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The ab initio total energies of alkali chloride crystals in Bdock sal}, B2 (CsCl-type, B3 (zinc

blende and P4/mmm structures are calculated by ultrasoft pseudopotential method in this paper.
Based on the different combinations of these total energies, the effective charges on ions are
determined for long-range Coulomb interaction, and the short-range potential curves are obtained by
the lattice inversion method. As the test for the quality of potentials, the static properties of ACl in
the rock salt phase are calculated. The results are in good agreement with the experimental data. And
the calculated lattice energies for ACI in wurtzite, CuAu, NiAs, and litharge structures are consistent
with the predictions of pseudopotential calculations. In terms of the molecular dynamics
simulations, the temperature dependences of volume, bulk modulus, and elastic constants are also
investigated from room temperature to 800 K, the results are in good agreement with the
experimental values. This indicates that the new interionic potentials are valid over a wide range of
interionic separations and coordination numbers2@3 American Institute of Physics.

[DOI: 10.1063/1.1542876

I. INTRODUCTION One of the effective solutions for the uncertainty of

The atomistic simulations on structures and properties ofultiple-parameter fittings may be the lattice inversion
ionic crystals have been given great interest for their typicamethod, which was first presented to determine the pairwise
ionic bonded structures and wide application$One of the ~ potentials from theab initio calculated or experimentally
key problems for the atomistic simulations is how to deter-measured cohesive energy by Carlsson, Gelatt, and Ehrenre-
mine the interionic potentials. In most of the previousich (CGE),'® and then Chen used the Mobius-inversion for-
work,23>9-15the interionic potentials were started from the mula in number theory not only to obtain the pair potentials
selection of interionic potential function forms with adjust- for the pure metal$! but also for the intermetallic
able parameters, and then the potential parameters were otempound$® with faster convergené® than the CGE
tained by fitting to the experimental data or calculation re-method. However, so far the lattice inversion has not been
sults, such as lattice parameters, lattice energy, phonompplied for ionic crystals because the ionic charge density
frequencies, elastic, and dielectric properties. The interioniclistribution is obviously different from that of a free atom.
potential models often consist of the long-range and shortFrom the viewpoint of lattice inversion, let us show the com-
range terms; the former is usually described as the Coulomparison of the interatomic potentials in binary alloy;KE*®
interaction with formal or Miliken charges, and the latter is with the interionic potentials in ionic crystal NaCl. In the
overlap repulsive interaction with different adjustable param{irst case, there are three distinct pair interaction functions:
eters. These potentials have played a significant role in preépre_re Pa—pe, aNdda_a , IN WhiCh ¢pe_pe@nd da_a CanN
vious simulations, especially for the ionic materials with lotsbe obtained by lattice inversion techniques fraim initio
of experimental dat&>’ However, for the ionic solids whose cohesive energies of iron and aluminum face-centered-cubic
properties are hard to obtain, the parameters of interioni¢fcc) lattices, respectively, and then tkig,_g. can easily be
potentials have to be derived from calculations, such as thdetermined from Fgl cohesive energy. The reason is that
ab initio calculations. On this occasion, if the multiple- there is a very slight difference between the charge densities
parameter fitting method is still used, the advantageabof of fcc pure metals and the binary alloy. But in the second
initio calculations may not totally be exhibited. Since thecase, it is also needed to determine three different interaction
adjustable parameters are involved, the uncertain and arbiunctions: ¢n.r—ngtr Pci-—c-, and @ng+ -, Whereas
trary parameters are often involved by providing several setg,+ _n.+ and ¢c-_c- cannot be obtained by the same lat-
of potential parameter’;” and it is hard to determine which tice inversion for any ionic crystals constituted only by one
set of potentials is the most appropriate. kind of like-sign ions. Suppose that each of the interaction
potentials described by three parameters have to face the
dAuthor to whom correspondence should be addressed. Electronic maigifﬁcuny of how to determine nine parameters only from one
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FIG. 1. Virtual structures used for pseudopotential total-energy calculations.

The cation and anion are identified by black and gray balls, respectiagly. (1)
(rock sal}: fcc cationtfcc anion; (b) B3 (zinc blendg: fcc cationt+fcc . . B1 B3 .
anion; (c) P4/mmm: fcc cation tetragonal anion(d) B2 (CsCl-type: s in which theE;(a) andE;(a) are the pseudopotential to-

cation+ sc anion. tal energies per ion of B1- and B3-ACI corresponding to
lattice constan&, andi, j, andk indicate the lattice sites of
ions.

In order to derive the interionic pail’ pOtentiaIS by lattice For B1 and P4/mmm structures, since they have the
inversion, we define the partial energy as the sum of only ongjentical cation sublattice, their total-energy difference
pair potential that can be obtained. Then in this paper thghould be independent of the cation—cation interaction. With
method of virtual structures is introduced to separate the paghe potential, _ obtained from Eq(1), the cation—anion
tial lattice energy from the combination of pseudopotentialimeractionsEEilf(a) andE% _(a) in B1- and P4/mmm-AClI
total-energy curves by taking the alkali chlorides ACI (A can be calculated, respectively. Then the anion—anion partial

=Li, Na, K, Rb) as the prototypical system, which mostly |attice energy per ion can be given as follows:
have the rock saltB1) structures. In terms of the B1 struc-
B1

ture, the other three virtual structural models have been builhE _ _(a)=EB}(a)—EB! (a)—El (a)+E% _(a)
for ACI, as shown in Fig. 1, where the rock s@B1) and

zinc blende(B3) all contain two fcc like-sign ionic sublat- _= b Ji+ D)2+ (1 +K2+(j+ k)2 E}
tices, the structure with P4/mmm symmetry includes one fcc 4iik*0 2
and one tetragonal sublattices, and the(B2Cl-type struc-

ture has two identical simple-cubisc) sublattices. Based on 1 . . a

the description of interionic pair potentials, the interaction _Zi'j'k;ﬁo L R A 20 2

between two ions only depends on the interionic separation,

and then the interionic pair potentials are assumed as trangr which Ef;t(a) is the pseudopotential total energy of P4/
ferable in B1, B2, B3, and P4/mmm structures. Thereforemmm-ACI| with lattice constanta, and the ¢__ is the
once the corresponding pseudopotential total energy as aion—anion pair potential.

function of lattice constant is obtained for each structure, the  Consequently, the anion—anion interactié®* (a) and
three partial lattice energies can be extracted from the totaEB? (a) can be separately calculated for B1- and B2-AClI, so
energy differences between B1 and its virtual structures, rethe anion—anion partial lattice energy per ion can also be
spectively. Then the interionic pair potentials can be derivedbbtained as follows:

by Chen—Mwius lattice inversiort! The details are de-

scribed in the following text. AE, .(a)=Eg(a)—E}" (a)—E2' (a)—Egs(a)

+E®? (a)+E®% (a)
Il. DERIVATION OF INTERIONIC PAIR POTENTIALS

1 a
A. Virtual structural models =7 > i+ )2 (k)2 (j+k)2 >
i,j,k#0
For the rock salt-type ACI crystals, the B2, B3, and P4/
mmm models have been introduced, as shown in Fig. 1. If _ 1 D N 3)
the four structures have the identical lattice consganthen 4 %o b+ [NITH] al,

from B1 to B3 only the cation—anion interaction undergoes

the change for their identical like-sign ionic sublattices. ThewhereEEf(a) is the pseudopotential total energy per ion in
total-energy difference per ion between B1 and B3 can be¢he B2 structure, thEEZ,(a) is the cation—anion interaction
regarded as the partial lattice energy only as the sum of pafor an average ion in B2-ACl, and, . is the cation—cation
potential¢, _, and can then be written as pair potential.
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TABLE I. The kinetic energy cutoff for plane waves in pseudopotential
calculations.

ACI LiCl NaCl KCI RbCI

Ecutott (€V) 340 410 260 260

B. Pseudopotential total-energy calculations for ACI

In the present work the pseudopotential total energies of
ACI crystals are calculated based on the CASTERM-
bridge Serial Total Energy Package??the pseudopotential
plane-wave code developed by MSI. During our calculations,
the ultrasoft pseudopotentials for alkali chloride ions are
adopted and the GGA-PW9General Gradient Approxima-
tion) method® has been used to cope with the exchange-
correlation energy. Thé&-mesh points over the Brillouin
zone are generated with parameteps#4x 4 for the biggest
reciprocal space andX1x1 for the smallest one by the
Monkhorst—Pack scherffecorresponding to the lattice con-
stanta. The energy tolerance for self-consistent-fiekCH
convergence is 210" % eV/atom. The kinetic energy cutoff
for a plane wave basis set in different ACI crystals is shown
in Table I. Then the calculated total energy as a function of
lattice constant is shown in Fig. 2.

C. Lattice inversion for interionic pair potentials

1. Chen—Mobius lattice inversion

Based on the Chen—Nbius lattice inversiort/'® the
crystal lattice energ¥(x) for each atom can be expressed as
a sum of pair potentiad(x), such that

E(x)= %Rgo B(R)= %n; ro(n) ¢ (be(n)x), (4)

where x is the nearest neighbor distandg, is the lattice
vector of theith atom,by(n)x is thenth-neighbor distance,
andrq(n) is thenth coordination number. We extended the
series{bg(n)}, into a multiplicative semigroup such that, for
any two integersn andn, there always exists an integler
such that

b(k)=b(m)b(n). )

Equation(4) can be rewritten as

E(x)= %n; r(n) ¢(b(n)x), (6)
in which
[ ro(bg'[b(m]) if b(n)e{bo(n)},

"M=10 it b(n)elby(n)}. )
Thus, the pair potentiakp(x), can be written as
$(x)=22 1(MEBMN)), ®)

wherel (n), the inversion coefficient, can be uniquely deter-riG. 2. Total energies vs lattice constamtin different virtual
from ab initio pseudopotential calculations.

mined from the crystal structure as
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b(k) TABLE Il. The effective charges obtained by fitting to the total-energy
; |(n)r(b—1 _ ) =8y 9) difference between B1- and B3-ACl.
b(m)TB(K) b(n)
ACl LiCl NaCl KClI RbCI
Note that this inversion coefficiem{n) is only structure de- l9.|=1]q-| 1.013e 1.005e 1.000e 0.991e
pendent; then the coefficients._(n), b, _(n), I__(n),

b__(n), I.+(n), andb,,(n) can be obtained from Egs.

(1), (2), and(3), respectively. 3. Lattice inversion for short-range potential

;
——1

R -2

. (12)

With the fixed ionic charges, the Coulomb terms can be
2. Long-range Coulomb interaction extracted from the partial lattice energies, and the short-
) ) ) ) range partial lattice energies can also be obtained for each
In general, each pair potential can be derived in terms Of i notential. Then with the above inversion coefficients,
the partial lattice energy and corresponding inversion coeff|]+_(n) b. (n),1__(n), b__(n), I,.(n), andb, . (n)
cients. However, for ionic crystal, the long-range Coulomby, . ¢SR’ SR and ¢SR' short—ra'ngeerair'potential CUIVES
; ; ; ; +—1 P—— ++
mterac’uqn IS the d?”‘!”am pgrt a”‘?' h"_"s the SIQW CONVETzan be inverted from different short-range partial lattice en-
gence with the mtenomc spgcmg(whmh IS prc.JporFlonaI FO ergies, respectively. According to the shapes of curves, the
1r), and this is very difficult for the lattice inversion g iapie potential function forms are selected to fit the poten-
method. The reason is that the lattice inversion demands thgy| o\,ves. Particular in this work, the short-range potential
pair potentials decay more rapidly with distanceéhan the  ¢,1ction forms are expressed as Morse type
potential proportional to 1/(#r2Np) because the number of '
interactions increases asr4°N,, whereN, is the particle #SR(r)=D] exq — Y L—l
number density. A sufficient condition for convergence is Y 2\R '
|E(r)|<A/r2 for someA>0 in three dimension¥, this con- (11
dition is not obviously satisfied by the Coulomb energy.,nq 4 repulsive exponentiéRep.-Exp) function
Hence, we have to decompose the components of the lattice
energy into two classes: long-range Coulomb part and short- #SR(r)=D exg — r 1
range potentials. The Coulomb term is treated by Madelung Y
_me_thod or Ewald summation technquﬁ-f?smth the fixed The short-range potential parameters are listed in Table IlI.
ionic charges. And the short-range potential parameters are
obtained by Chen’s lattice inversion in terms of the coeffi-
cients 1, _(n). b, (n)., I.(n)., b_(n). 1,.(n), and lIl. TEST FOR THE INTERIONIC PAIR POTENTIALS
b,.(n). A. Lattice energies in different structures
h In order FO take accoun; (?f the Cowomb tFrTr’] the f|x§d As the test for the validity, the present interionic poten-
¢ arfﬁiﬁg tlr:)nsf Werel uie n our’aﬁkeme.h N € PrEVIOURIs should first correctly reproduce the total energies of B1-,
work, € formal charges or MUken charges wereé - g5 g3 and P4/mmm ACI. With the potential parameters in
often used. Here the fixed charges on ions are determined bf”able lll, the lattice energies of B1-, B2-, B3-, and P4/mmm
the pseudopotential tOt‘?I energy difference bet_ween Bl- an/g\CI Wer;a calculated, and the corre,spon;jing ,isolated—ion en-
B3TACI at a Iarggr I_attlce constant The_deta|| can be de'ergies (the difference between lattice energy and total en-
scrlbgd as follows: First the pseud.opotentlal total-energy Calérg)o were also obtained and listed in Table IV, which are
céullatlogngri\gi(tgndedt;o tChe Ilattui)e_ Ctonsﬁﬁtlio Athforl independent on the lattice constant and crystal structure.
-an -ALL since the Loulomb Interaction has the SIoWrya e total energy calculated by pair potentials could be
convergence, the ionic interaction can be approximately deéompared with thab initio calculations. Figure 2 shows that
voted only by the Coulomb potential at larger interionic

spacing. Then when the lattice constast10.0 A, the lat-
tice energies are approximately regarded as only the sum GRBLE IIl. Interionic pair potential parameters obtained in this work. The

Coulomb potential, so the total-energy difference betweegymbols+ and — represent the cation and anion, respectively. The cutoff
B1- and B3-ACl is distance for short-range potential is 12.0 A.

Crystal lon pair Function form D (eV) R (A) y
B1 B3 _ Bl B3
Etot(a) - Etot(a) =Ecoul a)— Ecoul a), (10 LiCl ++ ...
+- Rep.-Exp. 13751 1.8750  5.9266
where the Coulomb interaction&2> (a) and EZ3 (a) in ol aa Rep-Exp. 04466 27929  8.7348
. al + + N e e e
B1l- and B3-ACl, can be calculated via the Made_lung L Rep.-Exp. 02848 26499  8.6729
constant® of B1 and B3 structures. Therefore, the fixed __ Morse 00244 37338  11.3902
ionic charges can finally be determined by fitting the total- kci +4
energy difference between B1- and B3-ACI at a larger lattice +- Rep.-Exp. 17149 23383  6.4557
constant. The results are listed in Table Il for the four ACI bl - Morse 01177 ~ 3.7066  8.8093
crystals. Once the fixed ionic charges have been calculated,R°C T Rep.-Exp. 00572 2.6860 87701
X i . +- Rep.-Exp. 0.5099  2.9085  8.2691
the long-range Coulomb interactions can be determined by __ Morse 00870 39386  7.8972

Madelung method or Ewald summation technigtre.
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TABLE IV. The isolated-ion energy per ioB;s, between total energy and

lattice energy.

sk, L1, (CuAu-type) i
ACI Licl KCl RbCI Tl litharge (PbO-type)
Eiso (€V/ion) -297.45 —85649  —593.97 —534.88 5 A )
g
£ of
the present interionic potentials well reproduce the total en- 32
ergies for all of B1-, B2-, B3-, and P4/mmm ACI crystals. af - N =
This indicates that the interionic pair potentials have been T e S
correctly inverted from the pseudoptential total energies by LA
lattice inversion without the prior fixed potential function L o e e B e L
forms. Jf R e
Besides, whatever method was used to obtain the poten- _ ¢ B8, (NiAs-type)
. . . . . . P ¥ Tlitharge (PbO-type) | |
tials, one of the important tests for the final validation is to M
use the potentials to calculate the properties of other struc- 3
tures that were not involved in the potential derivation. Then 5
the lattice energies as functions of crystal volux&/, (Vg §
is the equilibrium volume of B1-AQlwere calculated for %

ACI crystals in other four structures, respectively. The four
trial structures are Béwurtzite-type, L1, (CuAu-type, B8,
(NiAs-type) and litharge (PbO-type?’ respectively, as

V/Vv
shown in Fig. 3. Their calculated lattice energies are shown & Tttt
in Fig. 4. In terms of the isolated-ion energy in Table IV, the _ @K | © Bécwurtite)
i I . 6 I 4 L1, (CuAu-type) |]
lattice energies were also calculated from pseudopotential 4 B8, (NiAs-type)
* charge(l’bo-type)_

total energies by theasTepcode. Figure 4 shows the results
via the present potentials are consistent with those from
pseudopotential calculations. Although there is an obvious
difference between the potential results am¢TEP calcula-
tion for litharge-type ACI, the overall agreement is satisfac-
tory. This is mainly attributed to the fact that the present
potentials were extracted from the four different structures, ,
whose lattice constants range from 4.0 to 16.0 A. Besides 02 04 06 08 10 12 14 L6 13 20 22 24 26
the phase space includes the configurations of four-, six-, and

(a) B4 (wurtzite)

alc=+3/8

u/c=0.125

(b) L1 (CuAu-type)

(c) B8, (NiAs-type)

(d) litharge (PbO-type)

S. Zhang and N.-x. Chen

8 L T T T T T

(@) LiC1

B4 (wurtzite)

T
2
&
4 B8 (NiAs-type)
*

i 1 1 ! 1 1 1 i 1 1 1
02 04 06 08 10 12 14 16 18 20 22 24 26

Lattice energy (eV/atom)

1 I ! 1 i 1 1 1

VIV,

(d)RbCl

B4 (wurtzite)
L1 (CuAu-type) 1
B8, (NiAs-type) -
litharge (PbO-type)| ]

T
* ¢ H e |

Lattice energy (eV/atom)

o b OGN A O R LW e G ®
T

.2 04 06 08 10 12 14 16 18 20 22 24 26
Viv

3

FIG. 4. Lattice energies versus the voluniéV, (V, is the equilibrium
volume of B1-AC) in trial structures. The scatter points were calculated by
casTEP code, and the solid lines were produced by present interionic pair
potentials.

eight-fold coordination numbers. Therefore, the phase space
for deriving the interionic potential was obviously extended;
then the present pair potentials are more valid than those

FIG. 3. The trial structures used to test the quality of interionic potentials.only from the properties of the equilibrium state of one

Phases B4 and B8are both characterized by three parameters, andu
(distance of a layer of cations parallel to the basal plane from the underla

ing layer of anions

)Phase. So the new interionic pair potentials could be re-
garded to be promising in predicting the new structures.
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TABLE V. Lattice constants and elastic constants of ACl in the B1 phase. The values enclosed within parentheses are the experimental datar@he errors a
taken account in terms of the experimental values at 0 K.

Lattice .
Lattice energy Bulk Elastic constantéGPa
constant Volume Ejatt modulus
ACl ag (A) Vo (A3) (kcal/mol) B (GP3 Cuy Cis Cu
LiCl Calc. 5.112 33.40 204.3 36.06 47.72 30.24 30.24
Expt. (5.1142 (33.442 (201.8° (35.42 (60.74° (22.70° (26.92°
(49.27¢ (23.10¢ (24.95¢
A% —0.04 -0.1 12 1.9 —-21.4 33.2 12.3
NaCl Calc. 5.602 43.95 188.6 29.01 59.14 13.94 13.94
Expt. (5.6402 (44.852 (185.3° (28.52 (57.33¢ (11.23°¢ (13.32°
A% -0.7 -2.0 18 1.8 3.2 24.1 4.8
KCl Calc. 6.266 61.51 169.7 19.12 43.45 6.96 6.96
Expt. (6.2942 (62.332 (169.5° (20.22 (48.32° (5.40° (6.63°
A% -0.4 -13 1.2 -53 -10.1 28.9 5.0
RbClI Calc. 6.617 72.43 160.2 16.60 38.18 5.81 5.81
Expt. (6.5822 (71.292 (159.3% (18.52 (42.97° (6.49° (4.93°
(36.46¢ (6.47° (4.68¢
A% 0.5 16 5.6 —10.3 —-111 —10.5 17.8

#Experimental data at 0 KRef. 1).

The value at 0 K, and the value marked byvas measured at room temperature and not extrapolated toREK 25.
‘Either an experimental measurement at 4.2 °K, or an extrapolation of literatue values (BefsK 2, 28.

9The values measured at 295(Ref. 28.

B. Equilibrium properties of B1-ACl molecular-dynamics simulations. Here we have performed

As most of the previous potentials, the present potentialgqe molecular dynamics simulations at constant pressure and
were used to calculate the equilibrium lattice energy, Iatticéemperature(_NP'l’) W'th. a .4><4><A.' Bl'ACI supercell, con-
constant, bulk modulus, and elastic constants for Bl—typé‘a'r"ng_512 lons. T_he initial conflgurgtlon was generqt_ed_ by
ACI crystals. The results are listed in Table V. By compari—a_rranglng 256 cat!ons and 256 anions on the equilibrium
son, it is found that the present potentials well reproduce th&'tes of the B1 lattice. For the NPT ensemblg, the tempera-
equilibrium lattice constant, volume, and lattice energy. TheU'® an;j pressure were kept constant by using an extended
maximum error for the lattice constant is not more than 0.704YStem® with a thermostat and barostat relaxation time of
of the experimental data. The error for equilibrium volume is0-1 PS. The temperature range for the simulation is 300800
within the 2% of measured values. The maximum error for with a step of ,50 K. For each temperature at 1 atm pres-
lattice energy occurs for RbCI since the room temperatur§Ure: the calculatlonivg/ere performed for 30 000 steps with a
value is used without the value extrapolated to 0 K. As forime Step of 1.X10°™s. The simulations for the initial
the static mechanical properties, the calculated values are? 000 steps were used for stabilizing the system, and the
close in agreement with the experimental data. The maxidata after 10000 time steps were used to calculate the prop-
mum discrepancy exists for elastic consta@tg andC,,.  ©rties of ourinterest.

This first may be the pair potentials are used in this paper, so baseéd on the simulations from 300 to 800 K, the tem-
the Cauchy violation cannot be correctly described. In ordeP€rature dependence of volume for ACI can be first obtained,
to explain this difference, the many-body effect should bedS shown in Fig. 5. A.Ithough it is obvious for LiCl that the
considered in further work based on the present pair poter{pelt'ng temperature s undgresnmated_to %e about 750 K,
tials. The final reason is the experimental value® 4 in  |OWer than 878 K observed in the experimefitthe present
Table V are extrapolated from the 4.2 K or room-temperaturé@iculations are found to be in good agreement with the ex-
data?® Especially for the LiCl and RbCI, their 0 K elastic Perimental dat¥ and the previous Ca|Cu|ath?’?Sbefor_e the
constants were extrapolated from room-temperature meéneltmg. For the RbClI crystal, the molecular-dynamics simu-
surements, this might introduce some errors. To some exterigtions give the close results, despite a little overestimation at
our calculated values are closer to the room-temperature dafalligner temperature. As for the NaCl and KCl, it can be seen
than that extrapolated to 0 K, as shown in Table V. Thereln Fig. 5 that better results are given to be in good agreement

fore, the overall agreement between the calculations and eXith the experimental values. ,
perimental results has been obtained in terms of the present The temperature dependence of the Iattllce cpnstant can
interionic potentials. also be obtained from the molecular-dynamics simulations,

then the bulk moduluBy and elastic constai@;; of ACI can
also be calculated from the second derivatives of lattice en-
ergy at different temperatures. The results are shown in Fig.
In addition to the static properties, the test could also bé, in which the experimental dafaand He’s calculatior’
performed by using the same interionic potentials inare also included. By comparison for the bulk modulus, in

C. Molecular dynamics simulations
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from 300 to 800 K.

. Chen

spite of the overestimation for NaCl, it is found from 300— agreement with the experimental valtiethat are available.

800 K that the calculateB is closer to the experiments than Since the temperature dependences of elastic constants are
that of Heet al,*? especially for the LiCl. As for the elastic not available for LiCl and RbCI, the present calculations

constantsC;; , the present calculations also give the goodcould be regarded as a prediction in the range of 300—800 K.

Downloaded 04 Mar 2003 to 166.111.26.128. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



J. Chem. Phys., Vol. 118, No. 9, 1 March 2003 Interionic pair potentials 3981

Despite the fact that there is the difference between th@otentials are derived frorab initio calculations for ACI in
present calculations and experiments, it is clear that theeveral relevant structures, not only the properties of the used
present molecular-dynamics simulations give the overalbtructures but also those of unused models have been well
agreement with the experimental d#t&3*available. This reproduced. This may be attributed to the wide range of
indicates that the temperature dependences of volume, bufyseudopotential total-energy calculations in different struc-
modulus, and elastic constants have been well described hyres. Instead of only the configuration’s nearby equilibrium

the lattice inversion pair potentials. state of rock-salt phase in conventional methods, the phase
space for deriving the interionic potentials has been signifi-
IV. DISCUSSIONS AND CONCLUSIONS cantly extended to cover a larger range of interionic separa-

Based on the interionic potentials from lattice inversion,t'ons and coordination numbers. Therefore, these new interi-

the equilibrium properties have been well reproduced to bémic potentials may be promising in exploring and predicting

in agreement with the experimental data, which are not in:[he properties of ionic crystals in new phases. This indicates

volved in the derivation of potentials at all. Besides the tem-f[hattth'str?ew mgthod Its :/vorth further refinement and extend-
perature dependences of volume, bulk modulus, and elast|gd t0 otherionic crystals.
constants are also found to be in agreement with the experi-
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