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The present investigation describes an original structure-reactivity relationship within a type II photoinitiators series designed on the basis of a multi-branched molecular engineering strategy. Each photoinitiator indeed incorporates a triphenylamine subunit decorated with a combination of para-substituents implying anisole or thioanisole as -conjugated donor groups and multiple reactive ketones as electron acceptor functions. Interestingly, we demonstrate that the photoinitiating efficiency of such multipolar derivatives is mainly modulated by a solvent-mediated interplay between intersystem crossing and intramolecular charge transfer processes at the excited singlet state. Such a balancing mechanism drastically regulates the population of highly reactive excited triplet species in such manner that the photoinitiation performance of the dyes can be enhanced by more than one order of magnitude within the series. Taking benefit of this amplified photoreactivity, we illustrated the versatile applied potentials of the most performant photoinitiating prototype which was both employed in a rapid 2D photopatterning process through LCD image projection and in 3D micro-optics fabrication at the surface of an optical fiber.

INTRODUCTION.

Light-triggered polymerization, named photopolymerization, is witnessing a very impressive growth in the industrial fields due to the recent popularization of 3D printing. In parallel, this technology is currently widespreading across many high level applications such as surgery, regenerative medicine [START_REF] Wang | Evaluating 3D-Printed Biomaterials as Scaffolds for Vascularized Bone Tissue Engineering[END_REF] , microfluidics, micro-optics [START_REF] Wang | Evaluating 3D-Printed Biomaterials as Scaffolds for Vascularized Bone Tissue Engineering[END_REF][START_REF] Ligon | Polymers for 3D Printing and Customized Additive Manufacturing[END_REF][START_REF] Layani | Novel Materials for 3D Printing by Photopolymerization[END_REF][START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF][START_REF] Lafratta | Multiphoton Fabrication[END_REF] . Among the large variety of organic and inorganic materials available for 3D printing [START_REF] Ligon | Polymers for 3D Printing and Customized Additive Manufacturing[END_REF][START_REF] Layani | Novel Materials for 3D Printing by Photopolymerization[END_REF] , the photopolymers constitute the predominant branch and represents more than 30 % of the additive manufacturing market [START_REF] Ligon | Polymers for 3D Printing and Customized Additive Manufacturing[END_REF] .

Photopolymer-based materials indeed offer a versatile chemistry and easy-handling processability which perfectly fit the two dominant 3D printing techniques [START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF] . The stereolithography (SLA) technology implies the local activation of the photopolymerization reaction through a point-by-point exposure method with the 3D translation of the focalized irradiation beam within the photocurable formulation. One of the main attractive aspects of this technique relies on its spatial resolution which depends on the excitation spot size. For instance, well spatially resolved objects with a feature size of 10 µm are typically generated upon UV-light induced SLA [START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF] . This lateral size can be even more reduced by two orders of magnitude (~ 100 nm) upon multiphoton 3D SLA [START_REF] Lafratta | Multiphoton Fabrication[END_REF] . However, it should be underlined that this technology still suffers from long time-processing issues. By contrast, the digital light processing (DLP) technology which corresponds to a dynamic mask photolithography implies a sequential layer-by-layer illumination of the photosensitive resin. This photopatterning process drastically reduces the printing time as compared to SLA [START_REF] Tumbleston | Continuous liquid interface production of 3D objects[END_REF] . Moreover, DLP maintains high fabrication accuracy with typical lateral resolutions in the 10-50 µm range which corresponds to the pixels density of the digital emitting devices. Notably, both SLA and DLP technologies involve very photosensitive resins whose photoreactivity depends on the nature of the monomer (acrylates, epoxides, thiol-enes…) and on the photophysical properties of the photoinitiators. These latter systems play a pivotal role in various photoinitiation strategies such as hydrogen abstraction reactions [START_REF] Xiao | Julolidine or Fluorenone Based Push-Pull Dyes for Polymerization upon Soft Polychromatic Visible Light or Green Light[END_REF][START_REF] Hobeika | Two-Photon Initiating Efficiency of a Ditopic Alkoxynitrostilbene Reacting through a Self-Regenerative Mechanism[END_REF] , energy transfer [START_REF] Erdur | Poly(phenylenevinylene)s as Sensitizers for Visible Light Induced Cationic Polymerization[END_REF][START_REF] Jin | Two-photon absorption and polymerization ability of intramolecular energy transfer based photoinitiating systems[END_REF] or regenerative photoredox reactions [START_REF] Garra | New Synthetic Route to an Highly Efficient Photoredox Catalyst by Mechanosynthesis[END_REF][START_REF] Telitel | Photoredox catalysis using a new iridium complex as an efficient toolbox for radical, cationic and controlled polymerizations under soft blue to green lights[END_REF] . The development of highly reactive photoinitiating systems is a very active research area [START_REF] Zhang | 3D printing of photopolymers[END_REF] . Various innovative objectives have motivated the design of new photoinitiators: i) Increasing the dyes absorption ability in order to reduce irradiation time exposure [START_REF] Tehfe | Polyaromatic Structures as Organo-Photoinitiator Catalysts for Efficient Visible Light Induced Dual Radical/Cationic Photopolymerization and Interpenetrated Polymer Networks Synthesis[END_REF] ii) Shifting the irradiation wavelength toward visible or near infrared region in order to increase the photons penetration depth into the photocurable resin [START_REF] Shanmugam | Light-Regulated Polymerization under Near-Infrared/Far-Red Irradiation Catalyzed by Bacteriochlorophyll a[END_REF] iii) Ensuring a better biocompatibility and low cytotoxicity for biomedical applications [START_REF] Williams | Variable cytocompatibility of six cell lines with photoinitiators used for polymerizing hydrogels and cell encapsulation[END_REF] iv) Implementing an added functionality into the final photopatterned materials such as bactericidal effects [START_REF] Versace | Highly Virulent Bactericidal Effects of Curcumin-based µ-Cages Fabricated by Two-Photon Polymerization[END_REF] , post-printing ability [START_REF] Baron | Light-Sensitive Alkoxyamines as Versatile Spatially-and Temporally-Controlled Precursors of Alkyl Radicals and Nitroxides[END_REF] . When considering cationic or free radical photopolymerizations, one of the dominant photoinitiating methods [START_REF] Fouassier | Photoinitiator for Polymer Synthesis-Scope, Reactivity and Efficiency[END_REF] consists in associating a light absorbing sensitizer (Type II photoinitiator) with a co-initiator. This second reactant is used as a hydrogen-donor for free radical initiation or as a sensitized photoacid generator for cationic photopolymerization. However, for both mechanisms, kinetics of the photoreactions remains strongly diffusion-limited especially in highly viscous environment of monomers. Therefore, a relevant strategy to enhance the photosensitizing efficiency is to privilege the photoreaction from the long living excited triplet state rather than the excited singlet one. Following this very simple guideline, we have elaborated a new series of Type II photoinitiators based on a multibranching design approach which associates a triphenyl amine core decorated by a combination of -conjugated donor groups and multiple ketone substituents (see Scheme 1).

In this molecular construction, methoxy and methythio substituents were chosen as moderate donor groups allowing a fine tuning of the intramolecular charge transfer (ICT) from the central biphenyl moiety to the external branches of the dyes. The ketone function plays a double role of electron-acceptor group which also promotes the intersystem crossing (ISC) from singlet to triplet states. These multibranched structures not only allow a strong absorption ability within the UV spectral range but the Y-shaped symmetry should also promote electronic coupling among the individual arms 20 , [START_REF] Beljonne | Role of Dimensionality on the Two-Photon Absorption Response of Conjugated Molecules : The Case of Octupolar Compounds[END_REF][START_REF] Jin | Two-photon lithography in visible and NIR ranges using multibranched-based sensitizers for efficient acid generation[END_REF][START_REF] Malval | Two-photon absorption in a conformationally twisted D--A oligomer: a synergic photosensitizing approach for multiphoton lithography[END_REF][START_REF] Romero Avila | Two-Photon-Triggered NO Release via a Ruthenium Nitrosyl Complex with a Star-Shaped Architecture[END_REF] affecting thereby ISC process with subsequent impacts on the photoinitiating reactivity. This contribution first provides a detailed photophysical investigation which rationalizes such a structure-photoreactivity relationship, then demonstrates the applied potential of these multibranched photoinitiators for distinctive two-and three-dimensional microfabrication applications.

Scheme 1.

Structures of the triphenylamine-based dyes.

RESULTS AND DISCUSSION.

Ground-state properties. Figure 1 shows the absorption spectra of all the derivatives in acetonitrile (ACN). All the chromophores present a structureless and intensive band in the 300-425 nm range. For AMK, the corresponding  MAX displays a significant value of about 24 600 M -1 cm -1 which is quite comparable to extinction coefficients previously measured for similar donor-acceptor biphenyl derivatives [START_REF] Tehfe | Polyaromatic Structures as Organo-Photoinitiator Catalysts for Efficient Visible Light Induced Dual Radical/Cationic Photopolymerization and Interpenetrated Polymer Networks Synthesis[END_REF][START_REF] Shanmugam | Light-Regulated Polymerization under Near-Infrared/Far-Red Irradiation Catalyzed by Bacteriochlorophyll a[END_REF] . This also corroborates the allowed character of the S 0 -S 1 electronic transition (*-type) which mainly dominates this absorption band. On going from AMK (dipolar dye) to AMO and AMS (multipolar dyes), the multibranching effect hardly affects the position of the absorption band. By contrast, the absorption band intensity is multiplied by a factor 1.45 for AMO and 1.65 for AMS. To identify the nature and the symmetry of the electronic transitions corresponding to this absorption band, the theoretical absorption spectra of the compounds have been calculated on the basis of the TD-DFT method. Table 1 gathers the DFT theoretical data of all dyes and It should be first underlined that the calculated vertical energy transitions are in agreement with the experimental values. For the dipolar dye, AMK, the calculations confirm that the lowest energy absorption band is mainly dominated by the S 0 -S 1 transition as also suggests by the invariance of the excitation anisotropy in the 350-425 nm range. The frontier orbitals diagram in Figure 3 confirms that this transition is a HOMO-LUMO transition with * character implying an intramolecular charge transfer (CT) from the triphenylamine fragment (donor) to the phenone subunit (acceptor). (a) E 00 ≈ ½ ( abs +  fluo ) in apolar medium (hexane). (b) Molecular orbitals H and L stand for HOMO and LUMO for each derivative.
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Table 1.

Absorption properties of the derivatives (solvent: ACN) along with their corresponding theoretical data derived from TD-DFT calculations.

The calculations also indicate the presence of a weakly allowed S 0 -S 2 transition positioned at the blue side of the lowest energy band. This high-lying energy transition clearly presents a n* character with an electronic localization typically centred on the ketone function (see Figure 3). If we consider the tribranched dyes AMO and AMS, the calculations clearly indicate that their main absorption band corresponds to two distinctive *-type transitions (namely S 0 -S 1 and S 0 -S 2 ones). Interestingly, the excitation anisotropy spectrum of these two dyes both undergoes multiple sequential decreases in their low energy absorption region which corroborate the presence of several S 0 -S n transitions (see Figure 2). For instance, the anisotropy of AMO is initially invariant at the red edge of its absorption band but drops significantly on going from 415 nm to 340 nm then stabilizes again in the 330-340 nm range.

Such a change in anisotropy is a clear indication for the presence of multiple transitions with distinctive electronic polarizations which agrees very well with the theoretical calculations. S1. For all dyes, the fluorescence band is very sensitive to solvent polarity with a significant redshift from HEX to ACN. By contrast, the absorption band exhibits a slight broadening with a very weak red shift in the same conditions. Such a solvent induced spectral effect typically evidences a significant dipole moment enhancement from S 0 to S 1 emitting state. Unexpectedly, the bathochromic shift observed for the fluorescence band of AMO is divided by a factor ~ 2 from HEX to ACN as compared to AMS. This solvatochromic effect suggests that the emitting S 1 state of AMO is less polar than that of its tribranched homologue. Absorption (full lines) and fluorescence (dashed lines) of the dyes in apolar solvent (hexane: black color) and in highly polar one (acetonitrile : red color).

As shown

The Lippert-Mataga formalism can be used to estimate the dipole moment change between the ground and the excited singlet state (µ ge ) as follows [START_REF] Mataga | The Solvent Effect on Fluorescence Spectrum, Change of Solute-Solvent Interaction during the Lifetime of Excited Solute Molecule[END_REF][START_REF] Lippert | Spectroscopic determination of the dipole moment of aromatic compounds in the first excited singlet state[END_REF][START_REF] Böttcher | Theory of electric polarization[END_REF][START_REF] Kapturkiewicz | Properties of the Intramolecular Excited Charge-Transfer States of Carbazol-9-yl Derivatives of Aromatic Ketones[END_REF][START_REF] Kapturkiewicz | Intramolecular Radiative and Radiationless Charge Recombination Processes in Donor-Acceptor Carbazole Derivatives[END_REF][START_REF] Herbich | Electronic Structure and Molecular Conformation in the Excited Charge Transfer Singlet States of 9-Acridyl and Other Aryl Derivatives of Aromatic Amines[END_REF] :
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In this dielectric continuum model, the solvent polarity function [START_REF] Tomasi | Molecular Interactions in Solution: An Overview of Methods Based on Continuous Distributions of the Solvent[END_REF] (f ) depends on the relative permittivity of the solvent ( and on its refractive index (n). In equation ( 1), h and c represent the Planck constant and the speed of light respectively. Finally the Onsager radius (a 0 ) which corresponds to the solvent shell surrounding the dye was estimated to a value of 5.5 Å for AMK and 6 Å for AMO and AMS according to the molecular dimension of the chromophores derived from our DFT calculations. The solvatochromic plots based on equation ( 1) are presented in Figure S1. In Table S2 are reported the related solvatochromic slopes along with the estimated values of µ eg . According to Lippert-Mataga formalism, AMK exhibits a significant µ ge of about 19 D. This dipole moment change is comparable to those measured previously for D-A biaryls such as the 4-(9-acridyl)-N,N'-dimethylaniline [START_REF] Herbich | Electronic Structure and Molecular Conformation in the Excited Charge Transfer Singlet States of 9-Acridyl and Other Aryl Derivatives of Aromatic Amines[END_REF] or the 4-cyanobenzene-4'-N,N'-dimethylaniline [START_REF] Maus | Photoinduced Intramolecular Charge Transfer in a Series of Differently Twisted Donor-Acceptor Biphenyls As Revealed by Fluorescence[END_REF] . It also confirms the strong CT character of the emitting state of AMK. As shown in Table S1, AMK is weakly emissive in apolar solvent with a fluorescence quantum yield ( f ) lower than 0.1 in HEX but becomes highly fluorescent in moderate and in polar media. Such a polarity induced fluorescence 'switch-on' together with the strong bathochromic effect clearly indicate that the locally excited ( 1 LE) state of AMK undergoes an electronic relaxation toward an emissive state which is stabilized in polar environment and presents an intramolecular charge transfer ( 1 ICT) character. This solvent induced stabilization effect is obviously inactive in apolar medium in such a manner 1 LE state alternatively deactivates through intersystem crossing (ISC) to triplet manifold as perfectly illustrated by the very high value of  ISC (~ 1) in HEX.

Therefore, the proximity effect 26 between 1 LE state and a high-lying n* one should promote this non radiative deactivation at singlet excited state. On going from HEX to ACN,  ISC drastically drops by a factor ~ 7 concomitantly with a 14-fold increase of  f . In this latter case, the 1 ICT state stabilization by increasing solvent polarity opens up the radiative deactivation channel to the detriment of the ISC one as illustrated in Scheme S1. The interplay between ISC and ICT relaxation processes mediated by solvent polarity can be also extended to AMO and AMS but with a lower fluorescence emissivity in polar media as compared to AMK (see Table S1). For multibranched octupoles, such a loss in emissivity can be typically ascribed to an electronic symmetry breaking [START_REF] Davidov | Theory of molecular excitons[END_REF][START_REF] Beljonne | Role of Dimensionality on the Two-Photon Absorption Response of Conjugated Molecules : The Case of Octupolar Compounds[END_REF] between the 1 LE state whose electronic configuration implies a full delocalization within the entire -conjugated tribranched structure and the relaxed fluorescent state whose excitation is centred more specifically on a single D--A branch. As shown in Table S2, this electronic relaxation leads to an unexpected 2-fold enhancement of the excited state dipole moment for AMS (µ eg ~ 26 D) as compared to AMO (µ eg ~ 12 D). Such an important difference presumably stems from a better charge separation for AMS emitting state due to a more twisted geometry of its D--A branch [START_REF] Braun | Amide Derivatives of DMABN: A New Class of Dual Fluorescent Compounds[END_REF] . Reciprocally, the less polar character of AMO emitting state should significantly reduce the impact of the ISC-ICT interplay. More precisely, the ISC process for AMO should remain active even in highly polar environment. This effect is perfectly illustrated by the significant  ISC of AMO in ACN ( ISC = 0.28). Note that this value is twice higher than that measured for AMS. As a consequence, it clearly appears that the excitation of AMO leads to a more efficient photogeneration of triplet species as compared to its sulphur homologue. The phosphorescence measurements also corroborate this assumption. Figure S2 presents the low-temperature emission spectra of all the dyes recorded in 2-MTHF at 77 K.

The tribranched dyes exhibit similar fluorescence and phosphorescence bands which are located respectively in the 375-465 nm and 450-700 nm ranges. However, one clearly observes that the relative phosphorescence intensity of AMO is 2-fold higher than that recorded for AMS. Since both derivatives display similar phosphorescence lifetimes in the 350-400 ms range (see insets in Figure S2), it can be inferred that the higher phosphorescence emissivity observed for AMO should be ascribed to a more efficient population of its T 1 level as compared to AMS. The time-gated phosphorescence spectra of all the dyes exhibit a clear vibrational structuration (see Figures S2). According to the position of the phosphorescence 0-0 band, the values for the lowest triplet state (T 1 ) energy can be estimated to 2.39 eV for AMK and to 2.59 eV for AMO and AMS. This latter T 1 energy agrees reasonably with that of the p-dimethylaminoacetophenone 36 (E T ~ 2.70 eV) which suggests a localisation of the excitation on a single D--A branch. It is also worth noting that the phosphorescence maximum intensity of AMS is centred on the 0-1 vibronic band by contrast to AMO for which the maximum phosphorescence is located on its 0-0 vibronic one. Such a spectral distortion observed for the phosphorescence spectrum of AMS features a geometrical change between the ground and T 1 states. This is also in line with the photoinduced conformational twisting of AMS previously suggested.

All the dyes display long phosphorescence lifetimes ( p > 100 ms) which indicates that their lowest triplet states have a 3 * character. However, the phosphorescence of all the compounds show a characteristic vibrational pattern [START_REF] Turro | Modern Molecular Photochemistry[END_REF] with a regular progression of the bands separated by ~ 1200-1300 cm -1 . This spectral effect suggests the occurrence of a *-n* states mixing presumably promoted by the 'so-call' proximity effect [START_REF] Lim | Proximity effect in molecular photophysics: dynamical consequences of pseudo-Jahn-Teller interaction[END_REF] . Such vibronic couplings should also have a very strong impact on the dyes photoreactivity as presented hereafter.

Photoreactivity and mechanism. The relevant strategy consisting in the derivatization of a triphenylamine subunit with ketone-based groups paves the way to the construction of type II photoinitiators with versatile photoreactivities. In this context, we have associated the chromophores with two distinctive co-reactants: i) A H-donor reactant such as the N-methyl diethanol amine (MDEA) ii) A photoacid generator such as the diphenyl iodonium salt (IOD). In both cases, the strategy consists in promoting photo-triggered reaction sequences that generate ultimately reactive species such as free radicals or protons.

The kinetics and the efficiency of these reactions were first investigated by monitoring the changes of the dyes absorption spectra in N 2 -degassed acetonitrile during their photolysis in presence of the co-reactants added in a large excess (1000 eq.). Figure 5 typically shows the evolution of the absorption spectrum of AMK in presence of MDEA and IOD respectively.

Note that all the solutions were initially isoabsorbing at  irr = 365 nm in order to compare directly the dynamics of the photoreactions. Depending on the nature of the co-reactant, the photolysis of AMK clearly leads to distinctive spectral evolutions. In presence of MDEA, the main absorption band of the dye decreases in concomitance with the growth of new one in the high energy region with a  MAX at 325 nm. This photoreaction maintains two isosbestic points at 286 nm and 343 nm. The presence of a new product whose main absorption band is blue shifted with regard to the CT band of AMK is in line with the occurrence of a photoreduction reaction which affects specifically the ketone function and thereby reduces its electron withdrawing ability. By contrast, the photolysis of AMK in presence of IOD induces a very fast decrease of the last absorption band with a slight band broadening. This photoreaction also gives rise to a weak absorption band in near-infrared (NIR) region which can be detected during the first steps of the photolysis (see Figure 5B). This NIR absorption band typically corresponds to a radical cation centred on the triphenylamine core [START_REF] Kirchgessner | Understanding Reactivity Patterns of the Dialkylaniline Radical Cation[END_REF][START_REF] Yurchenko | Electrochemically Induced Reversible and Irreversible Coupling of Triarylamines[END_REF] and thereby evidences a photooxidation reaction implying the triarylamine donor group of AMK. It should be emphasized that similar spectral effects can be observed for both photoreduction and photooxidation reactions of AMO and AMS as illustrated in Figures S3-4. Of particular interest, the initial rates of the dyes photobleaching (k 0 ) have been measured for each photoredox reaction. This important kinetics parameter which refers to the quantum yield of the photoreaction can be calculated as follows [START_REF] Tonne | Double actinometry for rigorous evaluation of quantum yields of clean photoreversible photochemical reactions[END_REF][START_REF] Amar | Photoisomerisation in Aminoazobenzene-Substituted Ruthenium(II) Tris(bipyridine) Complexes: Influence of the Conjugation Pathway[END_REF] :
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In this equation,
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dA denotes the slope at t = 0 s for the absorbance decrease during the dye photolysis recorded at 365 nm,  365 and A 0 represent respectively the molar extinction coefficient and the initial absorbance of the chromophore at 365 nm. Figure 6 presents the histograms of the initial photobleaching rates for each chromophore and Table S3 gathers all the related values of k 0 as well as the redox potentials of all dyes measured in ACN. As shown in Figure 6, AMO clearly displays the highest photoreactivity among the series for both photoreduction and photooxidation reactions. For instance, if we compare the photoreaction efficiencies of the tribranched dyes, one clearly observes that the photobleaching rate of AMO in presence of MDEA is ~ 7 times higher than that of AMS. However, this large difference in the photobleaching dynamics is substantially reduced when considering the photooxidation reaction whose photobleaching rate is only ~ 2.3 times higher for AMO as compared to AMS. For the tribranched chromophores, it is clear that such strong differences in the photoreactivity with MDEA can neither be explained by the electrochemical properties of AMO and AMS whose redox potentials are clearly similar (see Table S3) nor by their respective excited states energies which are also of the same range. In fact, the higher photoreactivity of AMO perfectly agrees with its higher intersystem crossing quantum yield as compared to its homologue. As a consequence, the photoreactions observed in presence of MDEA should mainly proceed from the triplet excited states of the dyes. Table S4 those previously reported [START_REF] Kotake | Electron Spin Resonance Study on the Difference of Structure in Diastereomeric Nitroxyl Radicals[END_REF] . Moreover the-aminoalkyl radicals are readily reducible [START_REF] Wayner | Oxidation and reduction potentials of transient free radicals[END_REF][START_REF] Malval | Photophysical Properties and Two-Photon Polymerization Ability of a Nitroalkoxystilbene Derivative[END_REF] and can lead to a further reduction of a second ketone derivative accelerating thereby the dye photobleaching. As shown in Table S4, the Stern-Volmer constants for the dyes fluorescence quenching by IOD are globally 10 times higher than those measured for MDEA. Therefore, the photooxidation reactions of the dyes should proceed through a photoinduced electron transfer (PeT) both involving T 1 and S 1 states as electron donors. Note that the weighted contribution of the S 1 -route to the photooxidation of AMS is more significant than that of AMO. This effect is perfectly in line with the levelling in photoreactivity between AMO and AMS when comparing ratios of their photobleaching rates going from the photoreduction with MDEA (ratio ~ 7) for which T 1 -route is prevailing to the photooxidation with IOD (ratio ~ 2.3) where both T 1 and S 1 -routes are possible. The photosensitizing mechanism of IOD is also well known [START_REF] Fouassier | Photoinitiator for Polymer Synthesis-Scope, Reactivity and Efficiency[END_REF] . In the present case, it first generates a triphenylamine radical cation and a diphenyliodine neutral radical which subsequently dissociates and leads to an iodobenzene by-product and a phenyl radical. Such a highly reactive radical recombines with the dye cation which accelerates the dye photobleaching with a concomitant release of a proton byproduct. The photoacid generation quantum yields ( H+ ) for the photosensitizing reaction have been measured in ACN according to a method previously proposed Scaiano et al. [START_REF] Pohlers | A Novel Photometric Method for the Determination of Photoacid Generation Efficiencies Using Benzothiazole and Xanthene Dyes as Acid Sensors[END_REF] . The values for  H+ are presented in Table S3. Here also, AMO appears as the more efficient photosensitizer of series with a value of  H+ which is more than three times higher than those measured for AMK and AMS. It is also worth noting that the photobleaching rates of the dyes (k 0 ox. ) correlate relatively well with  H+ suggesting that the final recombination step of the phenyl radical with the triphenylamine cation mainly contributes to the acid generation.

Photopolymerization efficiencies and applications. A comparative analysis of the photoinitiating performances of the dyes has been performed for both cationic and free radical polymerizations. Similarly to the photolysis experiments, isoabsorbing formulations at  irr. = 365 nm have been prepared for a direct comparison of the photoinitiation kinetics. With this respect, HDDA (a diacrylate monomer) and EPOX (a diepoxide one) were mixed with the two-component system comprising the chromophore and the co-initiator: MDEA (3 wt %) for the free radical polymerization or IOD (2 wt %) for the cationic one. The laminate films of each formulation were irradiated at low irradiance (I 365nm = 10 mW cm -2 ) and the monomers conversion rates were monitored upon real-time FT-RTIR method. Figure 7 presents the related FT-RTIR kinetics curves. Table S5 gathers the corresponding photopolymerization data such as the polymerisation rates (R p /[M]) and the final conversions after 180 s irradiation.

As shown in Figure 7, most of the conversion curves present an initial induction step whose duration significantly decreases going from AMK to AMO. This induction time should be attributed to the occurrence of inhibition reactions between the photogenerated species and the residual dissolved oxygen present in the resin. Such inhibiting reactions mainly correspond to two distinctive processes. The first one corresponds to the quenching of the dyes T 1 state by oxygen whereas in the second process the dissolved oxygen can react with primary free radicals (R) to form low reactive peroxyl ones (ROO) with subsequent detrimental effects toward the propagation step of the polymerization reaction. As expected, the photopolymerization rates reported in Table S5 confirm that AMO has the highest efficiency for both cationic and free radical polymerizations. This holds especially true when considering the free radical photoinitiation whose polymerization rate is amplified by a factor 8.6 and 4 as compared to AMK and AMS respectively. The initiation efficiency of a free radical polymerization  i can be connected to R p /[M] according to the following relationship [START_REF] Fouassier | Photoinitiator for Polymer Synthesis-Scope, Reactivity and Efficiency[END_REF] :
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In this equation, the rates for polymerization propagation (k p ) and termination (k t ) which depend on the nature of the monomer can be considered as invariant for our acrylate resins. In the same manner, I abs which corresponds to the light absorbed by the sample can also be considered equivalent for our isoabsorbing formulations. According these assumptions, we can estimate that AMO displays a photoinitiating efficiency which is 74-times higher than that of AMK and 16-times higher than that of AMS. This high photoinitiating performance results from an efficient photogeneration of triplet species associated to the high hydrogen abstractability the T 1 state of AMO. For the cationic photopolymerizations, all the photoinitiation rates undergo a levelling-off effect (Figure 7B). For instance, the diepoxide formulations with AMK and AMS present a similar photoinitiation rate whereas the rate for AMO is hardly multiplied by a factor 1.7 as compared to the other resins. Such a levelling observed for the photoinitiation performances is a direct consequence of a photosensitization which concomitantly proceeds from S 1 and T 1 routes for all dyes. Due to the relatively low  ISC of AMK and AMS, the S 1 -route constitutes the predominant channel for the acid generation. By contrast, AMO offers two parallel reactional pathways resulting in an additive effect which accounts for the higher reactivity of the dye toward cationic photopolymerization. Hence, one clearly demonstrated that AMO exhibits the highest photoinitiating performance among the series. This holds especially true when considering the free radical photopolymerization for which AMO exhibits a photoinitiation efficiency amplified by more than a factor 10 with respect to the other triphenylamine derivatives. In order to demonstrate the applied potential of AMO as highly reactive type II photoinitiator for free radical polymerization, we used a triacrylated-based formulation composed of pentaerythritol triacrylate (PETA) as monomer which was associated with the bi-component system (i.e AMO / MDEA : 0.45 wt % / 3 wt %) for two distinctive photo-patterning applications. The first application concerns the rapid fabrication of a two-dimensional microstructure which was directly photopatterned through a 'one shot' image projection similarly to the digital lightprocessing method used for 3D printing [START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF] 

CONCLUSION.

We have thoroughly characterized the electronic and photophysical properties of three type II photoinitiators designed on the basis of a triphenylamine core derivatized by an anisole or a thioanisole -conjugated donor and by multiple ketones acceptors groups. The resulted multibranched dyes exhibit a photoinitiating reactivity which is closely dependent to the photogeneration efficiency of triplet excited species whose population is regulated by a solvent mediated interplay between ISC and ICT processes at S 1 state. From this relevant structure-reactivity relationship, we demonstrated that AMO displays the highest photoinitiating reactivity among the series for both cationic and free radical photopolymerization. Of particular interest, we showed that this photoreactivity is amplified

Figure 1 .

 1 Figure 1.Absorption spectra of the compounds in acetonitrile (ACN).

Figure 2

 2 Figure2presents their theoretical and experimental absorption spectra. Figure2 also

Figure 2 .

 2 Figure 2. Excitation anisotropy spectra (circles), normalized absorption and fluorescence spectra of the compounds in triacetin. Theoretical absorption spectra of the compounds (vertical bars) calculated by TDDFT-MPW1PW91/6-31G(d,p) method.

Figure 3 ,

 3 the S 0 -S 1 transition of AMO corresponds to a pure HOMO-LUMO transition with an intramolecular charge transfer from the 4,4'-disubstitued biaryl group (donor) in the HOMO to the two phenone branches (acceptors) in the LUMO. By contrast, the S 0 -S 2 transition implies a long range electronic delocalisation within the entire Y-shaped conjugated structure without a significant charge separation. Similar conclusions can be drawn for AMS.

Figure 3 .Figure 4 .

 34 Figure 3.Frontier orbitals diagrams of AMK and AMO with the electronic symmetries of their corresponding lowest energy transitions.

  Figure 4.Absorption (full lines) and fluorescence (dashed lines) of the dyes in apolar solvent (hexane: black color) and in highly polar one (acetonitrile : red color).

Figure 5 .

 5 Figure 5. Time-dependent changes of the absorption spectrum of AMK (50 µM) during its photolysis at  irr. = 365 nm (P = 60 mW) in N 2 -degassed solutions of ACN mixed with MDEA (A) and IOD (B) at 1000 eq. Insets: Time-dependent changes of the absorbances at distinctive wavelengths. The dashed lines in Figure 5B show the expanded absorption spectrum of AMK in the 500-800 nm range during the first seconds of the photoreaction.

Figure 6 .

 6 Figure 6.Histograms of the dyes photoreaction initial rates (k 0 ) for both H-transfer reactions with MDEA and photooxidation reactions with IOD in ACN.

5 M - 1 )

 51 presents the Stern-Volmer constants (K SV ) relative to the fluorescence quenching of the chromophores by MDEA and IOD in ACN. All the quenching constants are very weak for MDEA (K SV < which confirms the minor contribution of the S 1 state to the dyes photobleaching reactions. It is well established that the excited triplet states of ketone derivatives 19 are efficient hydrogen abstractor species when associated with H-donor co-reactants such as aliphatic amines. The H-transfer reaction both generates the chromophore ketyl radical and an -aminoalkyl one. This latter species can be identified upon electron spin resonance spectroscopy using spin-trapping methods. Figure S5 typically shows the ESR spectrum of spin trap adducts generated from UV-photolysis of AMO mixed with MDEA and -phenyl-N-tert-buylnitrone (PBN). The ESR spectrum clearly indicates the presence of a spin trap adduct formed by PBN with the -aminoalkyl radical with hydrogen and nitrogen hyperfine splitting constants of about 3.8 G and 15.1 G respectively. These values agree very well with

Figure 7 .

 7 Figure 7. Kinetics of the monomers conversion: (A) Free radical photopolymerization of acrylate-based monomer based on isoabsorbing formulations @365 nm: AMK/MDEA (0.60 wt % / 3 wt %) ; AMO/MDEA (0.47 wt % / 3 wt % ) ; AMS/MDEA (0.45 wt % / 3 wt %). (B) Cationic photopolymerization of diepoxide monomer based on isoabsorbing formulations @365 nm: AMK/IOD (0.6 wt % / 2 wt %) ; AMO/IOD (0.47 wt % / 2 wt %) ; AMS/IOD (0.45 wt % / 2 wt %). ( irr. = 365 nm, irradiance = 10 mW cm -2 ).

  . As a typical example, Figure8Apresents the luminescence image of a 2D logo which was projected into the acrylate formulation during 2 seconds at low irradiance exposure (e.g. 10 mW cm -2 ). A monochrome DLP projector composed by 2980 x 1080 pixels was used as UV light projector ( irr. = 365 nm). The final 2D structure was developed by dissolving away the non-polymerized monomer in ethanol. It is interesting to remark that, if we expand the luminescence image, the polymerized elementary subunits composing the photopatterned materials can be clearly observed. As shown in Figure8B, this array of polymerized voxels perfectly replicates the periodicity and geometry of LCD emitters which display a feature size of 50 µm. A second example illustrating the applied potential of the resin concerns the one-step fabrication of micro optics at the surface of light emitting optical fiber. The main advantage of this photopatterning strategy relies on the inherent self-positioning[START_REF] Jradi | Tailoring the geometry of polymer tips on the end of optical fibers via control of physico-chemical parameters[END_REF][START_REF] Soppera | Fabrication of micro-optical devices by selfguiding photopolymerization in the near IR[END_REF] of the generated optical objects at the surface of the emitting source allowing an optimal coupling at µm scale. Such an optical processing issue constitutes one of the major technological challenges for the fabrication and the rapid integration of telecommunication microdevices[START_REF] Bardinal | A microtip self-written on a vertical-cavity surfaceemitting laser by photopolymerization[END_REF] . In the present case, the beam of a 375 nm laser diode was injected into a standard telecommunication optical fiber with an 8 µm core diameter. A drop of the resin was then deposited on the other extremity of the optical fiber allowing the inner irradiation of the drop from the fiber surface to the external surface of the drop. After 10 s irradiation with an output power of 10 µW, the fiber was rinsed in ethanol giving rise to a very thin and sharp polymer-based micro-tip whose SEM image in presented in Figure8C. This 20 µm height micro-tip is conical shaped with a size base that matches the dimension of the core fiber. Consequently, the UV beam from the fiber emitting surface is perfectly guided by the micro-tip whose luminescence can be switched on by the actinide light as illustrated in Figure8D.

Figure 8 .

 8 Figure 8. (A) Luminescence image of a polymer-based 2D logo fabricated by projection image method using a monochrome DLP projector of 2980 x 1080 pixels ( irr = 365 nm, irradiance = 10 mW cm -2 , exposure time = 2 s). (B) Expanded area of the logo which displays the periodic polymerized voxels composing the photopatterned emitting materials. (C) SEM image a photopolymerized micro-tip at the surface of an optical fiber with 8 µm core. (D) OFF-ON luminescence of the micro-tip excited by the UV light emerging from the optical fiber surface.
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by more than one order of magnitude for free radical photopolymerization as compared to the other triphenylamine derivatives. We finally demonstrated the versatile applied potentials of AMO as a highly reactive photoinitiator whose acrylate resin both allows a very fast 2D microstructuration through digital light processing and the 3D fabrication of self-positioned micro-tips at the surface of optical fibers.
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during the dyes photooxidation with IOD. (Table S3), Stern-Volmer constants for the fluorescence quenching of the dyes in presence of MDEA and IOD (Table S4),

Photopolymerization data relative to the irradiated diacrylate and diepoxide formulations.
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