | Dependence of the Two-Photon Absorption Cross Section on the Conjugation of the Phenylacetylene Linker in Dipolar Donor-Bridge-Acceptor Chromophores[END_REF] , in particular, if the substituents are in the para position of the ring. Considering these facts, it is expected that the experimental 𝜎 𝑇𝑃𝐴 values of compounds 16b, 16e and 16c are higher than the ones obtained for 8j, 10d and 12c. Indeed, the highest 𝜎 𝑇𝑃𝐴 value achieved was obtained on the compound 16c, which presents the cyano group at the para position of the phenyl ring, demonstrating an accordance with the previous mentioned literature [START_REF] Lee | Dependence of the Two-Photon Absorption Cross Section on the Conjugation of the Phenylacetylene Linker in Dipolar Donor-Bridge-Acceptor Chromophores[END_REF] .

The line shape of the experimental OPA spectra is similar to these three compounds, in which the electronic transition with higher intensity corresponds ca. to 333 nm, 335 nm and 321 nm for the compounds 16b, 16e and 16c respectively. Additionally, one can see that this band presents a shoulder centered ca. at 359 nm, 362 nm and 347 nm for the compounds 16b, 16e and 16c respectively. Moreover, a higher transition is located at a wavelength about 280 nm for all three compounds, with smaller absorption intensity when compared to the lowest energetic band.

However, both bands have opposite behavior on the TPA intensities. The smaller OPA band is responsible for the higher TPA cross section values obtained for this class of molecules. The compounds 16b and 16e also have the experimetnal 𝜎 𝑇𝑃𝐴 maxima values located at the same electronic state. Also, one can see that the excitation anisotropy displayed at the same Figure 4 (dotted blue lines) shows different regions, one located between 300 nm up to 360, indicating a transition S0-1. A strong decrease in the excitation anisotropy for wavelengths shorter than 300 nm, which matches with the second TPA band, shows that a new transition is responsible for the TPA on this spectral range. Consequently, the second TPA band is assigned by a higher energy transition. For the compound 16b, the theoretical results pointed out that the lowest-energy band in the OPA spectrum is the result of a single transition (HOMO → LUMO, 39.8%), the lowestenergy transition of the compound. The higher energy band (centered at 265 nm) in the OPA spectrum is much less intense than the lowest-energy one and should be ascribed to two OPA allowed transitions with modest oscillator strengths (0.10 and 0.07). The theoretical results indicate that the subtle and striking bands observed in the TPA spectrum of the compound 16b, respectively at 320 nm and 265 nm, should be related to a single excited state each of them. The increase of the TPA cross section from λ > 250 nm region should be ascribed to the presence of two higher energy excited states strongly TPA allowed.

Regarding compound 16c, the theoretical results pointed out that a single transition (HOMO → LUMO, 36.0%), the lowest-energy one, is responsible by the lowest-energy band in the OPA spectrum. In the 250-300 nm region of the spectrum no well-defined band is observed, but the quantum-chemical calculation indicates that two OPA allowed transitions act along the higher energy part of that spectral region. The theoretical results pointed out that the bands observed in the TPA spectrum (centered at 325 and 285 nm) of the compound 16c are related, each of them, to a single TPA transition. The difference between the theoretical energy transitions and the energy related with the central wavelength of those bands indicate that the PCM/CAM-B3LYP approach probably did not stabilize satisfactorily the energy of the electronic excited states involved in such transitions. The increase of the TPA cross section from λ > 250 nm region should be mainly attributed to the presence of one excited state of higher energy that is strongly TPA allowed.

For the compound 16e, the theoretical results pointed out that a single transition (HOMO → LUMO, 38.9%) is responsible the lowest-energy band in the OPA spectrum, the lowestenergy one. Again, despite the high and increasing molar absorptivity in the 250-290 nm region of the spectrum no well-defined band is observed there. The quantum-chemical calculation indicates that a single OPA allowed transition is the primarily responsible for such part of the OPA spectrum. The theoretical results for the compound 16e indicated that a single TPA allowed transition is responsible for each of the two bands observed in the TPA spectrum (centered at 320 and 265 nm). In addition, the theoretical results indicated that transitions via TPA should still be observed in the 225-235 nm, however no evidences are observed in the experimental spectrum.

As mentioned in the theoretical section, the experimental TPA spectra were fitted by the SOS phenomenological approach by using the Eq. ( 10), which provided the estimation of the spectroscopic parameters μ01, μ12 and μ13 presented in the Table 1. Based on the results of the quantum-chemical calculations it is possible to realize that actually, for some of the compounds investigated, the third and/or fourth states of our SOS model (second and third excited states of the compound) must be related to the role of more than one electronic excited state of the system. Therefore, it is more correct to state that the excited states of our SOS model are describing absorption bands rather than real electronic states. On the other hand, the results of the quantumchemical calculations supports that it is coherent to assume that the second state in our SOS model describes the first excited state of each compound investigated.

The value of Δμ01 could also be estimated by the SOS approach; however, here we used the one determined experimentally by using Equation 3, which have implied measuring the fluorescence anisotropy, the emission lifetime decay and the variation of the Stokes shift as a function of the Onsager polarity function. In order to fully understand how these compounds could be used as PB-TPE, it is important to calculate the value of their brightness, defined by Drobizhev et al [START_REF] Drobizhev | Two-Photon Absorption Properties of Fluorescent Proteins[END_REF] , as the two-photon excitation action cross section (𝜎′ 𝑇𝑃𝐴 ), which is directly related to the product between the 𝜎 𝑇𝑃𝐴 𝑒𝑥𝑝 and 𝜑. All these experimental values are also presented in Table 1. i from ref. [START_REF] Mahuteau-Betzer | Synthesis and Evaluation of Photophysical Properties of Series of Π-Conjugated Oxazole Dyes[END_REF] .

The two-photon spectral region with more probability to trigger fluorescence emission, with the half of the energy needed by one-photon excitation, is between 600 nm and 700 nm. At this region, the maximum 𝜎 𝑇𝑃𝐴 𝑒𝑥𝑝 measured belongs to the compounds 12c and 16c, corresponding approximately to 30 GM and 28 GM respectively, while the compound 8j presents around 17

GM. The fluorescence quantum yields of 8j, 12c and 16c are 0.76, 0.38 and 0.28 [START_REF] Mahuteau-Betzer | Synthesis and Evaluation of Photophysical Properties of Series of Π-Conjugated Oxazole Dyes[END_REF] respectively, in which 8j has the maximum value of brightness 41 corresponding to 13 GM, followed by 12c with a brightness value of 11 GM, while the 16c has only a brightness value of 8 GM. However, in the TPA spectral region between 530 nm and 580 nm is that the maximum 𝜎 𝑇𝑃𝐴 𝑒𝑥𝑝 values are found for the compounds, in which 8j and 16c present the values of 39 GM and 85 GM respectively. If, in this spectral region, the fluorescence is also triggered with the same quantum yield, then the brightness of the latter compounds are 30 GM and 24 GM respectively. It shows that equilibrium between the optical variables TPA and quantum yield is the best way to achieve the optimal compounds to be used as PB-TPE. None of the studied compounds have presented undesirable degradation or bleaching, which are also important optical characteristics for a PB-TPE.

Using the results provided by the quantum-chemical calculations and the broadening parameters estimated through the application of the SOS model, theoretical values for the TPA cross section of the main excited state relates to each band in the TPA spectrum of the compounds were calculated. The values are shown in the Table 1. Comparing with the experimental values one can note for the spectral region of the low energy band (σ0-1 TPA ) the theoretical results predict good values for the TPA cross section of the compounds 8j, 16c and 16e, underestimate the TPA cross section of the compounds 10d and 16b and overestimate the TPA cross section of the compound 12c. In addition, one can note that for the spectral region of the higher energy band (σ0-2 TPA ) the theoretical results underestimate the TPA cross sections of most TPA allowed transitions, the exception is the case of compound 16b.

All the TPA transitions (listed in the Table 1) determined by the quantum-chemical calculations and energetically located in the spectral region of the two sharp bands of the TPA spectrum were considered to simulate the nonlinear absorption spectrum of the compounds investigated. The TPA spectra were simulated by the superposition (summation) of individual homogeneous (Lorentzian) absorption profiles, with linewidths given by the values of the broadening parameters. The spectra were simulated assuming two possible situations: 1) The resonance enhancement effect (due to the OPA process) is negligible and 2) The resonance enhancement effect is important and it is taken into account by multiplying the theoretical values the simulations were used as the same obtained experimentally in the homogeneous (Lorentzian) absorption profile.

From a direct comparison with the experimental TPA spectra, one can conclude that it is important to consider the resonance enhancement effect in order to obtain a reasonable agreement between experimental and simulated spectra concerning the ratio between the amplitudes of the bands observed in the TPA spectra for some of the compounds investigated.

CONCLUSIONS

The combination between linear and nonlinear photophysical parameters investigated in this work revealed that oxazoles dyes, in particular the ones presented in this study, could be a new generation of photoluminescence bioprobes via two-photon absorption. In fact, none of the samples presented photobleaching which is one of the most desirable characteristics in photoluminescence bioprobes. The simulated two-photon absorption spectra are in accordance with the experimental ones in the spectral region and with higher probability of absorbing two- 
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Figure 1 -

 1 Figure 1 -Molecular structures of six 2,5-diaryloxazole derivatives studied.

  exists a direct relation between 𝛥𝜇 01 and the product between the variation solvatochromic shift (𝜈 𝑠 ) with the Onsager polarity function (𝐹(𝑛, 𝜀)) and the cubic radius of the fluorophore cavity (𝑎 3 ). Values of 𝜈 𝑠 were extracted from the maxima absorption and emission spectra and are presented in FigureS2in the supporting information. The variation between 𝜈 𝑠 as a function of 𝐹(𝑛, 𝜀) is displayed in FigureS3also in the supplementary information, in which 𝑛 and 𝜀 are the refraction index and dielectric constant from the five solvents used. The determination of 𝑎 3 was made by using the Smoluchowski-Einstein diffusion equation[START_REF] Islam | Einstein-Smoluchowski Diffusion Equation: A Discussion[END_REF] 

Figure 2 -

 2 Figure 2 -OPA spectra (black line) and experimental TPA (red symbol) spectra of the compounds 8j, 10d and 12c. The red solid line represents the theoretical fitting obtained with SOS approach. Blue dotted lines represent

Figure 3 -

 3 Figure 3 -Molecular orbitals involved in the most important contribution (HOMO→LUMO excitation) of the lowest-energy transition of the compounds investigated. Such transition is an OPA allowed one for all compounds investigated.

Figure 4 -

 4 Figure 4 -OPA spectra (black line) and experimental TPA (red symbol) spectra of the compounds 16b, 16c and 16e. The red solid line represents the theoretical fitting obtained with SOS approach. Blue datted lines represent excitation anisotropy spectra.

1 .

 1 photons. Moreover, the experimental determination of the two-photon absorption cross section values, combined with the fluorescence quantum yield, allow us to identify the best spectral region where the studied compounds could be most suitable used as photoluminescence bioprobes by two-photon excitation. Their maximum fluorescence emission, triggered by the excitation in the near-infrared region, ranges from 408 nm to 496 nm, are suitable for fluorescence bioimaging acquisition by using the blue channel of a charged couple device. In fact, this work should trigger a future joint research with other fields of science, such as biology, in order to study the biocompatible performance of the oxazole dyes, as well as to record in vivo their two-photon excitation, in order to compare with the obtained results.

  

  

  

  

Table 1 :

 1 Spectroscopic parameters obtained and estimated by OPA and TPA experimental and theoretical data for the studied samples in DCM medium (with the exception of the parameter related to the solvatochromic shift). 𝚽 is the fluorescence quantum yield. The theoretical values for the TPA cross section of the transitions were computed assuming the damping constant values shown in the Tabela S1.

		Spectroscopic Parameters	8j	10d	12c	16b	16c	16e
		εmax (10 4 M -1 cm -1 ) i	3.25	3.18	2.25	4.33	2.15	2.86
		λmax abs (nm)	332	355	378	333	335	321
		λmax emi (nm)	470	440	496	401	422	408
	OPA	Ф i	0.76	0.32	0.38	0.04	0.28	0.24
	Experimental	τemi (ns) a 3 (A 3 ) r 𝑑𝜈 𝑠 /𝑑𝐹(𝑛, 𝜀)	2.12 146 0.011 4245	0.86 72 0.014 1223	1.10 118 0.017 3785	0.77 260 0.049 1382	1.04 105 0.025 3771	0.71 90 0.016 3054
		Δμ01(D)	8.21	2.92	6.26	5.73	6.81	5.12
		μ01(D)	4.06	5.74	5.85	6.02	4.95	5.02
	SOS	μ12(D) μ13(D)	6.69 7.45	7.72 9.11	4.21 8.19	6.71 8.22	10.04 9.07	8.38 -
		λ0-1 TPA (nm)	690	700	750	630	645	630
	Exp. TPA	σ0-1 TPA [σ'0-1 TPA ] (GM) λ0-2 TPA (nm) σ0-2 TPA [σ'0-2 TPA ] (GM)	17 [13] 22 [7] 30 [11] 15 [1] 28 [8] 550 580 570 530 570 39 [30] 39 [12] 39 [15] 58 [2] 85 [24]	16 [4] 525 58 [14]
		λ0-1 TPA (nm)	660	712	754	672	684	664
	Theo. TPA	σ0-1 TPA (GM) λ0-2 TPA (nm) σ0-2 TPA (GM)	15 572 8	0 578 10	75 566 0	2 540 33	42 526 28	23 514 29
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of the TPA cross sections by the frequency-dependent factor outside the brackets in our SOS expression (equation 10). The simulated spectra are presented in Figure 5.