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Introduction

Singlet oxygen production by photosensitization is a green chemistry process that takes advantage of oxygen from air as reactant and of visible light to excite a photosensitizer (PS).

Singlet oxygen is a powerful selective oxidant, used for Photodynamic Therapy (PDT), 1-3 for the treatment/disinfection of environmental pollutants, 4,5 or for fine chemical synthesis. 6 The covalent grafting of PS onto polymer substrates has been extensively investigated as a strategy to transpose poorly soluble photosensitizers in solvent (or in water) while enhancing their stability and recycling. A large part of the literature is devoted to the field of PDT with studies describing multi-step syntheses of either star-like or block copolymers, [7][8][9][10][11][12][13] and the design of hydrogels. [14][15][16] It should be mentioned that the block copolymer self-assembly into micelles as nanoparticles dispersed in water required the systematic use of an organic co-solvent. On the other hand, photosensitizing polymer beads, mainly based on polystyrene and/or poly(vinyl benzyl chloride) polymers, with large diameters above 5 µm, have been extensively studied as support for interfacial production of singlet oxygen to promote photooxygenation reactions. 17- 26 Polymer microbeads of 3-27 µm diameter were also prepared by thiol-ene photopolymerization and capped with C60 photosensitizer. 27 The singlet oxygen production mainly occurs at the surface of such large beads which are prone to sedimentation.

In the growing area of continuous-flow photochemistry implemented in microreactors for fine chemical oxidation, [28][29][30][31] a potential barrier to the use of the large photosensitizer-grafted polymer beads is their fast sedimentation rate and low specific surface area. It is thus important to develop a straightforward synthesis of stable submicronic polymer particles covalently grafted by an efficient organic photosensitizer.

Herein, we focus our attention on the covalent bonding of the Rose Bengal photosensitizer with the polymer to limit any catalyst leaching and to design robust organic photocatalysts suitable for photo-oxygenation of fine chemicals. Singlet oxygen is an elusive species with lifetime depending on its surrounding medium (16 µs and 3.3 µs in ethanol and water respectively), so its diffusion length is highly dependent on the solvent. 6,[START_REF] Boix-Garriga | Singlet Oxygen: Applications in Biosciences and Nanosciences[END_REF] At solid/liquid interface, singlet oxygen diffusion length is limited to several tens of nanometers. [START_REF] Ogilby | [END_REF]34 Consequently, the reagents to be oxidized have to be in the vicinity of the photosensitizer to enhance the efficiency of the photosensitized oxygenation. Moreover, due to solubility issues, relevant photo-oxygenation reactions of fine chemicals such as -terpinene or furfural have to be performed in organic solvents, among which alcoholic solvents are the less hazardous for any application. 6,35 To address these challenges, we describe here for the first time the synthesis of submicronic photosensitizing crosslinked colloidal particles by one pot miniemulsion copolymerization.

These PS-grafted microgels are designed to exhibit swelling capacity in ethanol and should present several advantages: enhancement of reactant diffusion during the photooxygenation process, increase of the exchange surface due to their sub-micronic size, colloidal stability in the absence of sedimentation. Polymerizations in aqueous dispersed media (emulsion, miniemulsion, dispersion) are environmentally friendly processes of interest to synthesize stable dispersions of submicronic polymer colloids in one step in the absence of solvents. 36,37 Although polymer particles can be directly synthesized in alcoholic media by dispersion polymerization, this implies the choice of polymers that precipitate in alcohol preventing their swelling in ethanol. To the best of our knowledge, the development of polymer microgels with covalent anchoring of organic photosensitizer is very scarce. In parallel with the synthesis of crosslinked nanocapsules from sacrificial silica core embedding thionine photosensitizer, Shiraishi et al. described the synthesis of poly(N-isopropylacrylamide-co-vinyl benzyl chloride) microgels by precipitation polymerization, post-derivatized by thionine. 38 Sensitized oxygenation activity via the turnover number was estimated with the transformation of phenol to p-benzoquinone. 38 Lyon et al. synthesized Rose Bengal-grafted PNIPAM-based microgels with hydrodynamic diameter ranging between 90-600 nm, but the singlet oxygen production of these colloids was not investigated at all. 39 Polyacrylamide hydrogel nanoparticles of 50-60 nm grafted with methylene blue were reported by Kopelman et al. for PDT purpose but the synthesis was performed by inverse microemulsion with 300 wt-% of surfactant versus monomers and hexane as organic continuous phase. 40 In the present work, the commercially available Rose Bengal (RB) was selected as photosensitizer due to both its high value of singlet oxygen quantum yield in water ( = 0.75) and ethanol ( = 0.68-0.80) 41 and its reactivity towards vinyl benzyl chloride (VBC) to produce a polymerizable vinyl benzyl Rose Bengal (VBRB) monomer. 42,43 Statistical copolymerization of VBRB with N-vinylcaprolactam (VCL), vinyl acetate (VAc), and divinyl adipate (DVA) crosslinker is implemented to covalently anchor RB to the crosslinked latex particles during miniemulsion polymerization. The choice of P(VAc-co-VCL) copolymer to form the sensitizing colloidal particles was driven by its solubility in ethanol, thus conferring a swelling ability to the crosslinked particles compared with the more conventional polystyrene latex particles that do not swell in such solvent. Several studies have reported self-quenching of the photosensitizer induced by aggregation of the photosensitizer. 19,20,25,[44][45][46][47][48][49] This will be taken as an advantage in the present work to design ON/OFF photosensitizing colloidal system by simple switching from water to ethanol. Here, we aim to provide a detailed study on singlet oxygen production via the measurement of the singlet oxygen quantum yield (∅ ∆ ). This allows an accurate comparison of the singlet oxygen production between the different systems (free rose Bengal, linear and crosslinked P(VAc-co-VCL-co-VBRB) polymer), independently from the RB concentration.

Experimental section

Materials.

4-vinylbenzyl chloride (VBC, 90 %), Rose Bengal (RB, 95 %), N,N-Dimethylformamide (DMF, 99.8 %), acetone (99.9 %), chloroform (99 %), methanol (99.8 %), diethyl ether (99.8 %), vinyl acetate (VAc, 99 %), N-vinylcaprolactam (VCL, 98 %), 2,2-azobis(2methylpropionitrile) (AIBN, 98 %), 1,3,5-trioxane (TR, 99 %), furfuryl alcohol (FFA, 99 %), ethanol (for UV spectroscopy, 96 %), 1,3-diphenylisobenzofuran (DPBF, 97 %), 1,3,5-trioxane and hexadecane (HD, 99 %) were purchased from Sigma-Aldrich Co. (St Louis, USA). Divinyl adipate (DVA, ≥99 %) was purchased from TCI Europe N.V. (Paris, France). Dimethyl sulfoxide-d6 (99.8 %) was purchased from Euriso-Top Sas (Saint-Aubin, France). Sodium dodecyl sulfate (SDS, 99 %) was purchased from ABCR GmbH (Karlsruhe, Germany). Sodium bicarbonate (SbC, NaHCO3, 99 %) was purchased from VWR International S.A.S. All the purchased chemicals were used as received except furfuryl alcohol, freshly distilled (boiling point 170°C) before use. ALUGRAM® aluminium sheets SIL G/UV254 for TLC were purchased from MACHEREY-NAGEL GmbH & Co (Düren, Germany). Dialysis was performed against water at room temperature under gentle stirring with Spectra/Por® Dialysis membrane (Spectrum Laboratories, Inc., Rancho Dominquez, USA, mol wt cutoff >3.5 kDa, average diameter 33 mm).

Characterization methods.

NMR spectra were recorded using a Brüker 400 MHz spectrometer at 25 °C. 1 H measurements were performed at 400 MHz and 13 C measurements at 100 MHz.

The hydrodynamic diameter (Dh) of the microgels were measured by Dynamic Light Scattering (DLS) using a Malvern Nano ZS instrument equipped with a He-Ne mW power laser operating at a wavelength of 633 nm. Dialyzed samples were housed in disposable polystyrene cuvettes of 1 cm optical path length, using double deionized water or ethanol as solvent, at 25° C and at a concentration of 0.05 g L -1 . The width of the hydrodynamic diameter distribution is provided by the Cumulant analysis and reported as the Polydispersity Index (PDI). Dh values reported in Table 1 were calculated from the intensity of light scattered by particles (10 measurements per sample) from a multiple narrow mode (non-negative least squares (NNLS) analysis) to obtain the particle size of each population.

The MG and VBRB@MG microgels were also analyzed by asymmetrical flow field-flow fractionation (AF4) running with aqueous eluent. An Eclipse 3+ AF4 instrument (Wyatt Technology, Dernbach, USA) equipped with a 1200 series high-performance liquid chromatography pump (Agilent Technologies, Les Ulis, France) was used as a separation system. All injections were performed with an Agilent Technologies 1260 ALS series autosampler. The detection system was formed by a 1200 series UV-vis absorbance detector (Agilent Technologies) and a multi-angle laser light scattering (MALLS) detector (DAWN HELEOS, Wyatt Technology). The AF4 channel thickness was fixed by a 250-µm Mylar spacer (with dimensions of 26.5 cm length and narrowing width from 2.1 to 0.6 cm). The accumulation wall was defined by a 10-kDa polyethersulfone (PES) membrane purchased from Wyatt Technology. The AF4 conditions used in this study were: an elution flow rate of 0.5 mL min -1 , an injection flow rate fixed at 0.2 mL min -1 , a focus flow rate of 0.5 mL min -1 and a cross flow rate (decreasing exponential) of 2e -0.27t mL min -1 (with t the time). 50,51 The mobile phase was prepared with sodium nitrate (NaNO3) diluted in deionized water (to reach a concentration of 0.5 mmol L -1 ) and filtered at 0.1 µm. The overlay of the UV-visible trace recorded at 559 nm, characteristic absorption wavelength of Rose Bengal derivatives, with light scattering trace confirms the presence of VBRB inside the microgels. The gyration radius (Rg) was measured from the plot of scattered light intensity versus the wave vector (q = (4/) sin/2) using the sphere model with ASTRA software (version 6, Wyatt technology). The polymer concentration was set at 5 mg L -1 . TEM images were recorded on a TEM JEOL JEM 1400 with a tungsten filament working at 120KeV, an objective diaphragm to improve the contrast and a Gatan Orius 1000 camera. The samples dispersed in water were casted onto TEM grids.

Photophysical measurements.

UV-VIS absorption spectra were recorded at 5, 10 and 25 °C by means of Perkin-Elmer Lambda 850 spectrophotometer. Corrected steady-state emission and excitation spectra were recorded with a photon counting Edinburgh FLS920 fluorescence spectrometer equipped with Xe lamp.

The concentrations of all compounds were adjusted to give an absorbance around 0.1 at the absorption maximum. Quartz cuvettes (Hellma) with optical path length of 1 cm were used for both absorbance and emission measurements. The detailed irradiation experiments and equations used for singlet oxygen quantum yield determination, photobleaching and cycling photooxygenation measurements are described in Electronic Supplementary Information.

General procedure for the synthesis of crosslinked particles and linear polymer by miniemulsion polymerization. The synthesis of the VBRB monomer is described in Electronic Supplementary Information (Fig. S1 †) and the corresponding 1 H, 13 C NMR and UV spectra are displayed in Fig. S2 †, Fig. S3 † and Fig. S4 †. The microgels were synthesized by miniemulsion polymerization carried out at 10 wt% of initial solid content. The organic phase containing VAc, VCL, TR, AIBN, HD, DVA and VBRB was stirred at 0°C for 15 min. The aqueous phase consisted of SDS and SbC, dissolved in double deionized water (DW) and was stirred at room temperature for 30 min and thus sonicated with an ultra-probe VIbraCell 72408, Bioblock Scientific in a continuous mode (power 30 % for 6 min). The organic phase was added to the aqueous phase and stirred at 0°C for 15 min. The reaction mixture was introduced in a 100 mL round bottom flask equipped with a stirring bar set at 300 rpm and purged with a gentle flow of nitrogen at 0°C for 30 min. The round bottom flask was placed into an oil-bath previously heated to 65 °C and the reaction mixture was stirred for 3 h, then cooled to room temperature and oxygen was introduced in the reaction mixture. The recipes for the microgel syntheses are reported in Table S1. The final monomer conversion calculated by 1 H NMR (See Fig. S5 † and S6 †) ranged from 50 to 90 %. The final microgels were dialyzed in DW at room temperature for 48 h. The codes MG-w correspond to the initial weight fraction (w) of DVA crosslinker used in the synthesis of microgels (MG), calculated on the basis of the mass of crosslinker and VAc/VCL monomers: w = mDVA/(mDVA + mVCL + mVAc). In order to assess the ability of the photoactive microgels to be separated from the reaction medium while being still photoactive, the VBRB@MG-14 microgels were centrifuged at 4°C, 10 000 g on a Beckman Coulter Aventi J30I centrifuge.

Results and discussion

Synthesis and colloidal characterization of photosensitizing polymer colloids.

Due to the aromatic structure of RB, the derived VBRB vinyl monomer is poorly soluble in water. Contrary to emulsion polymerization which requires monomer diffusion through the aqueous continuous phase, miniemulsion is advantageous to disperse highly hydrophobic species as the particle nucleation proceeds in the monomer droplets formed by shearing the initial dispersed phase. 36 The choice of the VCL and VAc monomers was driven by different parameters that were not achievable by using more conventional styrene or alkyl (meth)acrylate monomers, widely used in miniemulsion polymerization. First, the mixture of VAc and VCL was able to solubilize VBRB, otherwise almost insoluble in n-butyl acrylate or methyl acrylate for instance. The best organic solvent for RB derivatives is dimethyl formamide (DMF) and VCL is an amide, liquid at temperature above 35-38°C, with good solubilisation capacity towards VBRB. Secondly, VAc and VCL are sufficiently hydrophobic (([VCL]limit, water, 25°C = 41 g L -1 , [VAc]limit, water, 20°C = 23 g L -1 ) [START_REF] Barandiaran | Polymer Reaction Engineering[END_REF][START_REF] Basf | Safety Data Sheet Vinyl caprolactam Kerobit[END_REF] to promote the formation of monomer droplet at 10 wt-% (ie 100 g.L -1 ) of initial monomer content in water. Vinyl acetate enables the solubilisation of the solid VCL to form the initial monomer droplets at room temperature while being efficiently copolymerized with VCL, [START_REF] Etchenausia | [END_REF][55][56] which avoids the use of an organic co-solvent that should be removed at the end of polymerization as reported by Crespy et al.. 57 In the present work, the P(VAc-co-VCL)-based particles were synthesized by miniemulsion polymerization in the presence of hydrophobic hexadecane limiting the Ostwald Ripening, as depicted in Scheme 1. 36 Scheme 1 : Reaction scheme for the synthesis of photosensitizing microgels by miniemulsion copolymerization.

A series of four microgels were synthesized (Figure 1): i) two model photosensitizer-free microgels crosslinked with 8 or 14 mol % of the divinyl adipate (DVA) crosslinker (MG-8, MG-14 in Table 1), and ii) two homologue microgels containing Rose Bengal photosensitizer synthesized by miniemulsion copolymerization of 0.6 mol-% of VBRB (ie 5.6 wt %, initial loading 50 µmol g -1 ) based on the total number of moles of VAc, VCL and DVA (VBRB@MG- 8, VBRB@MG-14 in Table 1). In order to discriminate the effect of RB grafting onto P(VAcco-VCL) copolymer from the effect of the microgel environment on photoactivity, a linear P(VAc-co-VCL-co-VBRB) was synthesized by miniemulsion copolymerization in the absence of DVA crosslinker (VBRB@P in Table 1). The P(VAc-co-VCL) microgels were synthesized by miniemulsion polymerization up to complete monomer conversion within 3 hours. Stable microgels dispersed in the aqueous phase b) a)

exhibit a narrow particle size distribution (PDI < 0.1, see MG-8 and MG-14 in Table 1 and Fig.

S7 †). Miniemulsion process requires the addition of a hydrophobic molecule (hexadecane in

the present work) in order to limit the monomer diffusion through the water phase which would results in larger droplets at equilibrium. 36,58 The higher Laplace pressure of small droplets should be counterbalanced by the non-favorable increase of the osmotic pressure in case of increasing hexadecane concentration through monomer exit. The RB-free microgel crosslinked with 8 mol-% of DVA (MG-8) displays an average hydrodynamic diameter (Dh) of 190 nm, slightly higher than the microgels crosslinked with 14 mol-% of DVA (Dh = 171 nm for MG-14 in Table 1). A similar trend was observed for the RB-grafted microgels as 10 % of Dh decrease was observed by increasing the initial crosslinker ratio from 8 mol-% to 14 mol-% (see VBRB@MG-8, and VBRB@MG-14 in Table 1). It should be mentioned that all microgels dispersed in water are stable over months in the absence of sedimentation. The copolymerization of VBRB induced an increase of Dh measured in water (see MG-8 vs VBRB@MG-8 and MG-14 vs VBRB@MG-14 in Table 1). The VBRB monomer introduces ionic moieties inside the polymer network (see scheme 1). The ionic contribution to the total osmotic pressure is known to enhance microgel swelling. 59 The characterization of the VBRB@MG-8 microgels by TEM revealed a different contrast in the VBRB@MG microgels compared to the RB-free counterparts (Figure 2), which probably highlight the presence of the heavy iodide atoms in RB moiety. The dialyzed microgels were also analysed by Asymetrical Flow Field-Flow Fractionation (AF4) equipped with UV-visible detector set at a wavelength of 559 nm, a characteristic wavelength of RB moiety compared to the polymer, and a MALLS detector. As depicted in Figure 3, the absorbance traces of VBRB@P and VBRB@MG-8 samples overlay with the light scattering (LS) traces which supports the presence of VBRB within the colloids. It should be noted that the colloidal dispersion scatters light which induces an extra-absorbance at 559 nm due to the slight upper shift of the baseline of UV-visible spectra for all the microgels (see Fig. S8 †). However, at a concentration of 5 ppm, the ratio between the areas of the LS signal over the UV-visible signal is 5 times higher for VBRB@MG-8 microgel than for the MG-8 microgel (Table S2). This confirms that the UV-visible trace at 559 nm arises mainly from the VBRB units. Overlay of the light scattering (LS, orange) and UV-visible ( = 559 nm, blue) traces.

The microgels were dried to be further dispersed in ethanol, a solvent suitable for photooxygenation reactions of organic molecules of interest such as -terpinene or furfural. 6,35 Interestingly, both MG and VBRB@MG crosslinked microgels had the ability to swell in ethanol as shown by the higher Dh value measured in ethanol than in water (Table 1). The lower swelling ratio of the VBRB@MG compared to MG is due to the higher diameter in water as 

Characterization of the photophysical properties of the polymer colloids.

In order to correlate the swelling ability of the microgels to the yield of singlet oxygen production, the singlet oxygen quantum yield ( was monitored in both water and ethanol.

The singlet oxygen quantum yield, corresponding to the number of moles of singlet oxygen produced per photon adsorbed by the photosensitizer, will be measured using two different quenchers, either furfuryl alcohol (FFA) in water or diphenylisobenzofuran (DPBF) in ethanol (Scheme 2). The oxidation of FFA to 6-hydroxy-(2H)-pyranone is monitored by HPLC, while DPBF concentration is calculated from the decrease of its absorbance spectra at 410 nm. The oxidation of FFA follows a pseudo first order kinetics (see Eq. 4 in Electronic Supplementary Information), while the decrease of DPBF followed a more general kinetic scheme (see Eq.5 in Electronic Supplementary Information).

Scheme 2. Singlet oxygen quenching by FA in water and by DPBF in ethanol

Prior to measurement of the quantum yield of singlet oxygen production, it is important to carefully analyze the UV-visible absorbance and emission spectra of the different materials.

Both absorption and emission spectra of the synthesized VBRB monomer were recorded in ethanol (see Fig. S4 †). The maximum absorbance and emission wavelengths (abs= 559 nm, em= 573 nm) as well as the shoulder peak at 514 nm were slightly red-shifted relative to free RB (abs,max = 548 nm, em,max = 569 nm) as already reported for other aromatic derivatives of RB. 60 This confirms the successful nucleophilic substitution of Rose Bengal with vinyl benzyl chloride to produce a pure styrenic monomer. The absorbance and emission spectra of both the RB-grafted microgels (VBRB@MG) and the non-crosslinked copolymer (VBRB@P) dispersed in water are displayed Figure 4. First, we can notice that the adsorption bands of the VBRB@P linear polymer are broader than those of free RB with a red-shifted maximum at 565 nm, an intense shoulder at 535 nm and a weak band at 428 nm. It has been previously reported that dimers of RB ethyl esters in water were characterized by two absorption bands at 526 and 572 nm. 61 The absorbance spectrum of the linear polymer VBRB@P (Figure 4), with a noticeable decrease of the I565/ I535 intensity ratio relative to the I548/ I514 ratio in Rose Bengal, and the broadening of the absorption bands, 62 both support the assumption of slight aggregation of VBRB moiety in the VBRB@P polymer dispersed in water. This is in agreement with our previous results showing that amphiphilic P(VAc-co-VCL) statistical copolymer chains with 50/50 composition in VAc/VCL slightly self-assembled via hydrophobic interactions, even below the phase transition temperature (PTT  17-20 °C) of these copolymers in water. [START_REF] Barandiaran | Polymer Reaction Engineering[END_REF][START_REF] Basf | Safety Data Sheet Vinyl caprolactam Kerobit[END_REF] The UV spectra of the linear VBRB@P polymer in water exhibit the characteristic traces of RB aggregation even at low temperature (5 °C and 10 °C) (Fig. S9 †). The same P(VAc-co-VCL) copolymers crosslinked with the hydrophobic DVA are likely in a more collapsed state within the colloidal particles as the microgels do not exhibit any swelling-to-collapse transition in water over the all temperature range from 10 to 50 °C (Fig. S10 †). This collapsed state induces an intense distortion of the absorption spectra of the grafted RB moieties in the VBRB@MG microgels (Figure 4). Figure 4 displays absorption spectra in which the drift of the baseline arising from the light scattered by the dense particles has been corrected (see raw data in Fig.

S8 †).

A very broad band is observed for both VBRB@MG-8 and VBRB@MG-14 microgels, with a maximum absorbance at 544 nm and prominent shoulders on the high energy side at 518 nm and 436 nm (this latter noticeably more intense than in VBRB@P) and on the low energy side at 576 nm. The spectra of these microgels are more difficult to rationalize since their shapes are indicative of optically thick samples strongly modified by diffusion effects. Higher dimer/monomer ratio in the cross-linked microgel can however be assumed.

Figure 4: a) Normalized absorption spectra b) emission spectra (ex 530 nm) in H2O of the soluble polymer VBRB@P (blue lines), microgels VBRB@MG-8 (continuous red lines), VBRB@MG-14 (dotted red lines), polymer concentration in H20 [13.0 mg L -1 ] together with RB spectra in H2O [1.0 µM] (black lines).

The emission spectrum of VBRB@P (em = 569 nm) (Figure 4b) is similar to that of free RB but exhibits a broader signal compared to the emission spectrum of free RB, as expected for aggregated species. On the contrary, the emission spectra of VBRB@MG-8 and VBRB@MG-14 microgels in water show a bathochromic shift (em 595 nm) relative to free RB (em 569 nm) and a growing shoulder at longer wavelengths typical of inner filter effects, 63 with reabsorption of the 0-0 emission band, indicative of strong aggregation in this optically thick sample. Additionally the fluorescence excitation spectra are expected to be different from the absorption spectrum for a solution containing monomeric photosensitizer and its aggregates absorbing in the same region. 64 This is actually observed for the VBRB@P linear copolymer and VBRB@MG-8, VBRB@MG-14 microgels in water (Fig. S11 †). To summarize these spectral data, aggregation of RB units is observed for the different RB-grafted polymers dispersed in water and this aggregation is much more significant in the crosslinked microgels than in the corresponding linear soluble polymer.

It is worth noting that the aggregation of RB moieties in the linear or crosslinked P(VAc-co-VCL-co-VBRB) dispersed in water is correlated to very low values of singlet oxygen quantum yields (0.01 <  < 0.05, Table 2). Thus, the synthesis of VBRB@MG microgels by polymerization in aqueous dispersed media (miniemulsion polymerization) produces "latent" microgels which are not photo-active in water under light irradiation at 515 nm due to the aggregated state of RB moieties in the collapsed polymer. In relationship with their respective solubility and swelling ability in ethanol, the photosensitized linear copolymer and microgels were further dispersed in ethanol to monitor their propensity to produce singlet oxygen. Note that VBRB, which is soluble in ethanol up to 0.05 mol L -1 , is as efficient as free RB to produce singlet oxygen in ethanol (see Table 2,  = 0.72). In ethanol, the absorbance and emission spectra of the RB-grafted copolymers are very close to that of the free VBRB monomer in the same solvent (Figure 5) and strikingly different from their spectra in water (Figure 4a andb). 

Wavelength (nm)

VBRB VBRB VBRB@P VBRB@P VBRB@MG-8 VBRB@MG-8 VBRB@MG-14

Moreover, the extent of crosslinking had no influence on the spectra, as the patterns of VBRB@P, VBRB@MG-8 and VBRB@MG-14 perfectly overlaid. It can be also noticed that the absorption and excitation spectra of RB-based soluble linear polymer and dispersed microgels perfectly matched (Fig. S12 †). All these spectral features tend to show that the RB moieties do not aggregate inside the swollen microgels in ethanol, contrary to the strong aggregation observed in the collapsed state of the microgels dispersed in water. The three types of RB-grafted polymeric materials proved to be photoactive in ethanol producing singlet oxygen under irradiation. Indeed, the singlet oxygen quantum yields () ranged between 0.47 and 0.32 for VBRB@P and VBRB@MG (Table 2), the highest value being obtained with the soluble VBRB@P linear polymer. These values are rather high for supported Rose Bengal. 62 The efficiency of the VBRB@MG in producing singlet oxygen in ethanol can thus be ascribed to the absence of any aggregation of the covalently grafted RB in the swollen microgels. We can conclude that the latent non-photoactive VBRB@MG polymer colloids dispersed in water were turned ON into very active systems in ethanol. It is well known from the literature that the singlet oxygen production is drastically reduced by the photosensitizer aggregation, which enhances self-quenching of the excited state, 44,25 as demonstrated for instance with lipophilic phthalocyanines included in polymer hydrogels of various lipophilicity. 65 Aggregation effects, were also reported to be responsible for the decrease of singlet oxygen quantum yield of either RB esters insoluble in non-polar solvents 66 or RB-grafted to poly(styrene-covinylbenzylchloride) beads. 67 It should be noticed that VBRB@MG-14 microgels were centrifuged to assess the recovery of the supported photosensitizer separately from the photo-oxidized molecules. This recycling step is expected to minimize the tricky distillation steps usually applied to recover from the solvent the oxidized product free of photosensitizer. Centrifuged VBRB@MG-14 microgels were mixed with DPBF in ethanol to be further irradiated by the LED at 515 nm. The VBRB@MG-14 were still photoactive after the centrifugation cycle with a singlet oxygen quantum yield in a similar range ( = 0.32). irradiance of 3 mW cm -2 ); b Singlet oxygen quantum yields measured in ethanol with DPBF quencher (Xe-Hg Lamp Monochromator 547 nm, irradiance of 0.2 mW cm -2 ); c Extracted from reference 41 .

The reusability of VBRB@MG14 microgels was investigated through a repeated use of the photosensitized colloids in five photooxygenation cycles. The overlay of the DPBF conversion versus time for each cycle reveals that the high efficiency is maintained over the different cycles (Figure 6a) while no DPBF conversion could be detected in the dark. It is worth noting that under the conditions used for singlet oxygen measurement in ethanol at low irradiance (0.2 mW cm -2 ), neither RB nor VBRB@MG photobleached (constant absorbance at  569 nm). In order to highlight the interest of RB grafting, free RB and VBRB@MG-14 were irradiated in ethanol with a more powerful Xenon lamp (irradiance 55 mW cm -2 ) to allow the comparison of their photobleaching yield (see Eq. 1 in the experimental part). The VBRB@MG-14 microgels were more photo-stable (36 % photobleaching) than free RB (53 % photobleaching) over 6 hours of intense irradiation (Figure 6b). It should be noted that the photo-stability of VBRB@MG14 particles is maintained over more than 12 months with very close value of singlet oxygen quantum yield (Table S3).

Figure 6 : a) Five photooxygenation cycles of DPBF from VBRB@MG-14 (Xe-Hg Lamp Monochromator 547 nm, irradiance of 0.2 mW cm -2 ); b) Comparison of the rate of photobleaching of RB and VBRB@MG-14 in ethanol (300 W Xe Lamp, Irradiance 55 mW cm -2 between 400 and 800 nm). 

Figure 1 .

 1 Figure 1. Pictures of the final polymer dispersions in water obtained by miniemulsion copolymerization of VAc and VCL (Table 1): a) MG-8; b) VBRB@MG8.

Figure 2 .

 2 Figure 2. TEM images of the dialyzed microgels: MG-8 (left), VBRB@MG-8 (right).

Figure 3 .

 3 Figure 3. A4F fractograms in NaNO3/H2O eluent of: a) VBRB@P and b) VBRB@MG-8.Overlay of the light scattering (LS, orange) and UV-visible ( = 559 nm, blue) traces.

  The swelling ability of microgels is of high interest to increase the diffusion of oxygen in the vicinity of the grafted photosensitizer.

Figure 5 .

 5 Figure 5. Normalized absorption (full lines) and emission (dotted lines, ex 530 nm) spectra in ethanol of VBRB ([VBRB] = 0.98 × 10 -6 M) and VBRB@P, VBRB@MG-8, VBRB@MG-14 at polymer concentrations ranging from 0.003 to 0.007 g L -1 .

  Photobleaching (norm. on λ Abs, max

Table 1 .

 1 Characterization

	Expt	Dh, H20 (nm) a (PDI) Dh, EtOH (nm) a (PDI)	SR b	Rg,H20 c
						(nm)
	MG-8	190 (0.05)	247 (0.06)		2.2	90
	MG-14	171 (0.06)	205 (0.03)		1.7	80
	VBRB@MG-8	262 (0.16)	285 (0.44)		1.3	100
	VBRB@MG-14	241 (0.17)	260 (0.31)		1.3	100
	a Hydrodynamic diameter (Dh) values and polydispersity index measured in water or ethanol
	for [microgel] =0.05 g L -1 ; b Swelling ratio, SR = Rh 3	EtOH / Rh 3	H20, where Rh is the
	hydrodynamic radius at 25° C;			

of the microgels: RB loading, hydrodynamic diameter Dh in water and alcohol, gyration radius Rg, singlet oxygen quantum yields  in water and alcohols. c Gyration radius measured by MALLS.

Table 2 .

 2 Singlet oxygen quantum yields  of free RB, VBRB and dialyzed polymers.

	Expt	 (H2O) a	 (EtOH) b
	Free RB	0.75	0.68-0.80 c
			0.75
	VBRB	-	0.72
	VBRB@P	0.05	0.47
	VBRB@MG-8	0.03	0.27
	VBRB@MG-14	0.01	0.35

a Singlet oxygen quantum yields measured in water with FFA quencher (LED at 515 nm,
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Conclusions

In conclusion, novel photosensitizer-grafted polymer colloids of submicronic diameter were designed as efficient tool to trigger the photoactivity of supported Rose Bengal. Interestingly, the Rose-Bengal microgels were synthesized by a one-step miniemulsion copolymerization of vinyl benzyl rose Bengal, vinyl acetate, N-vinyl caprolactam and divinyl adipate crosslinker carried out in aqueous dispersed media. We designed a switchable system via the synthesis of non-photoactive latent polymer colloids in water which can be triggered into photoactive particles in ethanol with a good level of singlet oxygen quantum yield ( = 0.32-0.47) via Rose Bengal disaggregation through simple swelling of these microgels. Their photo-activity is maintained after 5 repeated use of the photosensitized microgels in photooxygenation cycles but also after their centrifugation, which opens perspectives towards an efficient separation of the supported sensitizer from the reaction medium. The reusability and recyclability of the organic photocatalyst limiting any distillation step is will increase the sustainability of the catalytic photooxygenation green process. The switchable photo-activity represents an advantage as latent photoactivity in water during storage should enhance the photostability while efficient photoactivity in ethanol is of particular interest to trigger photo-oxygenation reactions. These original sub-micronic microgels open the route towards further implementation of fine chemicals photooxygenation in flow photoreactors, in the absence of substrate sedimentation.
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