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Structural Modelling of the LiCl Aqueous
Solution: Using the Hybrid Reverse Monte
Carlo (HRMC) Simulation
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Abstract—The Reverss Monte Carlo (RMC) simulation is
applied in the study of an aqueous electrolyte LiCI6H,0. On the basis
of the available experimental neutron scattering data, RMC computes
pair radia distribution functions in order to explore the structura
features of the system. The obtained results include some unredlistic
festures. To overcome this problem, we use the Hybrid Reverse
Monte Carlo (HRMC), incorporating an energy constraint in addition
to the commonly used constraints derived from experimental data.
Our results show a good agreement between experimenta and
computed partial distribution functions (PDFs) as well as a
significant improvement in pair partia distribution curves. This kind
of study can be considered as a useful test for a defined interaction
model for conventional simulation techniques.

Keywords—RMC simulation, HRMC simulation, energy
constraint, screened potential, glassy state, liquid state, partia
distribution function, pair partia distribution function.

|. INTRODUCTION

J\ QuEOUs Aqueous electrolyte solution of lithium chloride

LiCl presents interesting properties which is studied by
different methods a  different concentration and
thermodynamical states [1-5]: This system possesses the
property to become a glass through a metastable supercooled
state when the temperature decreases [6-9]. Several 3-
dimensional configurations are generated to study the aqueous
electrolyte LiCI6H20 by means of the Reverse Monte Carlo
“RMC” simulation method [10]. This technique has the
advantage to be applied without any specified inter-atomic
and/or intermolecular interactions. It allows the construction of
a 3-dimensional model on the atomic level based on both
experimental data and some geometric constraints. This
simulation method compl etes the experiment by computing the
pair correlation functions between each two components of the
studied system. Unrealistic features [ 14-18] appear in different
pair distribution functions due to the limited set of
experimental data and/or to the nonugueness problem [19] of
RMC. In order to overcome this problem and improve the
obtained results by the conventional (RMC) [14,15], we apply
a modified simulation protocol based on reverse Monte Carlo
(RMC) agorithm, which introduces an energy constraint in
addition to the commonly geometrical constraints derived from
the experimental data (see table2). This method is called
Hybrid Reverse Monte Carlo (HRMC) [15-17].
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In section 2, the details of the simulations performed here
are described; Section 3 provides obtained results and their
discussion whereas in section 4, conclusion is drawn. To insert
images in Word, position the cursor at the insertion point and
either use Insert | Picture | From File or copy the image to the
Windows clipboard and then Edit | Paste Specia | Picture
(with “Float over text” unchecked).

I1.SIMULATION DETAILS

The Reverse Monte Carlo (RMC) method has been
described elsewhere in detail [9-12], we will only give a brief
summary. The aim is to produce three dimensional structural
models of ordered or disordered systems consistent with the
available diffraction data within fixed standard deviation. A
modification of the Metropolis Monte Carlo (MMC) method is
used [19]. Instead of minimizing the potential term as in the
classical methods (Molecular Dynamics and Monte Carlo), the
difference between the calculated and the experimental partial

distribution functions Gr  is the quantity to be minimized,
X, which is given by
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where 6™ r and G r  arethe partial distribution
functions obtained from the RMC configurations and
experiment, i=1 to " is the number of experimental data
pointand or isanestimate of the experimental error .

The RMC simulation starts with an appropriate initial
configuration of atoms. When modeling crystalline materials,
this configuration will have atoms in their average
crystallographic positions, and will contain several unit cells.
If modeling non-crystalline materials, an initial algorithm will
be required to generate a random distribution of atoms without
unreasonably short inter-atomic distances. Atoms are selected
and moved randomly, to obtain a new configuration, after each

move, the G of the new configuration is calculated as

well asthe 7 . If %

between experimental and the current configuration is
improved by the move, thus the move is accepted and another

move ismade, if 1. isincreased, it is not rejected outright

but accepted with a probability the process is then repeated
until

is less then . ; the agreement

rr, 5\, A
EXP = Xnew ~ Xold /2 @
"' fluctuates around an equilibrium value. The resulting
configuration should be a three-dimensional structure
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compatible with the experimental partial functioithn the
fixed standard deviation. In this work, The RMC ratilg of
LiCI6H,0 is taken on the basis of the four experimentdigla
distribution functions (PDF's).65’ (r) , Gz () , G&°(r)

and G&F ()
from the isotopic substitution [5-8]. Experiment®DF’s

describe four types of correlations, where the stips ”
defines all atom species except the hydrogen ohie wa-«
represents the correlation between Cl and all therspecies
constituting the solution. From the direct calcethtadial pair
distribution functions and those of angular cotiela
characteristic parameters as the coordination ntsréned the
correlation distances can be determined. The addaiasults
include some unrealistic features [13,14]. Artilaappeared in
the curves of pair distribution functionsg,(r) (i,j=0, H, Li,

Cl), to remedy this problem, we use the Hybrid Revé&isnte

Carlo (HRMC) simulation. The HRMC method [15,16]

X0 %{lGFXP(n)-GRMC(n )|?120( )2+ al 1B, (4)

where denotes the total potential energy argr e’
is the thermal energy, while” is a weighting parametef.

obtained by the neutrons scattering techniqugpresents the temperature of the system. The timmeli

probability is now given as:

exd— (Xr?aN _/Ycid )/ZJeXdU new _Uold) (5)
where U, and Ugq are the energies of the new and old
configurations, respectively.

Since chlorine and lithium ions charges are -1 atid
respectively, the water molecule is representedh biexible
model [21,22] charged as -0.8476 for the oxygen-&hd238
for each hydrogen atom [21-23]. These charges, ekakies
are defined by electronic unit, will be used toccédte the
Screened Coulomb potential

With this in mind, the aqueous electrolyte thermuatyic
states liquidhlass will be contrasted with respect to pure water

consists in introducing an energy penalty term e t atroom temperatures

acceptance criteria. The energy of the systemlcleged, in
this study, by using the screened Coulomb potef!

L =cdY e’ exp(—Krij)

U]

®)
I

where . is the charge fraction corresponding to the speci

i and  is the distance between two different species

1/ 4nn

and " respectively. c -

K = (DE wlp ez)il/2 is

is the coulomb potentia

parameter  while the screen

constant. - corresponds to the water dielectric constant &

Ill.  RESULTS ANDDISCUSSIONS

A.Partial Correlation Functions

It is more convenient to present the curves ofylhss state,
as it shows a better structural organization coegpbdo the
liquid state. Note that it is easy to use partiatrelation

S .
?unctlons equivalentto PDF'sH , ()= 6, ()-1

A comparison between the experimental and calallate

| PDF's by RMC with and without the energy constraisit

displayed inFig.1. All of the obtained results show good
agreement and a cleaoncordance. There is no discrepancy
etween RMC with or without the screened potential
constraint and consequently, no conflict can beontegl

ambient temperatures anu  the corresponding total speciespetween the system studied and the introduced {imiten

density. 7 corresponds to the electronic charge.
The agreement factor! becomes:

model. The used potential model is valid and ttars lwe used
to calculate the structural properties and to descthe
average correlations between the species in anoague
electrolyte or a similar system.
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Fig. 1 Partial Distribution Functions Gj(r) of LiCI6H,0 at the glassy state: Correlation functions are represented Hi(r) = Gy(r) — 1

B. Pair Correlations Water-Water and Water-lons

The main intermolecular correlations of the H,O molecule
are described through the radial pair distribution function
Oxygen-Oxygen g., () (Fig.2) for both the glassy (Fig.2.a)
and the liquid (Fig.2.b) states, and through the angular
correlation function Center-Center  o.. (1) (Fig.2.c).

We can notice that they are accompanied by an artificia

satellite peak. This can be due to the limited set of
experimental datato only four functions.

Using the inter-atomic energy term penalizes against
physically unredlistic local structure. The obtained results
show a significant improvement of g9, () with the quas

disappearance of the artifact pesk located at 3.1A. Other
artificial structures have also been corrected within the same
process. In fact, the pair correlation functions of water-water
and water—ions have been suitably smoothed where many other
artifacts disappear.
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Fig. 2 (a)-(b) Pair distribution functiony4r) at glassy and liquid states contrasted to tive pvater at room temperature (c)Center-center
angular correlation function gc. (r)

On the other hand, the radial pair distribution clions

between two atoms of the water molecule in
thermodynamic states are compared to those of water

located at 2.98A is not ]

affected by the presence of ions in the solutidme Tecond 25
coordinence peak situated at 4.4A shows an intagest
behavior In the glass state, the peak intensity oscillatik
the same manner as in pure water, showing the qresen a
significant order until 10A while no structure isible in the
liquid case. We can also estimate that the coroslatistances
of the peak and the corresponding coordinence nurfdre

(Fig-3). The main peak of g ()

water and the glassy are practically the same.
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Fig. 3 Pair distribution functionyg(r) at glassy and liquid states
contrasted to the pure water at room temperature
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The glass solution possesses a similar structutbeapure
water at room temperature. It suggests that lattiggrogen
bond is reorganized in the glass. As the temperatacreases,
the solution passes from a state where no meaniogder is
observed to another state which is more ordereid. Sttggests
that this structure is broken when the temperahaeases.

For the other functions, the first intraoclecular peak of

both ¢, () (Fig.4.a) and that of g¢..() (Fig.4.b) are

identical in the two thermodynamic states, sugggstat the
internal structure of the water molecule didn'trd in any
case. Hence, neither the state changes nor thenoesf ions
affect the well known structure of the water molecu

However, a small shift has been observed for ttet éind the
second coordinence of oo, (1) (situated at 0.8A and 2A
respectively) in the solution with respect to pusater,
probably due to the presence of ions. For the saa®on the
peak of the first and the second coordinences g.. ()
(located at 1.5A and 2.4A respectively) are raigethe pure
water case. Otherwise, for the third coordinendigted at
3.7A), the peak of the solution is more intenseisTis
synonym of the greater role of the ions in theingisof the
long-range order.
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Fig. 4 Pair distribution function water-water: (g)¢), (b)ayn(r) at glassy and liquid state contrasted to the peater at room temperature

In the case of water-ions correlations, thtge . (r)

functions { = ClI, Li) (Fig.5) show a relative more ordered
structure for the Chlorine-Oxygen/Hydrogeifrid.5.a and
Fig.5.c respectively) compared to the Lithium-

Oxygen/HydrogenKig.5.b andFig.5.d respectively). This can
be assigned to the larger coherent scattering Heigtthe
Chlorine than in the Lithium as known in neutrompesience.
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Fig. 5 Pair distribution function ion-

IV. CONCLUSION

The reverse Monte Carlo method describes and exsngin
number of structural features of the system basedvailable
experimental data, limited, in our case, to fourrtiph
distribution functions (PDF). The obtained resuitslude
some artifacts in peaks of many pair distributiondtions. To
alleviate this problem, we use an extension of RMC
algorithm, referred to as the Hybrid RMC. It inttm#s an
energy term calculated, in our study, from a soedgboulomb
potential model, as additional constraint. One ntake into
account the discrepancy between the interactiorernpiat
model and the RMC simulation method. The choicethef
interaction model, as a function of the chemical ahysical
properties of atoms and molecules forming the sydieng a
meaningful improvement to the obtained results. Tke of
the energy constraint in RMC simulation can bethatsame
time, a useful test for defined interaction potantnodel used
in conventional simulation methods as Monte Carld a
Molecular Dynamics and an efficient fit to the pdistribution
curves.
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