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The use of the boron content and isotopic composition of secondary silicate minerals and siliceous organisms to trace weathering reactions and past ocean pH requires characterizing the fundamental reactions that govern the incorporation and subsequent isotope fractionation of this element in these materials. Toward this goal we have investigated boron adsorption on the surface of amorphous silica (SiO2•0.32H2O) and quantified its isotopic fractionation. Boron adsorption envelopes and corresponding isotope fractionation factors were measured in dilute aqueous solutions (0.01 M) of NaCl and CaCl2. B maximum adsorbed fraction was found to be about 2 times higher in CaCl2 solutions than in NaCl. The modelling of chemical and isotopic data in NaCl solutions allowed to identify the formation of two main B surface species at the SiO2(am)/water interface: a neutral trigonal (B3) innersphere complex, >SiOB(OH)2 0 , characterized by a fractionation factor of ~ -16 ‰ relative to aqueous boric acid, and a negatively charged tetrahedral (B4) inner-sphere complex, >SiOB(OH)3 -, with fractionation factors of -5 ‰ with respect to aqueous borate. In CaCl2 solutions the data modelling indicates the presence of B4 inner-sphere complexes with a fractionation factor of -6.5 ‰ relative to aqueous borate, but excludes the presence of trigonal surface species and suggests instead the formation of a Ca-B(OH)4 -complex that could partly account for the observed increase of boron adsorption in these solutions. These observations indicate that changes in the surface charge density and interfacial water structure due to different background electrolytes can induce changes in concentration and both chemical and isotopic composition of B adsorbed on silica surfaces.

Although this study suggests that the B adsorption reaction on SiO2(am) plays a minor role in the B incorporation and isotopic signature of clay minerals and siliceous cements forming during weathering reactions, the acquired data should allow for an improved knowledge of the biomineralization reactions. The observed B isotopic fractionations between adsorbed and aqueous B species should help determining the relative contribution of various processes, such as cellular transport, biological mediation and silicification reactions, on the amount of B incorporated in siliceous microorganisms and its isotopic signatures. In addition, the presence in NaCl solutions of both trigonal and tetrahedral boron complexes at the silica surface could explain the observed weak pH dependence of the boron isotopic composition of marine diatoms.

Introduction

In soils and weathering environments boron is mostly present in adsorbed form at the surface of clay minerals, metal oxides, calcium carbonate and organic matter [START_REF] Goldberg | Reactions of boron with soils[END_REF], which control the concentrations of this element in aqueous solutions and its availability as micronutrient for plants [START_REF] Bingham | Plant uptake of boron as affected by boron distribution between liquid and solid phases in soil[END_REF][START_REF] Goldberg | Prediction of boron adsorption by field samples of diverse structure[END_REF][START_REF] Cividini | From biological to lithological control of the B geochemical cycle in a forest watershed (Strengbach, Vosges)[END_REF]. Given the large chemical and isotopic fractionation values associated with boron adsorption reactions and incorporation in secondary phases [START_REF] Schwarcz | Boron isotopic fractionation during clay adsorption from Sea-Water[END_REF]Palmer et al., 1987;[START_REF] Spivack | The sedimentary cycle of the boron isotopes[END_REF][START_REF] Williams | Boron isotope geochemistry during diagenesis. Part II. Applications to organic-rich sediments[END_REF][START_REF] Lemarchand | How surface complexes impact boron isotope fractionation: Evidence from Fe and Mn oxides sorption experiments[END_REF], as well as vegetation cycling and evaporation-condensation processes, boron isotopes have been profitably used to trace chemical weathering reactions and to quantify the fluxes of matter between different compartments within the Critical Zone [START_REF] Rose | Fractionation of boron isotopes during erosion processes: The example of Himalayan rivers[END_REF][START_REF] Lemarchand | Transient features of the erosion of shales in the Mackenzie basin (Canada), evidences from boron isotopes[END_REF][START_REF] Cividini | From biological to lithological control of the B geochemical cycle in a forest watershed (Strengbach, Vosges)[END_REF][START_REF] Lemarchand | Boron isotopes in different grain size fractions: Exploring past and present water-rock interactions from two soil profiles (Strengbach, Vosges Mountains)[END_REF][START_REF] Gaillardet | Boron in weathering environment[END_REF][START_REF] Noireaux | Developing boron isotopes to elucidate weathering in the critical zone[END_REF][START_REF] Chetelat | Dynamic of boron in forest ecosystems traced by its isotopes: A modeling approach[END_REF].

The study of boron sorption reactions on various soils and mineral surfaces has been extensive (e.g., [START_REF] Goldberg | Boron Adsorption and Silicon Release by the Clay Minerals Kaolinite, Montmorillonite, and Illite[END_REF][START_REF] Palmer | Temperature and pH controls over isotopic fractionation during adsorption of boron on marine clay[END_REF][START_REF] Goldberg | Boron adsorption mechanisms on oxides, clay minerals and soils inferred from ionic strength effects[END_REF][START_REF] De Bussetti | Sorption of boron by hydrous Aloxide[END_REF][START_REF] Peak | ATR-FTIR spectroscopic studies of boric acid adsorption on hydrous ferric oxide[END_REF]Santos et al., 2020, and references therein), However, the mechanisms controlling the boron isotopic fractionation and composition of the complexes formed by adsorption at the surface of minerals have been the object of a limited number of studies, which examined the interaction of B with humic acid [START_REF] Lemarchand | Boron isotopic fractionation related to boron sorption on humic acid and the structure of surface complexes formed[END_REF] Fe-and Mn-oxides [START_REF] Lemarchand | How surface complexes impact boron isotope fractionation: Evidence from Fe and Mn oxides sorption experiments[END_REF], and calcite [START_REF] Saldi | Boron isotopic fractionation during adsorption by calcite -Implication for the seawater pH proxy[END_REF]. These studies showed how the reported B isotopic fractionation factors, with values ranging between -40 ‰ and +23 ‰, depend on both boron aqueous speciation and the pH-dependent distribution of differently fractionated trigonal and/or tetrahedral surface species.

The interactions of dissolved boron with silicate mineral surfaces, particularly clay minerals and various mineral coatings, strongly fractionate boron isotopes and control the chemical and isotopic composition of surface waters and groundwaters (e.g., [START_REF] Lemarchand | Transient features of the erosion of shales in the Mackenzie basin (Canada), evidences from boron isotopes[END_REF][START_REF] Louvat | boron isotope ratios of surface waters in Guadeloupe, Lesser Antilles[END_REF][START_REF] Gaillardet | Boron in weathering environment[END_REF][START_REF] Noireaux | Developing boron isotopes to elucidate weathering in the critical zone[END_REF]. Therefore, the investigation of the specific mechanisms of B adsorption on these surfaces, which is generally the first step of boron incorporation in these solids, and associated isotopic fractionation, is much needed to extend the use of B isotopes and improve the estimates of B mass transfer during weathering reactions.

In the present contribution we examine the isotopic fractionation of boron during adsorption on amorphous silica (SiO2•0.32H2O) as a function of aqueous solution pH.

Although amorphous silica (SiO2(am)) content is generally limited in soils, where it is primarily of phytogenic origin (cf. [START_REF] Farmer | The role of phytolith formation and dissolution in controlling concentrations of silica in soil solutions and streams[END_REF][START_REF] Saccone | Assessing the extraction and quantification of amorphous silica in soils of forest and grassland ecosystems[END_REF], this phase is often observed as thin alteration layers on primary silicates along weathering profiles [START_REF] Banfield | Analytical Transmission Electron Microscope Studies of Plagioclase, Muscovite, and K-Feldspar Weathering[END_REF][START_REF] Hochella | Chemical weathering of silicates in nature: A microscopic perspective with theoretical considerations[END_REF][START_REF] Zhu | Naturally weathered feldspar surfaces in the Navajo Sandstone aquifer, Black Mesa, Arizona: Electron microscopic characterization[END_REF][START_REF] Schindler | Hydrous Silica Coatings: Occurrence, Speciation of Metals, and Environmental Significance[END_REF][START_REF] Hellmann | Unifying natural and laboratory chemical weathering with interfacial dissolutionreprecipitation: A study based on the nanometer-scale chemistry of fluid-silicate interfaces[END_REF][START_REF] Schott | Formation growth and transformation of leached layers during silicate minerals dissolution: The example of wollastonite[END_REF] or adsorbed at the surface of Fe-and Aloxides and hydroxides [START_REF] Iler | The chemistry of silica. Solubility, polymerization, colloid and surface properties and biochemistry[END_REF][START_REF] Dietzel | Interaction of polysilicic and monosilicic acid with mineral surfaces[END_REF][START_REF] Schindler | Soil memory in mineral surface coatings: Environmental processes recorded at the nanoscale[END_REF] and can constitute the primitive coatings from which clay minerals subsequently form [START_REF] Charlet | Evidence for the neoformation of clays upon sorption of Co (II) and Ni (II) on silicates[END_REF][START_REF] Nugent | The influence of natural mineral coatings on feldspar weathering[END_REF][START_REF] Schindler | Mineral surface coatings: Environmental records at the nanoscale[END_REF]. Locally, SiO2(am) can also precipitate from supersaturated solutions at the base of the soil profile (e.g., [START_REF] Alexandre | Plant impact on the biogeochemical cycle of silicon and related weathering processes[END_REF] and is found to form silicretes within the regolith-groundwater system, where it can impregnate the clay-rich matrix and constitute the main cementing phase (e.g., [START_REF] Drees | Silica in soils: Quartz and disordered polymorphs[END_REF][START_REF] Lee | Groundwater geochemistry and composition of hardpans in southwestern Australian regolith[END_REF][START_REF] Basile-Doelsch | Another continental pool in the terrestrial silicon cycle[END_REF][START_REF] Thiry | Interpretation of palaeoweathering features and successive silicifications in the Tertiary regolith of inland Australia[END_REF].

The quantification of B adsorption on SiO2(am) and the determination of the isotopic fractionation accompanying the formation of the B surface species involved in this reaction is therefore fundamental to understand the mechanisms whereby boron fractionates between aqueous solution and weathering products. Considering the relative abundance and high specific surface area of SiO2-rich surface layers it is possible that the isotopic signature of clay minerals and other secondary phases be partly inherited from the boron adsorbed or coprecipitated with pre-existing SiO2(am) coatings.

The determination of the abundance and isotopic composition of the boron adsorbed at the SiO2(am) surface is also of great interest to assess the implication of the adsorption reaction in the incorporation of this element by siliceous micro-organisms (diatoms, sponges and radiolarians). Although the overall process of silicification is very complex and mediated by different biological factors [START_REF] Vrieling | Silicon deposition in diatoms: control by the pH inside the silicon deposition vesicle[END_REF][START_REF] Martin-Jézéquel | Silicon metabolism in diatoms: Implications for growth[END_REF][START_REF] Schröder | Silica transport in the demosponge Suberites domuncula: fluorescence emission analysis using the PDMPO probe and cloning of a potential transporter[END_REF], this study should allow for a better characterization of the reaction pathways that control boron content and isotopic signatures in biogenic silica and could ultimately help to extend the application of the B isotope pH-proxy to siliceous organisms (cf. [START_REF] Eggins | Silica sponges -archives of paleoseawater pCO2? Research School of Earth Sciences[END_REF][START_REF] De Leon | The boron geochemistry of siliceous sponges[END_REF][START_REF] Donald | The pH dependency of the boron isotopic composition of diatom opal (Thalassiosira weissflogii)[END_REF].

To the best of our knowledge the adsorption of boron on silica surfaces was investigated in two distinct studies without the determination of the corresponding B isotope fractionations. [START_REF] Tanifuji | Removal of Borate-Boron from Aqueous Solution Using Its Adsorption to Silica Gel[END_REF] measured the adsorption of B on silica gel as a function of pH and B aqueous concentration using different pH-adjusting metal hydroxides and reported an increased adsorption of B in alkaline-earth solutions compared to alkali metals aqueous solutions. These authors did not characterize the identity of the surface species formed by the adsorbed boron. In another study [START_REF] Kim | 11 B NMR investigation of boron interaction with mineral surfaces: Results for boehmite, silica gel and illite[END_REF] used NMR spectroscopy to characterize the B species adsorbed on the surface of silica gel at different pH's. It was suggested that the adsorption of both trigonal (B3) and tetrahedral (B4) occurs principally as outer-sphere complexes, with the relative abundance of B4 being greater than in solution. Starting from these observations we conducted an experimental study aimed at measuring B adsorption on SiO2(am) in aqueous solutions of NaCl and CaCl2 for the determination of the surface complexes formed by B with amorphous silica surface functional groups and the corresponding isotope fractionation factors. Our results allow to quantify the possible contribution of B adsorption reaction on amorphous silica to the processes of B incorporation into weathering products and provide useful information for a better understanding of the mechanisms that control the B isotopic composition of marine siliceous organisms.

Experimental Methods

Materials and experimental protocol

Reagent grade amorphous silica from Alfa Aesar (silicic acid hydrate, SiO2•0.32H2O) was used in this study. Three different batches of the same powder were repeatedly washed and allowed to settle for half an hour between each washing cycle at the bottom of large glass beakers. Each time the supernatant containing ultrafine particles was removed and the remaining solid was dried in an oven at 60 °C for 6 days. The final silica powder consisted of aggregates of nanoparticles having size of 20-40 nm, as shown by transmission electron microscope (TEM, Jeol JEM-ARM 200F) in Fig. 1. The specific surface area (SSA) of the prepared powders was measured by 11-point BET method using N2 as adsorbate, which provided SSA values of 159-188 m 2 /g with an uncertainty within ± 5%.

A first series of adsorption experiments was conducted using two aqueous solutions of NaCl at a concentration of 0.0065 M and containing either 0.0035 mol/kg of NaHCO3 or 0.0035 mol/kg of Na2CO3. A volume of 500 ml of these two solutions was left in contact with 2 g of the same silica powder and mixed in a shaking bath for three weeks, then filtered with Millipore PTFE filters at 0.20 µm and stored in PET bottles to be used for the experiments. A second series of experiments was conducted using a solution of CaCl2 0.01 M, again preequilibrated with SiO2(am) according to the same protocol, to study the effect of Ca on the amount and isotopic composition of adsorbed boron.

All the experiments were carried out in 50 ml polypropylene (PP) centrifuge tubes at 21 ± 1 °C using 5.5-6 g of silica powder and 25 ml of aqueous solution. The suspensions were continually mixed for at least 24 hours with a tube rotator and the pH adjusted to the desired values by adding small amounts of 0.1 or 1 M NaOH solutions before B addition. Boron stock solutions at 125 ppm were prepared from analytical grade H3BO3 in 0.01 M NaCl and CaCl2 solutions. 1 ml of B stock solution was added to each suspension to obtain an initial concentration of ~5 ppm and replicate the current concentration levels measured in seawater.

After B addition, the suspensions were mixed for a period of 5-6 hours. Although this time interval seemed to be sufficient to attain constant levels of B adsorbed onto the silica powder, a time series in which B was left in contact with the suspension at pH 9 for longer time periods, up to 48 hrs, was conducted to check for possible variations of B adsorbed fraction and isotopic composition. Once the agitation was stopped, the tubes were centrifuged for 15 minutes at a speed of 8500 rpm while keeping a constant temperature of 21 °C within the centrifuge basket. The aqueous solution was collected from each tube with a sterile plastic syringe and filtered using 0.20 µm PTEF filters for chemical and B isotope analyses. Note that the use of 0.20 µm filters was sufficient to prevent significant amount of SiO2(am) particles from being collected within the aqueous solution. Several solution samples were also filtered at 20 nm and measured B and Si concentrations were observed to correspond within uncertainties to those determined in the samples filtered only at 0.20 µm. A separate aliquot of solution was collected immediately after centrifugation without filtering for the pH determination. A Metrohm pH microelectrode calibrated against NIST certified buffers was used for this purpose.

Chemical and isotopic analyses

B, Si and Ca aqueous concentrations were measured by inductively coupled plasma optical emission spectroscopy (ICP-OES) at GET laboratory in Toulouse using a Horiba Ultima 2 spectrometer equipped with a nebulizer and a cyclonic spray chamber made of Teflon and Peek parts to prevent boron contamination and memory effects that would result from the contact of fluid samples with glass components (cf. [START_REF] Sah | Boron determination-a review of analytical methods[END_REF]. The uncertainty of the fluid analyses was generally lower than 2% with detection limits of 7, 10 and 11 ppb for B, Ca and Si, respectively.

Prior to boron isotope analyses, B was extracted from the sample solutions using ion exchange chromatography on gravimetric columns loaded with 50 µL of the anionic resin Amberlite IRA 743, specific to boron. A small aliquot of the sample solution (3 to 150 µL, calculated for 350 ng of B) was diluted to 0.5 mL with high purity water (Milli-Q from Millipore-ThermoScientific) and basified to pH 8-9 with micro-droplets of distilled 4M NH4OH, when needed. The samples were introduced to the chromatography columns preconditioned with Milli-Q water at pH 9. After rinsing the resin with Milli-Q water at pH 9, 2.6 M NaNO3, and Milli-Q water at pH 9 again, the boron was recovered with 50 µL of 0.5 N HNO3 and 600 µL of 0.1 N HNO3. The sample was further diluted with 1.05 mL of Milli-Q water to reach a final B concentration of 200 ppb in 0.05 N HNO3 for isotopic analyses. Total procedure blanks (TPBs) and seawater were also processed for each batch of ten samples. B isotope ratios were measured on the MC-ICP-MS Neptune (ThermoScientific) at IPGP with a micro sample introduction system using a direct injection nebulizer directly plugged in the torch [START_REF] Louvat | μ-dDIHEN: a new micro-flow liquid sample introduction system for direct injection nebulization in ICP-MS[END_REF]. Samples were measured in triplicate and the instrumental mass bias was corrected through standard-sample-standard bracketing (SSB) with the standard reference material NIST SRM 951 [START_REF] Catanzaro | Boric acid: isotopic, and assay standard reference materials[END_REF]. δ 11 B values were directly calculated from the measured 11 B/ 10 B ratios. Sample and bracketing standard concentrations were closely matched to within 5%. Stability and accuracy of the boron isotope ratio measurements were assessed by regularly measuring the standard reference materials BAM AE120, AE121 and AE 122 [START_REF] Vogl | Production and Certification of a Unique Set of Isotope and Delta Reference Materials for Boron Isotope Determination in Geochemical, Environmental and Industrial Materials[END_REF]. Long-term average of δ 11 B measurements of these reference materials at IPGP are -20.31 ± 0.19 ‰ (n=16), 19.58 ± 0.18 ‰ (n=59) and 39.35 ± 0.21 ‰ (n=22) for AE120, AE121 and AE122, respectively (Louvat et al., 2019, errors in 2SD), and agree with the gravimetric reference values (-20.2 ± 0.6 ‰, 19.9 ± 0.6 ‰ and 39.9 ± 0.6 ‰, respectively; [START_REF] Vogl | Production and Certification of a Unique Set of Isotope and Delta Reference Materials for Boron Isotope Determination in Geochemical, Environmental and Industrial Materials[END_REF], and even better with the values measured by [START_REF] Donald | The pH dependency of the boron isotopic composition of diatom opal (Thalassiosira weissflogii)[END_REF]. The δ 11 B values for the seawater NASS aliquots that were processed together with the samples for B extraction were reproducibly measured at 39.65 ± 0.25 (2SD, n=5) in perfect agreement with the seawater δ 11 B value proposed by [START_REF] Foster | Boron and magnesium isotopic composition of seawater[END_REF]. The average δ 11 B values and errors (expressed as 2 standard deviation) given for each sample in Table 5 are calculated from the five δ 11 B values determined by the triplicate SSB analysis [START_REF] Louvat | A fully automated direct injection nebulizer (d-DIHEN) for MC-ICP-MS isotope analysis: application to boron isotope ratio measurements[END_REF].

Boron sorption modelling

Boron sorption at the amorphous silica surface was modelled using the triple-layer model (TLM) originally developed by [START_REF] Yates | Site-binding model of the electrical double layer at the oxide/water interface[END_REF] and [START_REF] Davis | Surface ionization and complexation at the oxide/water interface II. Surface properties of amorphous iron oxyhydroxide and adsorption of metal ions[END_REF] to describe the adsorption of metal ions at the oxide/water interface. A large number of studies adopted and modified the TLM to interpret the adsorption of ions on different solids and in particular on silica surfaces (e.g., [START_REF] Schindler | The surface chemistry of oxides, hydroxides, and oxide minerals[END_REF][START_REF] Kosmulski | Adsorption of cadmium on alumina and silica: Analysis of the values of stability constants of surface complexes calculated for different parameters of triple layer model[END_REF]Sahai and Sverjensky, 1997a;[START_REF] Icenhower | Water behavior at silica surfaces[END_REF][START_REF] Berka | Surface Complexation Modeling of K + , NO3 -, SO4 2-, Ca 2+ , F -, Co 2+ , and Cr 3+ Ion Adsorption on Silica Gel[END_REF][START_REF] Sverjensky | Prediction of the speciation of alkaline earths adsorbed on mineral surfaces in salt solutions[END_REF][START_REF] Carroll | Surface complexation model for strontium sorption to amorphous silica and goethite[END_REF].

According to the TLM, the adsorption of ions at the aqueous solution-solid interface takes place at three idealized mean planes (0-, β-and d-plane), which define the electrical double-layer (EDL) and the diffuse layer where aqueous species and electrolyte ions adsorb to form inner-sphere and outer-sphere complexes and neutralize the charge developed at the solid surface. Within this formalism the sorption of protons and hydroxyl groups is located at the 0-plane, whereas the adsorption of the other ions occurs between the 0-plane and the βplane and occasionally at the d-plane (cf. [START_REF] Sverjensky | Prediction of the speciation of alkaline earths adsorbed on mineral surfaces in salt solutions[END_REF]. The surface charges (σi) and potentials (ψi) developed at these planes are related by the integral capacitance C1 and C2 [F/m 2 ] of the intervening charged layers according to the following equations:

σ0 = C1(ψ0 -ψβ) (1) σβ = C2(ψβ -ψd) , (2) 
where C1 and C2 are assumed to be constant. The reactions and EDL parameters that define the TLM used in the present study to describe the SiO2(am) surface speciation are summarized in Table 1. For the silanol groups (>SiOH 0 ) that constitute the SiO2(am) reactive sites, the reactions of protonation and deprotonation can be expressed as follows:

>SiOH 0 + H + = >SiOH2 + (3) >SiOH 0 = >SiO -+ H + . ( 4 
)
for which the corresponding equilibrium constants are defined by:

= ) • - , (5) 
= • - , ( 6 
)
where F is the Faraday constant, R is the gas constant, the curly brackets identify the concentration of the indicated surface species and designates the activity of H + . Note that the values of the intrinsic constants of formation of the surface species involved in the model (Table 1) were taken from the literature, except for the value of the constant of deprotonation of the silanol groups ( -) and the constant of formation of Ca surface complexes, which were obtained by fitting of our experimental data. The use of a fitted value for this Log In modelling the B adsorption data both trigonal and tetrahedral B surface species were allowed to form at the SiO2(am)-interface, in accord with the adsorption scheme adopted for Fe and Mn-oxides [START_REF] Lemarchand | How surface complexes impact boron isotope fractionation: Evidence from Fe and Mn oxides sorption experiments[END_REF]. In terms of the basic thermodynamic species the formation of these surface complexes can be therefore described by the following reactions:

>SiOH 0 + B(OH)3 0 = >SiOB(OH)2 0 + H2O (7)

>SiOH 0 + B(OH)3 0 = >SiOH2 + -BO(OH)2 - (8) >SiOH 0 + B(OH)3 0 = >SiOB(OH)3 -+ H + (9) >SiOH 0 + B(OH)3 0 + H2O = >SiOH2 + -OB(OH)3 2-+ H + (10)
where >SiOB(OH)2 0 and >SiOH2 + -BO(OH)2 -represent respectively the trigonal (B3) innersphere and outer-sphere surface complexes and >SiOB(OH)3 -and >SiOH2 + -OB(OH)3 2-are the tetrahedral (B4) inner-sphere and outer-sphere complexes. The existence of trigonal and tetrahedral B surface species forming both inner-and outer-sphere complexes was suggested by 11 B MAS NMR analyses conducted by [START_REF] Kim | 11 B NMR investigation of boron interaction with mineral surfaces: Results for boehmite, silica gel and illite[END_REF] on B adsorbed onto silica gel.

The intrinsic constants of formation of the four B surface species defined above are expressed by the following equations:

!"# $ = !( ) • &(' ) ( - (11) !"#)$ = #!( ) • &(' ) ( - ( # * ) (12) !+# $ = !( ) ( • • &(' ) ( - (13) 
!+#)$ = # !( ) ( • • &(' ) ( - ( #, * ) , ( 14 
)
where the curly brackets designate the concentration of the indicated surface species and ai correspond to the activity of the subscripted aqueous species. The determination of the intrinsic stability constants of the B surface species was accomplished by iterative modelling of the adsorption data with Visual Minteq v.3.1 [START_REF] Gustafsson | Visual MINTEQ (v3.1). A Windows version of MINTEQA2[END_REF] and its integrated PEST optimization procedure [START_REF] Doherty | PEST. Model-independent parameter estimation[END_REF]. The code provided at the same time the distribution of all adsorbed and dissolved aqueous species that describe our system. Before starting the modelling calculations the constant of formation of the aqueous complex NaHSiO3 0 (log K = -8.30; [START_REF] Johnson | SUPCRT92: A software package for calculating the standard molal thermodynamic properties of minerals, gases, aqueous species and reactions from 1 to 5000 bar and 0 to 1000[END_REF] was added to the thermodynamic database, as a significant fraction aqueous silica is predicted to be present as this complex at basic pH. The inner and outer capacitances, C1 and C2, were used as fitting parameters and fixed respectively to values of 2.2 and 0.05 F/m 2 , which provide the best fit of all data and are within the interval of values typical of the silica-water interface (cf. Kosmulsky et al., 1999;[START_REF] Sverjensky | Interpretation and prediction of triple-layer model capacitances and the structure of the oxide-electrolyte-water interface[END_REF][START_REF] Carroll | Surface complexation model for strontium sorption to amorphous silica and goethite[END_REF]. The total surface site density of the silanol groups was assumed to be equal to 4.6 nm -2 , in agreement with several other studies that investigated and modelled sorption reactions at the amorphous silica/water interface (e.g., Sahai and Sverjensky 1997a;Zhuvralev, 2000;[START_REF] Sverjensky | Prediction of the speciation of alkaline earths adsorbed on mineral surfaces in salt solutions[END_REF][START_REF] Carroll | Surface complexation model for strontium sorption to amorphous silica and goethite[END_REF].

Isotopic calculations

The isotopic composition of the boron adsorbed at the amorphous silica surface (δ 11 Bads)

was deduced from the isotopic ratio measured in the aqueous samples (δ 11 Bsol) according to the following mass conservation equation:

-B /$ 00 = 1 2 #1 2 345 ⋅ (0#6) 77 77 6 , ( 15 
)
where δ 11 B0 represents the isotopic composition of the initial boron stock solution and X corresponds to the measured fraction of adsorbed B derived from aqueous solution analyses according to:

8 = [!] #[!] 345 [!] , (16) 
where ) , was calculated for each data point by the following expression (cf. [START_REF] Johnson | Overview and general concepts[END_REF]:

αads-sol = exp 1 ! ;<3 #1 ! 345 77 77 0>>> = exp ∆ ! ;<3 345 77 0>>> . ( 17 
)
Assuming the formation of the four surface species defined by reactions (7-10), a boron isotope fractionation factor between each surface complex and aqueous boric acid can be defined according to:

@ !"# $ = ( !/ 77 ! 7 ) ABC'&(' ) ( !/ 77 ! 7 ) &(' ) ( , ( 18a 
) @ !"#)$ = ( !/ 77 ! 7 ) ABC' &'(' ) ( !/ 77 ! 7 ) &(' ) ( , (18b) 
@ !+# $ = ( !/ 77 ! 7 ) ABC'&(' ) ( ( !/ 77 ! 7 ) &(' ) ( , (18c) 
@ !+#)$ = ( !/ 77 ! 7 ) ABC' '&(' ) ( ( !/ 77 ! 7 ) &(' ) ( (18d) 
The overall B isotopic fractionation factor between the amorphous silica surface and the aqueous solution can be expressed as a function of the fraction of the different B surface complexes and their fractionation factors relative to boric acid according to (cf. [START_REF] Lemarchand | How surface complexes impact boron isotope fractionation: Evidence from Fe and Mn oxides sorption experiments[END_REF][START_REF] Saldi | Boron isotopic fractionation during adsorption by calcite -Implication for the seawater pH proxy[END_REF]:

@ /$#$)D = ∑[ #! C •F &G H ] I!( ) ( JK[!(LM)] N •F O ( • I!( ) ( JK[!(LM)] N ∑ #! C , ( 19 
)
where > QRS -T stands for the concentration of the ith surface complex formed by B with the silica functional groups (reactions 7-10); @ !U#V represents the B fractionation factor between the ith surface complex and boric acid, with the subscript j defining the adsorbed B species coordination (3 or 4) and z identifying either an inner-sphere (is) or an outer-sphere (os) complex (Eq. 18a-d); @ +#" is the fractionation factor between the borate ion and boric acid, and [T(WX)] Y is the concentration sum of all dissolved tetrahedral B species present in the aqueous solution: T(SZ) + # , [ T(SZ) + > , and \ T(SZ) + K .

Modeled αads-sol values were obtained from the experimentally measured α values and the calculated distribution of B aqueous and surface species by a least square fitting of Eq. ( 19), using @ !"# $ , @ !"#)$ , @ !+# $ and @ !+#)$ as fitting parameters for a fixed value of α4-3 (see below).

Results

B adsorption envelopes

The results of B adsorption on amorphous silica as a function of pH in 0.01 M NaCl and CaCl2 aqueous solutions are reported on the plots of Fig. 2 and summarized in Table 2 and3.

The distributions of the B adsorption data as a function of pH are bell-shaped, with maximum adsorbed B amounts at pH ≈ 9. The percentage of adsorbed boron varies between 8 and 41 % in NaCl solutions with maximum values (Bads = 7.5-9.7 µg/g) at 8.6< pH< 9.5, whereas it is 1.2 to 3 times higher in CaCl2 solutions, varying between 12 and 65 %, with the highest adsorbed amounts (Bads = 12.2-15.3 µg/g) at 8.2< pH< 9.1. This observation is consistent with the reported increase of B adsorbed on silica gel in alkaline earth metal-bearing solutions relative to Na-and K-bearing solutions [START_REF] Tanifuji | Removal of Borate-Boron from Aqueous Solution Using Its Adsorption to Silica Gel[END_REF]. The results of additional three experiments in 0.01 M NaCl at pH=9, where added boron was left in contact with the SiO2(am) suspension for 5.5, 24 and 48 hours, show that the extent of adsorption increased by 24 % after 24 h and 32 % after 48 h. The apparent increase of adsorption with time is believed to be due to deagglomeration of the SiO2 powder and the subsequent increase of the interfacial surface area. The isotopic analysis of these samples show, however, that boron fractionation factor between amorphous silica and the fluid was not affected by the increase of adsorption extent within analytical uncertainties, as shown on the plot of Fig. 3b.

It must be noted that the surface area-normalized adsorption values reported in the Tables and Fig. 2 are 4-5 times lower than those measured on calcite [START_REF] Goldberg | Boron sorption on calcareous soils and reference calcites[END_REF][START_REF] Saldi | Boron isotopic fractionation during adsorption by calcite -Implication for the seawater pH proxy[END_REF] but also lower than the amounts adsorbed on various soil samples, clay minerals and Fe-oxides (cf. [START_REF] Goldberg | Boron Adsorption and Silicon Release by the Clay Minerals Kaolinite, Montmorillonite, and Illite[END_REF][START_REF] Goldberg | Boron adsorption mechanisms on oxides, clay minerals and soils inferred from ionic strength effects[END_REF][START_REF] Lemarchand | How surface complexes impact boron isotope fractionation: Evidence from Fe and Mn oxides sorption experiments[END_REF][START_REF] Gaillardet | Boron in weathering environment[END_REF][START_REF] Santos Dos | Modeling boron adsorption on five soils before and after removal of organic matter[END_REF], indicating the relatively low affinity of B for SiO2(am) surfaces.

B isotopic data

The results of boron isotope analyses for the sorption experiments conducted in NaCl and CaCl2 aqueous solutions are reported in Table 4. 

B adsorption modelling

B adsorption models in NaCl solutions

In modelling the B adsorption data within the single site TLM we considered i) the adsorption of Na + at the β-plane (reaction 3 in Table 1) using the intrinsic constant value from Komulski (1997), which accounts for the Na sorption observed in our experiments, and ii) the formation of B3 and B4 surface species, present both as inner-sphere and outer-sphere complexes, as described by reactions (7-10). Our results allow to exclude the presence of outer-sphere trigonal B complexes [>SiOH2 + -BO(OH)2 -] but suggest the formation of the inner-sphere trigonal species, >SiOB(OH)2 0 , along with inner-and outer-sphere tetrahedral surface species, >SiOB(OH)3 -and >SiOH2 + -B(OH)3 -. The modelling of the data involved the fitting of the silanol deprotonation constant, -, which was optimized to reach the best agreement between the measured adsorption envelope and the models considered. It has to be noted that five data points were excluded from the fitting procedure (empty symbols in Fig. 2a) as they represent either independent replicate values that differ significantly from other data obtained at the same pH and from the main distribution, or values that compromised the numerical convergence of the model and were possibly affected by some experimental artifact.

The values of the intrinsic stability constants determined for the B surface complexes are reported in Table 5 and were obtained for Log -= -11.0. The good agreement between the model predictions and the experimental data (R=0.99) can be viewed in the plot of Fig. 2a (dashed blue line). The derived distribution as a function of pH of the B species involved in the adsorption process is illustrated in Fig. 4a. The trigonal surface species is dominant in the near-neutral pH region, up to pH 7.5, whereas the inner-sphere B4 surface complex is the most abundant species at more alkaline pH's, with a maximum concentration at pH ~ 9.2. The relative concentration of the outer-sphere B4 complex increases with pH reaching values of 35-38 % between pH 10.5 and 12.0. The formation of B4 outer-sphere complexes is consistent with the interpretation of NMR measurements by [START_REF] Kim | 11 B NMR investigation of boron interaction with mineral surfaces: Results for boehmite, silica gel and illite[END_REF] and may also be expected owing to the low dielectric constant of amorphous silica relative to other solids (cf. [START_REF] Sverjensky | Prediction of the speciation of alkaline earths adsorbed on mineral surfaces in salt solutions[END_REF] 1 . However, the validity of this model must be ultimately confirmed by the consistency of the corresponding isotope fractionation factors calculated for the modelled B surface species ( § 3.4).

An adsorption model involving the formation of only inner-sphere surface species was also tested and provided log Kint values equal to -0.56 ± 0.23 and -7.64 ± 0.06 for, respectively, the trigonal [>SiOB(OH)2 0 ] and tetrahedral [>SiOB(OH)3 -] surface complexes. It can be seen on the plot of Fig. 2a (continuous green line) that the agreement of this model with the data (R=0.98) is as good as the one achieved by the three-species model and no real difference exists between the two. Note that according to the two-species model the concentration of the trigonal B complex is ~ 25% lower than predicted by the three-species model that includes the formation of an outer-sphere tetrahedral complex (Fig. 4b).

B adsorption model in CaCl2 solutions

The accurate determination of B intrinsic stability constants in CaCl2 solutions required a new estimate of the constants of Ca adsorption at the silica surface such that they could describe the drop of Ca aqueous concentration observed in our experiments (Table 3).

Previous studies described the adsorption of Ca on amorphous SiO2 with the formation, as in the case of Na sorption, of mononuclear complexes at the β-plane according to:

>SiOH 0 + Ca 2+ = >SiO --Ca 2+ + H + , ( 20 
)
providing log Kint values ranging from -6.9 for silica gel at 20 °C [START_REF] Berka | Surface Complexation Modeling of K + , NO3 -, SO4 2-, Ca 2+ , F -, Co 2+ , and Cr 3+ Ion Adsorption on Silica Gel[END_REF] to -5.2 for amorphous silica between 15 and 35°C [START_REF] Kosmulski | Co-adsorption of mono-and multivalent ions on silica and alumina[END_REF]. The adoption of this reaction with the reported equilibrium constant values greatly underestimate the extent of Ca adsorption observed in our experiments and prevents a good description of B adsorption data.

In modelling Ca adsorption on SiO2, Sverjenski ( 2006) considered the alternate formation of two, both protonated and non-protonated, tetranuclear species but also showed that the presence of Ca species at the d-plane could account for a significant fraction of adsorbed Ca, particularly at low ionic strengths (see also [START_REF] Pivovarov | Diffuse sorption modeling: Ionic adsorption on silica[END_REF]. Subsequently, in addition to reaction (20) we also considered the following surface reaction describing the formation Ca species at the d-plane:

>SiOH 0 + Ca 2+ = >SiO -•••Ca 2+ + H + (21)
The combination of reaction ( 20) and ( 21) allows a better description of the amount of Ca adsorbed as a function of pH than reaction (20) alone (Fig. 5), with log Kint values for reaction (20) and ( 21) of -3.8 ± 0.4 and -6.5 ±0.5, respectively.

Taking account of the intrinsic constants obtained for the formation of Ca surface complexes, the distribution of the B adsorption data as a function of pH can be described by the formation of an inner-sphere tetrahedral surface species [>SiOB(OH)3 -] according to reaction (9) and a [>SiO --CaB(OH)4 + ] surface complex, which accounts for less than 23 % of total adsorbed boron and is described by the following reaction:

>SiO-Ca 2+ + B(OH)4 -= >SiO --CaB(OH)4 + (22)
The values of the formation constants of these two surface complexes are reported in Table 5 and the resulting B adsorption model is illustrated in the plot of Fig. 2b, whereas the corresponding distribution of the two surface species as a function of pH is shown in Fig. 4c.

Note that the introduction of an outer-sphere B-complex would lead to a poorly constrained value of KB4-os and a poor agreement between the model and the data. For the same reason the adsorption of boric acid was not considered.

Boron isotopic fractionation modelling

The B fractionation factors of tetrahedral and trigonal surface species relative to dissolved boric acid were determined from the overall experimental B fractionation factors via a least square fitting method using Eq. ( 19). The values of the fractionation factors relative to the identified adsorbed species -@ !"# $ , @ !+# $ and @ !+#)$ -were incrementally varied to obtain the best fit curve that minimized the residual sum of squares between the model and the data.

In modelling the experimental data, a choice on the value of the fractionation factor between borate ion and boric acid (@ +#" ) has to be made. Different values of @ "#+ , ranging from 1.025 to 1.031 were determined and adopted in previous studies (e.g., Liu and Tossel, 2005;[START_REF] Klochko | Experimental measurement of boron isotope fractionation in seawater[END_REF][START_REF] Noireaux | Crystallographic control on the boron isotope pH proxy[END_REF][START_REF] Nir | Direct measurement of the boron isotope fractionation factor: reducing the uncertainty in reconstructing ocean paleo-pH[END_REF][START_REF] Kaczmarek | Investigating the effects of growth rate and temperature on the B/Ca ratio and δ 11 B during inorganic calcite formation[END_REF][START_REF] Saldi | Boron isotopic fractionation during adsorption by calcite -Implication for the seawater pH proxy[END_REF][START_REF] Farmer | Boric acid and borate incorporation in inorganic calcite inferred from B/Ca, boron isotopes and surface kinetic modeling[END_REF]. While there is no clear evidence about the sensitivity of @ "#+ to ionic strength and aqueous solution composition, the fractionation factor determined by [START_REF] Klochko | Experimental measurement of boron isotope fractionation in seawater[END_REF] for synthetic seawater (@ "#+ = 1.0272; @ +#" = 0.9735) is one of the most used, particularly in the study of marine carbonates, but can be representative as well of more dilute solutions (cf. Liu and Tossel, 2005;[START_REF] Rustad | Calculation of boronisotope fractionation between B(OH)3(aq) and B(OH)4 -(aq)[END_REF][START_REF] Nir | Direct measurement of the boron isotope fractionation factor: reducing the uncertainty in reconstructing ocean paleo-pH[END_REF]. For sake of comparison with other works and our previous study on calcite [START_REF] Saldi | Boron isotopic fractionation during adsorption by calcite -Implication for the seawater pH proxy[END_REF] this value of @ "#+ was adopted in our analysis.

The results of the models for the data obtained in NaCl and CaCl2 solutions are displayed on the plots of Fig. 6 and the corresponding values of the fractionation factors between each surface species and boric acid are listed in Table 5. For the NaCl solutions the calculated curve describing the variation with pH of the B overall fractionation factor was obtained for @ !"# $ = 0.9849 (± 0.0030), @ !+# $ = 0.9589 (± 0.0024) and @ !+#)$ = 0.9861 (± 0.0024) in the case of the model including both inner-and outer-sphere B4 complexes (Fig. 6a), whereas for the other model (Fig. 6b) the calculated values of the two inner-sphere complexes were @ !"# $ = 0.9841 (± 0.0025) and @ !+# $ = 0.9685 (± 0.0020). It should be noted that the choice of a different value of @ "#+ would have a limited impact on the modeled B isotope fractionation values of the adsorbed species. For @ "#+ = 1.031, corresponding to the value proposed by [START_REF] Klochko | Experimental measurement of boron isotope fractionation in seawater[END_REF] for pure water, the fractionation factors of trigonal and tetrahedral B adsorbed species would be, respectively, 2‰ and 1.5 ‰ smaller than calculated for @ "#+ = 1.027.

In the CaCl2 solutions (Fig. 6c) the inner-sphere tetrahedral surface complex fully accounts for the measured B fractionation at pH≤ 8.2 with a fractionation factor relative to aqueous borate equal to -6.5 ‰ (@ !+# $ = 0.9671 ± 0.0017). At pH > 8.2, in addition to the tetrahedral inner-sphere complex, the formation of the surface complex >SiO --CaB(OH)4 + accounts for more than 5% of the adsorbed B fraction and contributes to the overall fractionation with a value of its fractionation factor comprised between that of @ !+# $ and @ +#" . Although the number of data points does not allow for a precise estimate of its fractionation factor, this complex should not be lighter than 1.5-2.0 ‰ relative to the borate ion in solution. The model of Fig. 6c was obtained assuming a fractionation of -1.1 ‰ with respect to aqueous B(OH)4 - (@ ^ #!+ = 0.972).

The modelled values of the B fractionation factor in NaCl solutions indicate a substantial change of isotopic composition between the species adsorbed at the silica surface and the aqueous fluid. In the three-species model both inner-sphere trigonal and tetrahedral B surface complexes are more than 14 ‰ lighter than their dissolved counterparts, whereas the outersphere tetrahedral complex, >SiOH2-OB(OH)3 2-, is predicted to be heavier by almost 13‰ than B(OH)4 -in solution. For the two-species model, involving the formation of two innersphere surface complexes, the fractionation factors between adsorbed B3 and B4 species and their dissolved counterparts are equal to ~ -16 and -5 ‰, respectively. It must be noted that the isotopic composition of the adsorbed B4 complex is in this case similar to that obtained for CaCl2 solutions. This model (Fig. 6b) provides a less accurate fit to the measured isotopic fractionation compared to the model involving both inner-and outer-sphere B4 species (Fig. 6a), particularly at 8 ≤ pH < 9 and at very alkaline pH, but does not present the strong contrast in fractionation between the inner-sphere and the outer-sphere tetrahedral species (~27 ‰ difference). These two species having the same coordination, such a difference in isotopic composition makes the model rather improbable.

The evident differences in the B surface complexation behavior and the accompanying isotopic fractionation between NaCl and CaCl2 solutions point to the contrasting effect of dissolved alkaline and alkali-earth chlorides on the silica surface properties (see § 4.1.2).

Discussion

The adherence of the B isotope fractionation models presented above to the experimental data relies upon i) the accuracy of the interpretation of the adsorption data, i.e., the probability of formation of the postulated B surface species and ii) the relevance of the values assigned to the fractionation factors of these species. These two critical aspects of the data interpretation are discussed below.

The accuracy of boron adsorption models

Silanol groups deprotonation constant

To generate a model that could properly account for the measured values of B adsorption we had to use a self-consistent set of intrinsic constants that define the speciation at the SiO2(am)/fluid interface. This involved the derivation of a value of the deprotonation constant of the silanol groups ( ) operating both in NaCl and CaCl2 solutions, and a new value for the constant of Ca adsorption on the silica surface. Except for these two surface reactions, the other constants reported in Table 1 are consonant with most literature data and, with the exclusion of the Na surface complex, their variation does not significantly affect the results of the model. The use of a fitted value for the deprotonation constant of the silanol groups was made necessary by the lack of coherence between measured and modelled sorption envelopes when adopting the values provided by different literature works, which range between 10 -5.7 and 10 -9.6 (cf. [START_REF] Bousse | Surface potential-pH characteristics in the theory of the oxide-electrolyte interface[END_REF][START_REF] Persello | Surface and Interface Structure of Silicas[END_REF][START_REF] Icenhower | Water behavior at silica surfaces[END_REF]Carrol et al., 2002;[START_REF] Fraysse | Surface properties, solubility and dissolution kinetics of bamboo phytoliths[END_REF]Carrol et al, 2008). The observed discrepancy was particularly evident in the different position of the adsorption maximum between measured and calculated B adsorption envelopes in NaCl solutions, which strongly depends on the selected p value.

The p value that best describes the distribution of B adsorption data (p = 11.0) may look unrealistically high compared to most values reported in the literature.

However, several considerations support the validity of the value selected in this study.

It is known from several experimental and computational studies that the deprotonation constant of silanol groups ( ) on various silica surfaces is not unique but exhibits a range of values that are function of the silanol chemical connectivity and inter-silanol hydrogen bonding (e.g., [START_REF] Ong | Polarization of water molecules at a charged interface: second harmonic studies of the silica/water interface[END_REF][START_REF] Leung | Elucidating the Bimodal Acid-Base Behavior of the Water-Silica Interface from First Principles[END_REF][START_REF] Sulpizi | The Silica-Water Interface: How the Silanols Determine the Surface Acidity and Modulate the Water Properties[END_REF]. The deprotonation constants of silica surfaces determined by surface titration or other surface sensitive techniques are likely to be the result of the contribution of different coexisting types of silanol groups (isolated, vicinal, geminal, H-bonded), each of which is characterized by a specific p value. In the case of amorphous silica and pure water, the ab-initio molecular dynamics study by Pfeiffer-Laplaud et al. (2016) reported p values equal to 8.9, 10.3 and 16.2 for geminal, isolated and vicinal silanols, respectively. The relative proportion of silanol groups bearing different coordination and acid character depends on the interfacial water structure and accessibility, which is also influenced by the nature and concentration of the electrolytes [START_REF] Dove | Surface charge density on silica in alkali and alkaline earth chloride electrolyte solutions[END_REF][START_REF] Azam | Specific Cation Effects on the Bimodal Acid-Base Behavior of the Silica/Water Interface[END_REF][START_REF] Dellostritto | Effect of Ions on H-Bond Structure and Dynamics at the Quartz (101)-Water Interface[END_REF][START_REF] Rimsza | Interaction of NaOH solutions with silica surfaces[END_REF]. At the quartz/water interface, for example, the presence of both Na + and Cl -ions has the combined effect of weakening the silanol-silanol intrasurface H-bond network, thus reducing the overall silanol acidity relative to pure water (Pfeiffer-Laplaud and Gaigeot, 2016).

Additional factors that contribute to the determination of silica surface acidity are the degree of hydration of the starting solid and the concentration of the suspension. The relatively high SiO2(am)/aqueous solution ratio of our equilibrium suspension (~ 220 g/L) and the small silica particle size can favor the aggregation and condensation of particles via siloxane bonds (Si-O-Si) formation, despite the presence of repulsive ionic charge (cf. [START_REF] Iler | The chemistry of silica. Solubility, polymerization, colloid and surface properties and biochemistry[END_REF]. This process increases the hydrophobic character of SiO2(am) lowering the overall surface acidity (cf. [START_REF] Hassanali | The Dissociated Amorphous Silica Surface: Model Development and Evaluation[END_REF].

The amorphous silica powder used in our study has the same origin and protocol preparation as that used by [START_REF] Stamm | The experimental determination of equilibrium Si isotope fractionation factors among H4SiO4°, H3SiO4and amorphous silica (SiO2•0.32 H2O) at 25 and 75 °C using the three-isotope method[END_REF], who determined an overall H2O content of ~ 8.7 weight %, corresponding to the chemical formula SiO2•0.32H2O. As a term of comparison, the value of the p determined by [START_REF] Fraysse | Surface properties, solubility and dissolution kinetics of bamboo phytoliths[END_REF] for a more hydrated silica (SiO2•2.2H2O) in a NaCl 0.01 M suspension of 20g/L is equal to 7.7. The three orders of magnitude difference relative to the value adopted in our modelling work indicates that the original hydration of the SiO2 surface as well as the concentration of the suspension are critical factors in the determination of the acid-base properties of amorphous silica.

The combined effect of the above-mentioned factors expands the range of possible values for silica protonation/deprotonation reaction constant. Our fitted p value thus falls within the range of the acidity constants expected for surface silanol groups and can be related to a high hydrophobic character of the SiO2(am) suspensions. As such, this value must be considered as strictly representative of the experimental conditions of this work.

Effect of the background electrolyte on B surface speciation

The striking differences in the B surface complexation behavior between the two background electrolyte solutions can be explained by the distinct effect of Na + and Ca 2+ ions on the electrostatic properties of the SiO2(am)/water interface. The effect of alkali and alkaliearth metal ions on the silica/water interface properties is manifested by a relative increase of negative surface charges [START_REF] Karlsson | Surface Charge Concentrations on Silica in Different 1.0 M Metal-Chloride Background Electrolytes and Implications for Dissolution Rates[END_REF][START_REF] Dove | Surface charge density on silica in alkali and alkaline earth chloride electrolyte solutions[END_REF] and the perturbation of the interfacial water structure brought about by the adsorption of these cations [START_REF] Azam | Specific Cation Effects on the Bimodal Acid-Base Behavior of the Silica/Water Interface[END_REF][START_REF] Dewan | Structure of Water at Charged Interfaces: A Molecular Dynamics Study[END_REF][START_REF] Dellostritto | Effect of Ions on H-Bond Structure and Dynamics at the Quartz (101)-Water Interface[END_REF][START_REF] Rimsza | Interaction of NaOH solutions with silica surfaces[END_REF][START_REF] Rimsza | Mechanisms of Silica Fracture in Aqueous Electrolyte Solutions[END_REF]. Because of their lower charge density, monovalent cations such as Na + promote much less negative charge at the silica surface than divalent cations, such as Ca 2+ . This difference also reflects the stronger solvent-structuring character of Ca 2+ relative to Na + and the consequent increased H2O ordering within the interfacial structure in CaCl2 solutions [START_REF] Dove | Surface charge density on silica in alkali and alkaline earth chloride electrolyte solutions[END_REF].

The higher negative charge density developed in CaCl2 solutions, the higher charge screening effect operated by Ca 2+ ions, together with the slight increase in ionic strength, are expected to increase the stability of the inner-sphere configuration at the expense of the outersphere complexes (cf. [START_REF] Sparks | Environmental Soil Chemistry[END_REF][START_REF] Sverjensky | Anion Adsorption on Oxide Surfaces: Inclusion of the Water Dipole in Modeling the Electrostatics of Ligand Exchange[END_REF][START_REF] Dellostritto | Effect of Ions on H-Bond Structure and Dynamics at the Quartz (101)-Water Interface[END_REF].

Our model, excluding the formation of negatively charged outer-sphere B4 complexes in CaCl2 solutions is, therefore, consistent with the general observations gathered from other studies. In addition, the higher extent of B adsorption in CaCl2 indicates that the formation of B4 inner-sphere complex is stronger than in NaCl solutions of the same molality, where part of the tetrahedral boron might be adsorbed as less stable outer-sphere complex. With regard to the exclusion of trigonal boron from the adsorbed species, it can be as well related to the high negative charge density of silica surface functional groups, requiring an increased amount of excess counterions (Ca 2+ , and also Na + ) to balance that charge [START_REF] Bohinc | Thickness of electrical double layer. Effect of ion size[END_REF][START_REF] Sparks | Environmental Soil Chemistry[END_REF], thus preventing the specific adsorption of neutrally charged B3 (cf. [START_REF] Santos Dos | Modeling boron adsorption on five soils before and after removal of organic matter[END_REF]. According to our model the negative surface charge density at the 0-plane in CaCl2 solutions is indeed 25-100 times higher compared to NaCl solutions at pH < 8.5, where most of trigonal B is adsorbed, confirming the hypothesis of B surface speciation control by the surface charge and SiO2(am)/water interface structure. In addition, note that in the NaCl medium the net surface charge at the 0-plane is predicted to become positive at pH < 6.5, whereas it is always negative in the CaCl2 medium within the studied pH range (6-12).

Finally, the robustness of our model for CaCl2 solutions is supported by the isotopic composition of adsorbed B as a function of pH (Figs. 3 & 6), which is described by the only adsorption of borate ions.

Boron isotope fractionation factors between adsorbed and dissolved species

The boron isotope fractionation factors calculated for the surface complexes inferred from the proposed adsorption models show that high extents of fractionation are required for both trigonal and tetrahedral boron species to explain our isotopic data in 0.01 M NaCl solutions.

For the three-species model, although with uncertainties of 2-4 ‰, the inner sphere complexes of trigonal and tetrahedral boron are lighter than their dissolved counterparts by 15 ‰, whereas the outer-sphere tetrahedral complex is 13 ‰ heavier than dissolved borate ions, implying a fractionation of ~27 ‰ between the two adsorbed tetrahedral species. Such a large difference in the isotopic composition of two adsorbed species bearing the same coordination is highly unrealistic, as it would also involve a compositional difference of over 10 ‰ for the same species [>SiOB(OH)3 -] between solutions of NaCl and CaCl2. This discrepancy cannot be accounted for by the relative differences in surface charge and interfacial water structure of the two suspensions. This suggests that the two-species model provides a more accurate representation of B adsorption on the SiO2(am) surface, despite a slightly lower agreement with the experimental data distribution (Fig. 6). In this case the calculated fractionation factor between adsorbed and dissolved B(OH)3 is equal to -16 ‰, whereas the inner-sphere B4 complex is 5 ‰ lighter than aqueous B(OH)4 -. The fractionation factor found for the inner sphere tetrahedral complex is thus consistent with that obtained for the same surface species in CaCl2 solutions, which is equal to -6.5 ‰.

For the CaCl2 solutions we postulated the presence of a Ca-borate surface species formed by B(OH)4 -complexation with Ca 2+ adsorbed at the β-plane of the SiO2(am)-water interface.

According to our model this surface complex should have a B isotopic composition that is intermediate between the inner-sphere B4 complex and dissolved borate ion. This can be explained by the weaker interaction with the charged surface and the lower degree of B(OH)4 - -bond distortion between the β-and d-planes relative to the 0-plane where the inner-sphere B4 species are formed. Note that the formation of this complex is supported by the increase of B adsorption on silica gel with increasing CaCl2 concentration observed by [START_REF] Tanifuji | Removal of Borate-Boron from Aqueous Solution Using Its Adsorption to Silica Gel[END_REF].

Assessing the implication of adsorption reactions in the B isotopic composition of secondary silicates and siliceous organisms

This study provides new information on B isotope fractionation during the interaction of this element with amorphous silica surface sites. Because of the diffuse presence of SiO2(am)rich surface coatings on altered mineral surfaces, the adsorption of boron on SiO2(am) could contribute to its incorporation in secondary silicate minerals forming in weathering environments. Moreover, the knowledge of B adsorption mechanisms on SiO2(am) can help us to understand the role of this reaction in the boron uptake by growing marine siliceous organisms.

As reported by several studies, the boron adsorbed or incorporated by clay minerals and other secondary phases is generally enriched in 10 B, leading to negative fractionation values relative to the aqueous solutions (cf. Gaillardet andLemarchand, 2018, Noireaux et al., 2021) and boron contents that can vary between few tens of ppm to 300 ppm or more (e.g., [START_REF] Hu | Upper crustal abundances of trace elements: A revision and update[END_REF][START_REF] Williams | Boron isotope geochemistry during diagenesis. Part II. Applications to organic-rich sediments[END_REF][START_REF] Noireaux | Developing boron isotopes to elucidate weathering in the critical zone[END_REF], depending on the original environmental conditions. The negative fractionation values that accompany B adsorption on amorphous silica may suggest that this reaction assists the incorporation of boron in neoforming clay minerals and other SiO2-rich weathering products. However, the comparatively small amounts of boron adsorbed at the SiO2(am) surface in our experiments (~2-15 ppm) may indicate that the contribution of this reaction to the fixation of boron by secondary silicates is limited.

Some observations can also be made by comparing our experimental results with the data of different siliceous materials. Reported δ 11 B values in diatoms and radiolarians, including the diatoms from experimental cultures, fall between -5.5 and +4.5 ‰ [START_REF] Ishikawa | Boron isotope systematics of marine sediments[END_REF]Dehyle et al., 2003;[START_REF] Donald | The pH dependency of the boron isotopic composition of diatom opal (Thalassiosira weissflogii)[END_REF], whereas values measured in cherts from deep-sea sediments range between -9.3 and +7.7 ‰ [START_REF] Kolodny | Boron isotopes in DSDP cherts: fractionation and diagenesis. Geochemical Investigations in Earth and Space Science: A tribute to I. R. Kaplan[END_REF] and modern siliceous sponges exhibit values from +5.8 to +24.5 ‰ (de [START_REF] De Leon | The boron geochemistry of biogenic silica: Insights from marine sponges and diatoms[END_REF].

The boron isotope fractionation between these siliceous materials and modern seawater (δ 11 Bsw = 39.61 ±0.04 ‰; [START_REF] Foster | Boron and magnesium isotopic composition of seawater[END_REF] is illustrated in Fig. 7 and compared to the isotope fractionations between boron adsorbed on amorphous silica and NaCl 0.01 M solutions measured in the present study. Because the δ 11 B data from [START_REF] Ishikawa | Boron isotope systematics of marine sediments[END_REF] and [START_REF] Kolodny | Boron isotopes in DSDP cherts: fractionation and diagenesis. Geochemical Investigations in Earth and Space Science: A tribute to I. R. Kaplan[END_REF] are not linked to any pH estimate, the calculated fractionation data reported on this plot are represented by two boxes spanning the range in seawater pH seen today and estimated for the geological past (cf. [START_REF] Clayton | Spectrophotometric seawater pH measurements: total hydrogen ion concentration scale calibration of m-cresol purple and at-sea results[END_REF][START_REF] Palmer | Reconstructing Past Ocean pH-Depth Profiles[END_REF][START_REF] Pearson | Atmospheric carbon dioxide concentrations over the past 60 million years[END_REF][START_REF] Palmer | A 23,000-year record of surface water pH and PCO2 in the western equatorial Pacific Ocean[END_REF]. It should also be noted that the span of Δ 11 B values comprised within the cherts box is affected by some uncertainty (~2 ‰) as the B isotopic composition of the oceans was likely quite different from modern seawater composition [START_REF] Lemarchand | The influence of rivers on marine boron isotopes and implications for reconstructing past ocean pH[END_REF][START_REF] Greenop | A record of Neogene seawater δ 11 B reconstructed from paired δ 11 B analyses on benthic and planktic foraminifera[END_REF] for the analyzed samples, the age of which ranges between 70 and 100 Myr [START_REF] Kolodny | Boron isotopes in DSDP cherts: fractionation and diagenesis. Geochemical Investigations in Earth and Space Science: A tribute to I. R. Kaplan[END_REF].

On the plot of Fig. 7 the fractionation values generated by boron adsorption on SiO2(am) fall within or are close to the range displayed by modern sponges and the less fractionated marine cherts compositions, whereas radiolarians, diatom ooze as well as the frustules of cultured diatoms display more negative fractionation values. This comparison suggests that the B isotopic composition of marine cherts and sponge spicules could be controlled to some extent by the B adsorption reaction.

The marine cherts analyzed by Kolodny and Chaussiddon (2004) derived from the dissolution of the first generation of opal [START_REF] Kolodny | Boron isotopes in DSDP cherts: fractionation and diagenesis. Geochemical Investigations in Earth and Space Science: A tribute to I. R. Kaplan[END_REF].

Considering the complex nature and origin of these deposits it is difficult to argue in favor of an adsorption-controlled B isotopic signature, even for the samples with heavier isotopic compositions. Nonetheless, the coprecipitation reactions leading to relatively high B concentrations could fractionate B isotopes in a very similar manner to the adsorption reaction. It has to be noted, however, that our experimental results were acquired from dilute solution of NaCl. As a consequence, the extent of fractionation caused by adsorption and coprecipitation should be measured in seawater to assess the relative impact of the two processes on the cherts B concentration and isotopic composition. A similar argument applies to the isotopic data of sponge spicules. The process of spicule synthesis involves enzymemediated silica polymerization and transport mechanisms across the cell membranes that could catalyze the incorporation of boron and explain the high concentrations (400-1000 ppm) measured in this form of biogenic silica compared to the inorganic adsorption reaction (Schroeder et al., 2004;[START_REF] Wang | Biosilica: Molecular Biology, Biochemistry and Function in Demosponges as well as its Applied Aspects for Tissue Engineering[END_REF][START_REF] De Leon | The boron geochemistry of biogenic silica: Insights from marine sponges and diatoms[END_REF]. In addition, the large range of processes that impart a different isotopic composition to this element (cf. [START_REF] Martin-Jézéquel | Silicon metabolism in diatoms: Implications for growth[END_REF][START_REF] Kröger | Species-specific polyamines from diatoms control silica morphology[END_REF][START_REF] Mejía | B content and Si/C ratios from cultured diatoms (Thalassiosira pseudonana and Thalassiosira weissflogii): Relationship to seawater pH and diatom carbon acquisition[END_REF][START_REF] De Leon | The boron geochemistry of biogenic silica: Insights from marine sponges and diatoms[END_REF].

Finally, it is clear that more work is required, in particular the experimental investigation of B isotope fractionation during its co-precipitation with opal as a function of pH and at seawater ionic strength, to better characterize the mechanisms controlling the boron isotopic signature of siliceous organisms and develop a new B-isotope proxy for marine siliceous organisms.

Summary and Conclusions

Boron adsorption on the amorphous silica surface was investigated in 0.01 M aqueous solutions of NaCl and CaCl2 at room temperature. The obtained adsorption envelopes and the corresponding B isotope fractionation data were interpreted within the framework of the triple-layer model and were found to be consistent with the formation of trigonal inner-sphere [>SiOB(OH)2 0 ] and tetrahedral inner-sphere [>SiOB(OH)3 -] complexes in NaCl solutions, whereas the formation of the only inner-sphere tetrahedral complex describes well most the data distribution of CaCl2 solutions. In the latter solutions a limited fraction of B (< 25 %) might also be adsorbed as a CaB(OH)4 + complex at pH > 8 and partially explain the relative increase in the measured B adsorbed fractions.

The calculated isotope fractionation factors between adsorbed and dissolved boron species indicate that the trigonal B complex is enriched by ~16 ‰ in the light isotope ( 10 B) compared to aqueous B(OH)3 0 , whereas the composition of the tetrahedral complex is 5 and 6.5 ‰ lighter than aqueous B(OH)4 -in NaCl and CaCl2 solutions, respectively. The assumed formation of a CaB(OH)4 + surface complex in the Ca-bearing solutions involves a B isotope composition that is intermediate between that of >SiOB(OH)3 -and that of dissolved B(OH)4 - but likely closer to the latter. The apparent lack of formation of the trigonal B species in these solutions can be attributed to the increased negative surface charge relative to NaCl fluids and to changes in the local H-bond structure at the SiO2(am)-water interface. This observation indicates that changes in ionic strength and aqueous solution composition can affect the amount of adsorbed B and its chemical and isotopic composition (cf. [START_REF] Tanifuji | Removal of Borate-Boron from Aqueous Solution Using Its Adsorption to Silica Gel[END_REF][START_REF] Saldi | Boron isotopic fractionation during adsorption by calcite -Implication for the seawater pH proxy[END_REF]. In that respect, additional work to study the adsorption of boron on SiO2 in seawater would be useful.

This study provides a much-needed basis to better understand the isotopic composition acquired by secondary silicate minerals during weathering reactions and should help to improve the interpretation of the processes that govern the uptake of boron by siliceous organisms and the physiological activity in which this element is directly involved, which include, for example, the growth of diatom cells, their protein content and the control of the frustule solubility (cf. [START_REF] Lewin | Boron as a growth requirement for diatoms[END_REF][START_REF] Lewin | Effects of boron deficiency on the chemical composition of a marine diatom[END_REF]Dehyle et al., 2003). Although 2015), the δ 11 B of cherts from [START_REF] Kolodny | Boron isotopes in DSDP cherts: fractionation and diagenesis. Geochemical Investigations in Earth and Space Science: A tribute to I. R. Kaplan[END_REF] and those of radiolarians and diatom ooze and TW diatoms are provided, respectively, by [START_REF] Ishikawa | Boron isotope systematics of marine sediments[END_REF] and [START_REF] Donald | The pH dependency of the boron isotopic composition of diatom opal (Thalassiosira weissflogii)[END_REF]. Note that for cherts, radiolarians and diatom ooze the original seawater pH is not known. For this reason, the calculated fractionation values were included into boxes encompassing estimated and modern seawater pH-range (cf. [START_REF] Clayton | Spectrophotometric seawater pH measurements: total hydrogen ion concentration scale calibration of m-cresol purple and at-sea results[END_REF][START_REF] Pearson | Atmospheric carbon dioxide concentrations over the past 60 million years[END_REF]. 

  TPBs and boron concentrations of the sample after boron extraction were measured at the MC-ICP-MS Neptune (ThermoScientific) at IPGP by calibrating 11 B intensity on B standard solutions, at 1 ppb for the TPB and 200 ppb for the samples. For this series of samples the TPBs were of 150 ± 40 pg (2SD, n=5) of B and were considered negligible compared to the 350 ng of B in the samples. B concentrations in the samples were all very close to 200 ppb, attesting for a complete extraction of B from the samples.

-

  was necessary because of the variability of this constant, as indicated by the wide range of values provided in the literature (see § 4.1.1), whereas the high measured fractions of adsorbed Ca were not consistent with the intrinsic stability constants available in the literature and required the determination of new constants that could account for the measured Ca concentrations (see § 3.2.2).

  [B]0 corresponds the concentration of aqueous boron at the beginning of each experiment and [B]sol is the aqueous boron concentration measured at the end of the experiment.The boron isotopic fractionation factor between the SiO2(am) surface and the aqueous solution, αads-sol =

  For each run are listed the B fraction adsorbed at the silica surface, the δ 11 Bsol values measured at the end of the run along with the calculated values of δ 11 Bads and the corresponding B fractionation factors (Δ 11 Bads-sol and αadssol). The isotope compositions of aqueous B are plotted as a function of pH in Fig.3a. It can be seen that the measured isotopic composition of the CaCl2 solutions is 5-10 ‰ heavier than that of the NaCl solutions for the same pH conditions. Note that the measured isotopic composition of the two stock solutions prepared with NaCl (δ 11 B0 = -0.05 ±0.06 ‰) and CaCl2 (δ 11 B0 = -0.15 ±0.06 ‰) is the same within errors. The different behavior of B isotopes in the two electrolyte solutions is illustrated by the respective variation of the isotope fractionation factor between the SiO2(am) surface and the fluid (αads-sol) as a function of pH (Fig.3b). The data obtained from the experiments conducted in NaCl solutions are distributed along a v-shaped pattern, with αads-sol decreasing with increasing pH from 0.985 (Δ 11 Bads-sol = -15.6 ‰) to 0.970 (Δ 11 Bads-sol = -30 ‰) at 6.5 < pH < 8.3 and then systematically increasing with increasing pH up to a value of 0.998 (Δ 11 Bads-sol = -1.6 ‰) at pH = 10.55. Therefore, adsorbed boron displays two opposite trends with respect to pH, with highest enrichment in 10 B at pH of 8.1-8.4 and compositions that are progressively enriched in 11 B as the fluid pH becomes either more acidic or more alkaline. Such a bidirectional dependence on pH is not observed for the data acquired in CaCl2 solutions, where the fractionation factors between SiO2(am) and aqueous solution appear to follow the variation of the isotopic composition of B(OH)4 -(dashed line on the plot), although with compositions of adsorbed B that are 4 to 8 ‰ lighter than those of the dissolved anion for the considered fractionation factor between boric acid and borate ion (α3-4 = 1.027;[START_REF] Klochko | Experimental measurement of boron isotope fractionation in seawater[END_REF]; see next section). Similar isotope fractionation values can be observed in NaCl solutions at pH > 8.

  are essentially composed of microcrystalline quartz, formed via a diagenetic process from original Opal-A deposits, and have B concentrations of 44-104 ppm. Their boron concentration and isotopic compositions were presumably determined by a sequence of dissolution and reprecipitation reactions, with samples having higher B contents and heavier compositions reflecting boron incorporation from pore water with δ 11 B of seawater, and samples with lighter composition and lower B contents indicating recrystallization from fluids containing an increasing proportion of B

  measured δ 11 B values likely reflects the interplay of different biological and environmental factors, such as taxon-specific partitioning effects, seawater Si-concentration and temperature, which can significantly affect the isotopic composition of sponge siliceous skeletons (cf. de[START_REF] De Leon | The boron geochemistry of biogenic silica: Insights from marine sponges and diatoms[END_REF]. Although the precise mechanisms of B incorporation into sponges are not well known, these considerations suggest that the purely inorganic adsorption reaction on amorphous silica has a minor role in the B uptake by sponges. This is the conclusion that we can also draw by looking at the remarkably different fractionation values of B adsorbed on SiO2(am) (-34.1 ‰ ≤ Δ 11 B ≤ -22.8 ‰) and those relative to the T. weissflogii diatom samples (-44.6 ‰ ≤ Δ 11 B ≤ -40.7 ‰) cultured by Donald et al. (2020) within the same pH range. The boron concentrations of these samples (0.7-3.7 ppm) are comparable to the amounts adsorbed by SiO2(am) in NaCl solutions, but the mechanisms of silicification responsible for the incorporation of B in the diatom frustules involve complex diatom metabolism and cellular

Figure 1 .

 1 Figure 1. TEM image of the starting amorphous silica powder used for the study of boron adsorption.

Figure 2 .

 2 Figure 2. Boron adsorption on SiO2(am) as a function pH at 20 °C in 0.01 M NaCl (a) and 0.01 CaCl2 (b) along with the predictions of the triple-layer model adopted to quantify the intrinsic stability constants of the surface complexes forming at the SiO2(am)-fluid interface (lines drawn through the symbols). The empty circles in (a) are the data excluded from the fitting procedure. The error bars of the datapoints take into account the average analytical error in the determination of B concentrations (± 1%) and the uncertainty inherent in the BET specific surface area measurements (± 5%).

Figure 3 .

 3 Figure 3. Boron isotopic composition of the aqueous samples upon B adsorption at the SiO2(am) surface in NaCl and CaCl2 solutions (a) and the corresponding B isotopic fractionation factors between the amorphous silica surface and the aqueous solution (b). Blue triangles in (b) represent a 5-48 hrs series showing that the measured variation of the isotope fractionation values is within the data uncertainties. The black dashed line represents the isotopic composition of the borate ion for α3-4 = 1.027 at the given ionic strength.

Figure 4 .

 4 Figure 4. pH-dependent surface concentration of the B complexes formed on the SiO2(am) surface in 0.01 M NaCl and CaCl2 aqueous solutions according to the models proposed to describe the measured B adsorption envelopes. a) Three-species model for NaCl solutions including a B4 outer-sphere complex (B4-os). b) Two-species model for NaCl solutions considering only B3 and B4 inner-sphere complexes (B3-is, B4-is). c) Distribution of the surface species used to describe B adsorption in solutions of CaCl2. The reported surface species distributions are representative of the following conditions: suspension concentration = 220 g/l; [B]0 = 0.463 mmol/kg.

Figure 5 .

 5 Figure 5. Modelling of Ca adsorption at the SiO2(am) surface. (a) Comparison between measured Ca concentrations (circles) and the Ca concentrations predicted by the model of Ca adsorption adopted in this study. (b) pH-dependent distribution of the two Ca surface species assumed to form at the SiO2(am)/fluid interface in CaCl2 aqueous solutions.

Figure 6 .

 6 Figure 6. Modelling of the B isotopic fractionation factor between SiO2(am) and aqueous solutions for NaCl 0.01 M (a & b) and CaCl2 0.01 M (c). The model in (a) represent the least

Figure 7 .

 7 Figure 7. Boron isotopic fractionation (Δ 11 B) of marine siliceous materials and of the fraction adsorbed onto SiO2(am) in 0.01 M NaCl solutions as a function of pH. The Δ 11 B values of marine samples are calculated from the boron isotopic composition (δ 11 B) provided by literature studies relative to the same value of modern seawater B isotope composition (δ 11 Bsw = 39.61 ±0.04 ‰), except for the diatoms samples for which Δ 11 B were calculated from the seawater composition (δ 11 Bsw = 38.8 ±0.19 ‰) provided by Donald et al. (2020). The B isotopic composition of siliceous sponges (triangles) are taken from de Leon (2015), the δ 11 B of cherts from[START_REF] Kolodny | Boron isotopes in DSDP cherts: fractionation and diagenesis. Geochemical Investigations in Earth and Space Science: A tribute to I. R. Kaplan[END_REF] and those of radiolarians and diatom ooze and TW diatoms are provided, respectively, by[START_REF] Ishikawa | Boron isotope systematics of marine sediments[END_REF] and[START_REF] Donald | The pH dependency of the boron isotopic composition of diatom opal (Thalassiosira weissflogii)[END_REF]. Note that for cherts, radiolarians and diatom ooze the original seawater pH is not known. For this reason, the calculated fractionation values were included into boxes encompassing estimated and modern seawater pH-range (cf.[START_REF] Clayton | Spectrophotometric seawater pH measurements: total hydrogen ion concentration scale calibration of m-cresol purple and at-sea results[END_REF][START_REF] Pearson | Atmospheric carbon dioxide concentrations over the past 60 million years[END_REF].

  

Table 1 .

 1 Summary of the surface complexation reactions used in the present study to characterize the adsorption of boron on the amorphous silica surface in solutions of NaCl and CaCl2. The values of the log determined in this study refer to a single site triple-layer model (TLM) and were obtained with the following model parameters: C1 = 2.2 F/m 2 ; C2 = 0.05 F/m 2 ; > site density = 4.6 nm -2 .

			Surface reaction			Source
						(25 °C. I = 0)	
	1. >	= >	+			-11.0	This study
	2. >	+	=>			2.3	Schindler and Stumm (1987)
	3. >	+	= >	-	+	-7.24	Kosmulski (1997)
	4. >	+	+	= >	-	-6.4	Kent et al. (1988)
	5. >	+	= >	-	+	-3.8 ± 0.4	This study
	6. >	+	= >	•••	+	-6.5± 0.5	This study

Table 2 .

 2 Summary of the B adsorption experiments on SiO2(am) conducted in NaCl 0.01 M aqueous solutions.

	run #	pH	SiO2(am)	Solution	[B]0	Δ[B]	% Bads	SSA	Bads	Bads	[Si]
			g	g	ppm	ppm		m 2 /g	µg/g	nmol/m 2	mmol/kg
	ASB#06 6.40	5.132	25.984	4.556 -0.367	8.1	164.1	1.86	1.05	13.43
	SB-01	6.61	5.505	25.015	4.843 -0.521	10.7	183.9	2.37	1.19	5.31
	SB-03	6.97	5.494	25.014	4.831 -0.855	17.7	183.9	3.89	1.96	3.55
	SB-02	7.01	5.509	25.075	4.818 -0.627	13.0	183.9	2.85	1.44	3.77
	SB-04	7.14	5.496	25.077	4.811 -0.808	16.8	183.9	3.69	1.85	2.60
	ASB#07 7.15	5.374	25.636	4.591 -0.955	20.8	164.1	4.55	2.57	36.47
	SB-05	7.62	5.503	25.133	4.798 -1.243	25.9	183.9	5.68	2.86	2.40
	SB-06	7.93	5.499	25.242	4.774 -1.388	29.1	183.9	6.37	3.20	2.88
	SB-07	7.94	5.519	25.299	4.647 -1.265	27.2	187.6	5.80	2.86	1.88
	SB-08	8.06	5.497	26.063	4.506 -1.150	25.5	187.6	5.45	2.69	2.07
	SB-09	8.16	5.530	25.401	4.615 -1.139	24.7	187.6	5.23	2.58	1.95
	SB-10	8.27	5.562	25.456	4.596 -1.377	30.0	187.6	6.30	3.11	2.02
	SB-11	8.42	5.500	25.131	4.536 -1.439	31.7	187.6	6.57	3.24	2.62
	SB-12	8.56	5.533	25.023	4.505 -1.845	41.0	187.6	8.35	4.12	1.98
	SB-13	8.73	5.531	25.102	4.502 -1.837	40.8	187.6	8.34	4.11	2.35
	SB-14	8.90	5.520	25.050	4.551 -1.644	36.1	187.6	7.46	3.68	2.13
	SB-15	9.05	5.536	25.115	4.509 -1.797	39.8	187.6	8.15	4.02	2.18
	SB-16	9.25	5.516	25.174	4.498 -1.742	38.7	187.6	7.95	3.92	2.37
	SB-17	9.47	5.562	25.104	4.787 -1.916	40.0	187.6	8.65	4.26	2.74
	SB-18	9.68	5.529	25.138	4.775 -1.658	34.7	187.6	7.54	3.72	3.28
	SB-19	9.87	5.518	25.110	4.777 -1.384	29.0	187.6	6.30	3.11	3.86
	SB-20	10.01	5.506	25.768	4.661 -1.164	25.0	187.6	5.45	2.69	4.59
	SB-21	10.17	5.509	25.157	4.937 -1.205	24.4	187.6	5.50	2.71	6.18
	SB-22	10.32	5.540	25.165	4.926 -1.060	21.5	187.6	4.81	2.37	8.10
	SB-23	10.55	5.558	25.156	4.926 -0.800	16.2	187.6	3.62	1.79	12.52

Table 3 .

 3 Summary of the B adsorption experiments on SiO2(am) conducted in CaCl2 0.01 M medium.

	run #	pH SiO2(am)	Solution	[B]0	Δ[B]	%Bads SSA	Bads	Bads	[Si]	[Ca]	[Na]
			g	g	ppm	ppm	m 2 /g	µg/g	nmol/m 2	mmol/kg	mM	mM
	SB-31 6.05	6.065	25.170 4.956 -0.874 17.6 159.3 3.62	2.10	5.09	5.76	4.37
	SB-24 6.38	5.492	25.119 4.862 -0.568 11.7 187.9 2.60	1.28	1.61	-	-
	SB-25 6.65	5.452	25.146 4.836 -1.427 29.5 187.9 6.58	3.24	1.91	-	-
	SB-32 7.00	5.558	25.110 4.962 -1.944 39.2 159.3 8.78	5.10	6.83	2.76	14.88
	SB-26 7.23	5.456	25.030 4.857 -1.954 40.2 187.9 8.97	4.41	3.09	-	-
	SB-27 7.78	5.453	25.840 4.701 -2.472 52.6 187.9 11.71	5.77	2.45	-	-
	SB-33 8.02	5.550	25.130 4.958 -2.796 56.4 159.3 12.66	7.35	6.24	0.46	20.74
	SB-28 8.21	5.455	25.105 4.821 -3.001 62.2 187.9 13.81	6.80	2.33	-	-
	SB-29 8.56	5.463	25.174 4.810 -3.112 64.7 187.9 14.34	7.06	2.39	-	-
	SB-34 8.98	5.566	25.141 4.971 -3.085 62.1 159.3 13.93	8.09	3.79	0.039	21.87
	SB-30 9.04	4.710	25.135 4.783 -2.859 59.8 187.9 15.25	7.51	2.35	-	-
	SB-35 9.09	5.535	25.103 4.962 -2.946 59.4 159.3 13.36	7.76	4.09	0.030	21.92
	SB-36 9.26	5.560	25.177 4.960 -2.899 58.5 159.3 13.13	7.62	3.04	0.020	22.31

The Born solvation contribution to the Gibbs free of a cation adsorption depends primarily on the inverse of the dielectric constant of the solid(Sahai and Sverjensky, 1997b).
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