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This work studies the solvation of bromide in acetonitrile by combining quantum mechanics, computer simulations and XANES spectroscopy. Three different sets of interaction potentials were tested, one of them derived from literature and the other two are simple modifications of the previous one to include specificities of the bromide-acetonitrile interactions. Results for microsolvation of bromide were obtained by quantum mechanical optimization and classical minimization of small clusters [Br(ACN) n ] -(n=9,20). Analysis of MD simulations have provided structural, dynamic and energetic aspects of the solvation phenomenon. The theoretical computation of Br K-edge XANES spectrum in solution using the structural information obtained from the different simulations has allowed the comparison among the three different potentials, as well as the examination of the main structural and dynamic factors determining the shape of the experimental spectrum.

Nowadays, X-ray Absorption Spectroscopy (XAS) is a well-established technique to study structural and electronic properties of the local environment of a given atom. A large number of investigations [9][10][11] have demonstrated the suitability of this technique to study ionic solutions because it requires only short-range order and can be applied to a wide range of concentrations, covering several orders of magnitude (from 10 -4 M to 10M). 12 The X-ray Absorption spectrum has been traditionally divided into two energy regions.

The low energy part of the spectrum, extending up to ∼ 50 -100 eV above the absorbing edge, called X-ray Absorption Near Edge Structure (XANES) region and the high energy part of the spectrum (over 100 eV above the threshold up to approximately 1000 eV) called Extended X-ray Absorption Fine Structure (EXAFS). The XANES region has been shown to be dependent on many parameters of the system under study: the oxidation state of the absorber atom, bond angles, coordination geometry, distances of the absorbing atom to the first, and higher coordination shells, etc. 13 Conversely to the EXAFS region, there is not a simple formulation that encompasses all these parameters. This fact has led to the use of XANES information on a more qualitative level that envisages the spectrum as a "fingerprint" of the system under study. In the last years, implementation of models for the absorption phenomena have allowed the development of codes which accurately simulate the XANES region thus approaching the situation for the EXAFS region. 14,15 In this way the theoretical simulation of XANES of ionic solutions is an emerging branch. 16,17 The aim of this work is to study the bromide solvation structure in acetonitrile by combining the experimental information derived from XANES spectroscopy with theoretical data from quantum mechanics calculations and molecular dynamics (MD) simulations.

For the latter ones, simple methods to get specific interaction potentials for bromide in acetonitrile are investigated. The interplay of XAS spectroscopy with quantum mechanics and numerical simulations has shown to be as an appropriate strategy to get insight into structural information on ionic aqueous solutions, [18][19][20][21][22][23][24][25][26][27] and will be explored for the case of a non-aqueous solution.

In a previous study 6 dealing with bromide solvation within the framework of a quantummechanical approach we showed that the bromide anion interacts with the acetonitrile molecules through the hydrogen atoms of the methyl group. The linear minima are in all cases slightly higher in energy that the bent ones, in good agreement with the findings of Richardi et al. 3,8 in their statistical simulation of bromide solvation in acetonitrile.

In this work, we will use the structural information derived from quantum chemical minimizations and from statistical simulation trajectories using interactions potentials from the literature 28,29 and simple modification on them (see Section 2.2 for details) to compute the XANES spectra. Direct comparison with the available experimental XANES spectra for this system will allow the definition of new criteria to examine the validity of the results and conclusions reached, as well as to explore an additional way to define and validate intermolecular potentials.

COMPUTATIONAL METHODS.

. The analysis of the structural results derived from computations is based on the examination of the main features of the simulated XANES spectra and their comparison with the experimental one. An input structure, as detailed as possible, is required since XANES is particularly sensitive to the close environment. The source of structures to be used for the simulated spectra have a double origin. First, clusters formed by one bromide anion and an increasing number of acetonitriles molecules computed at quantum mechanical level. Second, snapshots extracted from the molecular dynamics trajectories of a bromide anion immersed in a large number of acetonitrile molecules simulating the solution, at room temperature. The computer simulations have not been limited to apply combination rules to obtain the appropriate intermolecular potentials from the literature, but some easy to implement procedures have been applied to obtain new potentials. Their validity is discussed by checking the simulation results in the light of the XANES spectrum and other available experimental data.

Quantum Mechanical Computations

The starting structures were taken from a previous work 6 dealing with the microsolvation of the bromide anion in water, methanol and acetonitrile. The bromide-acetonitrile cluster were optimized at B3LYP level with the 6-31+G* basis set. The energy minimized [Br(ACN) 9 ] -structure was characterized as minimum in the PES of the bromideacetonitrile system. Gaussian03 suite of programs were used for computations. 30 

Molecular Dynamics Simulations.

Three different sets of interaction potentials have been used to simulate the solvation of bromide anion in acetonitrile at room temperature (298K):

The first set was built from the recent model of Grabuleda et al. 28 for acetonitrile liquid, whereas bromide anion was described by the parametrization performed by McCammon and col. 29 In both cases, potential parameters were developed in the framework of the Cornell et al. 31 force field providing flexible all-atom models for the acetonitrile molecules. Internal deformations were allowed by means of the usual bond, angle, and torsion terms, while the non-bonded van der Waals and electrostatic terms were used to describe the intermolecular interactions. This set of potentials will be labeled Pot-A (in this set of potentials, the combination rule leads to a value for the van der Waals parameter of the Br-H pair σ Br-H =3.6 Å).

The second set of potentials tested was a simple modification of the previous one, based on the hydrated ion concept developed by our group for the cation hydration case. 32 The solvated bromide cluster with n=9, [Br(ACN) 9 ] -, was used as a reference structure to modify the van der Waals parameter σ Br-H . For this purpose, that parameter was chosen in such a way that the atomic root mean square deviation (RMSD) between the quantum mechanical and force field optimized structure was minimized. The optimum value was σ Br-H = 3.2 Å(RMSD=0.7 Å, the superposition of both structures is shown in Figure 1). This set of potentials will be labeled Pot-B.

In a similar way, a third set of potentials was used by modifying the σ Br-H parameter in order to test the sensitivity of the Br K-edge XANES spectrum of bromide in acetonitrile to changes in the closest environment of the absorber atom, as well as to other properties of the solution. Bearing in mind that the value of this parameter in the first set of interaction potentials was 3.6 Å, and 3.2 Å for the second set, a value of 2.9 Å for σ Br-H was chosen. Thus, a range of 0.7 Å [2.9-3.6] will be used to get insight into the relationships between spectrum and structure, on one hand, and between solution properties and σ values, on the other. This set of potentials will be labeled Pot-C.

The elementary simulation cell contained 1 bromide ion and 500 acetonitrile molecules.

The length of the cubic cell, L = 30.30 Å, was set to reproduce the experimental value for the density of liquid acetonitrile at 25 . Periodic boundary conditions were applied. A time step of 0.25 fs was used. The cut-off distance for the non-bonding interactions was L/2 Å. Long-range interactions were incorporated by means of Ewald summation. 33 The system was equilibrated at the chosen temperature for 50 ps, and 500 ps of simulation time was produced in the N V T ensemble for each set of the interaction potentials considered.

The average temperature was maintained constant at 300K by a Berendsen thermostat 34 with a time constant of 0.5 ps. Structures were saved every 2 ps for further analysis.

The MD simulations were performed with DLPOLY program, 35 running on a parallel multiprocessor SGI ALTIX 350 computer using 20 processors. The K-edge XANES spectrum of bromide in acetonitrile was computed for several structures. On one hand, cluster optimized structures involving 9 acetonitrile molecules ([Br(ACN) 9 ] -) were performed, the origin of the structures being quantum mechanically or potential derived, as well as for a [Br(ACN) 20 ] -cluster optimized with the set of intermolecular potentials Pot-B. On the other hand, XANES spectra obtained from MD trajectories employing 100 snapshots equally spaced (taken every 5 ps) were also produced for all the interaction potential sets. The final simulated XANES spectrum from the MD simulation correspond to the averages over the spectra of each snapshot set. The FEFF8.10 code program developed by Rehr's group was used to calculate the spectra. 15 The potential calculations use the Hedin-Lundqvist self-energy approximation. 36 A self-consistent field procedure (SCF) was employed. A 6.0 Å cutoff radius was chosen for the SCF treatment and for the full-multiple scattering paths. A full-multiple scattering path calculation was done taking as origin the absorber atom, i.e. the bromide anion. Then, the chosen structure included the backscatter atoms inside a sphere of 6.0 Å radius centered at the bromide. However, for the SCF procedure, for each type of atom the origin of the cutoff radius was placed in that atom, what means that the region of the solution considered for calculation is increased by the distance between the bromide anion and the corresponding atom. This SCF procedure introduces a difference between the XANES computation derived from quantum mechanical or statistical calculations, as the size of the solvent sphere surrounding the anion is, in general, not complete for all the types of atoms when clusters optimized quantum-mechanically are considered. A XANES spectrum calculated from 250 snapshots taken every 2 ps configurations yields very similar results to the one obtained using 100 snapshots taken every 5 ps. The consideration of a larger cutoff radius, such as 7.0 Å in the SCF computation of the wavefunction to determine potentials and/or XANES spectra calculation do not affect the results.

In a previous work 27 3 RESULTS AND DISCUSSION.

MD analysis.

Results of the MD analysis are summarized in Figure 2, where the Br-H and Br-C(methyl) radial distribution functions (RDFs) are plotted, and in Table 1, where a set of structural parameters, solvation energy and translational self-diffusion coefficient for the bromide anion are collected. The Br-H RDF exhibits a double peak for the first solvation shell which indicates that the three hydrogen atoms of the methyl group are not symmetrically distributed around the bromide anion. The running coordination number gives a ratio 1:2 between the two peaks, and the total number of atoms up to the second minimum (5.5-5.9 Å in Figure 2a) is around 30-33 atoms, depending on the potential set employed. These RDFs reflect the different value of the σ Br-H parameter employed. The maximum of the first peak appears at 3.28 Å for Pot-A (σ Br-H = 3.6 Å), at 2.93 Å for Pot-B (σ Br-H =3.2 Å) and at 2.73 Å for Pot-C (σ Br-H =2.9 Å). The mean angle BrHC (α) collected in Table 1 for the closest hydrogen atom to the anion is also reflecting the increasing directionality of the hydrogen bond (a strong hydrogen bonding is roughly linear, i. interaction is not the dominant contribution in the first solvation shell. Angle β defines the angle formed by the molecular axis of the acetonitrile molecule and the vector formed by the bromide and the center of mass of the acetonitrile molecule (Scheme 1). A β value equals to 0°indicates the alignment of the anion with the molecular axis. Table 1 shows that the average β value is in the range 66-80°, then the structural arrangement for the first solvation agrees with the results obtained by Richardi et al. 3,8 from MOZ theory and MC simulations.

Br-C(methyl) RDFs for the three potentials are presented in Figure 2b. The maximum of the first peak is found in the range 3.7-4.0 Å, running integration numbers correspond roughly to 10 acetonitrile molecules. The height and width of the peaks for the three potentials show that the smaller σ Br-H is, the more compact the first solvation shell is.

Experimental estimations of coordination numbers around bromide vary in a wide range, from dielectric relaxation measurements and thermodynamic data a value of 2 is obtained, 2,7 whereas from EXAFS measurements the value is close to 5. 37 This EXAFS study also gives a Br-C distance of 3.48 Å which has associated a large Debye-Waller factor, σ 2 = (R Br-C -R Br-C ) 2 =0.162 Å2 , implying a large static and dynamic disorder associated to the Br-C parameter. When comparing these DW factors with those computed from MD simulations (see Table 1), estimations are larger than the experimental one, when using Pot-A a value of 0.28 Å2 is obtained, whereas Pot-B and Pot-C give a similar and smaller value of 0.21 Å2 . EXAFS equation presents a strong coupling between the coordination number and the associated DW factors, whereas the first parameter contributes to increase the intensity of the signal (the larger the number of backscatter atoms, the more intense the signal becomes), the second parameter contributes to damp the intensity of the signal (the larger the static and dynamic disorder around the absorber atom are, less intense the signal is). Thus, for a given intensity, small values of DW factors are compatible with small coordination numbers, as well as larger DW factors will need larger coordination numbers. The theoretical trend of the DW factors reflects that lowering the The experimentally estimated enthalpy of solvation 2 is -337 kJ/mol, whereas the computed value for the three simulations ranged between -260 and -285 kJ/mol. The sequence of solvation energies for the three set of potentials follows the same order than the value of σ Br-H and the corresponding distance of the first shell of acetonitrile around the halide. geometry generally taken from crystallographic data or some related structural model.

Nevertheless, when one deals with a structure in solution the source of structural information is scarce. An strategy to get advantages of both the experimental and theoretical sources of information is to simulate spectra from the structure provided by theoretical methods and to compare them with the experimental spectra. A synergy may be established, such that theoretical procedures could be improved by approaching the computed spectrum to the experimental one, and simultaneously the structural information derived from the spectrum is refined, and the features of the spectra properly assigned.

First of all, we are going to compare the XANES spectra obtained for clusters formed by one bromide anion and a number of acetonitrile molecules small enough to define only the first solvation shell [Br(ACN) 9 ] -, subsequently, the first and second solvation shells will be included, [Br(ACN) 20 ] -, and both spectra compared. that the computed spectra show more intense features at the high energy region than the experimental one. This is a consequence of the rigidity and symmetry of the structures used, since their origin is an energy minimization. In contrast, the spectrum obtained for a cluster of 20 acetonitrile molecules but whose structure is a snapshot of the MD trajectory with Pot-B is smeared out and the intensity of the second resonance is reduced.

To show the relationships between XANES features and structure around bromide, As previously remarked in the literature, 16,25,26,40 these findings show that for the XANES definition is essential the geometrical arrangement of atoms around the photoabsorber, such that slightly different structures could lead to clearly different spectra. As shown in Figure 5, the spectrum computed from the MD snapshots of Pot-A gives a rather poor reproduction of the experimental spectrum, something that was already observed for the minimized structure using this potential (Figure 3). The other two spectra are more similar to the experimental one, although in both cases the relative intensity of the second resonance decreases with respect to the simulated XANES obtained with their corresponding optimized clusters (Figure 3). On the contrary, the global shape of these spectra are smoother compared to the non-statistically averaged spectra obtained for the clusters. Thus, the tail of the XANES is smeared out in contrast to the XANES computed for clusters and the global spectrum is damped by the statistical average. Considering the magnitude of the deviations of the individual spectra with respect to the averaged one, it could be surprising the similarity among the experimental spectra and those obtained from the cluster structures (quantum mechanics or classical potentials, Pot-B and Pot-C), which are based on an unique structure, that of the minimum for each cluster size.

XANES spectra from MD simulations.

Nevertheless, there is a fundamental difference between the snapshots and the structures 15 derived of an energy minimization. The latter ones are the direct consequence of the balanced interaction potentials operating in the system (represented by a cluster of a given size) and, on this basis they could be considered as single representative configurations.

When solvation of a monoatomic ion is considered, a relatively small region of the solvent around the ion is perturbed by it, so that the microscopic picture could be envisaged as that of an ionic cluster immersed in a pure solvent. The short-range sensitivity of the XANES spectroscopy implies that a cluster of a few angströms around the ion is responsible of the spectrum shape. When the ion-solvent interactions are stronger than the solvent-solvent ones, the fluctuations of the solvent molecules in the closer environment of the ion (and simultaneously the absorber atom) are small and an averaged structure may be representative of the ion solvation shells. Even more, strong attractive interactions around the ion promotes a quite harmonic behavior of the ion-solvent interactions in this region which generates averaged structures quite consistent with those corresponding to the potential energy minimizations. The comparison of experimental and computed XANES indicates that the main features of the spectrum are pretty well reproduced by some of the energy optimized clusters, that is, these structures are representative ones, although the fluctuations included by the averaging of snapshots is needed to smear out the whole spectrum.

When comparing the distribution of distances for the first backscatters of bromide in the clusters (Figure 3) and the peak of the corresponding RDF in Figure 2, a shift appears in the Br-H distance of about 0.15 Å from the optimized clusters Pot-B and Pot-C to their first maxima in Br-H RDF, in addition to wide peaks that allows a significant range of asymmetric arrangements compatible with the dynamic of the system. This shifting indicates that solvent effects and/or temperature effects induces a significant It is interesting to notice that previous studies on cation hydration [24][25][26] following the same methodology have shown that the mismatch between individual spectra and the averaged one is less important than that observed in the anion solvation. 27 The reason is that anion-solvent interactions are weaker than the cation-solvent ones. Additional factors derived from simulation contribute to modify the shape of the spectrum whose detailed analysis can not be easily split. A general conclusion is that for the set of potentials employed, the acetonitrile-acetonitrile interactions are too much dominant with respect to the bromide-acetonitrile ones. Provided that acetonitrile simulations of the pure solvent gives consistent results, 28 a strategy to improve the description of the bromide solution could be to define a more attractive bromide-acetonitrile interaction potential by including in the fitting ab initio interaction energies of clusters, in addition to geometrical criteria. Likewise, as pointed out by Richardi et al. 3 for the case of aprotic solvents, or by Ayala et al. 41 for the case of water, the consideration of a polarizable model certainly must introduce some improvements in the detailed balance among the ion-solvent and solvent-solvent interactions. The results derived from simulations are consistent with previous simulations of related systems, using other intermolecular potentials and/or computational modeling, such as integral equations or Monte Carlo. 
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This work was supported by Spanish DGICYT (CTQ2005-03657). Although halide anions are the most common counter-ions in solution, the investigation of their solvation in aprotic solvents is very limited in comparison with that in water and other protic and polar solvents, such as alcohols. 1 This is in contrast to the increasing importance of these types of solutions due to their technological applications within fields such as separation chemistry, electrochemical devices or ionic recognition. [1][2][3] The non-aqueous solvation structures of halide anions are not completely defined so far owing to both experimental and theoretical difficulties. First of all, the central body of experimental data on halide solvation in non-aqueous solvents does not provide direct structural information. This is usually obtained by using reasonable models compatible with the available data. Spectroscopic and diffraction techniques offer more direct structural information, but the increase in the number of atom pair contributions to the global distribution function, compared to the water case, renders more difficult the structural elucidation. In addition, the high concentration of the species of interest, usually required by these techniques, does not allow us to discard ion-ion contributions from the global signal. For this reason, during the last decade an intense research activity on the study of small clusters has been developed with the aim of separating the ion-solvent from the pure solvent-solvent interactions. 4,5 On the other hand, theoretical studies of halide solvation are hampered by the fact that the halide-solvent interactions are rather weak leading to a delicate balance between the ion-solvent and solvent-solvent interactions. 6 This trend becomes particularly significant for bromide and iodide anions and for aprotic and not very polar solvents. Thus, for these two anions, solvation number within the range 1-9 are found in the literature 2,7,8 when acetonitrile is used as solvent. Furthermore, the structural arrangement adopted by the solvent molecules is far from clear. In this sense, Richardi et al. 3,8 propose in two theoretical studies based on Molecular Ornstein-Zernike (MOZ) theory, a non-aligned orientation of the solvent molecules with respect to the ion. This is in contrast to the conventional assumption where an ion-dipole interaction is dominant Nowadays, X-ray Absorption Spectroscopy (XAS) is a well-established technique to study structural and electronic properties of the local environment of a given atom. A large number of investigations [9][10][11] have demonstrated the suitability of this technique to study ionic solutions because it requires only short-range order and can be applied to a wide range of concentrations, covering several orders of magnitude (from 10 -4 M to 10M). 12 The X-ray Absorption spectrum has been traditionally divided into two energy regions.

F

The low energy part of the spectrum, extending up to ∼ 50 -100 eV above the absorbing edge, called X-ray Absorption Near Edge Structure (XANES) region and the high energy part of the spectrum (over 100 eV above the threshold up to approximately 1000 eV) called Extended X-ray Absorption Fine Structure (EXAFS). The XANES region has been shown to be dependent on many parameters of the system under study: the oxidation state of the absorber atom, bond angles, coordination geometry, distances of the absorbing atom to the first and higher coordination shells, etc. 13 Contrary to the EXAFS region, there is not a simple formulation that encompasses all these parameters. This fact has led to the use of XANES information on a more qualitative level that envisages the spectrum as a "fingerprint" of the system under study. In the last years, implementation of models for the absorption phenomena have allowed the development of codes which accurately simulate the XANES region thus approaching the situation for the EXAFS region. 14,15 In this way the theoretical simulation of XANES of ionic solutions is an emerging branch. 16,17 The aim of this work is to study the bromide solvation structure in acetonitrile by combining the experimental information derived from XANES spectroscopy with theoretical data from quantum mechanics calculations and molecular dynamics (MD) simulations.

For the latter ones, simple methods to get specific interaction potentials for bromide in and numerical simulations has shown to be as an appropriate strategy to get insight into structural information on ionic aqueous solutions, [18][19][20][21][22][23][24][25][26][27] and will be explored for the case of a non-aqueous solution.

In a previous study 6 dealing with bromide solvation within the framework of a quantummechanical approach we showed that the bromide anion interacts with the acetonitrile molecules through the hydrogen atoms of the methyl group. The linear minima are in all cases slightly higher in energy that the bent ones, in good agreement with the findings of Richardi et al. 3,8 in their statistical simulation of bromide solvation in acetonitrile.

In this work, we will use the structural information derived from quantum chemical minimizations and from statistical simulation trajectories using interactions potentials from the literature 28,29 and simple modification on them (see Section 2.2 for details) to compute the XANES spectra. Direct comparison with the available experimental XANES spectra for this system will allow the definition of new criteria to examine the validity of the results and conclusions reached, as well as to explore an additional way to define and validate intermolecular potentials.

COMPUTATIONAL METHODS.

. The analysis of the structural results derived from computations is based on the examination of the main features of the simulated XANES spectra and their comparison with the experimental one. An input structure, as detailed as possible, is required since XANES is particularly sensitive to the close environment. The source of structures to be used for the simulated spectra have a double origin. intermolecular potentials from the literature. In addition some easy to implement procedures have been applied to obtain new potentials. Their validity is discussed by checking the simulation results in the light of the XANES spectrum and other available experimental data.

Quantum Mechanical Computations

The starting structures were taken from a previous work 6 dealing with the microsolvation of the bromide anion in water, methanol and acetonitrile. The bromide-acetonitrile cluster were optimized at B3LYP level with the 6-31+G* basis set. The energy minimized [Br(ACN) 9 ] -structure was characterized as minimum in the PES of the bromideacetonitrile system. Gaussian03 suite of programs were used for computations. 30 

Molecular Dynamics Simulations.

Three different sets of interaction potentials have been used to simulate the solvation of the bromide anion in acetonitrile at room temperature (298K):

The first set was built from the recent model of Grabuleda et al. 28 for acetonitrile liquid, whereas bromide anion was described by the parametrization performed by McCammon and col. 29 In both cases, potential parameters were developed in the framework of the Cornell et al. 31 force field providing flexible all-atom models for the acetonitrile molecules. Internal deformations were allowed by means of the usual bond, angle, and torsion terms, while the non-bonded van der Waals and electrostatic terms were used to describe the intermolecular interactions. This set of potentials will be labeled Pot-A (in this set of potentials, the combination rule leads to a value for the van der Waals parameter of the Br-H pair σ Br-H =3.6 Å).

The second set of potentials tested was a simple modification of the previous one, based on the hydrated ion concept developed by our group for the cation hydration case. 32 The solvated bromide cluster with n=9, [Br(ACN) 9 ] -, was used as a reference structure to modify the van der Waals parameter σ Br-H . For this purpose, that parameter was chosen in such a way that the atomic root mean square deviation (RMSD) between the quantum mechanical and force field optimized structure was minimized. The optimum value was σ Br-H = 3.2 Å(RMSD=0.7 Å, the superposition of both structures is shown in Figure 1). This set of potentials will be labeled Pot-B.

In a similar way, a third set of potentials was used by modifying the σ Br-H parameter in order to test the sensitivity of the Br K-edge XANES spectrum of bromide in acetonitrile to changes in the closest environment of the absorber atom, as well as to other properties of the solution. Bearing in mind that the value of this parameter in the first set of interaction potentials was 3.6 Å, and 3.2 Å for the second set, a value of 2.9 Å for σ Br-H was chosen. Thus, a range of 0.7 Å [2.9-3.6] will be used to get an insight into the relationships between spectrum and structure, on one hand, and between solution properties and σ values, on the other. This set of potentials will be labeled Pot-C.

The elementary simulation cell contained 1 bromide ion and 500 acetonitrile molecules.

The length of the cubic cell, L = 30.30 Å, was set to reproduce the experimental value for the density of liquid acetonitrile at 25 . Periodic boundary conditions were applied. A time step of 0.25 fs was used. The cut-off distance for the non-bonding interactions was L/2 Å. Long-range interactions were incorporated by means of Ewald summation 33 including a charged system term. 34,35 Simulations with net charged cells can be performed using an energy correction term which is physically equivalent to adding a uniform jelly of charge that exactly neutralizes the total cell charge. 36 The system was equilibrated at the chosen temperature for 50 ps, and 500 ps of simulation time was produced in the N V T ensemble for each set of the interaction potentials considered. The average temperature was maintained constant at 300K by a Berendsen thermostat 37 with a time constant of 0.5 ps. Structures were saved every 2 ps for further analysis. The MD simulations were performed with DLPOLY program, 38 running on a parallel multiprocessor SGI ALTIX 350 computer using 20 processors.

Computation of XANES spectra.

The K-edge XANES spectrum of bromide in acetonitrile was computed for several structures. On one hand, cluster optimized structures involving 9 acetonitrile molecules ([Br(ACN) 9 ] -) were performed, the origin of the structures being quantum mechanically or potential derived, as well as for a [Br(ACN) 20 ] -cluster optimized with the set of intermolecular potentials Pot-B. On the other hand, XANES spectra obtained from MD trajectories employing 100 snapshots equally spaced (taken every 5 ps) were also produced for all the interaction potential sets. The final simulated XANES spectrum from the MD simulation corresponds to the average over the spectra of each snapshot set. The FEFF8.10 code program developed by Rehr's group was used to calculate the spectra. 15 The potential calculations use the Hedin-Lundqvist self-energy approximation. 39 A self-consistent field procedure (SCF) was employed. A 6.0 Å cutoff radius was chosen for the SCF treatment and for the full-multiple scattering paths. A full-multiple scattering path calculation was done taking as origin the absorber atom, i.e. the bromide anion. Then, the chosen structure included the backscatter atoms inside a sphere of 6.0 Å radius centered at the bromide. However, for the SCF procedure, for each type of atom the origin of the cutoff radius was placed in that atom, which means that the region of the solution considered for calculation is increased by the distance between the bromide anion and the corresponding atom. This SCF procedure introduces a difference between the XANES computation derived from quantum mechanical or statistical calculations, as the size of the solvent sphere surrounding the anion is, in general, not complete for all the types of atoms when clusters optimized quantum-mechanically are considered. A XANES spectrum calculated from 250 snapshots taken every 2 ps configurations yields very similar results to the one obtained using 100 snapshots taken every 5 ps. The consideration In a previous work 27 on bromide hydration structure, it was necessary to include the hydrogen atoms to obtain a realistic backscattering potential and a simulated XANES spectrum that resembled experimental data. This could be understood by the fact that hydrogen atoms form the closest shell around the anion. The bromide ion induces the presence of a set of hydrogen atoms of first-shell water molecules in its closest vicinity, which are found to play a significant role in both the scattering phenomenon and in the determination of electronic wavefunctions of the bromide clusters. For the same reason, hydrogen atoms were included in the calculation of both backscattering potential and XANES spectrum in this work.

3 RESULTS AND DISCUSSION.

MD analysis.

Results of the MD analysis are summarized in Figure 2, where the Br-H and Br-C(methyl) radial distribution functions (RDFs) are plotted, and in Table 1, where a set of structural parameters, solvation energy and translational self-diffusion coefficient for the bromide anion are collected. The Br-H RDF exhibits a double peak for the first solvation shell which indicates that the three hydrogen atoms of the methyl group are not symmetrically distributed around the bromide anion. The running coordination number gives a ratio 1:2 between the two peaks, and the total number of atoms up to the second minimum (5.5-5.9 Å in Figure 2a) is around 30-33 atoms, depending on the potential set employed. These RDFs reflect the different value of the σ Br-H parameter employed. The maximum of the first peak appears at 3.28 Å for Pot-A (σ Br-H = 3.6 Å), at 2.93 Å for Pot-B (σ Br-H =3.2 Å) and at 2.73 Å for Pot-C (σ Br-H =2.9 Å). The mean angle BrHC (α) collected in Table 1 for the closest hydrogen atom to the anion is also reflecting the increasing directionality interaction is not the dominant contribution in the first solvation shell. Angle β defines the angle formed by the molecular axis of the acetonitrile molecule and the vector formed by the bromide and the center of mass of the acetonitrile molecule (Scheme 1). A β value equals to 0°indicates the alignment of the anion with the molecular axis. Table 1 shows that the average β value is in the range 66-80°, then the structural arrangement for the first solvation agrees with the results obtained by Richardi et al. 3,8 from MOZ theory and MC simulations.

Br-C(methyl) RDFs for the three potentials are presented in Figure 2b. The maximum of the first peak is found in the range 3.7-4.0 Å, running integration numbers correspond roughly to 10 acetonitrile molecules. The height and width of the peaks for the three potentials show that the smaller σ Br-H is, the more compact the first solvation shell is. Experimental estimations of coordination numbers around bromide vary in a wide range, from dielectric relaxation measurements and thermodynamic data a value of 2 is obtained, 2,7 whereas from EXAFS measurements the value is close to 5. 40 This EXAFS study also gives a Br-C distance of 3.48 Å which has associated with it a large Debye-Waller factor,

σ 2 = (R Br-C -R Br-C ) 2 =0
.162 Å2 , implying a large static and dynamic disorder associated to the Br-C parameter. When comparing these DW factors with those computed from MD simulations (see Table 1), estimations are larger than the experimental one, when using Pot-A a value of 0.28 Å2 is obtained, whereas Pot-B and Pot-C give a similar and smaller value of 0.21 Å2 . EXAFS equation presents a strong coupling between the coordination number and the associated DW factors, whereas the first parameter contributes to increase the intensity of the signal (the larger the number of backscatter atoms, the more intense the signal becomes), the second parameter contributes to damp the intensity of the signal (the larger the static and dynamic disorder around the absorber atom are, The usual way to relate geometrical structure around an absorber atom in a solid and features of XANES spectra is by means of the simulation of the spectrum from a reasonable geometry generally taken from crystallographic data or some related structural model.

Nevertheless, when one deals with a structure in solution the source of structural information is scarce. An strategy to get advantages of both the experimental and theoretical sources of information is to simulate spectra from the structure provided by theoretical methods and to compare them with the experimental spectra. A synergy may be established, such that theoretical procedures could be improved by approaching the computed spectrum to the experimental one, and simultaneously the structural information derived from the spectrum is refined, and the features of the spectra properly assigned.

First of all, we are going to compare the XANES spectra obtained for clusters formed by one bromide anion and a number of acetonitrile molecules small enough to define only the first solvation shell [Br(ACN) 9 ] -, subsequently, the first and second solvation shells will be included, [Br(ACN) 20 ] -, and both spectra compared. Figure 3 that the computed spectra show more intense features at the high energy region than the experimental one. This is a consequence of the rigidity and symmetry of the structures used, since their origin is an energy minimization. In contrast, the spectrum obtained for a cluster of 20 acetonitrile molecules but whose structure is a snapshot of the MD trajectory with Pot-B is smeared out and the intensity of the second resonance is reduced.

To show the relationships between XANES features and structure around bromide, As previously remarked in the literature, 16,25,26,43 these findings show that for the XANES definition the geometrical arrangement of atoms around the photoabsorber is essential, such that slightly different structures could lead to clearly different spectra.

3.3 XANES spectra from MD simulations. As shown in Figure 5, the spectrum computed from the MD snapshots of Pot-A gives a rather poor reproduction of the experimental spectrum, something that was already observed for the minimized structure using this potential (Figure 3). The other two spectra are more similar to the experimental one, although in both cases the relative intensity of the second resonance decreases with respect to the simulated XANES obtained with their corresponding optimized clusters (Figure 3). On the contrary, the global shape of these spectra are smoother compared to the non-statistically averaged spectra obtained for the clusters. Thus, the tail of the XANES is smeared out in contrast to the XANES computed for clusters and the global spectrum is damped by the statistical average. Nevertheless, there is a fundamental difference between the snapshots and the structures derived from an energy minimization. The latter ones are the direct consequence of the balanced interaction potentials operating in the system (represented by a cluster of a given size) and, on this basis they could be considered as single representative configurations.

When solvation of a monoatomic ion is considered, a relatively small region of the solvent around the ion is perturbed by it, so that the microscopic picture could be envisaged as that of an ionic cluster immersed in a pure solvent. The short-range sensitivity of the XANES spectroscopy implies that a cluster of a few angströms around the ion is responsible for the spectrum shape. When the ion-solvent interactions are stronger than the solvent-solvent ones, the fluctuations of the solvent molecules in the closer environment of the ion (and simultaneously the absorber atom) are small and an averaged structure may be representative of the ion solvation shells. Even more, strong attractive interactions around the ion promotes a quite harmonic behavior of the ion-solvent interactions in this region which generates averaged structures quite consistent with those corresponding to the potential energy minimizations. The comparison of experimental and computed XANES indicates that the main features of the spectrum are pretty well reproduced by some of the energy optimized clusters, that is, these structures are representative ones, although the fluctuations included by the averaging of snapshots is needed to smear out the whole spectrum.

When comparing the distribution of distances for the first backscatterers of bromide in the clusters (Figure 3) and the peak of the corresponding RDF in Figure 2 It is interesting to notice that previous studies on cation hydration [24][25][26] following the same methodology have shown that the mismatch between individual spectra and the averaged one is less important than that observed in the anion solvation. 27 The reason is that anion-solvent interactions are weaker than the cation-solvent ones. Additional factors derived from simulation contribute to modify the shape of the spectrum whose detailed analysis can not be easily split. A general conclusion is that for the set of potentials employed, the acetonitrile-acetonitrile interactions are too much dominant with respect to the bromide-acetonitrile ones. Provided that acetonitrile simulations of the pure solvent gives consistent results, 28 a strategy to improve the description of the bromide solution could be to define a more attractive bromide-acetonitrile interaction potential by including in the fitting ab initio interaction energies of clusters, in addition to geometrical criteria. Likewise, as pointed out by Richardi et al. 3 for the case of aprotic solvents, or by Ayala et al. 44 for the case of water, the consideration of a polarizable model certainly must introduce some improvements in the detailed balance among the ion-solvent and solvent-solvent in- 
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  would be provided by structures where acetonitrile molecules in contact with the anion would orientate their dipole axis passing through the anion center.
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 3 Computation of XANES spectra.

  on bromide hydration structure, it was necessary to include the 8 obtain a realistic backscattering potential and a simulated XANES spectrum that resembled experimental data. This could be understood by the fact that hydrogen atoms form the closer shell around the anion. The bromide ion induces the presence of a set of hydrogen atoms of first-shell water molecules in its closest vicinity, which are found to play a significant role in both the scattering phenomenon and in the determination of electronic wavefunctions of the bromide clusters. For the same reason, hydrogen atoms were included in the calculation of both backscattering potential and XANES spectrum in this work.
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  Br-H parameter reinforces the bromide-acetonitrile interactions with respect to the MD simulation with Pot-A, giving rise to tighter structures, although they are more relaxed than the experimental one. Regarding coordination number, Richardi et al. 8 from their molecular Ornstein-Zernike (MOZ) study predicts a value close to 9.5 molecules of acetonitrile in the first solvation shell. In a later work, these authors carry out a study of halides in acetonitrile, excluding bromide, comparing MOZ and MonteCarlo simulations. 3 Maxima for the first shell of X-C (X ≡ Cl and I) RDFs appear at ca. 3.8 and 4.3 Å for chloride and iodide respectively, what may represent a reasonable range to enclose the Br-C distance.

Richardi et al. 8

 8 obtain similar results from their simulation when the Gibbs solvation free energy are estimated, the theoretical values underestimate (provide less negative values) the experimental data in 30-60 kJ/mol. The translational self-diffusion coefficient for the bromide has been computed from the mean-square displacement function by following the Einstein relation, theoretical D Br values are found to be in the range 1.4-1.6•10 -9 m 2 s -1 . There is no previous theoretical estimation for D Br in acetonitrile, but Guardià and Pinzon 38 have computed D Cl from MD simulations of chloride in acetonitrile, finding a value of 1.8•10 -9 m 2 s -1 . The experimental values derived from conductivity measurements are 2.66 and 2.67•10 -9 m 2 s -1 for chloride and bromide, respectively.
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 2 XANES spectra from Br(ACN) - n clustersThe usual way to relate geometrical structure around an absorber atom in a solid and features of XANES spectra is by means of the simulation of the spectrum from a reasonable 11

Figure 3

 3 includes comparative plots of the experimental spectrum obtained by Watanabe and col.37 with those computed for the optimized structures [Br(ACN) 9 ] -obtained by applying the three sets of potentials and the quantum mechanical level. The spectra obtained from the structures derived quantum mechanically by using Pot-B and Pot-C present the three main resonances and their relative intensities are quite similar to the experimental spectrum. On the contrary, Pot-A derived structure leads to a quite different ratio of intensities which makes the computed spectrum rather different in shape from the experimental one, even though resonances appears at the same energy values. The spectrum derived from the structure optimized quantum-mechanically has been over-imposed to that derived of Pot-B to show the sensitivity of XANES features to small changes, since the fitted σ Br-H value was chosen just to bring the potential-derived structure containing nine acetonitrile molecules as close as possible to quantum-mechanical one. (The RMS for the structure was 0.7 Å, and Figure 1 shows the similarity between both structures). The changes that a second solvation shell induces on the spectrum features can be observed in the XANES generated for the [Br(ACN) 20 ] -cluster (obtained through the use of Pot-B). The comparison with 12 acetonitrilated cluster for Pot-B suggests that second-shell effects are marginal: a small change in the relative intensities of the three resonances and a slight smoothing, both at the white line and at the high-energy part of the spectrum. It is worth noting

Figure 4

 4 Figure 4 plots the distribution of the distances for the two first types of backscatter atoms surrounding the halide, that is hydrogen and carbon atoms of acetonitrile molecules. Ordinate contains the corresponding distance of the backscatter atoms to the bromide whereas abscissa gives the order number established on the basis of the H(or C)-Br distance. Thus, the curve R Br-H vs. n H for the minimum [Br(ACN) 9 ] -structure obtained quantum-mechanically shows nine H atoms placed at 2.79-2.90 Å. The additional 18 hydrogen atoms of the cluster are placed at larger distances within the range 4.30-4.60 Å. The structure obtained by Pot-A exhibits the most distant first shell of H atoms, located in between the two previous ranges of distances (3.2-3.5 Å) and with almost a double number of backscatters (15). Its XANES spectrum is that differing most from the experimental one. An intermediate distribution is shown by the snapshot with 20 molecules,where R Br-H values increases monotonically, although the closest distances are more similar to the two minimum geometries obtained with Pot-B. In the case of the optimized cluster with 20 solvent molecules using the set of potentials B, the shape of the spectrum is more similar to the corresponding structure with 9, indicating that the second set of H atoms play a minor role on the XANES features. It is worth pointing out that the sequence of Br-H distance for Pot-C, Pot-B and quantum mechanics compared with the energy gap between the two first resonances illustrates pretty well the Natoli's rule,13 

  The computed Br K-edge XANES spectrum of bromide in acetonitrile solution at 298K obtained from MD simulations which used the three different set of potentials are shown in Figure5. In contrast with the structure of clusters, these spectra are the average for a large number of structures (100 snapshots) which result from the fluctuations of the solvent structure around the bromide. The relevance of the changes induced by be seen either by individual inspection of spectra corresponding to several snapshots or by drawing the standard deviation of the absorption line along the whole energy range. These two plots have been included in Figure6. The individual XANES spectra coming from different snapshots show significant differences among them, specially at low energy. The interesting fact derived from this figure is that the majority of the individual spectra are quite different to the average. This stresses the importance of carrying out a thorough sampling of the configurational space to properly compute the XANES spectra in solution. This is not surprising if one bears in mind the differences originated in the XANES features when using the different clusters studied in the previous section. Similar results were found in an earlier theoretical-experimental study on the hydration of bromide.27 Geometrical fluctuations generates quite different local hydration environments around bromide, then leading to quite different shape of spectra derived by each individual snapshot (for instance see Figure2in ref[27]).

[

  Taken into account that different theoretical approaches have been employed as source of structural information, several solvation environment around the bromide have been described, allowing us a detailed analysis of the relationship between structures, XANES features and static and dynamic disorder of the solution. Given the difficulty of establishing a direct relation with other observables in solution, XANES (and EXAFS) has revealed as an interesting guide to validate or improve computer simulations. In this particular case, it has been shown that the coordination shells beyond the first one do not make an important contribution to the spectrum.The resemblance between the theoretical spectra obtained from quantum mechanically optimized clusters (n ≥ 9) and the average spectra derived from MD simulations with some of the set of potentials allows us to conclude that those clusters are a good model picture of the structure of bromide in acetonitrile. Nonetheless, the discrepancies among the individual spectra derived from MD simulations indicate that this representation should be taken as an average model picture with important standard deviations. The set of potential called Pot-B seems the most appropriate to deal with small clusters of Br(ACN) n ] -(for n≥ 20), whereas the set Pot-C seems the more convenient to describe acetonitrile solutions containing bromide.

Figure 1 .

 1 Figure 1. Quantum Mechanically optimized structure (blue) for [Br(ACN) 9 ] -cluster together with the minimum RMSD configuration (yellow) according to the σ Br-H parameter (see text for details).
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 2 Figure 2. Radial distribution functions for Br-H and Br-C(methyl) pairs of pot.A, pot.B and pot.C simulations.
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 3 Figure 3. Experimental Br K-edge XANES spectrum (black) and theoretically simulated spectra for different bromide-acetonitrile clusters.
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 4 Figure 4. Br-H and Br-C distances for the clusters used in Figure 3.
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 5 Figure 5. Comparison of the experimental Br K-edge solution XANES spectrum with the ones obtained from the molecular dynamics simulations.

Figure 6 .

 6 Figure 6. Several individual XANES spectra computed from snapshots of pot.C simulation (top). Averaged XANES spectrum from the same simulation including the standard deviation for the whole energy range.

  the highest stabilization energy would be provided by structures where acetonitrile molecules in contact with the anion would orientate their dipole axis passing through the anion center.

  acetonitrile are investigated. The interplay of XAS spectroscopy with quantum mechanics 4

  First, clusters formed by one bromide anion and an increasing number of acetonitriles molecules computed at the quantum mechanical level. Second, snapshots extracted from the molecular dynamics trajectories of a bromide anion immersed in a large number of acetonitrile molecules simulating the solution, at room temperature. The computer simulations have not been limited exclusively to the application of combination rules to obtain the appropriate 5
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  cutoff radius, such as 7.0 Å in the SCF computation of the wavefunction to determine potentials and/or XANES spectra calculation do not affect the results.
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  bond (a strong hydrogen bonding is roughly linear, i.e. an angle value for XHY close to 180°): 125°for Pot-A, 135°for Pot-B and 145°for Pot-C. The asymmetrical solvation of the methyl group implies that the charge(anion)-dipole(acetonitrile)

  signal is). Thus, for a given intensity, small values of DW factors are compatible with small coordination numbers, as well as larger DW factors need larger coordination numbers. The theoretical trend of the DW factors reflects that lowering the σ Br-H parameter reinforces the bromide-acetonitrile interactions with respect to the MD simulation with Pot-A, giving rise to tighter structures, although they are more relaxed than the experimental one. Regarding coordination number, Richardi et al. 8 from their molecular Ornstein-Zernike (MOZ) study predicts a value close to 9.5 molecules of acetonitrile in the first solvation shell. In a later work, these authors carry out a study of halides in acetonitrile, excluding bromide, comparing MOZ and Monte Carlo simulations. 3 Maxima for the first shell of X-C (X ≡ Cl and I) RDFs appear at ca. 3.8 and 4.3 Å for chloride and iodide respectively, what may represent a reasonable range to enclose the Br-C distance. The experimentally estimated enthalpy of solvation 2 is -337 kJ/mol, whereas the computed value for the three simulations ranged between -260 and -285 kJ/mol. The sequence of solvation energies for the three set of potentials follows the same order than the value of σ Br-H and the corresponding distance of the first shell of acetonitrile around the halide. Richardi et al. 8 obtain similar results from their simulation when the Gibbs solvation free energy is estimated, the theoretical values underestimate (provide less negative values) the experimental data by 30-60 kJ/mol. The translational self-diffusion coefficient for the bromide has been computed from the mean-square displacement function by following the Einstein relation, theoretical D Br values are found to be in the range 1.4-1.6•10 -9 m 2 s -1 . There is no previous theoretical estimation for D Br in acetonitrile, but Guardià and Pinzon 41 have computed D Cl from MD simulations of chloride in acetonitrile, finding a value of 1.8•10 -9 m 2 s -1 . The experimental values derived from conductivity measurements are 2.66 and 2.67•10 -9 m 2 s -1 for chloride and bromide, respectively. 42 spectra from Br(ACN) - n clusters

  includes comparative plots of the experimental spectrum obtained by Watanabe and col. 40 with those computed for the optimized structures [Br(ACN) 9 ] -obtained by applying the three sets of potentials and the quantum mechanical level. The spectra obtained from the structures derived quantum mechanically by using Pot-B and Pot-C present the three main resonances and their relative intensities are quite similar to the experimental spectrum. On the contrary, Pot-A derived structure leads to a quite different ratio of intensities which makes the computed spectrum rather different in shape from the experimental one, even though resonances appears at the same energy values. The spectrum derived from the structure optimized quantum-mechanically has been over-imposed to that derived of Pot-B to show the sensitivity of XANES features to small changes, since the fitted σ Br-H value was chosen just to bring the potential-derived structure containing nine acetonitrile molecules as close as possible to quantum-mechanical one. (The RMS for the structure was 0.7 Å, the similarity between both structures). The changes that a second solvation shell induces on the spectrum features can be observed in the XANES generated for the [Br(ACN) 20 ] -cluster (obtained through the use of Pot-B). The comparison with the nona-acetonitrilated cluster for Pot-B suggests that second-shell effects are marginal: a small change in the relative intensities of the three resonances and a slight smoothing, both at the white line and at the high-energy part of the spectrum. It is worth noting
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 4 Figure 4 plots the distribution of the distances for the two first types of backscatter atoms surrounding the halide, that is hydrogen and carbon atoms of acetonitrile molecules. Ordinate contains the corresponding distance of the backscatter atoms to the bromide whereas abscissa gives the order number established on the basis of the H(or C)-Br distance. Thus, the curve R Br-H vs. n H for the minimum [Br(ACN) 9 ] -structure obtained quantum-mechanically shows nine H atoms placed at 2.79-2.90 Å. The additional 18 hydrogen atoms of the cluster are placed at larger distances within the range 4.30-4.60 Å. The structure obtained by Pot-A exhibits the most distant first shell of H atoms, located in between the two previous ranges of distances (3.2-3.5 Å) and with almost a double number of backscatters (15). Its XANES spectrum is that differing most from the experimental one. An intermediate distribution is shown by the snapshot with 20 molecules, where R Br-H values increases monotonically, although the closest distances are more similar to the two minimum geometries obtained with Pot-B. In the case of the optimized cluster with 20 solvent molecules using the set of potentials B, the shape of the spectrum is more similar to the corresponding structure with 9, indicating that the second set of

  The computed Br K-edge XANES spectrum of bromide in acetonitrile solution at 298K obtained from MD simulations which used the three different set of potentials are shown in Figure5. In contrast with the structure of clusters, these spectra are the average 14 number of structures (100 snapshots) which result from the fluctuations of the solvent structure around the bromide. The relevance of the changes induced by the fluctuation might be seen either by individual inspection of spectra corresponding to several snapshots or by drawing the standard deviation of the absorption line along the whole energy range. These two plots have been included in Figure6. The individual XANES spectra coming from different snapshots show significant differences among them, specially at low energy. The interesting fact derived from this figure is that the majority of the individual spectra are quite different to the average. This stresses the importance of carrying out a thorough sampling of the configurational space to properly compute the XANES spectra in solution. This is not surprising if one bears in mind the differences found in the XANES features when using the different clusters studied in the previous section. Similar results were found in an earlier theoretical-experimental study on the hydration of bromide.27 Geometrical fluctuations generate quite different local hydration environments around bromide, then leading to quite different shape of spectra derived by each individual snapshot (for instance see Figure2in ref[27]).

  Considering the magnitude of the deviations of the individual spectra with respect to the averaged one, the similarity among the experimental spectra and those obtained from the cluster structures (quantum mechanics or classical potentials, Pot--C) could be surprising because the clusters ones are based on an unique structure which correspond with the minimum for each cluster size.
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 1 results derived from simulations are consistent with previous simulations of related systems, using other intermolecular potentials and/or computational modeling, such as integral equations or Monte Carlo. Concluding Remarks.Simulations of bromide in acetonitrile have been carried out by means of the use of interaction potentials available in the literature, and simple modifications of them based on structural criteria associated to the hydrated ion concept.The structural description of the local environment of bromide anion in acetonitrile is a rather relaxed first solvation shell formed by ca. 10 acetonitrile molecules where one of the hydrogen atoms of the methyl group is placed closer to the anion, 2.7-2.9 Å, than the other two hydrogen atoms of the methyl group (ca. 4.2-4.4 Å) due to the bent orientation of the acetonitrile molecules (approx. 130 °) with respect to the bromide anion. This allows the carbon atom of the methyl group to be closer to the bromide, ca. 3.7-3.8 Å.A small second peak at 8 Å shows a quite diffuse shell that is more dominated by the acetonitrile solvent structure than by the anion.Taken into account that different theoretical approaches have been employed as source of structural information, several solvation environment around the bromide have been described, allowing us a detailed analysis of the relationship between structures, XANES features and static and dynamic disorder of the solution. Given the difficulty of establishing a direct relation with other observables in solution, XANES (and EXAFS) has revealed as an interesting guide to validate or improve computer simulations. In this particular case, it has been shown that the coordination shells beyond the first one do not make an important contribution to the spectrum.The resemblance between the theoretical spectra obtained from quantum mechanically optimized clusters (n ≥ 9) and the average spectra derived from MD simulations with some of the set of potentials allows us to conclude that those clusters are a good model 18 structure of bromide in acetonitrile. Nonetheless, the discrepancies among the individual spectra derived from MD simulations indicate that this representation should be taken as an average model picture with important standard deviations. The set of potential called Pot-B seems the most appropriate to deal with small clusters of [Br(ACN) n ] -(for n≥ 20), whereas the set Pot-C seems the more convenient to describe acetonitrile solutions containing bromide.
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 1 Figure 1. Quantum Mechanically optimized structure (blue) for [Br(ACN) 9 ] -cluster together with the minimum RMSD configuration (yellow) according to the σ Br-H parameter (see text for details).
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 2 Figure 2. Radial distribution functions for Br-H and Br-C(methyl) pairs of pot.A, pot.B and pot.C simulations.
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 3 Figure 3. Experimental Br K-edge XANES spectrum (black) and theoretically simulated spectra for different bromide-acetonitrile clusters.
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 5 Figure 5. Comparison of the experimental Br K-edge solution XANES spectrum with the ones obtained from the molecular dynamics simulations.
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 6 Figure 6. Several individual XANES spectra computed from snapshots of pot.C simulation (top). Averaged XANES spectrum from the same simulation including the standard deviation for the whole energy range.
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  minimum for clusters in gas phase to solution, the interactions between the solvated ion and bulk solvent and those between the solvent-solvent molecules play a role equivalent to an increase of this parameter. The maxima of g Br-H is 2.73 and 2.93 Å for Pot-C and Pot-B, respectively (see Table1and Figure2) whereas in the corresponding [Br(ACN) 9 ] - clusters are around 2.55 and 2.75 Å. The solvent effects on the Br-C distances are much smaller in these two simulations, which indicates a decrease of the orientational angles α and β (See Scheme 1). This is one of the reasons that makes the computed XANES more similar to the experimental one is that derived from MD simulation with Pot-C.

	F o r
	P
	e
	e r
	R
	e
	v i e
	w
	O n l
	y

relaxation of the first solvation shell for the set of potentials Pot-B and Pot-C, where the bromide-acetonitrile interactions may become stronger in the first shell. Since the main parameter changing with σ Br-H is just the Br-H distance, when going from structures of

  Simulations of bromide in acetonitrile have been carried out by means of the use of interaction potentials available in the literature, and simple modifications of them based on structural criteria associated to the hydrated ion concept.The structural description of the local environment of bromide anion in acetonitrile is a rather relaxed first solvation shell formed by ca. 10 acetonitrile molecules where one of the hydrogen atoms of the methyl group is placed closer to the anion, 2.7-2.9 Å, than the
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other two hydrogen atoms of the methyl group (ca. 4.2-4.4 Å) due to the bent orientation of the acetonitrile molecules (aprox. 130 °) with respect to the bromide anion. This allows the carbon atom of the methyl group to be closer to the bromide, ca. 3.7-3.8 Å. A small second peak at 8 Å shows a quite diffuse shell that is more dominated by the acetonitrile solvent structure than by the anion.
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