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The adsorption properties of water on silica surfaces at 300 K are evaluated by way of Grand Canonical Monte Carlo simulations, a well suited technique to investigate thermodynamical properties of interfacial fluids. The PN-TrAZ potential is used to describe atomic interactions between water and substrate, and the SPC model for water-water interactions. To measure confinement effects, we compare adsorption on different plane surfaces to a realistic disordered mesoporous material 1 previously obtained by off lattice reconstructions known to reproduce in a realistic way the geometrical complexity of real high specific surface Vycor, in terms of surface area, chord distribution, and correlation peak in small angle neutron scattering spectra. The adsorption isotherm, and isosteric heat of adsorption are calculated and compared to experimental data found in literature for Vycor. They show good agreement, the PN-TrAZ potential for adsorbate-surface interaction being able to give a satisfactory description of hydrophilic properties of plane and curved silica surfaces. For pressure less than 0.65 times the vapor pressure of SPC water at 300 K, the model shows identical adsorption properties for plane and mesoporous surfaces, validating the t-plot concept for such materials, i.e. the fact that the amount of fluid adsorbed is proportional to the surface area of the substrate irrespective of the pore size, as long as the surface chemistry (the OH density in this case) is kept constant. However, for very low relative pressure (10 -3 ) an analysis of the isosteric heat of adsorption shows the presence of highly energetic sites on the mesoporous Vycor sample probably related to curvature, defects or roughness absent from perfectly plane surfaces. For relative pressure higher than 0.65 a sudden rise in Vycor adsorption is the signature of capillary condensation in the mesoporosity of the material, in agreement with experimental measurements in Vycor. Such a rise is absent on plane surfaces as expected for this confinement-induced capillary condensation.

INTRODUCTION

The water-silica system is so frequently encountered that one can easily understand the considerable efforts dedicated to its study. From geophysics (water and silica are the most represented compounds on earth) to industry, pharmaceutics and environment (phase separation, catalysis…) the physics of this system has to be understood at a nanometric scale, since silica is most of the time divided in fine powder or elaborated to exhibit very large porosity in industrial applications for instance. This is why a lot of work is done to understand the modifications on thermodynamical, dynamical and structural properties of water due to confinement in porous silica (silica gels, zeolites, Vycor …) [1][2][3][4][5][6][7][8][9][10][11] .

Previous simulation work focused on dynamical and structural properties of water confined in geometrically simple pores (slit 5,6 , or cylinders [7][8][9] ), supposedly mimicking real mesoporous materials. S. H. Lee and P J Rossky 5 have studied by way of molecular dynamics, water confined between two parallel silica surfaces placed at 5.5 mn from each other. The surfaces are fully hydoxylated (4.62 OH/nm 2 ) in a realistic way, allowing the hydrogen to rotate around the SiO axis with a constant Si-O-H angle of 109.5°. They show that the surface-solvent interaction largely compensates the loss of hydrogen bonding between water molecules near the walls. The vicinal water is shown to form up to three hydrogen bonding to the silica surface.

Structure perturbations are shown not to extend to more than two layers, the third layer having essentially the same properties as the bulk. Another molecular dynamics study [7][8][9] of water confined in a cylindrical pore of 4 nm in diameter cut in an amorphous silica have shown strong layering close to the surface, and increase of the residence time of molecules in the vicinity of the silica surface. They also show that such perturbations from bulk properties disappear after the second layer. This work proposes a complementary investigation of the water properties confined in a silica material by way of Grand Canonical Monte Carlo simulations. This technique is able to investigate thermodynamical quantities like the adsorption isotherm, i.e. the amount of water adsorbed onto a substrate as a function of its activity or its vapor pressure. The aim is to enlighten confinement effects by comparing two systems. On one hand a Vycor-like mesoporous silica and on the other hand a typical plane surface made of the same substrate, defined as a collection of planes cut in 26 different orientations. We first present the different silica substrates, then the interaction models and finally the simulation results for water adsorption at room temperature.

NUMERICAL CONSTRUCTION OF PLANE AND MESOPOROUS SILICA

SUBSTRATES

To study geometrical effects in adsorption properties on silica surfaces, different substrates have been generated from the same initial crystal of cristobalite, chosen for its simplicity and ability to reproduce, on one hand, oxygen density in the material, giving the main contribution to dispersion interaction, and on the other hand, the hydroxyl density on cut surfaces mainly responsible for the electrostatic contribution. The substrates are four plane surfaces chosen to be representative of a random choice of orientation, and a mesoporous Vycor-like silica.

The plane surfaces are cut in different crystallographic directions in order to catch possible effects on adsorption properties due to the local order of the surface. In fact, the initial crystal being finite, it has to be cut by two parallel planes, chosen to be at 40 Å from each other.

The slabs which are produced (see fig 1-a) are thick enough to be representative of semi-infinite surfaces. Periodic boundary conditions are applied in the two directions parallel to the plane. The size of the box in these directions is chosen close to 35×35 Å 2 , with variations due to the crystal periodicity. The height of the box is 100 Å, with no periodic boundary condition perpendicular to the faces. To have a realistic substrate chemistry, the bare surfaces obtained after cut are modified as follows : non tetrahedral silicon are removed, and oxygen dangling bonds are saturated with hydrogen positioned at 1 Å from the oxygen, perpendicular to the surface.

The aim of the work is to investigate the adsorption properties on different faces. In this preliminary study all directions for the normal to the plane are supposed equally probable, which means that all faces have the same thermodynamic stability and do not reconstruct. We have restricted our study to the 26 different possibilities corresponding to the (3 3 -1) directions given by non zero vector which can be constructed by choosing their coordinates among the 3 values {-1,0,1} in the orthonormal coordinate space (x,y,z). This 26 directions have been considered since they constitute a roughly isotropic sampling of the unit sphere. To check this point, their relative weight have been determined by means of a Monte Carlo direct sampling method. The weight of a direction (unit vector) is defined as the probability for an arbitrary point of the unit sphere to be closer to that vector than to any other. The result is shown on figure 2, where different filling of the bars have been used to distinguish the different groups of directions. The white bars correspond to the six vectors parallel to the axes (±x, ±y, ±z), the gray one to the directions given by the first bisectors (±x±y, ±x±z, and ±y±z) and finally the black ones correspond to the eight corners of the unit cube (±x±y±z). The relative height are similar, which proves that this set of 26 directions constitutes a reasonably isotropic sampling of the unit sphere.

Inspection has shown that the six faces normal to ±x, ±y, and ±z are identical. The Miller's indices of this faces are respectively (111), ( 111) and (111). The figure 1-b shows the (111) face, characterized by a hydroxyl surface density of 7.8 OH / nm 2 . The twelve faces normal to ±x±y, ±x±z, and ±y±z are also all identical, and represented by the (100) face (normal to y+z)

shown in figure 1-c, whose hydroxyl surface density is 5.5 OH / nm 2 . And finally the eight faces perpendicular to ±x±y±z are also identical. However, in this case, depending on the depth of cut, each face can present two very different aspects shown in figure 1-d and 1-e. Their hydroxyl surface density are respectively 13.5 OH / nm 2 and 4.5 OH / nm 2 . If it is supposed that a real silica surface do not reconstruct, then it can be represented by the four perfectly plane surfaces previously described with weights proportional to their occurrence given by summing the corresponding bars of the histogram of figure 2, ie respectively 0.28, 0.44, 0.14 and 0.14 for the faces represented in figures 1 b, c, d and e repectively. Any physical property for an arbitrarily oriented plane silica surface will be obtained by averaging the corresponding quantity for the four planes of figure 1 with the corresponding weights. For instance, the average hydroxyl surface density is 7.1 OH / nm 2 .

The mesoporous adsorbate is derived from the same initial crystal of cristobalite. An offlattice reconstruction algorithm has been used to generate an atomistic Vycor-like mesoporous structure (Controlled Porous Glass, Vycor 7930 like). Portions of the initial cubic crystal of cristobalite 106.95 Å of edge are cut out by applying the off-lattice functional representing the gaussian field associated to the volume autocorrelation function of the studied porous structure [12][13][14] . Periodic boundary conditions are applied to the gaussian field, so as to generate the periodic structure shown in figure 3. To have a realistic description of the surface chemistry, all silicon atoms in an incomplete tetrahedral environment are removed, and all oxygen dangling bonds are saturated with hydrogen atoms placed at 1 Å from oxygen perpendicular to the surface.

The porosity of the sample is 0.28, the density 1.56 g/cm 3 , the specific surface area 210 m 2 /g, the mean pore diameter 36 Å, and OH surface density 7 OH/nm 2 , all in agreement with experimental values : 0.28, 1.50 g/cm 3 , 200 m 2 /g, and around 7 OH/nm 2 if outgassed around 400°C 15,16 , except for the pore size slightly smaller in our pseudo-Vycor compared to real one (40 Å). It has been shown 17,18 that this numerical sample reproduces quite well micro and meso textural properties of real Vycor. The agreement of hydroxyl surface density with the value previously obtained by average on orientation of a plane surface is expected since the normal to the numerical Vycor-like surface is isotropic, and no reconstruction of the surface is realized before its hydroxylation. The close agreement validates the hypothesis that the 26 directions considered constitute a good isotropic sampling of the unit sphere.

INTERACTION MODEL

The water adsorbed on the surface is described by the SPC model [START_REF] Berendsen | Intermolecular Forces[END_REF] . This fast computable model is well suited for very large systems, as it reproduces quite well the thermodynamical properties around ambient temperature, like vapor pressure (0.044 bar against 0.035 bar experimentaly) and enthalpy of vaporization [START_REF] Jorgensen | [END_REF] . The extended SPC/E model 21 is not adapted to study adsorption properties since the effective polarization correction that it introduces is defined for bulk water but not in the highly inhomogeneous environment of a molecule adsorbed on a surface. Furthermore, the predicted vapor pressure is only half the experimental value 22 . The water-water contribution to energy is calculated directly with minimal image convention (cutoff equal to half size of the box) to keep high precision.

The interaction between water molecules and silica substrate is described in the framework of the PN-TrAZ model 23,24 which has proven to model successfully the adsorption of simple adsorbates on various zeolites 25 and mesoporous glasses 17,[START_REF] Pellenq | Studies in Surface Science and Catalysis[END_REF][START_REF] Puibasset | Proceedings of the 6 th Int. Symposium on the Characterization of Porous Solids[END_REF] . In this model, the pair potential decomposes in two parts : the repulsion term between electronic clouds and the attractive dispersion term : . The repulsive parameters and for silica species are those obtained from study of adsorption of simple gazes on various zeolites Minimal image convention is adopted to calculate all interactions. Long range mean-field correction to dispersion terms cannot be precisely calculated because the density is not uniform.

Actually, the size of the box is large enough (107 Å for Vycor and 35 Å for plane surfaces) so that large distance contributions are negligible. The electrostatic contribution is evaluated by summing on neutral subgroups of atoms of highest symmetry (tetrahedral silicon and surface hydroxyls). Implementation of Ewald summation procedure 29 has proven to be of little improvement, probably due to the large box size (larger or equal to 35×35 Å 2 ), absence of isolated charges, and negligible total dipolar moment of the substrate (due to isotropy in normal orientation on Vycor surface, and perfect symmetry for the plane surfaces which possesses two opposite faces). Calculations show that the largest part of the substrate contribution to electrostatics comes from the surface dipoles (hydroxyls), the tetrahedral SiO 4 giving rise to weak quadrupolar term only.

To save computer time, interactions between atoms of water molecules and substrate are calculated in advance and saved on a cubic grid; the substrate being kept rigid in this study. A distance of 1 Å has been chosen between two grid points, due to memory constraint. For small and dipolar molecules like water, this is too large to get smooth values close to the silica surface, and prevents direct interpolation. This is why the contribution of the substrate has been divided in two parts, inside and outside a sphere of 6.5 Å in radius, centered on the grid cell to be evaluated.

Only the contribution from outside is saved on the grid, the rest being calculated directly during simulation. A neutrality constraint to the separating sphere has been added so as to avoid fast oscillations of electrostatic contributions due to isolated charges coming in and out of the 6.5 Å radius sphere : for instance O and H atoms from the same surface hydroxyl group are taken together. The choice of the radius is a compromise between CPU time saving and grid smoothness. Three different grids are necessary : two dispersion-repulsion grids for both O and H atoms of water, plus one for electrostatic potential. Since there are eight corners for each cubic cell, and since the 6.5 Å radius sphere has to be centered on the cell, the total number of grid used give sense to interpolation (solid segments linking the circles). All grids are defined everywhere in the simulation box due to the short distance cutoff. The long dashed curve is the contribution from atoms inside the sphere 6.5 Å in radius, calculated directly during simulation. The solid line is the sum of the interpolated grid plus the direct contribution, undistinguishable from the thick solid curve obtained by a direct and complete calculation involving all atoms of the substrate. For each run, it is checked that all atoms of the substrate are taken into account once and only once.

The result obtained with this method for the whole interaction is always within 4% of the value obtained by a completely direct calculation with all the atoms of the simulation box. Our method is then very fast (few tens of atoms taken into account instead of 80 000) with no loss in precision, the CPU time devoted to interpolation being small. For comparison, the dotted curve in figure 4 corresponds to the result obtained with the direct calculation procedure within a 10 Å cutoff radius applying electro-neutral condition in order to prevent fast oscillations. Similar cutoff (8.5 Å or 9 Å) but with no grid contributions are frequently used for electrostatics 5,8 . At a distance of few Å, this procedure overestimates by a factor of about two (see figure 5) the gradient of the electrostatic potential. In conclusion, our procedure is well suited to study adsorption properties of polar molecules and allow considering large systems, since it is fast and keeps the advantage of high precision, as for a direct calculation.

RESULTS AND DISCUSSION

The amount of water adsorbed at 300 K has been determined by way of standard Grand Canonical Monte Carlo Simulation 30 (GCMC), which mimics a real adsorption experiment. The temperature, volume and chemical potential (related to the pressure of the gas) are kept constant.

An equal number of trial for translation, rotation, and creation or destruction of molecules has been chosen for each run at fixed pressure. No bias procedure was introduced since the density is generally relatively low. After equilibration has been reached, corresponding to 10 5 trials per water molecule, another 10 5 trials per molecule were run to acquire data. The chemical potential is related to the pressure by assuming that the gas is perfect. The adsorption isotherms are normalized to full saturation or to the surface area of the substrate exposed to water vapor (in µmol / m 2 ) to enable comparison, and pressure is normalized to the saturating vapor pressure P 0 = 0.044 bar at 300 K, previously determined by us by Gibbs Ensemble Monte Carlo [START_REF] Panagiotopoulos | [END_REF] run for bulk SPC model.

The results for the four plane surfaces are shown in figure 6. The isotherms are very different from each other : the pressure corresponding to a monolayer of water molecules (16 µmol / m 2 ) ranges from less than one tens of the saturating vapor pressure P 0 up to 80 % of The water adsorption isotherm at 300 K in the Vycor-like structure is shown in figure 7, normalized to full saturation. The isotherm is of type IV in IUPAC classification, showing a rapid increase at low pressure characteristic of high adsorbent-substrate interaction, as expected for hydrophilic silica surfaces. The steep rise in adsorption at a pressure close to 70% of the saturating pressure is related to capillary condensation in the mesoporosity of the sample 34 . For comparison, we show an experimental gravimetric adsorption isotherm measured by T. Takei, et al. 35 in a 7930 Vycor sample characterized by nitrogen adsorption (pore size around 47.2 Å in diameter). Both isotherms have been normalized to full saturation. The results of the simulation are in good agreement with experimental data. Despite the fact that the numerical porous structure has a mean pore size smaller than the experimental sample (36 Å against 47.2 Å) the pressure at which capillary condensation occurs in the numerical sample is larger than experimental and the transition steeper. The origin of this discrepancy is probably due to the fact that all pore size are not represented in our numerical sample and to approximative characterization procedure for the experimental sample. Nevertheless, the excellent agreement at low pressure where water/substrate interactions are predominant shows the ability of the PN-TrAZ potential to describe water silica interaction. Note that all potential parameters have been obtained in a consistent manner from previous studies on adsorption in silica porous materials 23,24 . No adjustment of potential parameters was necessary, the PN-TrAZ model allowing for a good degree of transferability 36 .

The aim of this study being to obtain an understanding of hydrophilicity of silica plane and curved surfaces at molecular level, we have calculated the adsorption isotherm representative of arbitrarily oriented plane surfaces by averaging over the four isotherms shown in figure 4. The weight of each face is representative of their occurrence (see section 2). The resulting adsorption isotherm has to be corrected for a geometrical artifact before comparison with that for the mesopourous material. This correction takes into account the local mean curvature R which imposes, for the same adsorbate thickness t, less molecules in a sphere of radius R compared to a plane surface of the same area. This geometrical correction starts from 1 (no correction) at very low coverage down to one third for an adsorbate thickness equal to the radius of the sphere. This limit value is the ratio between the volume of the sphere (4/3πR 3 ) and the volume occupied by an adsorbate thickness R on a plane surface of area equal to that of the sphere (4πR 2 ). For any other t value of the adsorbate thickness, the correction factor is the ratio of the adsorbed fluid volume between the two spheres of radius R and R-t to the volume adsorbed on a plane of the same area as the sphere 4πR 2 . The mean curvature radius in our numerical porous sample is 18 Å, leading to a maximal correction of 0.75 at P/P 0 = 0.7. It corresponds to an adsorbate thickness of about 4 Å.

The corrected result is shown in figure 8 together with the adsorption isotherm of our numerical mesoporous silica normalized to its surface area. The visible undulation on the averaged isotherm around P/P 0 = 0.3 is reminiscent of the contribution from the (100) face. This would smooth out by averaging on a larger number of planes. The discussion will now concentrate on the general trend of the average curve which is thought to be representative of isotropic plane surfaces, disregarding undulations. Comparison of figures 6 and 8 shows that the average isotherm presents noticeable differences compared to the isotherms obtained on the four independent planes. There is no plateau but a continuous increase in the amount adsorbed due to successive These observations are in agreement with the relative height of the four adsorption isotherm shown in figure 6. Finally, at P/P 0 = 0.56, the first, second and third fragments are fully hydrated, as expected from the water isotherms obtained on infinite and independent faces (see figure 6).

The fourth fragment is also hydrated whereas its corresponding infinite (111) face of low OH density shows very low coverage at the same pressure. We believe that this is due to the presence of well anchored water molecules around this fragment, actually visible on the left of the snapshot at lower pressure, which nucleates the formation of a layer of water and stabilizes it at a pressure slightly lower than expected. In conclusion, for relative pressure lower than 0.65, the locally plane portions of the mesoporous surface have the same hydrophilic characteristics as the corresponding independent infinite planes. But the agreement between the two isotherms of figure 8 also indicates that even the locally curved fragments of Vycor surface can be represented by a set of isotropically oriented plane surfaces for relative pressure less than 0.65. However, for higher relative pressure the two curves are in large disagreement, the adsorption isotherm in Vycor increasing much faster than the corresponding plane surface t-plot. This is the confinement induced capillary condensation expected to happen at pressure lower than saturating pressure in a mesoporous material. We have also noted that at extremely low pressure (P/P 0 less than 10 -3 ) the amount of water adsorbed on Vycor is slightly higher than that on plane surfaces. This is the signature of the presence of some microporosity or surface roughness in Vycor which cannot be reproduced by the planes. This point will be discussed later.

To get more insight in the description of interaction properties of water with silica surfaces, the isosteric heat of adsorption q st has been calculated from cross-fluctuations in energy (U) and adsorbed quantity (N) through the equation 1 :
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The values obtained at low coverage for the Vycor and the four faces are presented in table 2.

The value for Vycor (78 kJ/mol) is well above the heat of liquefaction of bulk water (44 kJ/mol) as expected for hydrophilic surface. In the same way, the heat of adsorption on (111) face, (100) face and (111) face of high OH density are above 44 kJ/mol, signature of their hydrophilic character. On the other hand, the (111) face of low OH density is close to 44 kJ/mol, which explains the low water adsorption on this surface for relative pressure as high as 0.8. Actually, the heat of adsorption has been calculated for each pressure, and for comparison between confined geometry (Vycor) and plane geometry, the same averaging procedure as previously introduced has been used to determine the heat of adsorption on a randomly oriented plane surface. The relative weights for the different faces are the same as before. It is important to point out that in the present case, for each pressure, the average has to be also weighted by the differential increment of the adsorption isotherm of each plane. This is due to the fact that the isosteric heat of adsorption is a derivative relative to the adsorbed quantity : q st = δq/δn. In the simplified case of two equally probable surfaces 1 and 2, with adsorbed quantity , and total heat released , then the total amount adsorbed and heat for the whole system are given by 
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showing that the total heat q st is proportional to the sum of the heat of adsorption on each surface multiplied by the differential in the amount adsorbed. The formula is easily generalized to four surfaces of different weights. The result obtained by this procedure for the arbitrarily oriented plane surface is shown in figure 10, together with the heat of adsorption in Vycor given by the simulation. For all pressures, the average heat of adsorption is very close to that of Vycor, showing no confinement effect on this scale of pressure, as previously deduced by inspection of adsorption isotherms. However, at very low relative pressure (less than 10 -3 ) the isosteric heat of adsorption on Vycor (80 kJ/mol) is significantly higher than deduced by averaging plane surfaces (less than 70 kJ/mol). These values are considered significant since the simulation gives consistently heat of adsorption on the order of 80 kJ/mol on Vycor for very low coverage, whereas it never exceeds 70 kJ/mol for the four different plane surfaces. This is a clear indication of some confinement effects at very low pressure. Inspection of snapshots of hydrated Vycor at very low pressure unambiguously shows that the water molecules preferentially adsorbs on sites of high local curvature, or defects like steps or holes in the surface. Figure 11 shows, at P/P 0 = 10 -3 , two water molecules trapped in the highly energetic site created by a small hole-like defect in the surface in the foreground of the figure. Around this defect, the surface is locally a (111) face of high OH density. At this pressure, even this highly hydrophilic face is exempt of water molecules. This shows that the hydrophilicity of the surface at very low pressure is not directly related to the OH density (the OH density in the hole is not so high) but rather on locally very favorable arrangement of hydroxyls groups which maximizes the number of hydrogen bonding 33 .

CONCLUSION

In this work, we have presented GCMC results for adsorption of water on plane and mesoporous silica substrates. The large size numerical mesoporous sample has been previously obtained by off-lattice reconstruction method, able to mimic the geometric complexity of real Vycor, like its specific surface area, pore size, chord distribution and correlation peak in small angle neutron scattering spectra. Its surface chemistry is obtained in a realistic way by saturating all dangling oxygen bonds with hydrogen which gives 7 OH/nm 2 in agreement with experiment.

The plane surfaces have been cut in 26 different directions realizing an almost isotropic sampling of the unit sphere. The hydroxyl density ranges from 4.5 up to 13 OH/nm 2 . The water is described by the SPC model, able to reproduce the thermodynamical properties of water close to ambient temperature with minimal computer cost. The interaction between water and silica is entirely derived in the framework of the PN-TrAZ model with no free parameter. This model describes the dispersion and repulsion contributions, and the electrostatic part is evaluated by using silica species and SPC water partial charges. To save computer time, the interaction of water molecules with the 80 000 atoms of the Vycor is divided in two parts defined by a sphere of 6.5 Å in radius and an electroneutrality condition ; the inner contribution is calculated directly during simulation, the outer one being pre-calculated and saved on a grid. The result for energy is within 4% of the value obtained from a complete and direct calculation over all Vycor atomic species.

The adsorption isotherm calculated for Vycor is of type IV in IUPAC classification, showing a rapid increase at low pressure as expected for hydrophilic surfaces. The steep rise in adsorption arround P/P 0 = 0.7 is due to capillary condensation in the mesoporous solid. The agreement with experimental data shows that the model presented is able to describe quantitatively the hydrophilicity of the Vycor surface with no adjustable parameters. The isotherms calculated for the four representative faces show different behavior depending on their hydroxyl density. The general trend being higher affinity with water for surfaces of high hydroxyl densities. The isosteric heat of adsorption obtained are characteristic of hydrophilic surfaces, ranging from 44 kJ/mol for the lowest hydroxyl density face up to 67 kJ/mol for the highest. By averaging the different physical properties of the plane surfaces with weight proportional to their representativity, we have been able to deduce the same properties for an assembly of plane surfaces with random orientations. For instance, the average hydroxyl density is 7.1 OH/nm 2 , equal to that of the numerical Vycor.

The comparison of the isosteric heat of adsorption at 300K shows significant confinement effect at very low relative pressure (P/P 0 less than 10 -3 ). The initial heat of adsorption is 12% higher in Vycor. We have shown that this difference is due to the presence of locally high curvatures or defects in the mesoporous silica surface. As a consequence, the amount of water adsorbed at very low pressure (P/P 0 less than 10 -3 ) is slightly higher in Vycor than on average plane surface. Depending on the surface hydroxyl density and local geometry (roughness), the water molecules can form two to three hydrogen bonding. On the other hand, at intermediate relative pressure, ranging from 10 -3 up to 0.65 corresponding to the beginning of capillary condensation, the numerical mesoporous Vycor have essentially the same hydrophilic properties as a collection of randomly oriented plane surfaces. The average adsorption isotherm corrected for curvature is almost identical to that of Vycor. Furthermore, successive adsorption on different locally plane faces of the mesoporous Vycor surface is in agreement with the behavior of the corresponding independent infinite plane faces, except very close to the pressure corresponding to the formation of the second layer where even the not so favorable (111) low OH density faces are covered by a film of water which has nucleated on the more energetic parts of the Vycor surface. Although most of the Vycor surface is locally curved and therefore cannot be compared to any of the infinite planes, the water adsorption process is close to that found when averaging over all plane orientations. This shows that the chosen set of plane surfaces is able to mimic the most important feature of Vycor surface : the OH-OH distance distribution which controls hydrophilicity.

The mesoporous material studied have essentially the same hydrophilic properties as a perfectly plane surface, except at very low coverage where curvature defects and roughness create some highly energetic sites, and at high relative pressure where confinement gives rise to capillary condensation in the mesoporosity of Vycor. 

  pseudo-Vycor)17,[START_REF] Pellenq | Studies in Surface Science and Catalysis[END_REF] . Those for water oxygen are chosen to fit the repulsive part of Lennard-Jones from SPC model in the range around equilibrium distance, and those for water hydrogen are taken equal to the parameters for surface hydrogen of silica. The values are listed in table 1. The mixed repulsion parameters and b are then obtained by applying Bohm and Ahlrichs combination rules A 28 . The dispersion terms are calculated from polarizabilities and effective number of electron N eff (related to partial charges) according to the PN-TrAZ model23,24,25 up to order r10 . The electrostatic contributions are calculated by assigning to atoms the partial charges (given in table1) extracted from SPC model for water molecule, and taken equal to those used to calculate the dispersion terms in the framework of the PN-TrAZ model for the silica atoms.
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 3 and interpolation in each cell is made between 8 grids. The circles on figures 4 and 5 represent the dispersion-repulsion grid and the electrostatic potential grid felt by the oxygen from a water molecule along the z axis of the (111) face of figure 1-b. The values are close enough to
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 0 The (111) face (7.8 OH / nm2 ) and (111) face of high hydroxyl density (13.5 OH / nm 2 ) have type II isotherms in IUPAC classification, characteristic of strong interaction of the adsorbate with the substrate : they are highly hydrophilic. On the other hand, the isotherm of the (111) face of low hydroxyl density (4.5 OH / nm 2 ) is of type III characteristic of weak interaction of the adsorbate with the substrate, with a sharp transition to monolayer coverage at P/P 0 = 0.8 reminiscent of a prewetting transition32,33 . The (100) face of intermediate OH density (5.5 OH / nm 2 ) exhibits an intermediate behavior. It has characteristics of type III isotherm at low pressure, but with a steep rise at intermediate pressure corresponding to the monolayer formation due of high water-water interaction. The relation between hydroxyl density and hydrophilicity is not trivial, since the (111) face of low OH density and (100) face have very different behavior in spite of close hydroxyl densities. On the other hand, the (111) face of high OH density and (111) face have very similar behavior in spite of very different hydroxyl densities.

  contribution of the different planes. At low pressure, the dominant contribution comes from(111) faces and (111) faces of high hydroxyl density. Between P/P 0 = 0.2 and 0.4, it comes from (100) faces, and between 0.4 and 0.8 the increase in the amount adsorbed is due to (111) faces of high hydroxyl density which start a second layer of water molecules. The contribution from (111) face of low hydroxyl density is masked by the sudden increase corresponding to the second layer formation on all surfaces. This study clearly shows that the collective behavior of all surfaces cannot be reproduced by considering only one surface. Even the (111) face which have a hydroxyl surface density (7.8 OH / nm 2 ) close to the averaged value (7.1 OH/nm2), is a poor candidate to represent a typical plane surface since its isotherm significantly differs from the average one, specially around P/P 0 = 0.1. The figure8shows that the obtained average isotherm representative of randomly oriented plane surfaces and Vycor isotherms are almost identical. The general slope of the averaged plane isotherm is in good agreement with the continuous increase in the amount of water adsorbed on Vycor between 0 and 0.65 bar, prior to capillary condensation.According to this, for relative pressure lower than 0.65, the numerical mesoporous Vycor behaves like a collection of plane surfaces isotropically oriented. To illustrate this point, let's focus on four different fragments of the Vycor surface chosen for their locally plane character and different orientation. The four fragments, arbitrarily cut according to a circle of about 26 Å in diameter are shown in the column on the left of figure9. Due to the cutting procedure, dangling bonds are visible on the snapshots, but are not real. Each of the four fragments are ordered from top to bottom following the order given in figure1 b, c, d, and e and can be compared to the corresponding infinite plane surfaces. Note that such locally plane fragments are rare in the numerical Vycor sample. More than 80% of the surface is rough or locally curved. Differences in adsorption between these fragments and the corresponding independent perfect planes are the signature of confinement, or effects due to the fact that all this fragments are part of the same mesoporous surface. The same fragments are shown with increasing relative pressure (10 -4 , 0.23 and 0.56) from left to right on figure9. At very low pressure (figure9, left column), the fragments are free from water molecules, as predicted for the independent plane surfaces. At P/P 0 = 0.23, two fragments (first and third from the top) are covered with water molecules. They correspond to faces (111) and (111) of high OH density respectively. On the other hand the second and fourth faces corresponding to faces (100) and (111) of low OH density are not hydrated. In effect, close inspection shows that the few water molecules visible on this two snapshots are actually stuck on local defects of the surfaces (highly attractive sites) and absent from the parts of the surface which are the most representative of the ideal (100) and (111) faces.

  The isosteric heat of adsorption for reunion of both planes is
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 4562091011 figure 4 : Dispersion plus repulsion terms close to the surface shown in fig 1-b, along the z axis, in unit of temperature K. 1-Solid thick line : potential due to the whole simulation box with minimum image convention. 2-Dashed line : contribution from atoms inside a sphere 6.5 Å in radius. 3-circles + line : contribution from atoms out of a sphere 6.5 Å in radius, interpolated from pre-calculated grid. 4-Solid line : sum of the contributions 2 and 3, indistinguishable from 1. 5-Dotted line : contribution obtained within a cutoff of 10 Å.
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Table 1 :

 1 PN-TrAZ parameters used for the simulation. The cross repulsive interaction parameters are obtained by Bohm and Ahlrichs[34] combination rules.

	water	vycor

Table 2 :

 2 Isosteric heat of adsorption at low coverage obtained by crossed-fluctuations (see text). General view of the simulation box showing the 40 Å thick slab of cristobalite, hydroxylated on each face. Yellow : silicon, red : oxygen, white : hydrogen. b-e : Vertical view of four faces showing only the first layer of tetrahedral silicon for clarity. d and e are parallel but cut at different depth. The hydroxyl surface densities are respectively 7.8, 5.5, 13.5, and 4.5 OH / nm 2 .figure 2 : Relative weights of 26 vectors constructed on the unit sphere. White bars : vectors parallel to the axes (±x, ±y, ±z). Gray bars : first bisectors (±x±y, ±x±z, and ±y±z). Black bars : corners of the unit cube (±x±y±z). The height associated to a vector is the probability for an arbitrarily chosen point of the unit sphere to be closer to that vector than to any other. figure 3 : 3D representation of the numerical sample of Vycor used in this study. The porosity is represented in gray. The mean pore size is 36 Å.

	(111) face	(100) face	(111) 13.5OH/nm 2	(111) 4.5OH/nm 2	vycor
	57 kJ/mol	49 kJ/mol	67 kJ/mol	44 kJ/mol	78 kJ/mol
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