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Diffusive transport properties in monovalent and divalent metal-ion halide melts:
A computer simulation study
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Self- and cross-velocity correlation functions and related transport coefficients of molten salts are studied by
molecular-dynamics simulation. Six representative systems are considered, i.e., NaCl and KCl alkali halides,
CuCl and CuBr noble-metal halides, and Sr@hd ZnC} divalent metal-ion halides. Computer simulation
results are compared with experimental self-diffusion coefficients and electrical conductivities. Special atten-
tion is paid to dynamic cross correlations and their dependence on the Coulomb interactions as well as on the
size and mass differences between anions and cd®ii63-18207)13017-X

[. INTRODUCTION pieces for the study of transport properties in multicompo-
nent liquids® (definitions of these properties are given in
During the last years, computer simulation has proved tdsec. I). Velocity correlation functions play a fundamental
be a powerful tool for understanding the microscopic prop+ole in statistical mechanics and both self- and distinct-
erties of liquids. Molecular-dynamicéMD) simulation is  diffusion coefficients may be obtained from experiménit
among the most suitable methods for investigating the dySelf-properties provide information on the motions of single
namic properties. Molten alkali halides are relatively simpleatoms whereas distinct properties supply a measure of the
binary liquids with properties that may be realistically repro-coupling between the velocities of different particles. Dis-
duced by simulations using same potential models as for théinct diffusion coefficients have been proposed to probe the
solid phase$.These liquids were already studied at the earlyion-ion interaction models in electrolyte solutiofsExperi-
stages of computer simulatidrComputer simulation studies mental distinct diffusion coefficients for 14 binary nonelec-
of molten noble-metal halides are more recent. Staffordrolyte mixtures at different concentrations have been re-
et al® showed that potentials including a parameter whichported recently! One of the reasons for the increasing
could be associated with an effective ionic chargg<(1) interest on the distinct properties in multicomponent liquids
allow us to reproduce the main structural trends of thesanay be that, unlike other transport properties, they can be
systems The available potentials for 2-1 melts are less sat+elated to the interactions between pairs of particles of both
isfactory (this point will be discussed further inTo our  the same and different speciés?
knowledge there are no realistic potential models for more An important complication for the interpretation of dis-
complex molten salts(trihalide melts, molten salt mix- tinct properties lies in the fact that, in principle, they are
tures...). Microscopic properties of different classes of defined(or measuredwith respect to some specific reference
molten salts have been recently revievle®. frame R and their values are markedly dependent on the
Computer simulations of molten salts have been mainlychoice ofR.1213The mass-fixedalso called barycentriand
devoted to the structural properties. Fewer simulations of théhe number-fixed reference frames are commonly used in
dynamic properties, ordinarily restricted to individual prop- theoretical treatments. Results from ordinary MD simula-
erties such as velocity autocorrelation functions and selftions, at constant energy and moment, correspond to the
diffusion coefficients, have been carried out. The study ofnass-fixed reference frami@The solvent fixed is the most
collective properties such as electrical conductivities and dispatural frame for the study of electrolyte solutions. Almost
tinct diffusion coefficients is more difficult because they de-all diffusion measurements are carried out in the volume-
pend on the correlations among the motions of the differenfixed frame!'*? We performed a preliminary MD study of
particles in the system. To our knowledge, the only MDthe distinct properties in molten saltsHowever, the results
study on the dynamic cross correlations has been the one f this study could not be suitably interpreted because the
Hansen and McDonal@ for a simple molten salt model influence of the reference frame was predominant. Recently,
where the only difference between anions and cations is the/e proposed a set of self- and distinct-time correlation func-
sign of the electric charge. Ciccotti, Jacucci, and McDohald tions and corresponding diffusion coefficients which are in-
have calculated the collective transport properties in moltelependent of the reference frafleThese functions were
alkali halides by nonequilibrium MD simulation but the ef- already applied to the study of binary mixtures of soft
fects of the cross correlations were not analyzed in this worksphere¥ and are the ones used in this work.
Self- and distinct-velocity correlation functions and re- The aim of this paper is to analyze the diffusive transport
lated diffusion coefficients have been suggested as basjwroperties of several molten salts by MD simulation, paying
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special attention to the distinct properties and electrical con- A‘iz(t)=x2Ai(t)+x1A§(t)- 4
ductivities. Six ionic binary mixtures, as representative of

three different molten salts classes, have been considered(t) andA3(t) are the well-known velocity autocorrelation
Monohalide melts may be divided into molten alkali halidesfunctions,

and noble-metal halidésThe microscopic properties of the s N

former, which are frequently taken as prototypical of ionic A =5 {{ui(Ou(0)}. (a=12. 5
liquids, are strongly affected by charge order’rﬁgn the  The contribution of the distinct velocity correlations may be
case of the noble-metal halides, which show superionic soligitien!

phase<® the microscopic properties are very sensitive to the

size differences between anions and catidniéCl and NaCl A‘fz(t)zA‘le(t)+Ag§(t) — 2A‘1’2R(t), (6)
have been chosen as representative of alkali halides and ) . ] ) ]
CuCl and CuBr as representative of noble-metal halides. I¥here the right side terms are the time correlation functions
CucCl, the bigger ion (ClI) is the lighter whereas in CuBr the amdoRng thdeR V9|°C't'?5 of dIS(EIQCt partlclles lgfl(athe Same
bigger ion (BF) is the heavier. SrGland ZnC} have been [ATr(t),A%3(t)] or different[ AT5(t)] species™*

chosen as representative of the 2-1 molten salts. The former

melts at high temperature from a fluorite-type superionic Aig(t)=§ {NCui(Du;(0)}.  (@,8=1,2), (7)
conductor, whereas the latter melts at lower temperature angerei is a particle of species andj is a particle of species
its ionic conductivity is markedly smallér.

; . . _ B.
The MD simulations of this paper have been carried out ¢ AS(t) functions are independent & whereas the

by assuming the mos_t.usual pairwise potential model_s 'n.th?\ig(t) functions, which are those considered in earlier MD
literature. The reliability of these models was ordinarily

checked by considering only equilibrium properties WeStUdies153 are markedly dependent dR.* We emphasize
have extended the test to the transport properties, namefhatAlZ(t) Is independent oR, despite being a combination

self-diffusion coefficients and electrical conductivities. Thealf Aaﬁ(t) functions. This independence is a useful property

properties of simulated and actual systems differ signifi-Vhich may be easily deduce‘g from EG) by taking into
cantly for the 2-1 melts and MD simulations in this work &ccount that both\;5(t) and A1,(t) are independent dR.

would be merely considered as simple models of this type of € independence & of A{,(t) was also observed by Mills

molten salts. et al! by manipulating the experimental distinct diffusion
coefficients in different liquid mixtures.
Il. TIME CORRELATION FUNCTIONS AND TRANSPORT The initial valuesA(0) do not provide significant informa-
PROPERTIES: DEFINITIONS tion since they are simply dependent on the temperature and

the mass of particle®. We will represent the time correlation
The properties considered in this work have been calcufunctions in the normalized form
lated according to the definitions given in previous
papers:>16In a binary system, we define the relative velocity C(t)=A(t)/|A(0)]. 8
correlation functiorf A 1x(t) ] as the time correlation function , .
of the relative velocity of the center of mass of species 1 with A USeful measure of the cross correlations effects is given
respect to the center of mass of specidfRéaf. 16 by 51(t)

As) =3 XX N([u1(t) = up(t)][U3(0) — Up(0) 1)}, 8141 = X1XA Lo 1)/ A340). ©

@) Taking into account Eq(3) and thatAlz(O)zAcl’z(O), we
where{---}.. indicates the thermodynamic limit operation, obtain
(---) denotes the average over the canonical ensemjle,
=N, /N is the ionic fraction, and,(t) is the velocity of the Ciat) =CoHt) + 81(1). (10

center of mass of particles of species It should be noted thai\(ljz(t) and 615(t) also reflect the
N, differences between the species in the system. So, for “mix-
ua(t)EN;lz ui(t) (a=12), (2)  tures” of two identical species\d,(t)=8;,(t)=0 [see Eq.
=1 ©6)].
whereN,, is the number of particles of speciasandu(t) is The diffusion coefficient®,,, DY, D3, D3, andD{, are
the velocity of the particlé of speciesa on any reference defined as the time integrals of the corresponding velocity
frameR. correlation functions
A 45(t) is a time correlation function which is independent "
of R and may be easily calculated in MD simulations. More- D= f A(t)dt. (11)
over, this function is a combination of the self- and cross- 0
velocity correlation functions. Thus, it can be resolved into
self [Aoz(t)] and distinct [A‘fz(t)] contributions as
follows:!

Diffusion coefficients may be alternatively calculated using
Einstein-like relations for the displacement correlation
functions®® The relations among different diffusion coeffi-
A — A% () + A1), cients are analog_ous to those among the correspondlng time
12(1)= A g2 T XA ) © correlations function§Egs.(3), (4), (6), and(9)]. It is useful
The contribution of the self-velocity correlations is to define a dimensionless coefficient
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Dcli2 parametrization given by Fumi and T&sand reviewed by
010= X1Xp Do (12 sangster and Dixdrhave been used. More details and a plot
12

of the potentials for NaCl are shown in Ref. 17. Despite their
By integration of Eq.(10) and taking into account Eq$3) simplicity these potential models account for the main struc-
and(11), we obtain tural features of molten alkali halides and are widely used in
both simulations and theoretical calculatidrfsThe MD
structure of NaCl is in accordance with diffraction

The systems considered in this work are mixtures of posi_experiment%‘) and results are not significantly improved by

tive and negative ions. For the sake of clarity species 1 wilfonsidering polarizable iorfs. . _

be denoted as- and species 2 as. In these mixtures, the ~ Changes with temperature @, and o obtained from
electric conductivity is related to the interdiffusion coeffi- MD are consistent with those from experiment. As in other
cient by the equationl studies’ the D° results from MD are in agreement with
experiment whereas thB*. values from MD are too low.
However, it should be pointed out that the experimental data
obtained by different authors show large discrepan(ges,
for example,D® for NaCl in Refs. 22 and 23 Jacucci, Mc-
Donald, and Rahmaf observed that th®$ values, and es-
pecially D, increase when polarization effects are consid-
ered. BothD®. andD? coefficients resulting from recent MD
simulations using a polarizable motfeare markedly higher

D1,=D3,(1+81y). (13)

N
ozezﬁvz+z,D+,, (14)

where e is the proton chargeB=(kgT) !, andz, is the
signed charge number of the speciesin order to analyze
the contributions of the self- and distinct correlationsato
we can writé®

o=0%1+45,_), (15  than the experimental data. MD and experimental results for
0. o o are in good agreement. However the valuerdé almost
whereo™ is the self-contribution entirely determined by the ionic masses and diam®serd it
is rather insensitive to the ionic polarizabilf.
°=eB N (x,Z2 DS +x_z2D%). (16) More detailed information on the ionic motions at short
v time scales is provided by th€S(t) functions (Fig. ).

Equation(16) is called the Nernst-Einstein relation. The de- These functions show negative valubackscatteringwhich

viations of this relation are frequently measured in terms of €flect a high probability of large-angle deflections in the
=—5,_ 8 “collisions” of ions with their neighbors. C3 (t) and

C® (t) for KCI are very closeland alsoDS =D*) but no-
IIl. RESULTS AND DISCUSSION ticeable difference_s may be observe_d for_ NaCl. As with
Lennard-Jones mixturés, backscattering is more pro-
MD simulations of systems made up of 108 anions anchounced for lighter ions. The oscillations 6f (t) are asso-
108 cations in the case of monohalide melts and 216 anion§iated with “rattling” motions experienced by ions in the
and 108 cations in the case of dihalide melts have been cafemporary cage formed by their neighboring unlike fSns
ried out. Periodic boundary con.ditions have been considereghe structure of these systems is characterized by a regular
and the long-ranged Coulomb interactions have been calciiternation of concentric shells of oppositely charged Jons
lated according to the Ewald method. Temperatures, densi- A quantitative measure of the effects of the distinct veloc-
ties, and interionic potentials for each simulated system willty correlations is given by, _(t) (Fig. 1) and 5, _ (Table
be detailed further on. ThaZ (t), A% (t), andA, _(t) cor- ). In general,5,_ from MD is negative and s, _| is
relation functions have been calculated from the ionic velocismaller than that from experimefft?® Despite the quantita-
ties during the MD simulations and. other propertie; hav_etive differences the values ¢%, _| from MD and experi-
been determined from them according to the equations ifment show a similar increase with It should be pointed out
Sec. Il. The diffusion coefficients have been also calculateghat uncertainties o, _(t) and 6, _ are important since
from the corresponding displacement correlation fgncti‘éns. they are not directly calculated or measured but determined
The agreement between the results obtained with the twas the difference between two very close quantities. Hansen
methods is satisfactory. We have performed runs of abouind McDonalfl observed from the experimental data for dif-

1500 ps with a time step of 610 2 ps. ferent molten alkali-metal saftSthat 5, _ was negative in
all cases. This finding was attributed to the formation of
A. Monohalide melts short-lived anion-cation complexes which do not contribute

to electrical currenf.However, the values of, _ cannot be
only associated with the cross correlations between ions of
MD simulations of molten KCI at two temperatur€$ opposite charge since, according to the results in this work,
=1173 and 1273 Kand molten NaCl at three temperaturesthe effects of the correlations between distinct ions of the
(T=1073, 1173, and 1273)khave been carried out. For the same species cannot be negledtege Eqs(6) and(9)].
sake of brevity only the results at one temperature are re- It has been suggested that distinct properties may be used
ported in this papefFig. 1 and Table)lbut results at differ- to determine the tendencies of the particles to diffuse
ent temperatures have been taken into account in the discusgether’ The reasoning is as follows. If the coupling be-
sion and are available on request. The effective paitween the velocities of ions of different sign is stronger than
interionic potentials of Born-Mayer-Huggins in the form and that between ions of the same sign, it follows that

1. Alkali halides: KCI, NaCl
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08—“ ~ o.s—\ -
' NaCl \ KCl
06 % . 06} .
\, H
=04 - 04 3 -
© 0.2 - b 0.2 - ‘,

FIG. 1. Velocity autocorrela-
tion functions and dynamic cross
correlations———— CS (t); -------
C_(1); — &4 -(1).
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DIR +DIR <2DYR and, according to Eqg6) and (11), 2. Noble-metal halides: CuCl and CuBr

DY <0, ands, _<0. However, we should be very cautious

with this interpretation because, unlikel (t) andD%_,  (T=773, 973, and 1073 Kand CuBr [=800K) have

the values ofA%R (t) and DI} are strongly dependent on been carried out. As with alkali halides only the results at
the considered reference frarffeMoreover, the conclusions one temperature are explicitly reported in this paper. The
only based on the values of parameters suclD8s and effective pair potentials proposed by Staffoetial® have
8+ _ may be misleading since, according to the results inbeen assumed. This interaction model reproduces reasonably
Fig. 1 and those in Ref. 8, only the initial part éf. _(t) the experimental structure of copper halide melts. The poten-
function tends to have negative values in systems as the mdiial form and parameters are detailed in Ref. 3. The potential
ten alkali halides whereas the remaining parof (t) may  for CuCl is shown in Fig. 1 of Ref. 17. Although the ionic
be positive. The minima of thé, _(t) functions are ap- Sizes cannot be unambiguously defined, in the case of CuCl
proximately reached at times close to the first zero ofand CuBr anions are markedly bigger than cations and we
CS(t). This suggests that the anion-cation *“associations”can estimate that the ratio between their effective radii is
which may be associated with the Coulomb attraction ar&bout 4 for both systens.

unstable since the lifetimes of these “pairs:=(Q.1 ps) are Although there are noticeable differences between the
markedly lower than those estimated for the local structure$/D and experimentaD?, results(Table ) the changes with

in alkali halide melt§=2-3 ps(Ref. 28]. T [experimental data are only available for Cu@lef. 29]

MD simulations of CuCl at three different temperatures
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TABLE |. Diffusion coefficients and electrical conductivities: Present MD results and experimental

data.
T p Di D3 D,_ o o+ —
(K)  (ions A3 (1075 cm?s7Y) (Q tem?
7.8 78 73 27 -0.7 MD
KClI 1173 0.0235 9.4 8.4 25 -0.25 Expt.(Ref. 22
25 Expt.(Ref. 23
8.6 77 81 40 -0.0 MD
NaCl 1173 0.031 9.8 7.8 3.9 -0.11 Expt.(Ref. 29
11.4 8.2 3.9 -0.20 Expt.(Ref. 23
9.3 24 95 10.025* +0.6 MD
CuCl 773 0.0445 6.4 2.1 3.7 —0.2 (+2.32 Expt. (Ref. 29
11.2 32 108 88207 +05 MD
CuBr 800 0.0350 2.6 ExptRef. 30
0.8 21 16 14 +0.3 MD
SrCL, 1260 0.0286 25 4.9 ExptRef. 36°
2.4 Expt.(Ref. 30°
1.9 28 1.0 09 -05 mMD?
ZnCl, 1200 0.0296 0.7 06 05 04 -0.3 MD®
9.1 14.7 Expt(Ref. 45°

&/alues in parentheses are calculated withandz_ corresponding to the effective charges in the potentials
used in the MD simulations.

PExtrapolated values. Densities are not given in Refs. 36 and 45.

°Experimental value for a density of 0.0303 ions A(Ref. 30.

dMD results with the potential of Woodcoat al. (Ref. 38.

®MD results with the potential of Kumptat al. (Ref. 44.

are reasonably reproduced by MD. As with alkali halides the The §, _(t) and §,_ results(see Fig. 1 and Table) |
accordance in the case Bf is quite good whereas larger reflect that the influence of the cross correlations for CuCl
disagreements are found f@S . Nevertheless, the differ- and CuBr is more important than for KCI and NaCl. We
ences between MD and experiment are more important anemphasize the marked deviations from the Nernst-Einstein
in the opposite sense than for alkali halides. It is interestingredictions revealed by the large values&f_ (=+0.5).
to notice thaD?_ is larger tharD? in all cases, regardless of Unlike for alkali halides, both the initial part of th&, _(t)
the relation between the mass of anions and cations. Thiginctions and the5, _ values are positive. Hence, according
corroborates earlier findings which indicHtéhat theD3 co-  to Egs.(6), (11), and (17), (DR +DR) is greater than
efficients in liquid noble-metal halides are mainly influenced2D9R which indicates that the coupling between the veloci-
by the ionic size differences. Electrical conductivities calcu-ties of like ions is stronger than that between the ions of
lated from MD according to Eq14) with |z, |=|z_|=1 are different sign. This finding suggests that the motion of an-
much higher than the experimental ddt&in all cases. This ions is more affected by the collisions with other anions than
may be attributed to an incomplete ionization of these kindby the attractive electrostatic interactions with cations. These
of molten salts. We have also calculatedusing the same results are consistent with earlier findings for soft-sphere
fractional charges as in the effective interionic potentialsmixtures® which show that differences of size or mass be-
(|z|=0.501 for CuCl andz|=0.4828 for CuBr(Ref. 3].  tween particles produce positiv#, coefficients ands;,(t)
Although the results are improved the new valuessadre initial values.
too low (Table ). Since thed, _ results from MD are determined through
The C5(t) functions for anions and cations show markedEq. (17), they are independent ¢#|. However, the experi-
differences(Fig. 1). For both CuCl and CuBr, independently mental 6, _ coefficients are determined from, DS, and
of the relation between the ionic mass€s,(t) shows faster D® according to Eqs(15) and(16) and their values depend
decay, more pronounced backscattering and more markash |z|. If |[zZ/=1 the MD and experimentad, _ results for
oscillations thanC? (t). These findings reflect the existence CuCl differ even in the sign. If the potential paramegris
of oscillatory motions of aniongthe larger ions into the taken as an effective charge there are no differences in the
cage made up by the neighboring ions of the same speciesign of §, _ but the disagreements are still largeee Table
whereas the motions of cations are predominantly diffusivel). These findings, as well as those fgrare consistent with
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the assumption of an incomplete ionization but indicate that 0.4 e —————— T
the |z| parameter in the potential cannot be fully identified - — = 7=0
with an ionic effective charge. 03 - ]
Z=0.5
B. Dihalide melts: Sr,Cl and Zn,ClI 0.2 — -
______ 7Z=1

There are fewer computer simulation studies of 2:1 mol-
ten salts than of alkali halides. For SsCMC (Ref. 31 and 0.1 H 7
MD (Ref. 32 simulations as well as MHN@modified hy-
pernetted chaincalculationd® were carried out using an in-
terionic potential of the Born-Mayer-Huggins form with the
parameters derived by BusifjThe resultingg(r) functions
reproduce the main features predicted by the neutron-
scattering daf® but significant disagreements are observed
in the height of the firsg, ,(r) andg, _(r) peaks. More-
over, the densities in these calculations were about 5% lower
than the experimental values. We have performed a MD
simulation at 1200 K and experimental density
=0.0308 ions A ) (Ref. 30 with the same potential model.
The resulting properties do not show the characteristics of
liquids but the trends typical of superionic systems, i.e., the
cations form a solidlike sublattice and the anions have no-
ticeable diffusion. We have also carried out a MD simulation
of SrCl, at 1260 K and the density obtained by Leétat
this temperaturéTable ). In this case, the resulting structure
and diffusion of both anions and cations correspond to a
melt. The results of this simulation, which are the ones dis-
cussed in this work, are consistent with findings in earlier
studies’*~3*When compared with experiment, the structure
is in qualitative agreement but the firgf,  (r) and
g, _(r) peaks are too higiD% , D , ando are of the same
order of magnitude but markedly lower than the experimen-
tal datgd®3¢%"(Table .

The resultingC® (t) for SrCl, at 1260 K shows deeper
backscattering and more pronounced oscillations than
C5.(t) (Fig. 2). The low values of thé? coefficients from
MD suggest that ionic oscillations are, probably, excessively
enhanced. Moreover, the negative valuessof (t), which
may be associated with anion-cation couplings, do not start
until t=0.5 ps. This can be attributed to the cancellation of
two opposite effects. On the one hand, the mass and size
differences tend to produce positiva _(t) values. On the
other hand, the electrostatic interactions tend to produce
negatived, _(t) values. The value of, _ from MD sug-
gests that this parameter may be negative in liquid mixtures
of highly charged ions. However, the experimental value of
8, _ calculated fronD? in Ref. 36 andr in Ref. 30 is equal -0.2 — \ n
to —0.2. v ZnCl2 at 1200 K

The former MD study of the ZnGImelt was carried out .03
by Woodcock, Angell, and Cheeseniarusing a Born-
Mayer-Huggins-type interionic potentidVAC potentia).
Later, several potential models were propdsetf but none
of them can reproduce correctly the ZpGtructure, particu-
larly the first peak ofg.,(r).** Kumta, Deymeir, and
Risbud” developed an interaction potenti#DR potentia).
Theg(r)’s obtained by MD at constarit (1200 K) andP (1
atm) using the KDR model show good agreement with thepotentials. They__(r) andg.. .. (r) functions resulting from
experimental data af=600 K but the resulting density was neutron-scattering measurements at 60QRef. 43 show
about 40% lower than the experimental value &t Peaks of very similar heightfg(rma=3)] located at very
=1200 K. We have simulated ZnCat 1200 K and experi- close positions (;,=3.7—3.8 A). This is in disagreement
mental densityTable ) using both the WAC and the KDR with the WAC results but the experimental positions of the

5(t)

5(t)

L] I L) l L} I LJ l )
00 01 02 03 04 05
t (ps)

FIG. 2. Dynamic cross correlations, _(t)] for systems with
different ionic charges.
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TABLE II. Diffusion coefficients of KCI-, CuCl-, and ZnGllike systems with different ionic charges.

T o z D, D D, 5.
(K) (ions A~3) (105 cnPs™h
0 25.2 23.0 25.0 0.0
KCI 1273 0.023 0.5 17.3 16.6 11.3 -0.3
1 10.2 10.1 9.0 -0.12
0 23.4 54 20.0 +0.4
CucCl 1073 0.0415 0.501 16.5 6.3 16.5 +0.45
1 41 2.7 3.0 -0.1
0 16.8 15.0 16.2 0.0
ZnCl,2 1200 0.0296 1 55 10.1 8.2 +0.2
2 1.9 2.8 1.0 -0.5

8VID simulations using the WAGRef. 38 potential.

peaks are well reproduced by the KDR potential. The MDconsider that changes in the ionic charges modify the effec-
diffusion coefficients are markedly lower than the ones ob+ive ionic sizes and produce important changes in the struc-
tained by extrapolating to 1200 K the experimental data beture of the system¥’

tween 600 and 800 K® The disagreement is more important ~ The distinct time correlation functions for systems with
in the case of the KDR potentidlable ). These findings different ionic charges corroborate the conclusions in Secs.
suggest that the structure is more realistically reproduced bl A and 11l B. When z increases, the influence of the elec-
the KDR model whereas dynamic properties are better reprdrostatic interactions becomes more important and the initial
duced by the WAC model. values of 5, _(t) tend to be more negativié-ig. 2). How-

The C3(t) and 8, _(t) functions obtained with the WAC ever, §, _(t) for KCI with z=0.5 shows a minimum deeper
model are shown in Fig. 13 (t), which corresponds to the than with z=1 which may be related to the less ordered
lighter particles, is more oscillatory tha®? (t). Moreover,  structure of the former system. For CuCl the influence of the
5. _(t) shows a negative initial region which may be asso-Size and mass differences between anions and cations is pre-
ciated with the existence of strong anion-cation couplingsdominant and thé, _(t) functions only show large negative
The CS(t) and &, _(t) results using the KDR model show values forz=1. The results for ZnGlare very illustrative,
similar qualitative features but marked quantitative differ-i.e., the initialé, _(t) values forz=0 reflect the influence of
ences with respect to those using the WAC model. Unlike fotthe size and mass differences whereaszfel the influence

SrCl, the MD values ofs, _ for ZnCl, are positive(Table  of the electrostatic interactions is dominant and#erl the
). two competing influences are of similar importance. The val-

ues of thed, _ coefficients cannot be easily interpreted be-
cause they correspond to the time integral$sof (t) func-

C. Influence of the ionic charge: KCI-, CuCl-, tions with marked oscillatory shapes.
and ZnCl,-like systems
The results discussed in the preceding paragraphs indicate IV. CONCLUDING REMARKS

that the values ob, _(t) and ., _ are the result of several DS and ficient itin f MD simulati ith
contributions including the electrostatic interactions and the, ~« ando coetlicients resutling from simufations wi
ionic size and mass differences. In order to analyze the int-h.e usual pairwise Interionic potentials have been compared
fluence of the electrostatic interactions on the dynamic dis?/ith the available experimental data. For molten alkali ha-
tinct correlations, we have performed MD simulations of'des, the calculated? coefficients are somewhat lower
several systems with identical particles except their ionidhan the experimental ones, wherdS and o are close to
charges |z, |=2). The effects of the mass and size differ- the experimental findings. For CuCl the_ d|§crepanC|gs are
ences were already discussed in Ref. 16. larger but the MD results reproduce qualitatively the differ-

KCI at 1273 K, CuCl at 1073 K, and Znght 1200 K ences between thB? coefficients for anions and cations.

(assuming the WAC potentjghave been considered. MD The o results for noble-metal halides suggest that the param-
simulations of KCl-like systems witlz=0 and z=0.5, eter|z| in the potential cannot be fully associated with an
CuCl-like systems witle=0 andz=1, and ZnC}-like sys-  effective ionic charge. In the case of dihalide melts the dis-
tems withz=0 andz=1 have been carried out. These simu-2agreements between MD and experiment are large for both
lations correspond to neutral and partially ionized systems itructural and dynamical properties. Recent findings suggest
the case of KCI and Zngland to neutral and fully ionized that the consideration of dipole and quadrupole polarization
systems in the case CuCi partial chargez=0.501, was N the potgnt@l can improve significantly the results and can
attributed to the actual systemiThe results for ideal and be essential in the case of the 2-1 systéfns.

actual systems are compared in Fig. 2 and Table IIl. The The dynamic behavior of ions has been analyzed through
methodology used in this study is analogous to that in earlief3 (1), C2(t), and 6, _(t). In molten alkali halides,
analyses of the effects of the ionic charge on the structur€:(t) for the lighter ions shows a faster initial decay, more
and single dynamical properties of NaCl and CiCA cor-  pronounced backscattering, and more marked oscillations
rect interpretation of the results in this section requires us teéhan for the heavier ions. Moreover, ti#& _(t) functions
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show positive initial values which may be associated withas correspond to systems of particles with strong Coulomb
couplings among the velocities of ions with opposite sign.interactions.

The results for molten noble-metal halides are very different.  Significant deviations from the Nernst-Einstein relation
C3(t) for the larger ions shows a faster decay, deeper backave been found for noble-metal halides. Our findings sug-
scattering, and more marked oscillations than for the smallegest that, although, _ was negative for simple molten salts
ions and the ionic mass plays a minor role. Moreover, theédnd different alkali metals saltSthis fact cannot be taken as
8. _(t) functions show negative initial values which indicate & 9€neral rule. Finally, we want to emphasize that the values
that the couplings among the velocities of ions with the sam@' P0th & and thed, _(t) function after its first minimum
charge are stronger than those among ions of opposite sigﬁ.re the result_ of complex processes mvolvm_g Se"era' par-
In these systems the dynamic correlations are very muc cles. Accordingly, we should be very cautious with the

influenced by the collisions between big ions which hinderanalySiS of the experimental conductivities and distinct dif-

considerably their motion¥. The results for systems with fusion coefﬁqgnts, and we cast QOgbt on the conplusmns
@bout association of particles in liquid mixtures which are

different ionic charges have corroborated that the dynamic’. cientel2?
cross correlations in molten salts are the result of two oppo§Imply based on the values of tig _ coefficients.™

site tendencies, namely the electrostatic interactions and the
mass and/or size differences between anions and cations.
These competing tendencies are also reflected by the results This work has been supported by DGICYT through Grant

for dihalide melts which are closer to those for alkali halidesNo. PB93-0971-C03 and by CIRIT through a SGR grant.
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