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Abstract
We showby extensivemolecular dynamics simulations that rather accurate predictions of structure
factors and x-ray diffraction intensities ofmolten alkali halides can be achieved in terms of the Born-
Huggins-Mayer-Fumi-Tosi rigid ion potential description of these systems. Specifically, the partial
structure factors of six ionicmelts, namelyNaCl, RbCl, LiCl, LiF,NaF andKF, are computed by
Fourier inversion of the radial distribution functions obtained from simulation; the x-ray diffraction
intensity is then obtained from the calculated partial structure factors.We perform a comparison
between themolecular dynamics results and the experimental data obtained via neutron and/or x-ray
diffraction.We also determine the total number density and total charge structure factors and
document that, in all the salts examined, the peaks in the x-ray intensities fall at wavevectors practically
coincident with those of the partial and total structure factors.We then showhow to improve upon
some limits emerging in the adoptedmodel when applied tomolten fluorides.We finally comment on
the opportunity to extend to othermolten alkali halides, for which experimental x-ray diffraction
intensities are available, the assessment of structural predictions according to the scheme out-
lined here.

1. Introduction

Molten salts and theirmixtures are of current interest both for fundamental statistical-mechanicalmotivations,
and for a number of technological applicationsmostly in the energy production and storage fields [1–6].
Recently we have undertaken amolecular dynamics (MD) investigation of thermodynamic quantities and
liquid-vapor coexistence conditions inmolten alkali-halides [7]. This studywas performed by employing the
well knownBorn-Huggins-Mayer-Fumi-Tosi (BHMFT) [8] rigid ion potential to describe particle interactions.

Unlike phase diagrams, the structural properties ofmolten alkali halides have been intensively investigated
over the 1970s and 1980s in simulations employing the BHMFTpotential [9–17]. Recent applications of this
same interaction law tomolten alkali halidemixtures have also been reported [18–21]. Othermodel potentials
have also been the subject of simulation studies in the past (see e.g. [22] and references therein). In all these
studies, however, calculations were focussed on the determination of the radial distribution functions of the
systems at issue.When possible, these functionswere compared to their ‘experimental’ counterparts as obtained
via Fourier transformof the partial structure factors obtained experimentally fromneutron diffraction [23–28]
or via othermethods [29, 30]. Total radial distribution functions have also been computed fromx-ray
diffraction intensities I(k) (k being thewavevectormodulus) [31–34]. The accuracy of the procedures employed
in generating real space information from reciprocal space functions, is somehow limited by the fact that the
wavevector range covered in the experiments (either neutron or x-ray) is truncated both in the low and in the
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high k region, which obviously affects the reliability of the Fourier inversion [14, 15].Moreover, there are
relatively few salts for which the partial structure factors can be determined fromneutron diffraction
experiments via the isotopic substitution technique [23–28] or otherwise [29].

While, as just cited, there are plenty of simulation investigations of radial distribution functions, similar
computations of partial structure factors, Sij(k), are quite scarce. Actually, we are aware of only a few such
calculations published long time ago [14–16, 22]. One reason for this relative lack of data is that the estimate,
within any simulation strategy, of the Sij(k) requires the use of large boxes, that is of a large number of particles,
and long simulation runs in order to gather sufficient statistics [14–16]. These two requirements ask for a
considerable computational effort which challenged the resources available decades ago, thereby preventing the
assessment of the Sij(k) against the neutron experimental evidence. As for the comparisonwith x-ray data, the
related diffraction intensity I(k) can indeed be calculated, as we shall illustrate, from the Sij(k); however, to the
best of our knowledge, no such a comparison has hitherto been reported for the I(k) so determined, for either the
BHMFTor othermodel potentials. In this respect, we can only quote a study published long time ago, co-
authored by two of us [35], wherein theoretical Sij(k) and I(k)were reported for all alkali-halidemelts. In that
case the ionic liquidsweremodeled as charged hard-spherefluids but no simulationswere performed, and the
Sij(k)were obtained bymeans of an integral equation theory.

In this paperwe address a systematic investigation through computer simulation of the Sij(k) of several
molten alkali halides, specificallyNaCl, RbCl, LiCl, LiF, NaF andKF. Calculationswill be performed using the
BHMFTpotential to describe particle interactions, and the Sij(k) of each systemwill be determined by Fourier
transformof theMD radial distribution functions; in order to grant sufficient accuracy of the latter functions, we
employ a large number of particles and long simulation runs. Then, the I(k)will be computed as a simple
combination of the Sij(k)weighted through the x-ray atomic form factors.

The Sij(k) and I(k) so determinedwill befirst compared to the corresponding experimental quantities for
somemolten alkali halides for which neutron [23, 25, 27, 28] and x-ray diffraction [31–34] experiments have
been performed. Our studywill then be extended tomolten alkali halides for which only experimental I(k), but
no Sij(k), are present.

The paper is organized as follows: themodel potential and the simulation techniques are described in
section 2. Section 3 containsMDcalculations of the partial structure factors and of the x-ray diffraction
intensities of themolten alkali halides investigated, together with the comparisonwith the related neutron and
x-ray diffraction data. A discussion of the utility of the present study in themore general scenario of applications
ofmodel potentials to describemolten alkali halides is also given. The conclusions follow in section 4.

2.Model and simulation techniques

We recall here the BHMFTpotential description ofmolten alkali halides by referring the reader to [7] formore
details.

The interionic potential is written as:
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σ i being the radius of the i-th ionic species as determined by Fumi andTosi (FT) [8]. In(1)Zi=±1 is the ionic
charge,A=0.338×10−17 joule (equal for all alkali halides), γij=1+Zi/ni+Zj/njwith ni, nj=8 except for

=+n 2Li ,α is a parameter which varies from salt to salt,Cij andDij are van derWaals coefficients [8, 14].
We perform extensivemolecular dynamics (MD) simulations under constant number of particles, volume

and temperature conditions (NVT ensemble), by always employing no less thanN=1024molecules (i.e. 2048
ions) and up to 4092molecules (8192 ions)with a box edge ranging from40 to 75Å. This allows us to estimate
the radial distribution functions, gij(r) (r being the interparticle distance and (i, j) labels of ionic species), up to
rather large r values. High statistical accuracy and smoothness of the gij(r)have been obtained by generating a
very large number of configurations; every simulation run has lasted no less than 200.000 steps, 50 000 to
100 000 of which have been used for the equilibration of the system,with a time step 5×10−15s, thus covering a
total simulation time not shorter than 1 ns.We have checked that such a truncation of the run anyhow ensures
the condition that averages over sub-blocks of the total production run yield stable results.

The Sij(k) are obtained by Fourier transforming the gij(r) according to the definition:
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where ρi is the number density of particles of the i-th ionic species. In thismanner we obtain estimates of the
Sij(k)which turn out to be rather accurate down to significantly lowwavevectors, in some cases even smaller than
0.5Å−1. In order to assess the Sij(k) obtained via Fourier transform, the same functions have also been
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determined, in selected cases, via an estimate of the k-space density-density correlation function r rá ñ-k k , where
ρk is the Fourier transformof the number density function and the average á ñ is taken over the equilibrium
portion of the simulation run [36].Wefind that the Sij(k) so obtained fully reproduce those computed via
Fourier transformof the gij(r)within 1%accuracy and down to less than 0.5Å−1. This is shown infigure 1, where
we take as an example the case of SNaNa(k) ofNaCl atT=1148 K (which is also displayed in comparison to
neutron scattering data infigure 3).

We have also verified that at wavevector as small as 0.2–0.3Å−1 theMD Sij(k) tend to reproduce, towithin
5%–10%accuracy, the exact k=0 limit [35, 37]

r k=S k T0 , 3ij M B T( ) ( )

where ρM is themolecular number density of particles, kB is the Boltzmann constant,T is the temperature andκT
is the isothermal compressibility. Obviously, the approximations inherent to the BHMFTmodel also affect such
a comparison (see [7] for the accuracy of the isothermal compressibility predictions of the BHMFTpotential).

In the next sectionwe shall thoroughly show a comparison betweenMDcomputations and neutron
diffractionmeasurements of partial structure factors. In the experimental literature these are usually termed
aij(k), and are defined as follows:
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where ρ is the total number density of particles. As can be seen, the aij(k) are slightly different from the Sij(k), and
we determine the former from theMDestimates of the latter through the relationship

d= + -a k S k1 2 . 5ij ij ij( ) [ ( ) ] ( )

Inwhat followswe shall also resort to the inverse formula
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As done earlier [35], we shall additionalymake use of structure factors of global variables namely functions
expressing correlations between total number density fluctuations defined as [35, 37–39]

= + +S k S k S k S k2 , 7NN 11 22 12( ) ( ) ( ) ( ) ( )
and between total charge fluctuations defined as

= + -S k S k S k S k2 . 8QQ 11 22 12( ) ( ) ( ) ( ) ( )

Wealso recall the definition of the r-space counterpart of SNN(k), namely the total density-density radial
distribution function [37–39],

= + +g r g r g r g r
1

2
2 . 9NN 11 22 12( ) [ ( ) ( ) ( )] ( )

Figure 1. SNaNa(k) atT=1148 K, as obtained throughMDvia Fourier transformof gNaNa(r) (black linewith open circles) and from
the density-density correlation function r rá ñ-k k (red dashed line) (see text).
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Once theMD Sij(k) have been determined, we calculate the total x-ray diffraction intensity through the formula
[35, 40]:

= +
+ +
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here the Fi(k) are the x-ray form factors, whichwe take from the available tables [41], and Iinc(k) is the incoherent
contribution to the scattered intensity [42].We then reformulate, for future use, equation (10) in terms of SNN(k)
and SQQ(k), viz.
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3. Results

As anticipated in the Introduction, wefirst reportMD results for some of themolten alkali halides for which
neutron diffraction experiments have been performed. In particular, we shall considerNaCl [23], RbCl [25], and
LiCl [27, 28]. TheMD aij(k), determined from the Sij(k) through(5), are compared to their experimental
counterparts. Then, the x-ray diffraction intensities for the same alkali halides will also be examined. Results for
LiF,NaF andKF, for which only x-ray diffraction data are available, will follownext.

As far as radial distribution functions are concerned, these latter have been thoroughly investigated in the
past via simulation of the sameBHMFTmodel here used, as anticipated in the Introduction .We shall here
report gij(r) only in two cases (NaCl andNaF)while an extensive analysis of these functionswill be the subject of a
future paper.

3.1. Chlorides
Wefirst report results formoltenNaCl.We show in this case the complete set of structural datawe have studied,
namelygij(r), aij(k), SNN(k), SQQ(k), and I(k).

Infigure 2we report the gij(r) up to 30Å (actually calculated up to 40Å)where tail oscillations around 1
appear essentially vanished;moreover, the patterns are quite smoothwith negligible statistical noise. The
agreement of theMD gij(r)with those obtained via Fourier inversion fromneutron aij(k) [23], is as good as that
reported by other authors [14]. Next, we show in the top panel offigure 3 the aij(k) obtained from theMD Sij(k)
(see(5)) and compare the results with the experimental patterns. It appears that all themain peak positions of the
experimental aij(k) are quantitatively reproduced by theMDpatterns. Themain peak height in aClCl(k) and the

Figure 2.Real-space correlations ofNaCl atT=1148 K fromMD (lines) and neutrons (symbols) [23]. In order to avoid curves’
overlaps, gClCl(r) and gNaNa(r) have been shifted upward by 4 and 2, respectively.
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depth of thefirstminimum in aNaCl(k) also appear correctly predicted. An estimate of the aij(k) formoltenNaCl,
reported in [14], appears to be in substantial agreement with our data for k>1Å−1.

The density and charge ordering of the ionic species is described by SNN(k) and SQQ(k), whichwe determine
via(7) and(8) frombothMDand experimental Sij(k) (the latter being easily derived from the aij(k) through(6)).
These are shown in the central panel offigure 3. The peak in SQQ(k) obviously falls in correspondence with the
first peaks in SNaNa(k) and SClCl(k) andwith thefirstminimum in SNaCl(k) (see (8)); its height, together with the

Figure 3. Structural properties ofNaCl fromMD (lines,T = 1148 K), neutrons (triangles up,T = 1148 K) [23] and x-rays (triangles
down,T=1093 K) [32]. In the top panel, aClCl(k) and aNaNa(k) are shifted upward by 4 and 2 units, respectively. Error bars of aNaNa(k)
have dimensions comparable to the symbols. In the bottompanel, the neutron I(k) is obtained from the neutron aij(k) through(6)
and(10). Error bars on the neutron-derived pattern are also shown.Middle panel: see also note [39].
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pronounced tail oscillations at high k values, signals awell defined charge ordering in this ionic liquid. In
comparison, themain features of SNN(k) are significantly less pronounced. Both these two structure factors
appear quite well reproduced byMD. Previous estimates of SNN and SQQ [43] are in quite good agreement with
those here reported.

In the bottompanel offigure 3, we compare ourMD I(k)with the experimental one [32]. The latter exhibits
two closely-spaced peaks at relatively lowwavectors. Thefirst of these peaks falls at the same k as that of themain
peak in the neutron SNaNa and SClCl, and of thefirstminimum in SNaCl (see top panel); it also falls in coincidence
with thefirst peak in SQQ(k) (see central panel of the same figure). The secondmaximumat k;2.4Å−1, falls
near the first peak of the SNN(k) (central panel) placed at;2.7Å−1. TheMD I(k) appears to somehow
overestimate the heights of these two peaks in the experimental I(k), and such a twofold structure is only visible
as a shoulder of themain peak in theMD intensity. Finally, the position of the thirdmaximum in I(k)
corresponds quite well with that of the secondmaximumof SNN(k).

In the bottompanel offigure 3we also report the functionsCNN(k) andCQQ(k) contributing to I(k) in(11).
These two functions have theirmainmaximum falling in correspondence with the twin peaks in the x-ray
intensity previously discussed, and represent themajor contributions to I(k). Note that the relative amplitudes of
these two contributions can be dramatically different in going fromone salt to another, due to the interplay of
the Fi(k) entering their definitions. In particular,CQQ(k) tends to vanishmore the closer the ions forming the salt
are to an iso-electronic configuration (see below). Infigure 3we also report the I(k) obtained fromneutron aij(k)
[23] at 1148K, by using(6) to obtain the experimental Sij(k). The overall pattern is sensibly higher than the one
obtained at 1093 K through x-ray diffraction [32]. In our opinion, the different temperature in the two
experiments can hardly be deemed as source of such a discrepancy [35]. It seemsmore likely that the
unavoidable uncertainties in the procedure of reconstruction of the partial diffraction patterns through isotopic
substitution, which are indeed significant in aNaNa(k) (see [23] and caption offigure 2), are the reason for such a
disagreement.

Results for RbCl are reported infigure 4. TheMD aij(k) are comparedwith the experimental curves in the top
panel. Overall, the agreementwith the neutron data appears good; a small discrepancy is only visible in the
height of thefirstmaximumof aNaCl(k). In the central panel offigure 4we show the total structure factors. The
MD SNN(k) appears accurate against experiment; the high peak in SQQ(k) is also reasonably well reproduced. In
comparison, themain features of SNN(k) are substantially less pronounced. Finally, in the bottompanel of
figure 4we show the x-ray diffraction intensity. Here we can only produce a comparison between theMD I(k)
and that obtained through(10) by using the neutron Sij(k) calculated, as before, from the experimental aij(k)
via(6). In fact, as far aswe know, there are no published x-ray diffraction data formolten RbCl. It appears that
the diffraction pattern obtained from simulation correctly reproduces the positions of themain features of the
x-ray I(k) as obtained fromneutron data; at the same time it overestimates the height of the first peak, whichMD
predicts only as a shoulder, while themain peak height is underestimated. The secondmaximum in I(k) at
;4Å−1 is instead quite well reproduced and, as found inNaCl, it falls in correspondencewith the second
maximum in SNN(k).

The emerging connection between themain features of charge/density fluctuation correlations and x-ray
diffractionmaximawas originally pointed out in [35]; we shall see that the same connection is also found in the
other salts we are going to examine.

Infigure 5we show results for LiCl. As is visible in the top panel, the agreement of theMD aij(k)with
experiment [27, 28] is again sufficiently accurate as far as the positions of themain features and oscillations are
concerned. I(k) is displayed in the bottompanel offigure 5. The agreement ofMDwith the experimental pattern
is satisfactory. It is worthmentioning that in thismolten salt the x-ray I(k) is characterized by a unique and
relatively sharp peak at k;2.5Å−1, instead of the double peak structure present inNaCl andRbCl. The reason
is that, in this case, the firstmaxima of SQQ(k) and SNN(k) fall at practically the samewavevector (see central panel
offigure 5), and according to(11) this results in a cooperative enhancing effect on I(k). Similarly, as found for the
previous two salts, the secondmaximumof SNN(k) leads to the secondary feature of I(k) at 3.5Å

−1.

3.2. Fluorides
The I(k) ofmolten LiF is displayed in the bottompanel offigure 6. The agreement betweenMDand experiment
is quite good. In the top panel we reportMDSNN(k) and SQQ(k) instead of the aij(k) for which no neutron data
are available to comparewith. It is particularly clear how the high SQQ(k) peak and the first (and lower)
maximumof SNN(k) combine to give rise to the pronounced peak in I(k)while, as seen before, the second
maximum in SNN(k) at 4.5Å

−1 gives origin to the secondmaximum in I(k).
Infigure 7we show results forNaF. It immediately appears that theMD I(k)markedly differs from the

experimental one: indeed, the simulation pattern has a doublemaxima structure totally absent in the
experimental diffraction pattern; the latter only exhibits a uniquemain peak at;2.7Å−1, similarly towhat
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happened for LiCl and LiF, but visibly broader. In this respect, we note thatNaF is formed by the iso-electronic
Na+ and F− ions; for this reasonCQQ(k) tends to vanish, so that themain peak of theMD I(k) falls in
correspondencewith thefirstmaximumof the BHMFTdensity-density correlation function SNN(k) at
k;2Å−1 (see central panel offigure 7).

The inadequacy of the BHMFTprediction in the presentfluoride salt case appears at variance of the
previously illustrated (relative) successes. In this respect, we recall that some inadequacy of theHuggins-Mayer
representation of interactions in alkalifluorides was already signalled in simulations of those systems [12].We

Figure 4. Structural properties of RbCl atT=1023 K fromMD (lines) and neutrons (triangles up) [25]. In the top panel, aClCl(k) and
aRbRb(k) are shifted upward by 4 and 2 units, respectively. Bottompanel: neutron I(k) obtained as said in the caption offigure 2.
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also note that the less sophisticated charged hard spheremodel adopted in [35] yielded a better agreement with
the experimental I(k) than here just shown. This prompts us to revisit the BHMFTdescription of repulsive
effects at short range for themoltenNaF case. To this aimwe adopt in(1) an exponent higher than the FT
α=3.03. After several trials, we choose the valueα=5which yields the bestfit overall to the experimental I(k).
The result is shown in the central and bottompanels offigure 7.We see that theMD I(k)now exhibits a unique
mainmaximumwhose position is in quite good agreementwith experiment though its height is sensibly
overestimated. The same can be said for the positions and heights of the secondary features of I(k).

Figure 5. Structural properties of LiCl atT=900 K fromMD (lines), neutrons (triangles up) [27, 28] and x-rays (triangles down) [32].
In the top panel, aClCl(k) and aLiLi(k) are shifted upward by 4 and 2 units, respectively. Bottompanel: neutron I(k) obtained as said in
the caption offigure 2.
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The Sij(k)wherefrom I(k) has been determined are then shown in the top panel offigure 7 togetherwith
those pertaining to the TFα=3.03.We see that themain features and oscillations of theα=5 structure factors
are emphasized and shifted to lower kwith respect to the TF ones. The overall enhancement of the Sij(k) is clearly
responsible for the just observed overestimate of the I(k)main peak. Nonetheless, the Sij(k) do now favorably
combine so to yield a SNN(k)whose firstmaximum falls at k;2.7Å−1, in agreement with thewavevector of the
maximum in the experimental I(k) (see central and bottompanel offigure 7).

The shift of the Sij(k) features to low k indicates interparticle correlations holding on longer distances than
predicted by the standard BHMFTdescription. This is clearly illustrated by the behavior of the radial
distribution functions gij(r), whichwe show in figure 8.

It appears that both gNaNa(r) and gNaF(r) are characterized by significantlymore persistent tail oscillations,
while thefirst unlike coordination shell in gNaF(r) appears expanded by approximately;20%. This also emerges
from the inset of the bottompanel offigure 8, wherewe show the total density-density radial distribution
function gNN(r) defined through equation (9). As is clear, forα=5 themain peak of this function falls at a
distance larger thanwhat found in the TFα case, namely at r=2.32Å. Obviously, this peak is correlated with
thefirstmaximumof SNN(k)—considering that 2.7Å−1=2π/(2.32Å)—and hence to themaximumof the
experimental I(k).

Wefinally illustrate the case ofmoltenKF. TheMD gij(r)we calculate on the basis of the standard BHMFT
description, compare quite satisfactorily with previous similar estimates [12]; the latter, however, were already
found unable to reproduce correctly some features of the ‘experimental’ gij(r) [12]. Those inadequacies now
emerge evenmoremarkedly, after we compute I(k) fromourMD Sij(k). Indeed, similarly towhat we have found
inNaF, the x-ray diffraction intensity turns out sensibly discrepant with respect to the experimental pattern, as
visible infigure 9. Also in this case stiffening the potential at short range gives rise to a qualitative improvement

Figure 6. Structural properties of LiF atT=1133 K fromMD (lines) and x-rays (triangles down) [31].
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of I(k). In particular, we recover the double peak structure of the experimental I(k) although, similarly toNaF,
the overall pattern is placed appreciably above the real x-ray diffraction intensity.

It seems possible to infer, from the results formoltenNaF andKF, that the BHM formof the potential is still
a suitable interaction law for these systems provided a stiffer short range repulsion is adopted, as actually implied
by the increase of theα exponent. In this respect, we recall that in the solid configuration of the alkali halides the
BHMFTpotential works quite satisfactorily [8].When applied to themolten state that scheme still appears
successful for LiF, as shown above. Its inadequacy formoltenNaF andKF indicates that, for these two systems,

Figure 7. Structural properties ofNaF atT=1273 K fromMDwith a a= TF (black lines),α=5 (red lines) and x-rays (triangles
down) [31]. In the top panel, SNaNa(k)practically overlaps with SFF(k) and is not displayed.
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whenever ions of opposite sign are free tomove as in a liquid, they tend to come too close so that a correction of
the repulsive interaction at short range is required. This is not necessary in LiF, plausibly because of the small size
of Li+. As far as the actual value of theαparameter employed inmoltenNaF andKF is concerned, we have
admittedly fixed it via an empirical best fit procedure. Amore rigorous determination could probably be
attempted, for the present and otherfluoride salts, as well as for othermolten alkali halides, via a systematicfit of
the experimental excess internal energies of these systems. Unfortunately, these are not always available, or are
available only close to themelting temperature. Such an investigationwill form the subject of a forthcoming
study.

We note that in our previous paper [7]we found it necessary to vary other parameters of the BHMFT
potential, namely the FT ionic sizes, in order to reproduce at a quantitative level the liquid-vapor phase diagram
ofNaCl andKCl, and the isothermal compressibilities of a number ofmolten salts.We have verified that the
BHMFTpotential, with suchmodified FT ionic radii, leads to Sij(k) that are practically identical to those
obtainedwith the standard FT ionic sizes.Moreover, there is no appreciable effect on theMD I(k), overlapping
in the two parametrizations.

It is worth to summarize the results hitherto illustrated so as to highlight common features across the six
molten salts examined.Wefirst focus on the relatively lowwavevector region (k�3Å−1) of I(k) ofNaCl, RbCl
andKF. As is visible infigures 3, 4 and 9, all these salts show for 1.4Å−1�k�2.4Å−1 a ‘double peak structure’
and, aswe have seen, forNaCl andRbCl the first of these two peaks falls at the same k of themain (aligned)
features of the neutron aij(k). OurMDanalysis is able to correctly reproduce such experimental outcomes and
highlights that the first peak in I(k) actually also falls in correspondencewith themain peak in both the neutron
andMD SQQ(k) ofNaCl andRbCl. As for KF, for which no neutron aij(k) exist to comparewith, we showon the

Figure 8.MDradial distribution functions (rdfs) ofNaF atT=1273 K obtainedwith different values of theα exponent. Top; ‘like’
rdf gNaNa(r); gFF(r) is not shown because it overlaps to gNaNa(r). Bottom: ‘unlike’ rdf gNaF(r) Inset: total density-density rdf gNN(r) (see
section 2 and note [39]).
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basis of ourMDevidence that the coincidence of peak positions equally holds. For the same three salts, the
second of the twin peaks falls in correspondencewith the firstmaximumof the neutron determined SNN(k).
Again. theMDcalculations reproduce quite well the experimental SNN(k).

Moving to the I(k) ofmolten LiCl and LiF (see figures 5 and 6), these experimental patterns appear
characterized by a sharp peak falling in the range 2Å−1�k�2.5Å−1. It emerges from the neutron data for
LiCl, that the position of this peak coincides with themain features of the aij(k), and hencewith themain peak of
SQQ(k), as it happened inNaCl andRbCl. TheMDcalculations reproduce quite well this outcome for LiCl, and
signal that a similar coincidence takes place in LiF, whose I(k) is quite well predicted.Moreover, our
investigation documents that the considerable height of thefirst peak in I(k) is the consequence of the
coincidence of the firstmaxima in SNN(k) and SQQ(k).

Finally, inNaF (seefigure 7) I(k) exhibits a broadmaximum for k;2.7Å−1. At variance with all the
previous cases, we here find that this feature does not fall in correspondence of the first peaks in SQQ(k) and Sij(k),
but rather falls in coincidence of the firstmaximum in theMD SNN(k); indeed, for this salt characterized by iso-
electronic ionsNa+ and F−, the contribution to the scattered x-ray intensity associated to SQQ(k) (amounting to
CQQ(k)), practically vanishes because of the strong similarity of the atomic form factors.

Moving to the high k region, all the experimental I(k) of the six salts we have examined exhibit a broad
second (third)maximumor a shoulder, in the range 3.5Å−1�k�5.5Å−1.We have shown that this feature
invariably correlates in position to the secondmaximumof both the experimental andMD SNN(k).

It is useful to observe that two differentmodel potentials can both reproduce the experimental k-space
patternswith small different discrepancies. For the same reason, their comparisonwith the neutron or x-ray
diffraction patternsmight not be sufficient to decidewhether onemodel is superior to the other. The situation
would be different, however, if onemodel provides predictions inmarked contrast with the k-space

Figure 9. Structural properties of KF atT=1143 K fromMDwith a a= TF (black lines),α=5 (red lines) and x-rays (triangles
down) [31].
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experimental data. In this case r-space predictions [e.g. gij(r)], even if apparently reliable, should be looked at
with some caution. Actually, it seems reasonable to suggest that the comparison heremadewith neutron partial
structure factors andwith x-ray intensities—which last, as noted, can be obtained from equation (10)—is worth
to be undertaken for anymodel potential ofmolten alkali halides.We have tried to show that such calculations
are nowadays accurately feasible in the context of a simulation approach.

As for theMDalgorithm employed for the present simulation investigation, we consider the structural
analysis hereby performed as a preliminary step towards the calculation, whichwe plan for a forthcoming paper,
of dynamical and transport properties, like ionic self-diffusion and viscosity coefficients, which are quantities of
specific technological interest for, e.g., the efficiency of last generation nuclear reactors [1–3].

4. Conclusions

Through extensiveMD simulationswe have performed an investigation of the accuracy of the BHMFTmodel in
describing thewavevector dependent properties of sixmolten alkali halides. In three of these systems, namely
NaCl, RbCl and LiCl, theMDpartial structure factors have been assessed against their experimental
counterparts as obtained by neutron diffraction. For the same salts the x-ray diffraction intensity I(k) has then
been derived from theMD Sij(k), and compared to experimental data.We have found that in any case the
BHMFTmodel is able to yield rather accurate predictions.

Investigation has then been extended tomolten fluorides, namely LiF, NaF andKF.Here no neutron
diffraction data are available and the comparisonwith experimental data has been possibile only for the x-ray
diffraction intensity. For LiF the agreement of theMD I(k)with experiment is satisfactory. ForNaF andKF the
BHMFTpotential with the crystal FT parameters doesn’t predict correctly the experimental patterns; however,
when the potential is stiffened at short range through a variation of the exponential repulsive parameter, we
recover qualitative agreement between theMD I(k) and the experimental one. An intervention on other FT
parameters entering the BHMFTpotential, namely the ionic sizes, has also been recently performed by us in [7];
we have thereby been able to obtain the liquid-vapor phase diagramofNaCl andKCl in quantitative agreement
with experiment. Therefore, it seems possible to obtain a qualitatively accurate description of different
properties ofmolten alkali halides bymodifying different FT parameters in the BHMFT interaction law.

By then reconsidering the correlations outlined at the end of the previous section between the I(k) and the
structure factors’ features, we argue that thesemight also hold for other salts of the alkali halide family. This
seems possible because of the similarities emerging in the experimental I(k) patterns: specifically, the double
peak structure found inmoltenNaCl, RbCl andKF, is also present in the I(k) of CsCl [34], KI andRbI [33], while
the unique sharp peak at relatively small k visible in LiCl and LiF, is also seen in LiI, LiBr, andNaI [34];finally,
salts formed by two iso-electronic ions as KCl, RbBr andCsI have I(k) that are similar to that of NaF.We surmise
that a wide investigation of all thesemolten alkali halidesmight produce valuable structural information, which
couldworthly complement the ample interpretative work, developed along several decades, of x-ray diffraction
experimental data.

Wefinally observe that limitations of the BHMFT schemewere already highlighted in the past when
polarizable ionmodels were proposed [14]. It is alsoworth noting thatmore sophisticated approaches tomolten
alkali halides description, and in particular ofmoltenfluorides, have been recently devised in terms of ab-initio
potentials [44–48]. Nonetheless, given the relative simplicity of themodel description here adopted, and the
interpretative hints that can be provided for the experimental evidences, we plan further applications of the
simulation approach here proposed. Future investigations along this direction could provide an assessment of a
number of structural predictions, amply produced in the past at the level of radial distribution functions of
systems forwhich no neutron diffraction studies are available, and no direct comparisonwith the x-ray
experimental evidence has been performed.
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