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Nanostructured functionalized silicas were used as a platform to compare the behaviour of anchored arylsulfanyl radical depending on the nature of the precursor (diazene/thiol). The radicals generated from thiols exhibit higher half-lifetimes than the radicals issued from diazenes. The ability of thiols to maintain the sulfanyl radical density via degenerate hydrogen atom transfer is likely to account for this sharp difference.

Introduction

The continuous interest in persistent and stable radicals 1 arises from their broad spectrum of applications, ranging from spectroscopy (EPR, 2 DNP 3 ) to the design of smart devices. 4 The persistence and the stability of these families of radicals can originate either from steric effects, as exemplified by triarylmethyl radicals, or from electronic effects, as illustrated with the phenalenyl radical, but most often it results from a subtle interplay of both effects.

5 Furthermore, it is known that the persistence of a radical can be improved by sorption onto materials 6 such as zeolites, 7 or by grafting onto a silica. 8 In such situations, the increase of radical lifetimes has been rationalized in term of limited diffusion and/or interactions with the surface. Progress in the synthesis of mesoporous silicas via the sol-gel process in the presence of structure-directing agents enables the preparation of organic-inorganic hybrid nanostructured materials. The organic moiety can be selectively located and regularly distributed on the pore surface of the silica with a sharp control of the loading. 9 The multiscale control of the structure of mesoporous silicas was used to investigate the parameters responsible for the increase of the lifetime of transient radicals anchored to the material.

In previous studies, we have shown that the structure of the hybrid material played a key role in the improvement of the lifetimes of radicals anchored in the framework 10 or on the pore 11 of mesoporous silicas. The presence of an organic monolayer on the pore surface was shown to be of crucial importance to disfavour the coupling reaction, i.e. the formation of disulfides, which is the main contributor to the decay of the EPR signal in the case of arylsulfanyl radicals. 11 In these materials, the arylsulfanyl half-lifetime (t 1/2 ) is considerably improved, up to a 10 9 factor compared to the reference value of 200 μs estimated by flash photolysis for phenylsulfanyl radical in solution. 12 However, in systems as complex as hybrid materials, no simple rationale can be drawn to account for the increase of the radical lifetime because of the numerous parameters that are involved in the phenomenon. We found it important to evaluate the incidence of the nature of the organic functional groups in the neighbourhood on the radical persistence. In a first approach, the arylsulfanyl radicals were generated in the pore of the silica from the homolysis of a S-H bond. Thus, the created radicals were surrounded by hydrogen atom donors. In order to decrease the reducing nature of the pore surface, a diazene was designed as an alternative precursor for the very same arylsulfanyl radicals. The comparative results are discussed in the following.

Results and discussion

A simple photolysis can trigger the fragmentation of the diazene group. The loss of dinitrogen leads to a pair of alkyl radicals. 13 The β-sulfur carbon-centered radicals are well known to undergo a fast β-fragmentation 14 releasing the sulfur-centered radicals (Scheme 1). The dissymmetric diazene precursor 1 was prepared in two steps via the substitution of mesylate 5 with thiol 4 followed by the olefin hydrosilylation (Scheme 2). The dissymmetric diazene 5 was prepared from aminoester 9, via its conversion in bis-sulfonamide 8. The extrusion of sulfur dioxide led to diazene 7 which was subsequently converted into mesylate 4.

The triethoxysilane 1 was used to prepare mesostructured silicas SBA n -1 [START_REF]The resulting materials were named SBA n -1 in which 1 specifies the nature of the organic precursor and n indicates the TEOS/radical precursor molar ratio determined after the characterization of the hybrid silicas[END_REF] by direct synthesis, 9 that is, the cocondensation of 1 and tetraethyl orthosilicate (TEOS) in the presence of P123 (PEO 20 PPO 70 PEO 20 ) as structure directing agent. This process enabled the preparation of SBA-15 type of mesoporous silicas as illustrated by their surface areas, their

Please do not adjust margins Please do not adjust margins pore diameters and pore volumes (Table 1). In both series SBA n -1 and SBA n -2, as usually observed, the surface areas increased while the concentration in organic functions decreased. Concerning the pore diameter, the difference between the two materials was more pronounced. While pore diameters were quite regular for SBA n -2, they notably increased for SBA n -1 for the lower loadings what might be related to the steric hindrance of the radical precursors. The hybrid silica SBA 47 -1 was passivated upon reaction with ClSiMe 3 . The characterization of all materials demonstrated that the diazene moiety was stable to the sol-gel process conditions.

Scheme 1 Radical generation

Scheme 2 Diazene precursor synthesis

The behaviour of the arylsulfanyl radicals generated from the photolysis of these precursors was investigated by EPR. In a typical procedure, the functionalized material was degassed (10 -5 mbar) in a 4 mm quartz-glass tube and arylsulfanyl radicals were generated via the light-induced decomposition of the diazene inside the spectrometer cavity (xenon lamp (200-800 nm)). An anisotropic signal, resulting from the immobilization of the radicals, was recorded at room temperature after irradiation whatever the functionalized silica. The EPR parameters of these signals were in agreement with the formation of arylsulfanyl radicals 10,11,16 for which the g tensor is axisymmetrical and the spin density is localized on the sulfur atom. 17 A representative spectrum is shown in Fig. 1a. For both SBA n -1 and SBA n -2, g iso 18 ranging from 2.008 to 2.010 were calculated from graphically determined g⊥ and g //. These values were consistent with the formation of an arylsulfanyl radical. The half-lifetimes of the anchored arylsulfanyl radicals were measured by monitoring the decay of the signal intensity after turning off the irradiation. They were determined from the double integrated EPR signal. The decay curves were fitted with exponential or multi-exponential models which did not allow the mechanism involved to be determined. Several competitive processes are likely to participate to the signal decay. The half-lifetimes were graphically estimated from the fitted decay curves. The radical half-lifetimes recorded for the arylsulfanyl radicals generated from the various hybrid materials are collected in Table 2. Half-lifetimes increased from 3.2 h for the lowest loading (1/73, entry g) to more than 63 h for the highest loading (1/21, entry e). As the radical is identical and the loadings are similar, the reasons for the differences observed between the two types of precursors must be sought in the modification of the close environment of the radical. Once generated, the sulfanyl radical can evolve through: (i) the formation of a S-S bond via the coupling of two sulfanyl radicals, (ii) the formation of a S-H bond via a hydrogen atom transfer (HAT) between the sulfur-centered radical and a nearby group, (iii) other termination reactions involving the material surface. In our materials, the probability to generate close radical centres is low. Therefore, the probability of dimerisation is also low. We have already shown that the coupling occurs without activation barrier when the two radicals are correctly positioned, but is hindered otherwise.

Please do not adjust margins Please do not adjust margins Inside the hybrid materials, the studied arylsulfanyl radicals are anchored and have no flexibility nearby the radical center. Therefore, steric hindrance, which increases with the loading, disfavors the disulfide formation. The coupling process is slowed down at the highest loadings, 11 which is consistent with the slight increase of t 1/2 registered for SBA 27 -1 compared to SBA 47 -1 and SBA 190 -1 (Table 2, entries a-c). In the case of SBA n -2, degenerate HAT between a thiol group and a sulfanyl radical occurs readily. Whereas, movements of the whole chain are needed to position properly the two reacting sulfur atoms for dimerisation, degenerate HAT occurs at larger S...S distances and only requires that a S-H bond and the sulfur atom of a neighbouring sulfanyl radical are aligned, which is facilitated by the free rotation around the C-S bond. In order to visualize how easily could HAT proceed at the surface of the different materials, ab initio simulations of a very simple model system composed of one chain of CH 3 -CH 2 -CH 2 -O-Ph-SH and one chain of CH 3 -CH 2 -CH 2 -O-Ph-S  were performed. The energy landscape of such a system shows a very large number of transition states (TS) for the degenerate HAT, according to the geometry of the chains approach. This approach can be characterized by the C-S...S-C dihedral angle (φ). Therefore, an energy scan has been performed at the B3LYP-6-311+G(d,p) level of theory, searching for transition states and varying φ. All the transitions states found have S, H and S atoms aligned with a distance between the two sulfur atoms equal to 3.2 Å. This scan shows (Fig. 2) that TS for the degenerate HAT can be found when the distance between the terminal groups of the chains (i.e. the carbons that should be linked to the silica) d T is comprised between 7.5 Å (when the torsion is close to 0°) and 19.5 Å (when the torsion is close to 180°). When the surface functional density grows larger than 1.8 functions per nm 2 , d T becomes smaller than 7.5 Å and the steric hindrance keeps the sulfur atoms at a distance larger than 3.2 Å, preventing HAT. When the surface functional density diminishes below 0.25 functions per nm 2 , d T becomes larger than 19.5 Å and the sulfur atoms become too far away to perform HAT. Reaction paths for six of these TS have been followed by integrating the intrinsic reaction coordinate (IRC). The energy barrier for degenerate HAT have been evaluated from the stationary points of these IRC scans. It is small and does not vary significantly with the terminal groups distance or the dihedral angle: ΔG ≠ varies from 5.8 to 9.0 kcal mol -1

, while ΔH ≠ varies from 4.4 to 5.0 kcal mol -1 (c.f. Supplementary Information). The energies for the simplest system (Ph-SH + Ph-S  ) have been evaluated using the G3(MP2)RAD procedure [START_REF] Henry | [END_REF] in order to validate that the B3LYP/6-311+G(d,p) level of theory gives reasonable energy values. For this system, the B3LYP/6-311+G(d,p) activation parameters are ΔG ≠ = 8.2 kcal mol -1 and ΔH ≠ = 5.5 kcal mol -1

, while the G3(MP2)RAD . According to these results, among the loadings tested experimentally, the probability that a HAT could happen is small for SBA 73 -2 (as the number of chains is small and the distance between chains is large), but becomes larger when the loading rises (SBA 27 -2 and SBA 21 -2) as the conditions for HAT are geometrically favourable and the number of chains (therefore the number of possible contacts between chains) grows. This degenerate transfer would propagate all along the pore surface until a termination reaction becomes faster than the next available HAT. 20 Quantum mechanical tunneling (QMT) increases the efficiency of HAT. [START_REF]For general reviews[END_REF] Calculations showed that the degenerate HAT is at least two times faster than classical thermodynamics would have predicted (see ESI). This process can be related to the proton transport in acid functionalized mesoporous material.
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In the case of SBA n -1, the termination reaction leading to a disulfide can still take place but the absence of thiol groups in the close vicinity precludes degenerate HAT. However, due to the structural features of the precursor, other reactions can be considered that might contribute to the decay of the sulfanyl radical signal. Hydrogen atom transfer from the methylene or a methyl group of a neighbouring diazene can be envisaged, but this transfer is enthalpically disfavoured (BDE ArS-H = 77.8 kcal mol -1 / C sp3 -H = 92.1 or 100.5 kcal mol -1

). [START_REF] Luo | Comprehensive Handbook of Chemical Bond Energies[END_REF] The generation of such a carboncentered radical should trigger a β-fragmentation releasing a diazenyl radical and consequently another t-butyl radical. Thus, the fate of t-butyl radical must also be considered. The latter is likely to diffuse rapidly in the silica pore and dimerize or disproportionate. Moreover, it could reduce the lifetime of the arylsulfanyl radical. First, via a recombination process that would lead to the corresponding t-butylsulfide. In addition, as it is a good hydrogen atom donor since its C-H BDE was estimated 36.7 kcal mol -1 , [START_REF] Denisov | Handbook of Free Radical Initiators[END_REF] it could deliver a hydrogen atom to an arylsulfanyl radical. This would lead to a thiol mainly surrounded by diazene precursors which in turn would generate another sulfanyl radical under irradiation. It must be underlined that no t-butyl radical was ever detected in any of the reported EPR experiments. This observation argues in favour of a fast evolution of the t-butyl radicals that would occur before the decay of arylsulfanyl radical starts being monitored. For the above mentioned reasons, these processes should not contribute significantly to the observed phenomenon, the average half-lifetime (1h) remains considerably increased compared to the 200 s half-lifetime reported for phenylsulfanyl radical in solution.

12 In summary, the most impressive change in half-lifetime for a given type of arylsulfanyl radical according to the nature of the precursor is intimately connected to the availability of a fast HAT. In the case of diazene precursors, the absence of fast HAT increases the probability of termination reactions. Independently, the thermolysis of dissymmetric diazenes SBA n -1 localized on the pore was investigated. The influence of the localization (wall/pore) on the arylsylfanyl radical lifetime was evaluated by comparison with the data obtained from symmetric diazenes embedded in the framework of the nanostructured silica. 10 The thermogravimetric analysis (TGA) showed that the thermal decomposition of diazene moieties occurred at 473 K. The decay of the corresponding arylsufanyl radicals was investigated at this temperature by EPR. Due to the temperature, the EPR signal was isotropic with a 2.009 g-factor (Fig. 1b), i.e. a value close to the values recorded at 293 K (Table 3). The half-lifetimes of the anchored arylsulfanyl radicals were measured by monitoring the decay of the signal of highest intensity. They were in the same order of magnitude than those registered when the symmetric diazene precursor was located in the wall of the silica. 10 The registered values (approximately 12 min) were still much higher than the reference value reported by Thyrion in solution at room temperature (200 μs). 12 At such a temperature, neither the effect of the monolayer structure nor passivation did improve the radical lifetime. For the sake of comparison, the same experiment was performed with SBA n -2. The heating of SBA n -2 at 473 K led to the generation of a weak EPR signal probably due to a weak efficiency of the thermal homolysis of the S-H bond. An additional irradiation did not enable to improve the signal intensity. This difference in behaviour showed the diazene precursor is the most appropriate precursor to observe arylsulfanyl radicals at high temperature.

Conclusions

Progress in the synthesis of nanostructured silicas enables the identification of the phenomenons responsible for the transformation of a transient arylsulfanyl radical into a persistent one. The comparison of the behaviour of arylsulfanyl radicals generated from two different precursors highlights the importance of the radical surroundings. At room temperature, the persistence of arylsulfanyl radicals derived from diazene precursors (1h/200 s in solution) results from the intrinsic effect of confinement which slows down the formation of disulfide likely to be the main source of decay of their EPR signal. Potential minor causes of signal decay, that must be sought in the structure of the diazene moiety in the precursor, are discussed even though their involvement could not be ascertained. The contrasting behaviour of thiol derived radicals, which exhibit a spectacular increase in half-lifetime (up to 63 h) is rationalized on the basis of fast degenerate HAT from thiol groups in the close vicinity which competes with the termination processes. From this experimental comparative study, supported by calculation, we concluded that in the case of aromatic thiol, the amazing half-lifetimes recorded result from the synergistic effects of the structure of the organic monolayer and the fast degenerate HAT. This HAT process is a dynamic phenomenon which contrasts with the steric and/or Please do not adjust margins Please do not adjust margins electronic effects that are commonly used to improve radical lifetimes.

At 473 K the situation is reversed, the occurrence of HAT no longer improves the lifetime of the sulfanyl radicals generated from thiol precursors, diazene precursors were more efficient as regard to the radical persistence. 

Experimental

Methyl

2-[N-(tert-butyl)aminosulfonamido]-2methylpropanoate (8).

To a solution of methyl αaminoisobutanoate hydrochloride (9) (4.0 g, 26.0 mmol, 1 equiv) in acetonitrile (45 mL) was added sulfuryl chloride (3.51 g, 26.0 mmol, 1 equiv) at room temperature. The mixture was stirred for 7 hours at 80 °C. Sulfuryl chloride (3.51 g, 26.0 mmol, 1 equiv) was again added and the solution was stirred overnight at 80 °C. After cooling and evaporation of the solvent, the residue was triturated with Et 2 O (3 times). Et 2 O phase was dried over MgSO 4 . After concentration, the corresponding sulfamoyl chloride was obtained (4.82 g, 22.4 mmol, 86%) and used without further purification. 1 H NMR (400 MHz, CDCl 3 ) δ: 6.90 (br s, 1H, NH), 3.84 (s, 3H, OCH 3 ), 1.73 (s, 6H, 2xCH 3 ). 13 C NMR (100 MHz, CDCl 3 ) δ: 173.5 (CO), 61.6 (OCH 3 ), 53.7 (C), 24.6 (2xCH 3 ). To a 0 °C solution of freshly prepared sulfamoyl chloride (4.82 g, 22.4 mmol, 1 equiv) in CH 2 Cl 2 (45 mL) was added t-butylamine (4.92 g, 67.2 mmol, 3 equiv). The mixture was stirred at room temperature. The reaction was monitored by TLC. After completion (2 h), the mixture was diluted with water and extracted three times with EtOAc. Organic extracts were washed successively with HCl (1 N), water, brine and then dried over MgSO 4 . After concentration, sulfonamide 8 (5.03 g, 19.9 mmol, 89%) was obtained and used without further purification. To a solution of 8 (2.0 g, 7.9 mmol, 1 equiv) in pentane (10 mL) was slowly added NaOH (652 mg, 16.3 mmol) in NaOCl (29 mL, 0.56 M). The mixture was stirred for 2 hours at room temperature. The mixture was diluted with water and extracted three times with pentane. Organic extracts were washed with brine and then dried over MgSO 4 . After concentration, diazene 7 (670 mg, 3.6 mmol, 46%) was obtained and used without further purification.

1 H NMR (400 MHz, CDCl 3 ) δ: 3.69 (s, 3H, OCH 3 ), 1.42 (s, 6H, 2xCH 3 ), 1.17 (s, 6H, 3xCH 3 ). 

2-[(E)-2-[1-(Methansulfonyloxy)-2-methylpropan-2-yl]diazen-1-yl]-2-methyl propane (5).

To alcohol 6 (1.19 g, 7.5 mmol, 1 equiv) and triethylamine (1.08 g, 10.7 mmol, 1.4 equiv) in CH 2 Cl 2 (90 mL) under argon was slowly added methanesulfonyl chloride (1.02 g, 8.9 mmol, 1.2 equiv) at 0 °C. The reaction mixture was allowed to warm slowly to room temperature. After 1 h (TLC monitoring), the mixture was diluted with water, washed with 1M HCl and brine and then dried over MgSO 4 .

After concentration, the corresponding mesylate 5 was obtained (1.75 g, 7.4 mmol, 99%) and used without further purification.

1 H NMR (300 MHz, CDCl 3 ) δ: 4.31 (s, 2H, CH 2 ), 2.96, (s, 3H, O 2 SCH 3 ), 1.16 (s, 6H, CH 3 ), 1.13 (s, 9H, CH 3 ). 

(E)-2-(1-(4-(Allyloxy)phenylthio)-2-methylpropan-2-yl)-1-tertbutyldiazene (3).

A suspension of sodium (177 mg, 7.7 mmol, 1 equiv) in MeOH (15 mL) under argon was stirred until the reaction was completed. The thiophenol 4 (1.28 g, 7.7 mmol, 1 equiv) dissolved in MeOH (2 mL) was added at 0 °C and the mixture was stirred for 15 min at room temperature. The Please do not adjust margins Please do not adjust margins solvent was evaporated and the residue diluted with Et 2 O before being filtrated. The residue was washed with Et 2 O and dried under vacuum to give the expected thiolate as a pale yellow solid (1.39 g, 7.4 mmol, 96%) that was used without further purification. A suspension of mesylate 5 (1.75 g, 7.4 mmol, 1 equiv) and the freshly prepared sodium salt (1.39 g, 7.4 mmol, 1 equiv) in DMF (6 mL) under argon was stirred for one night at 50 °C. The reaction was monitored by TLC. After completion, the mixture was diluted with water and extracted four times with EtOAc. Organic extracts were washed with water, brine, dried over MgSO 4 and concentrated. The residue was purified using a silica gel column (1-2% Et 2 O in pentane) to give 3 as a yellow oil (1.1 g, 3.6 mmol, 49%). Experimental procedures for the synthesis and characterisation of materials: Thermogravimetric (TGA) measurements were carried out with a TGA Q500 apparatus (TA Instruments) under dynamic air atmosphere (sample flow rate 40 ml/min). SAXS experiments were performed on SAXSess-MC2 (Anton-Paar, GmbH, Austria) with a sealed copper tube as X-ray source (wavelength is 0.15417 nm (Cu Kα)) and CCD camera as detection system. The N 2 adsorption/desorption isotherms were obtained at 77 K on a Micrometrics ASAP2010. The specific surface area was determined according to the Brunauer, Emmett and Teller (BET) method and the pore size distribution was calculated from the desorption isotherms using the Barrett Joyner Halenda (BJH) method. [START_REF] Rouquerol | Adsorption by Powders and Porous Solids: Principles, Methodology and Applications[END_REF] Prior to adsorption, the samples were outgassed at 353 K overnight under a vacuum pressure of 2×10 ). BET Surface Area: 451 m²/g. BJH Desorption Average Pore Diameter: 5.1 nm. TGA: Mass Loss = 7.1%. SAXS: No signal. SBA 47 -1: Following the previous procedure, tetraethoxysilane (2.12 mL, 9.5 mmol, 19 equiv) and organic precursor 1 (235 mg, 0.5 mmol, 1 equiv). 13 

Fig. 1

 1 Fig. 1 EPR spectra for (a) the photolysis at 293 K and for (b) the thermolysis at 473 K of SBA47-1 For diazene-based substrates SBA n -1, half-lifetimes ranged from 52 min to 1.3 h. The difference observed between the highest (1/27, entry a) and the lowest loading (1/190, entry b) was low. Thiol-based substrates SBA n -2, behaved differently.Half-lifetimes increased from 3.2 h for the lowest loading (1/73, entry g) to more than 63 h for the highest loading (1/21, entry e). As the radical is identical and the loadings are similar, the reasons for the differences observed between the two types of precursors must be sought in the modification of the close environment of the radical. Once generated, the sulfanyl radical can evolve through: (i) the formation of a S-S bond via the coupling of two sulfanyl radicals, (ii) the formation of a S-H bond via a hydrogen atom transfer (HAT) between the sulfur-centered radical and a nearby group, (iii) other termination reactions involving the material surface. In our materials, the probability to generate close radical centres is low. Therefore, the probability of dimerisation is also low. We have already shown that the coupling occurs without activation barrier when the two radicals are correctly positioned, but is hindered otherwise.

Fig. 2

 2 Fig.2Energy scan of TS for HAT. The functional density was estimated from the end-of-chains distance by supposing that functions are spread on the surface in a regular square pattern.

13 C

 13 NMR (100 MHz, CDCl 3 ) δ: 175.6 (CO), 59.0 (C), 54.6 (C), 52.8 (OCH 3 ), 29.9 (3xCH 3 ), 25.6 (2xCH 3 ). HRMS (ESI): m/z: calcd for [M+H] + C 9 H 21 N 2 O 4 S: 253.1217, found: 253.1218. (E)-Methyl 2-(2-tert-butyldiazenyl)-2-methylpropanoate (7).

13 C

 13 NMR (75 MHz, CDCl 3 ) δ: 76.7 (CH 2 ), 67.5 (C-N), 67.0 (C-N), 37.1 (CH 3 ), 26.6 (CH 3 ), 21.7 (CH 3 ). HRMS (ESI): m/z: calcd for [M+H] + C 9 H 21 N 2 O 3 S: 237.1267, found: 237.1268.

1H

  NMR (400 MHz, CDCl 3 ) δ: 7.33 (d, J = 8.8 Hz, 2H, ArH), 6.82 (d, J = 8.8 Hz, 2H, ArH), 6.04 (ddt, J = 17.2, 10.5, 5.3 Hz, 1H, CH=CH 2 ), 5.40 (dq, J = 17.3, 1.5 Hz, 1H, CH=CH 2 ), 5.28 (dq, J = 10.5, 1.5 Hz, 1H, CH=CH 2 ), 4.50 (dt, J = 5.3, 1.

13 C

 13 CPMAS NMR (101.6 MHz) δ: 157.5, 132.2, 130.5, 127.2, 114.5, 74.9, 69.0, 46.5, 25.4, 22.6, 15.1 (P123), 7.1. 29 Si CPMAS NMR (79.5 MHz) δ : -56.

Table 1 .

 1 

		Silica	Surface area a	Pore diameter b	Pore volume c
	a	SBA27-1	451	5.1	0.77
	b	SBA47-1	744	6.8	0.97
	c	SBA190-1	640	9.5	1.16
	e	SBA21-2	370	6.2	0.58
	f	SBA37-2	479	4.4	0.76
	g	SBA73-2	628	5.6	0.96
	a m 2 /g. b nm. c cm 3 /g.			

Table 2

 2 Half-lifetime of the arylsulfanyl radicals generated at 293 K by photolysis of SBAn

-1 and SBAn-2

  

		Silica	g//	g⊥	giso a	t1/2 b	density c
	a	SBA27-1	2.015	2.006	2.009	1.3 h	0.67
	b	SBA47-1	2.015	2.006	2.009	52 min	0.24
	c	SBA190-1	2.014	2.006	2.009	52 min	0.08
	e	SBA21-2	2.014	2.008	2.010	> 63 h	1.14
	f	SBA37-2	2.014	2.006	2.009	9.5 h	0.50
	g	SBA73-2	2.015	2.005	2.008	3.2 h	0.19

a giso = (2g⊥ + g//)/3. b Determined from the double integrated EPR signal at 293 K. c Number of functions per nm

2 

Table 3

 3 Half-lifetime of the aryl sulfanyl radicals generated at 473 K by thermolysis on

	SBAn-1			
		Silica	g	t1/2 (min) a
	a	SBA27-1	2,009	13
	b	SBA47-1	2,009	12
	c	SBA47-1 *	2,009	3

a Determined from the double integrated EPR signal at 473K.

  -3 mbar. All solid-state Cross Polarization Magic Angle

	Spinning (CPMAS) NMR spectra were obtained on a Bruker
	Avance-400 MHz NMR spectrometer operating at	13 C and	29 Si
	resonance frequencies of 101.6 MHz and 79.5 MHz,
	respectively.	13 C and	29 Si CPMAS experiments were performed
	with a commercial Bruker double-bearing probe. About 100
	mg of samples were placed in zirconium dioxide rotors of 4
	mm outer diameter and spun at a Magic Angle Spinning rate of
	10 kHz. The CP technique	26 was applied with a ramped	1 H-
	pulse starting at 100% power and decreasing down to 50%
	during the contact time in order to circumvent Hartmann-
	Hahn mismatches.	27,28 The contact times were 2 ms for	13 C
	CPMAS and 5 ms for	29 Si CPMAS. To improve the resolution, a
	dipolar decoupling GT8 pulse sequence	29 was applied during
	the acquisition time. In order to obtain a good signal-to-noise
	ratio, 6144 scans were accumulated using a delay of 2 s in	13 C
	CPMAS experiment, and 4096 scans with a delay of 5 s in	29 Si
	CPMAS experiment. The	13 C and	29 Si chemical shifts were
	referenced to tetramethylsilane. Commercially available
	tetraethylorthosilicate (TEOS) was distilled before used. SBA n -2 was prepared according to a literature procedure. 11
	Synthesis of Materials SBA n -1:
	SBA 27 -1: In a typical procedure, pluronic P-123 (2 g) in
	deionized water (14 mL) and 2 M hydrochloric acid solution (60
	mL) was stirred for 3 h at 40 °C. Tetraethoxysilane (2.0 mL, 9.0
	mmol, 9 equiv) and organic precursor 1 (471 mg, 1.0 mmol, 1
	equiv) were added. The mixture was stirred for 24 h at 40 °C,
	then warmed without stirring at 100 °C for 2 days, filtrated,
	washed twice with water, once with ethanol and finally
	extracted with a Soxlhet apparatus (ethanol) for one day. The
	wet powder was filtrated, washed twice with ethanol, acetone
	and diethylether. After one night at 80 °C under vacuum, a
	pale yellow powder was recovered. The molar composition of
	the isolated mixture was as follows: (1-x) M TEOS: x M 1: 0.017
	M P123 Polymer: 188 M H 2 O: 5.8 M HCl, where x denotes the
	number of moles of precursor 1.

  C CPMAS NMR (101.6 MHz) δ : 156.9, 132.4, 127.9, 114.4, 74.9, 69.4, 25.1, 22.5, 15.2 (P123), 7.7. : 9.5 nm. TGA: Mass Loss = 1.2%. SAXS: d(100) = 11.2 nm, a = 12.9 nm. General procedure for mesoporous silicas passivation. To non-passivated silica (1 g) in suspension in toluene (75 mL) were added triethylamine (5.5 mL) and trimethylsilylchloride (4.1 mL). The medium was heated for one night at 70 °C and then for one hour at 100 °C before being filtrated and washed once with toluene and once with ethanol. The recovered powder was stirred in ethanol during 4 h and then filtrated, washed twice with ethanol and twice with diethylether. After one night under vacuum at 80 °C, an orange/brown powder was recovered. Experimental Procedures for EPR Analysis: EPR experiments were performed on an ELEXSYS Bruker instrument and the Bruker BVT 3000 set-up was used to control the temperature. The photolysis instrument (ORIEL version 66901 with an energy supplier version 68911) is equipped with a 300X UXL306 arc Xe lamp (200-800 nm) with an optical fiber (1 m, version 77620). In a 4 mm quartz-glass tube, 35 mg of functionalized silica were degassed with three freeze-pumpthaw cycles with a 10 -5 mbar vacuum pump. EPR spectra for direct observation of sulfur centered radical experiments were recorded with the following parameters: modulation amplitude = 1 G, receiver gain = 90 dB, modulation frequency = 100 kHz, power = 20 mW, sweep width = 200 G, conversion time = 24 ms, sweep time = 25 s, number of scans = 2.

					29 Si
	CPMAS NMR (79.5 MHz) δ : -57.2 (T	2 ), -65.2 (T	3 ), -92.1 (Q	2 ), -
	101.4 (Q	3 ), -110.2 (Q 4 ). BET Surface Area: 744 m²/g. BJH
	Desorption Average Pore Diameter: 6.8 nm. TGA: Mass Loss =
	4.4%. SAXS: d = 11.9 nm.		
	SBA 190 -1: Following the previous procedure, tetraethoxysilane
	(2.17 mL, 9.75 mmol, 39 equiv) and organic precursor 1 (118
	mg, 0.25 mmol, 1 equiv).	13 C CPMAS NMR (101.6 MHz) δ:
	132.1, 114.4, 73.1, 24.3, 21.9, 15.1 (P123), 6.5.	29 Si CPMAS
	NMR (79.5 MHz) δ: -66.7 (T 3 ), -91.4 (Q	2 ), -101.3 (Q 3 ), -110.5
	(Q			

4 

). BET Surface Area: 640 m²/g. BJH Desorption Average Pore Please do not adjust margins Please do not adjust margins Diameter
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