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Introduction

Dispersion polymerization has long been used to prepare micron or sub-micron sized polymer particles. 1 Basically, this type of polymerization can be considered as a precipitation polymerization starting in most of the cases with an initially homogeneous reaction mixture.

As polymerization proceeds, the polymer separates out and the reaction continues in a heterogeneous manner. Flocculation is indeed prevented owing to the presence of a steric stabilizer. The most efficient steric stabilizers are based on block or graft copolymers incorporating a segment soluble in the dispersing solvent and a segment being adsorbed or anchored onto the dispersed phase. These steric stabilizers can sometimes be formed in situ by grafting (transfer reaction) onto a precursor, the latter classically being a homopolymer.

Poly(N-vinylpyrrolidone) (PVP) or hydroxypropylcellulose are for instance used for dispersion polymerization in polar media. These precursors of stabilizers are often employed at relatively high concentrations (from 5% to 30% in weight to monomer) but in fact, only a small fraction effectively participates to the stabilization of the formed latex. 2 As an example, Wang et al. 3 showed that only 6% of the introduced PVP (Mw = 360000 g.mol -1 ) is grafted on the surface of the final poly(n-butyl acrylate) latex particles. These low grafting yields essentially come from a low transfer constant to the polymer (from 10 -4 to 10 -3 ). 4 As the grafting reactions occur along the chains of the precursor of stabilizer, the produced stabilizers are grafted copolymers. An alternative approach consisting in producing block copolymers has also been investigated. In this particular case, the chain transfer group is specifically located at the chain end of the precursor of stabilizer. Thiol-terminated poly(vinyl acetate-co-vinyl alcohol) [START_REF] Miyazaki | [END_REF] or poly(ethylene oxide) 6 have for instance been proved efficient for the dispersion polymerization of styrene.

Among the different chain transfer agents (CTA), dithioester compounds (of the general formula Z-C(=S)-SR) are extremely efficient when the Z and R groups are adequately chosen. Indeed, the transfer reaction being reversible is at the origin of one of the most powerful controlled polymerization techniques, the RAFT process. 7 In the presence of a dithioester compound (the RAFT agent), chains undergo successive active/dormant cycles that minimize the proportion of irreversibly terminated chains with respect to the overall population and lead to a simultaneous growth of the polymer chains. In addition, the resulting well defined polymer chains are characterized by a dithioester -chain end functionality. As such, they can subsequently serve as building blocks for the polymerization of a second monomer and thus appear as adequate candidates for use under dispersion polymerization conditions.

With respect to the reactivity of their dithioester chain end toward radicals, polymer chains synthesized by the RAFT process (macro-RAFT agents) have already been successfully used as lone precursors of stabilizers under emulsion polymerization conditions. 8,9 This communication aims at focusing on the first experiments carried out under dispersion polymerization conditions with macro-RAFT agents as lone precursors of stabilizers. As our ultimate goal was not to control the polymerization inside the particles but to reach functional latex particles exhibiting bio-related surface groups, the proposed strategy was applied to the synthesis of hairy latex particles incorporating a carbohydrate derivative. This was achieved by synthesizing a macro-RAFT agent in the presence of a sugar-containing RAFT agent and through its subsequent use as precursor of stabilizer in dispersion polymerization.

Experimental Part

Dispersion polymerization procedure. n-Butyl acrylate (n-BA, 1 g), stabilizer precursors (PVP, poly(NAM) or poly(NAM)-CTA) (300 mg), 4,4'-azobis(4-cyanopentanoic) acid (ACPA, 1.87 mg), ethanol (6.6 mL), water (3.5 mL) and trioxane (60 mg, internal reference for 1 H NMR determination of monomer consumption) were introduced in a 50 mL roundbottom flask equipped with a magnetic stirrer. The mixture was degassed by four freezeevacuate-thaw cycles and then heated under argon in a thermostated oil bath (70°C).

Periodically, samples were withdrawn from the polymerization medium for analyses.

Macro-RAFT agent structures, synthesis and characterization procedures as well as the characterization of the final latexes are available as Supporting Information.

Results and Discussion

Dispersion polymerization of n-BA using poly(NAM) as precursor of stabilizer. Bourgeat-Lami et al. showed that, when using in a dispersion polymerization, chain transfer groups such as thiol functions located at the end of polymer chains, less than 15% of the chains were grafted onto the final latex particles. 6 The authors assumed that this low grafting yield was due to an important chain transfer activity at the beginning of the polymerization limiting the molar mass of the generated block copolymers that remained mostly soluble in the continuous phase. When using macro-RAFT agents and as long as the experimental conditions are close to RAFT polymerization conditions, this should not be the case since the limitation of termination reactions prevents the majority of the chains from chain stopping events.

Although our goal was not to control the polymerization inside the particles, a particular attention should be paid to the initiator concentration. To ensure a simultaneous growth of the macro-RAFT chains and thus to favor a homogeneous nucleation, a low radical flux is required. Consequently, the high initiator concentration (1 to 2%weight/monomer) commonly used in dispersion polymerization should be decreased here.

n-Butyl acrylate dispersion polymerization was performed in an ethanol/water mixture (60/40 w/w) at 70°C using ACPA as initiator and in the presence of preformed poly(Nacryloylmorpholine) chains synthesized by RAFT polymerization. As a reference experiment, we started with an adapted recipe from Wang et al. 3 , using PVP as precursor of stabilizer and decreasing the ACPA concentration from 1.0% to 0.18% (L1 and L2, respectively, in Table 1). To evaluate the transfer ability of poly(NAM) polymer under these conditions, a control experiment, L3, was also carried out under exactly the same conditions as L2 but using poly(NAM) chains obtained by conventional free radical polymerization (poly(NAM), Mn = 54000 g.mol -1 ) instead of PVP as precursor of stabilizer. The experiment, L4, was performed in the presence of poly(NAM) chains obtained by RAFT polymerization (poly(NAM)-CTA, Mn = 38100 g.mol -1 , PDI = 1.06 ) according to conditions depicted in literature. 10 As shown in Figure 1, dispersion polymerizations conducted in presence of PVP (L1 and L2) were relatively fast compared to L4 since 80% conversion was reached within 24 hours. The decrease in initiator concentration from 1% to 0.18 % did not seem to strongly affect the kinetics. The initially transparent medium became turbid after 10 minutes evidencing the nucleation step. As shown in Table 1, and as expected for a dispersion process, latexes exhibiting particle sizes in the range 1000 -1500 nm were obtained. The dispersion polymerization L3 performed with poly(NAM) chains synthesized by conventional free radical polymerization showed that poly(NAM) can act as a precursor of stabilizer under these conditions since particles were formed. However, the chain transfer activity along the chains being really low (possibly induced by the morpholino side group), resulted in the production of very large particles (3300 nm in size) due to an absence of colloidal stability. Alternatively, when performing the dispersion polymerization in the presence of poly(NAM) chains synthesized by RAFT, poly(NAM)-CTA (L4), drastic changes were observed. The polymerization medium remained limpid for more than 5 hours and a long induction period was observed on Figure 1 (about 15 h). After 24 hours of polymerization, only 29 % conversion was reached. After adding initiator (same relative quantity as in L4) and subsequent degassing, the latex was reinitiated and conversion was increased to 89% (L5). Differences in kinetics and particle size for L4 compared to L1, L2 and L3 suggested a positive involvement of the poly(NAM)-CTA used in this experiment. A correlation between nucleation step, induction period and n-BA RAFT block copolymerization is difficult to establish at this stage of the study since a careful characterization of the species produced at the beginning of the process is required (work in progress). However, the absence of particle formation at the early stage of the polymerization and the long induction period (L4) is a strong indication that chain transfer reactions are taking place in the continuous phase due to the presence of the dithioester chain end of the poly(NAM)-CTA. This indeed should explain the much smaller particle size observed for L5 (360 nm) (corresponding to a reinitiation of L4 to reach the same conversion as L1-3) compared to L1-3 (between 1200 and 3300 nm).

Centrifugation of L5 and analysis of the resulting supernatant by 1 H NMR revealed the presence of residual poly(NAM) chains in the continuous phase (45 % of the introduced amount). Thus, 55% of the introduced poly(NAM)-CTA chains seemed to be involved in the formation of the particles, a value much higher than that reported in the case of chains with a thiol -end-group (15%). 6 The very good colloidal stability of L4 and L5 was confirmed by the absence of any sedimentation or aggregation after several months of storage (see table 1 in SI). This strong stability was also evidenced when L4 was submitted to four successive freeze-thaw cycles or to several centrifugation-redispersion steps without any irreversible particle flocculation.

Characterization of poly(NAM) hairy layer.

The high glass transition temperature (Tg) of poly(NAM) (420 K) [START_REF] Peyser | Polymer Handbook[END_REF] together with the large amount of poly(NAM) chains introduced at the periphery of the latex should prevent any film formation of the low Tg poly(n-BA) (230 K). TEM technique at room temperature is generally not well suited for the observation of a poly(n-BA) latex (so as for any "soft" latex) that not only film-casts under the electron beam but also does not present a significant electronic density to provide a good contrast enough.

Still, as shown in Figure 2, when analyzing L5 by TEM, the observation of particleswith a range of size consistent with the experimental values obtained by Dynamic Light Scatteringis in agreement with the presence of a "hard" hairy poly(NAM) layer around the soft poly(n-BA) core. This hairy layer was tentatively analyzed by NMR of the latex itself (after careful cleaning by centrifugation) by both 1 H and 13 C NMR. Indeed, in the particular case of hairy latexes, resonances of the highly mobile hydrophilic polymer chains constituting the hairs may be observed while the hydrophobic core remains not (or slightly) visible. [START_REF] Charreyre | [END_REF][13][14] However, it requires that the polymer chains inside the particles exhibit a Tg high enough compared to the temperature of the NMR analysis to avoid any corresponding resonances. As an example, insitu 1 H NMR analyses performed on polystyrene latex particles (Tg around 100°C) had been successfully employed to confirm the surface incorporation of a poly(NAM) hair. 14 As expected, the low Tg (-40°C) of poly(n-BA) does not favor an accurate 1 H NMR analysis since the hydrophilic grafted poly(NAM) chains and the poly(n-BA) chains overlapped. As a result, only broad resonances corresponding to poly(n-BA) were observed (results not shown). However, this drawback was overcome when performing 13 C NMR (Figure 3). Analysis of the hairy latex showed the expected resonances for poly(n-BA) chains (see Supporting Information). Additional very small resonances (at 66.9 ppm, 46.5 ppm, 44.0 and between 32.0 and 36.0 ppm) were also observed. By comparison with the spectrum of the pure poly(NAM)-CTA used to synthesize the latex, these small resonances could be assigned to poly(NAM) chains (Figure 3).

Toward saccharidic functional particles. As our ultimate goal was to elaborate functional latex particles exhibiting bio-related surface groups, we previously undertook a comprehensive research program starting with the synthesis of bio-functional CTAs and their use in RAFT polymerization. 10,15 Various bio-end-functionalized polymer chains were obtained with a biotin, a sugar or a phospholipid precisely located at the -chain end. The polymer chains bearing a carbohydrate derivative (protected form of galactopyranose) at the chain end (sugar-poly(NAM)-CTA chains, Mn= 29600 g.mol -1 , PDI=1.02) were subsequently used in dispersion polymerization (L6 in Table 1). For an unknown reason at this stage of the study, the nucleation step occurred earlier than for L4. However, stable latex particles were again produced (Dh = 250 nm, poly = 0.14) and re-dispersed in pure water (Dh = 148 nm, poly = 0.14). The decrease of Dh after re-dispersion in pure water may result from the shrinkage of the poly(n-BA) core more likely swollen by ethanol when produced in an ethanol/water mixture. It is worth mentioning that, due to the structure of the sugar-CTA used for the synthesis of the sugar-poly(NAM)-CTA chains, the carbohydrate derivative is strongly linked to the poly(NAM) chain by a stable amide bond and that its integrity has been previously checked by MALDI-ToF MS analysis (i.e. RAFT process does not affect the structure of the carbohydrate derivative). 10 Considering that at least 50% of the sugar-poly(NAM)-CTA chains are involved in the formation of the hairy particles and that the thickness of the hairy layer may reach 15nm, each particle should exhibit an average of 2400 carbohydrate moieties (Scheme 1).

Conclusion

Hydrophilic macro-RAFT agents were successfully used under dispersion conditions to take advantage of the chain transfer activity of the dithioester group located at one chain end. The in situ production of a block copolymer is an efficient way to achieve n-butyl acrylate dispersion polymerization in an ethanol/water mixture and leads to stable poly(n-butyl acrylate) particles exhibiting a very significant colloidal stability. The size range of the particles that were synthesized (between 100 and 300 nm) showed that the stabilizing system employed here is much more efficient than the ones generally used for dispersion polymerization where micron sized particles are prepared. In addition, a successful try was given to the synthesis of saccharadic surface functionalized poly(n-butyl acrylate) particles by designing a hydrophilic macroRAFT agent carrying a sugar -end group. The large range of polymerizable monomers together with the potential of pre-functionalization using RAFT polymerization, opens the way to produce -under dispersion conditions-functional latexes achieving original properties. latexes, as well as G. Gody and Dr P. Boullanger for the synthesis of the amino-carbohydrate derivative. 

Macro-RAFT agent synthesis.

A typical procedure is as follows. NAM (1.5 g, 10.6 mmol), Morpholine-DT (10.2 mg, 0.03 mmol), AIBN (0.49 mg, 0.003 mmol), dioxane (5.31 mL), and trioxane (0.08 g, internal reference for 1 H NMR determination of monomer consumption)

were introduced in a Schlenk tube equipped with a magnetic stirrer. The mixture was degassed by five freeze-evacuate-thaw cycles and then heated under nitrogen in a thermostated oil bath. Periodically, samples were withdrawn from the polymerization medium for analyses.

Polymers were precipitated in a large volume of diethyl ether then recovered by centrifugation washed three times, and finally dried under vacuum during several days before analysis by size exclusion chromatography (poly(NAM)-CTA, Mn = 38100 g.mol -1 ; PDI = 1.06, Scheme 1).

Poly(NAM) was also obtained by free radical polymerization following the same procedure but without the use of a RAFT agent (poly(NAM), Mn = 54000 g.mol -1 ; PDI = 3.1)

Dispersion polymerization procedure. n-BA (1 g), stabilizer precursors (poly(NAM)-CTA (Scheme 1), PVP or poly(NAM)) (300 mg), ACPA (1.87 mg), ethanol (6.6 mL), water (3.5 mL) and trioxane (60 mg, internal reference for 1 H NMR determination of monomer consumption) were introduced in a 50 mL round-bottomed flask equipped with a magnetic stirrer. The mixture was degassed by four freeze-evacuate-thaw cycles and then heated under argon in a thermostated oil bath (70°C). Periodically, samples were withdrawn from the polymerization medium for analyses.

Monomer conversion was determined by 1 H NMR spectroscopy using a Bruker AC 400 spectrometer (400 MHz), by comparison of the vinylic protons (5.5-7 ppm) with trioxane (5.1 ppm) used as internal reference. 2 Typically, 500 L of d-chloroform was added to 300 L of each crude latex sample. Characterization of the latexes. The particle size and particle size distribution were obtained by dynamic light scattering (DLS) (Zetasizer 1000HSA, Malvern Instruments). The poly value is a dimensionless measure of the distribution broadness (defined by poly = 2/<> 2 , where 2 is the second cumulant of correlation function fitted by the cumulants analysis and <> is the average decay rate). For a strictly monodisperse sample, the poly value should theoretically be zero. In practice, a poly value for a "monodisperse" latex lies between 0 and 0.05. The polydispersity can be considered to have lost its significance for values above 0.15, however below a value of 0.5 useful comparisons between samples can still be made. Samples were diluted in an ethanol/water mixture (60/40 w/w) before measuring the intensity of autocorrelation functions. Typically, ten independent measurements were recorded in order to determine a mean hydrodynamic diameter and a mean poly value. 3 The particle morphologies were further examined by transmission electron microscopy 

Characterization of poly(NAM). Size exclusion chromatography (SEC
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 2 Figure 2 : TEM image of the final latex obtained by dispersion polymerization of n-butyl
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 3 Figure 3: 13 C NMR analyses of hairy poly(n-butyl acrylate) latex and poly(NAM)-CTA
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 1 Scheme 1: Expected structure of the functional hairy particles synthesized by dispersion polymerization (after deprotection of the carbohydrate derivative). The thickness of the hairy layer indicated here is not experimental and shown only to portray its hypothetical relative size compared to the diameter of the core.

  ) was performed using a Waters 510 pump and two Waters Ultrahydrogel columns (2000 and 500 Å). On-line double detection was provided by a differential refractometer (DRI Waters 410) and a three-angle (47°, 90°, 130°) MiniDAWN light scattering photometer (Wyatt Technologies), operating at 690 nm. Analyses were performed by injection of 200 L of polymer solution (5 mg.mL -1 ) in a borate buffer (pH=9.3, 0.05 mol.L -1 ), previously filtered through a 0.22 m Millipore filter and used as eluent at a flow rate of 0.5 mL min -1 (35 °C). The specific refractive index increment (dn/dc) for poly(NAM) in the same eluent (0.163) was previously determined with a NFT ScanRef monocolor interferometer operating at 633 nm. The molar mass and polydispersity data were determined using the Wyatt ASTRA SEC/LS software package.
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 1 Scheme 1: Structure of the CTA and macro-CTA used in this study.
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 1113 Figure 1: 13 C NMR analyses of A) hairy poly(n-butyl acrylate) latex and B) poly(NAM)-

  

Table 1 : Polymerization of n-butyl acrylate (n-BA, 10 wt.-%) in a ethanol/water mixture (60/40 w/w) initiated by ACPA at 70°C in the presence of various precursors of stabilizers.

 1 

	Exp.	Stabilizer (Mn (or Mw) (g.mol -1 )) (30 wt.-% /n-BA)	ACPA (wt.-% /n-BA)	Conversion after 24 h	Dh (nm)	Size distribution (poly a )	Nucleation after to
	L1	PVP (40000)	1	98%	1200 broad (1.00) ~10 min.
	L2	PVP (40000)	0.18	84%	1700 broad (1.00) ~10 min.
	L3	poly(NAM) (54000)	0.18	93%	3300 broad (1.00) ~10 min.
	L4 poly(NAM)-CTA (38100)	0.18	29%	280	0.06	after 5 h (~15 h) b
	L5 c poly(NAM)-CTA (38100)	0.25 c	89%	360	0.03	-
		Sugar-poly(NAM)-CTA	0.18	51%	200	0.20	~ 3 h
	L6	(29600) d	0.36 e	91%	250	0.14	-
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