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Molecular Dynamics Simulations of the Solution-Air Interface of Aqueous Sodium Nitrate
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Molecular dynamics simulations have been used to investigate the behavior of aqueous sodium nitrate in
interfacial environments. Polarizable potentials for the water molecules and the nitrate ion in solution were
employed. Calculated surface tension data at several concentrations are in good agreement with measured
surface tension data. The surface potential of NabBl@lutions at two concentrations also compare favorably

with experimental measurements. Density profiles suggest that KBides primarily below the surface of

the solutions over a wide range of concentrations. When the nitrate anions approach the surface of the solution,
they are significantly undercoordinated compared to in the bulk, and this may be important for reactions
where solvent cage effects play a role such as photochemical processes. Surface water orientation is perturbed
by the presence of nitrate ions, and this has implications for experimental studies that probe interfacial water
orientation. Nitrate ions near the surface also have a preferred orientation that places the oxygen atoms in the
plane of the interface.

Introduction VSFG studies have suggested thatxdMANG; (x = mole

Renewed interest in ions at aqueous interfaces was initiatedraction) modifies the first layer of surface water molecules
by experiments in which measured,@land B uptake over ~ compared to neat Waté"'rHowgver, the detailed structure (e.g.,
Nal and NaBr solutions could not be explained with a simple location and orientational distribution) of interfacial water
bulk-phase reaction mechanigrThis observation, combined ~molecules and nitrate ions is not known. Comparing VSFG
with theoretical calculations on negative ions in water clusters, spectra and MD simulatiod%>%53 has provided insight into
provided initial evidence for interfacial solvation of polarizable the details of interfacial water structure in neat water, sodium
ions23 Subsequent work on interface reactions between surfacehalide solution€® and aqueous acids and ba3edqut this
halide ions and atmospheric oxidahts has fueled further has not yet been done for aqueous interfaces containing nitrate
theoretical studies on aqueous interfateé81n addition, second ions.
harmonic generation (SH&)?*and vibrational sum frequency Computational studies on NOat the aqueous interface have

generation (VSFGy 2’ studies on ions at aqueous interfaces ,qqyced conflicting results concerning the propensity for the
have advanced our understanding of these systems. Surfac i .ote anion for the airwater interfacé1838n this study,

propenfsny of 'r? ns 1s a]!so cloielytlt|(|ad tg me?sur?d |nlterfa§/(i/|al I(We set out to answer the question: is N@resent at the surface
Properties such as surface potential an sug ace tension. Worky¢ aqueous NaN@ solutions? Because of these conflicting
to resolve the molecular level theoret®® and spectro-

3.5 26 ) . ! results, we first validate our simulation model by comparing

scopi@®2>26understanding of aqueous interfaces with macro- . -
scopic thermodynamic propertis® is ongoing. calculatlon§ of surface tension datg for aqueous Nam@rge

The importance of nitrate in the atmosphere has been concentrations and surface potent|als_ at two concentrations to
highlighted by the recent focus of both atmospheric and physical ©Perimental data. After model validation, we repeat the
chemistry on research related to this topi#825.3349 Nitrate calculat|0n§ of Salvador et &.and report on tht_a behaw'or_o_f
is incorporated into sea salt particles in the atmosphere via ©"€ NaN@in a water slab, also referred to as nitrate at infinite
atmospheric aging processes, involving oxides of nitrogen suchdilution (in our case, this corresponds to approximately 0.05 M
as HNQ, NO,, N,Os, and CIONG, in which chloride ions are ~ NaNG). Then we extend our study to NOat finite concentra-
displaced by nitraté%-56 Aqueous nitrate ions are abundant in tions of 1.5 and 6.8 M. On the basis of these simulations, we
the atmosphere and are involved in a variety of atmospheric predict that nitrate resides primarily in the bulk, and there is
reaction$’ In this article, we investigate the behavior of aqueous only a small amount of N& at the airwater interface. We
NaNG; in interfacial environments using classical molecular observed that water coordination around nitrate ions near the

dynamics (MD) simulations. interface differs from the water coordination around bulk ions,
To wh g hould be add 4 Emal i and this suggests that nitrate ions could experience unique
*To whom correspondence shou € addressed. £-maill: martina. . . . . . . .
roeselova@uochb.cas.cz (M.R.); dtobias@uci.edu (D.J.T.). interfacial chemistry. Surface water orientation is also disrupted
" Environmental Molecular Science Institute and Department of by the presence of nitrate ions. Finally, the orientation of nitrate
Chemistry, University of California, Irvine. __ions near the liquigtvapor interface versus the bulk is presented
* Center for Biomolecules and Complex Molecular Systems, Institute . d id basis f d dina f .
of Organic Chemistry and Biochemistry. in order to provide a basis for understanding future spectroscopic
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TABLE 1: Simulation Parameters for NO3;~ Given in the
Amber Convention?

atom qEe) oA Ry(A) e (kcal/mol)

Prior Work
Salvador eta¥® N (nitrate) +0.950 0.000 2.180 0.200
O (nitrate) —0.650 1.300 1.760 0.155

Minofar etal’®® N (nitrate) +0.950 0.000 1.880 0.170
O (nitrate) —0.650 1.200 1.800 0.160

This Study
parameter set® N (nitrate) +0.950 0.000 2.180 0.200
O (nitrate) —0.650 1.490 1.760 0.155

parameter setB N (nitrate) +0.950 0.000 1.880 0.170
O (nitrate) —0.650 1.490 1.800 0.160

2 In the present study, calculations were completed using both sets
of Lennard-Jones parameters used in prior work and referred to as sets
A and B. The polarizability used in the present work is consistent with
the original parametrization of the nitrate anion by Salvador &t al.

We employed a force field for nitrate that was adapted from
Salvador et at® Because of a slight difference in the van der
Waals parameters reported by Salvador € @nd Minofar
et al.18 simulations were performed using both parameter sets.
Simulation parameters used in previous work and in the present
study are given in Table 1. The polarizability of the nitrate anion
originally recommended by Salvador et al., 1.49placed on
each of the three nitrate oxygen atoms, was used in the present
work. The geometry of the nitrate is maintained by the reaON
bond (1.269 A) and an artificial ©0 bond (2.197 A) used to
constrain the molecule during the simulation. The performance
of the force field in reproducing the bulk properties of aqueous
sodium nitrate solutions, including neutron and X-ray diffraction
results, and the calculated density as a function of concentration,

1.5 and 6.8 M NaN@Qa.q N = blue, Q, = purple, Na= teal, Gy = will be reported in a subsequent publicatiGn.
red, Hy = white. The surface tension and surface potential data for NaNO
solutions were calculated using methods described in detalil
Computational Methods elsewheré’ .7 Briefly, the surface tension is calculated using:
Simulations of aqueous NaNQvere completed using clas- _1 L 21 P 4P 1
sical molecular dynamics of NaNGn a box of 864 water 4 2 ZE}ZZ 2( xx VV)D (1)

molecules with periodic boundary conditions in three dimen-
sions% To simulate the liquid-vapor interface, a slab geom-
etry?>%%was employed as in previous studies (see for example
refs 14, 27, 38). The size of the unit cell was set to 3 A
30 A x 100 A, with the elongated box dimension along the
axis normal to the two liquigtvapor interfaces. Snapshots of
one interface from simulations of 1.5 and 6.8 M NaNO
solutions are shown in Figure 1. The simulations were carried
out at constant volume and a constant temperature of 298 K.
All simulations were completed using the Amber 8 suite of
programs’ Long-range electrostatic interactions were calculated
using the particle mesh Ewald metl§&€° with a real space
cutoff of 12 A. Water molecules were modeled using the
polarizable POL3 water modél,and the internal degrees of
freedom of the water molecules were constrained using the
SHAKE algorithm? Each simulation consisted of at least 500

ps equilibration, followed by 24 ns of data collection, using  \ere calculated using Gaussian 83The waters were repre-
a time step of 1 fs. This simulation length was sufficient to sented as point charges wigh = +0.41e andjo = —0.82¢'5

produce density profiles that differ in the nitrate peak height Single-point MP2¢ calculations were performed using the
by less than 15% on opposite sides of the slab. For the Surfaceaug-cc-pvt? basis set. The sodium ion was not included in
potential calculations, a time step of 2 fs was used. To avoid {qse calculations.

the well-known polarization catastropBedue to the large

electric field in solutions with high ionic strengths, the induced Results and Discussion

dipoles were calculated using a method developed previously Comparison with Experiments. The details of each simula-
for calculations on sodium thiocyanafeyith the induced dipole tion box, including the number of ions and water molecules,

scaling chosen to preserve the properties of neat whter. and surface tension data for three concentrations, are reported

where theP; are the components of the pressure tensor
(calculated in the usual way from the virial expressighl); is
the length of the simulation cell in thedirection (normal to
the slab), the angular brackets denote a time average, and the
factor of 1/, accounts for the slab having two interfaces. The
difference between the calculated surface tension for an agueous
NaNG; slab and a neat water slabh{ = ynano; — YH,0) IS
reported for each concentration. The surface potengjalas
calculated as function of the coordinate by adding the
contributions of the partial charges and the induced dipole
moments, which gives the total surface potential. The difference
in surface potential between an aqueous sodium nitrate slab and
a neat water slabAy = ynano; — xH.0) IS compared with
measured surface potential data.

The magnitude and direction of the nitrate dipole for
snapshots taken from classical simulations of one nitrate in water
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TABLE 2: Comparison of Calculated and Measured Surface Tensiof? and Surface Potentiaf! Data for Aqueous NaNQg2

calculatedAy calculatedAy calculatedAy calculatedAy
number of  slab molarity parameter set A parameter set B measured\y®?> parameter set A parameter set B measuredyy®!
molecules (M) (dynes/cm) (dynes/cm) (dynes/cm) (mV) (mV) (mV)
18 NaNQ 15 0.6+ 1.6 —-15+1.4 1.8+ 0.2 100 60 25
864 H,O
86 NaNQ 6.8 8.1+ 2.3 7.1+ 3.2 7.3+ 0.6 400 280 -
864 HO
141 NaNQ 8.5 11.6+ 2.8 7.7+ 3.2 8.8+ 0.6 - - -
864 HO

aErrors for surface tension data were estimated using the method of blocking tran&forms.

Parameter Set A Parameter Set B
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Figure 2. Surface potentials for 1.5 and 6.8 M NaBl@mpared to the surface potential of water, computed using 2 ns of simulation data. Data
is shown relative to the Gibbs dividing surface, setzte 0. The difference in the potential for NaN®olutions and neat water is compared to
experimental data in the text.

in Table 2. The NaN@concentration for each slab with finite 20 3

concentration was determined by calculating the average mo- Froeeee. e,

larity of the center 20 A of the slab in thedirection. The 10F Y
calculated molarity of the most concentrated solution is slightly ol N i
above the solubility limit (7.8 M) for NaN@ The presence of . OE

measured surface tension data for supersaturated solutions makes N

it relevant to calculate the surface tension for 8.5 M NaNO -10 X

and compare it against experiment. To compare the surface SR . B
tension of our simulations to available surface tension data (up -20 T T T T Y
to 12.2 M), the experimental data was fit to a polynomial that

describes a general relationship between molarity and surface 0.0 1.0 2.0 3.0
tension. As the simulated solution approaches the solubility limit, simulation time, ns

the degree of ion clustering increases dramatically and small

domains of NaN@begin to form in the solution at the onset of _Figure 3. Nitrate z coordinate vs time (;solid line) for one nitrate ion
crystallization. This ion clustering in the 8.5 M simulations limits 'r” farwgter fSlr??H The "i‘;i""tﬁr ?etﬂs'tiyr?riﬁf'tlﬁ (d?sg‘ed line) is shown as a
their usefulness in providing insight into the structural properties eterence for the position ot the 1o € siab.

of aqueous NaN@ The discussion of structural properties is gets A and B and is shown in Table 2. Figure 2 shows the
therefore limited to simulations below the solubility limit. potential as a function of coordinate relative to the Gibbs
Calculation of the surface tension and surface potential was dividing surface for water, 1.5 and 6.8 M Nai@n this study,
restricted to finite concentrations because the simulation lengthyye yse the approximate definition that the Gibbs dividing surface
needed to calculate these values for the “infinite dilution” within s |ocated where the interfacial water density is half its bulk
error is longer than currently feasible. value. Subtracting the water potential in the center of the slab
Surface tension data\ = ynano, — ¥H,0) Were calculated  from the NaNQ potential gives\y values that can be compared
using 1.6 ns of simulation data for water and 3.3 ns of simulation with experimental data, which is measured as a difference from
data for the NaN@slabs. Both sets of Lennard-Jones parameters neat water. For 1.5 M NaN{the measuredy is 0.03 V and
produce reasonable surface tension data, however, parametefcreases with concentrati8hConsistent with the experimental
set B is better at reproducing the surface tension of the mostdata, the calculated values are positive and increasing with
concentrated slab. They value for 1.5 M NaN@has the wrong  concentration with both parameter sets. The absence of measured
sign using parameter set B, but is withia @f error. Error bars surface potential data above 2.0 molal3( M) limits us to
were calculated using blocking transformations, a method for comparing the surface potential trend, rather than compare with
estimating the statistical error in correlated data proposed by measured data for 6.8 M NaNOFor parameter set A
Flyvbjerg and Peterséhand described in more detail by Benz  (Figure 2a), the potentials differ from water by 0.1 V (1.5 M)
et al’® and 0.4 V (6.8 M). For parameter set B (Figure 2b), the
The electrostatic surface potential was calculated for water potentials differ from water by 0.06 V (1.5 M) and 0.28 V
and NaNQ slabs at two concentrations using both parameter (6.8 M). Set B is closer to the experimental value for 1.5 M. In
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Figure 4. Magnitude of nitrate dipole, shown in (a), for one nitrate ion in a water slab from the classical Amber simulation vs the dipole calculated
at the MP2/aug-cc-pVTZ level with the waters represented as point charges. The angle between the classical and ab initio dipole vs the distance
from the center of the slab is shown in (b). A snapshot of the two dipoles is shown with the classical dipole in red and the ab initio dipole in green.

addition, the rate of increase with concentration is in closer
agreement with experimental data for parameter set B.

Surface tension and surface potential calculations suggest that
parameter set B is in slightly closer agreement with experimental
data. In addition, parameter set B (modified by reducing the
polarizability by 20%), has recently been shown to give a free
energy of hydration in good agreement with experimental data
for the nitrate anioR® The structural properties for both data
sets are quite similar, hence in the remainder of the paper, only
results for parameter set B are shown.

NaNOs at Infinite Dilution. Simulations of one NaN®in
a water slab were completed in order to compare with simula-
tions carried out by Salvador et ®lin which a single nitrate
anion was placed on the surface of a water slab. When a
polarizable model was used, the anion remained near the surface,
but when a nonpolarizable model was used, the anion spent
most of the time in the interior of the slab. The prior study
therefore concluded that, if polarization is taken into account,
the nitrate anion has a propensity for the-airater interface. AT T -

The corresponding results from the present study are shown 5 10 15 20
in Figure 3 employing a polarizable force field with nitrate
placed initially in the bulk of the slab. Similar results were Z, A
.Ok.)t.amEd with both par_ameter sets in 3 ns runs Wlt.h the nitrate Figure 5. Density profiles for water oxygen (solid line), sodium (dotted
|n|t|ally placed. at the |ntqrface. All of our s!mulanons show line), and nitrate nitrogen (dashed line) for 1.5 M (a) and 6.8 M (c),
that nitrate resides at the interface for short times but returns to respectively, shown for simulations using 4 ns of simulation data.
the bulk of the slab. On average, the nitrate anion spends
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relatively little time at the interface. analysis that distributing the polarizability equally on the three
In the force field used in the present simulations, the nitrate oxygen atoms in nitrate represents both the magnitude and the

polarization is modeled by dividing the NOpolarizability into direction of the nitrate dipole reasonably well.

three equal contributions of 1.4% flaced n the oxygen atoms. Interfacial Structure of Aqueous Solutions of NaNG; at

To verify that this accurately represents the anisotropic nature Finite Concentrations. The surface propensity of the nitrate
of the nitrate polarizability, with a large difference between the anion, represented as a density profile, is shown for 1.5 and
in-plane and out-of-plane componefisingle-point ab initio 6.8 M sodium nitrate simulations in Figure 5. For ease of
electronic structure calculations were performed on one nitrate comparison, each density profile was normalized using
ion in solution. Coordinates of one nitrate ion in 864 water [ p(z) dz= 1 and averaged about the center of the slab. In
molecules were taken from snapshots of classical simulations,all'cases, the nitrate anion resides primarily below the first few
and the water oxygen and hydrogen atoms were replaced bysurface water layers and has only a small probability of being
point charge3® The sodium ion was not included in the single- at the surface of the solution.

point calculations but is expected to have a minimal impact on  Recently a free-energy decomposition of the factors (such
the nitrate dipole because the nitrate and sodium ions were wellas cavity formation, permanent change, and polarizability) that
separated in the snapshots used for these -calculationsstabilize surface solvation was presented for iodide, a spherical
Figure 4a shows the magnitude of the instantaneous dipoleion8® In their analysis, Archontis and Leontidis found that
moment in the force field-based simulation vs the corresponding permanent charge interactions favor the bulk, while induced-
ab initio dipole moment. The force field and ab initio dipole dipole moments stabilize the interface. However, delocalization
moments have similar magnitudes, which differ by around 30%. of the polarizability onto the three oxygen atoms does not appear
Figure 4b shows the angle between the ab initio and force field to be the origin of bulk solvation of the nitrate ion in our
dipole moments in degrees for both parameter sets as a functiorsimulations because, in recent simulations of agueous KNO
of position within the slab. The angle between the dipoles rangesby Dang et al., the polarizability of the nitrate ion was placed
between 2and 25, with a slight trend toward larger differences only on the central nitrogen and bulk solvation was also
as the ion moves toward the interface. It is clear from this observed! The isotropic polarizability (the mean value of the
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Figure 6. Nitrate—water oxygen radial distribution functiong(r), for bulk and near surface ions in 1.5 and 6.8 M NaN@bs.

where the nitrate ion exhibits a preferred orientation parallel to
the surface (see below). This is reflected in the strong first peak
in the N—H,y RDF on the surface, while the second peak is
much less pronounced. However, in the isotropic conditions of
the bulk, both peaks are of comparable intensity. Both th©[\!

and N-H,, first peaks are more pronounced at the surface
compared to the bulk. This suggests that surface nitrates bind
waters more strongly. While at the surface, nitrate ions remain
parallel to the interface (see below) in order to maximize
interactions of all nitrate oxygens with water hydrogens.

In Figure 8, the total number of waters in the solvation shell

Figure 7. Snapshots of the coordination shell around one bulkNO . : . . :
ion in 6.8 M NaNG, The solvation shell (a) with waters shown as a around nitrate ions as a function ntoordinate is shown. The

shoulder in the bulk radial distribution function £ 4.5 A in Figure radial distribution function was calculated in 2.5 A bins in the
6a) and (b) with waters less than 4.0 A from the nitrate; these waters Z direction starting withz = 0, the center of the slab. Then,
are closer to the nitrate than those represented as a shoulder in théhe first minimum in each NOy RDF was used to define the
RDF. coordination number, i.e., the total number of water molecules
in-plane ) and the out-of-planeo() polarizability) of a that form a coordination cage around the nitrate ions. Defining
hydrated NG@-, 4.47 &3, is almost the same as that of the the water coordination by the first minimum in each RDF clearly
bromide anion (4.53 A,8! which exhibits a clear propensity ~ includes waters in both the first and second solvation shell for
for the aiwater interface. Obviously, the factors stabilizing bulk ions, which are shown in theNOw RDF as a shoulder at
the bulk versus interfacial solvation of molecular ions are more I = 4.5 A. This is the most unambiguous definition for water
complex than those in the case of spherical ions due to multiple coordination that avoids the difficulty of decomposing contribu-
hydrogen-bonding sites and also differences in size and shapetions from the first bimodal N-O,, RDF peak and provides the
Nitrate solvation was investigated by calculating radial information needed to identify potential differences in solvent
distribution functions (RDF) as a function afcoordinate in  cage effects between bulk and surface ions. For both concentra-
the slab. Figure 6 shows RDFs for 1.5 M Napfor bulk (a) tions, nitrates near the surface have fewer water molecules
and surface (b) ions and the corresponding plots for 6.8 M surrounding them than bulk ions. There is a decrease in the
NaNOQ; in (c) and (d). For this analysis, bulk and surface ions nhumber of waters coordinating near surface nitrates due to the

were located within 2.5 A and between= 12.5-15 A from absence of waters in the vacuum region above (or below) the
the center of the slab, respectively. The-&, RDFs for the slab. This effect is quantified in Figure 8 and provides evidence
bulk ions have a bimodal character, with a shoulder at that surface nitrates could exhibit unique chemistry due to the

4.5 A corresponding to a second water shell. This is illustrated reduced solvent cage surrounding them.

in Figure 7, showing snapshots of one nitrate with its solvation =~ To make contact with surface-sensitive vibrational spectros-
shell: (a) including the shoulder (all waters within 5.0 A) and copy experiments, the density (number per unit volume) of free
(b) not including the shoulder (only waters within 4.0 A). This OH bonds for neat water, 1.5 M NaN@nd 6.8 M NaN@, is
shoulder is not apparent in theD,, RDFs for surface ions.  plotted as a function of position in the slab relative to the Gibbs

A decrease in the peak maximum arour 4 A in the N—H,, dividing surface in Figure 9. An OH bond is considered
RDF also shows a difference between bulk and surface ions.hydrogen-bonded if the donor H to acceptor O distance is less
The first peak in the NH, RDF aroundr = 2.6 A is than the first minimum in the corresponding radial distribution

predominantly due to the hydrogen atoms that are hydrogen-function and the @—Hy—Onydrogen bond@ngle is less than 30
bonded to the nitrate oxygen. This kind of “lateral” solvation The distance cutoff for the intermolecular hydrogen bond is 2.4
will be a favorable arrangement particularly on the surface, A for H,—0O,, and 2.2 A for H,—Onirate This definition has
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Figure 8. The total number of waters in the solvation shell (defined by the first minimum in the radial distribution function) as a function of
position in the slab. In these plots= 0 is the center of the slab amd= 15 is near the interface.
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Figure 9. Population of free OH bonds (water OH bonds notinvolved Figure 11. Nitrate orientation for 1.5 M NaN@as a histogram of
in a hydrogen bond with either another water or nitrate oxygen) for cos@) values, whered is the angle between a vector pointing out
neat water (solid line), 1.5 M NaNdotted line), and 6.8 M NaN© of the nitrate plane and tHeunit vector. When the nitrate oxygens are
(dashed line), using parameter set B. Shown relativez t& 0, in the same plane as the interface, @sfill either be 1 or—1.
representing the Gibbs dividing surface.

free

region of nitrate solutions is significantly different from neat
water, but only at high concentrations and mainly in the
subsurface.

Using the free OH population in combination with the water
orientational order parameter, a qualitative comparison with the
vibrational sum frequency generation data published by Schnitzer
et al?® is possible. The orientational order for 6.8 M NajNO
(Figure 10) suggests the interface, defined by an absence of
Vg inversion symmetry, extends deeper into the slab for higher

-0.002 £ 1> 1 | | concentrations. A decrease in the total free OH (suggested from
=10 0 10 the free OH population), and the increase in free OH due to
deepening of the interface (suggested from the orientational
Z, A order parameter), would affect the VSFG signal in opposite
Figure 10. Water orientation as a function of position in the slab Ways. The lower OH stretch intensity at 3700 chfor 0.2
relative to the Gibbs dividing surface € 0). The water orientational ~ NaNGO; (x = mole fraction) compared to both 00NaNG;
order parameter for water (solid line), 1.5 M (dotted line), and 6.8 M and neat water suggests that the population of free OH oscillators
(dashed line) NaN® decreases with NaN{xoncentration. However, identification
of the specific factors contributing to this decrease would require
been used by a variety of groups and is referred to as a “normal” further analysis.
hydrogen bond by Walker and co-worké&Psigure 9 shows The nitrate orientation was investigated by definthgs the
that the total number of free OH bonds is similar for 1.5 M angle between the surface normal and a vector normal to the
NaNQ; and neat water, while the number of free OH bonds is nitrate plane. For the planar nitrate ani@gs@)Lis not a useful
less for 6.8 M NaNQ@ orientational order parameter because a valuga$@)= 0

The orientation of water molecules and nitrate ions as a could indicate either that there is no preferential orientation or
function of position in the interfacial region was also investi- that all the nitrate ions are oriented with their oxygen atoms in
gated. The orientational order parameter for water molecules, the plane of the interface. To avoid this ambiguity, a histogram
[cos@)[]wheref is the angle between the water dipole and the of cos@) values as a function of position in the slab was
surface normal and the brackets denote an average overcalculated instead oftos@)l] The histograms computed in
molecules and time, is plotted in Figure 10. To directly compare 1 A bins along the surface normal are plotted in Figure 11 for
orientational order parameter peak positions, the data is shownl.5 M NaNG using parameter set B. Equal intensity in all cos-
relative to the Gibbs dividing surface (setze= 0). Note that (0) bins indicates no preferential orientation, while a build up
the order parameter is zero for an isotropic angular distribution, of intensity in one region of cog}, for a givenz value, indicates
and nonzero values correspond to net orientational order. Thea preferred orientation. Nitrate ions in the bulk region of the
orientational distribution of water molecules in the interfacial slab,z < 8 A, do not have a preferred orientation. There is a

— water

0.002

ot

0.000

{cos(B))
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(16) Jungwirth, P.; Finlayson-Pitts, B. J.; Tobias, DCem. Re. 2006

build up in the co#f) = 1 and—1 bins as the ions approach
p € bp 406 1137.

the interface. Note that, in absolute terms, the intensity decrease (17) Jungwirth, P.: Tobias, D. Them. Re. 2006 106 1259
with increas!ngz c_oordinate dug to a decrea}se in.the total  (1g) Mmgfar, B.: Vacha, R.. Wahab, A. Mahiuddin. S.: Kunz, W.:
number of nitrate ions present in the interfacial region of the Jungwirth, P.J. Phys. Chem. B006 110, 15939.
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