. Carnie 'S. L., Stell GENonlinear field effects in magnetic systems// Phys. Rev. B.—
1982.— 26, N 3.— P._!1389—1402. & y v R

. Baxapuyx H. A., Pybasckuii FO. K., Honeduaox I'. B. MEKPOCKONH®ECKas TCOPHI XKHAKO-
rO COCTOAHHS CHCTEMbi MAaCHMTHBIX  aToMoB.— Kues.— 1980.— 40 c.— (ITpemp./
AH YCCP. Hu-t rteoper. ¢usuku; UTP-80-135P).

8. Baxapuyx H. A., Pyoascxuii F0. K., Monedunrox I'. B. K npobaeme xHIAKOro giep|o4ar-
wetuka // YOK.— 1982.— 27, Na 9.— C. 1414-—1415. :

9. Bakapuyx H. A., Pydascxuii 10. K., [Tonedusox I'. B. MHKPOCKONHYECKas TEOPHA aMOpg-
HBIX M XHAKHX deppomarHetnkos // CG. 1pynos «<MexayHapONHBIA CHMIIO3HYM NO H3GpaH-
HHM TIPOGAEMaM CTATHCTHYECKON MeXaHuku». D-17-81-758.— Jly6ua, 1981.— C. 307317,

10. Bakapuys H. A., Pydascruwii 10. K., onedusox I'. B. Teopna XKHAKHX MarHETHKOB "
TM®P.— 1984.— 58, Ne 3.— C. 445—460.

\. Bakapuyx H. A., Mapeosord H. ®. Teopust MHOTOCODTHBIX HEYNOPsIAOUEHHBIX MATHETHKOB.

Cpob6onnast aneprusi.— Kuep, 1984.— 28 ¢. — ([Ipenp. / AH ¥CCP. Hu-1 1eoper. Gu3ukH;

MTO-83-163P).

. Barapuyx H. A., Mapeoao H. . K TeopuH MHOTOKOMNOHEHTHHIX HEYHOPAAOUEHHBIX Mar-
netnkos // TM®.— 1987.— 72, Ne 3.— C. 462—476.
. Axuesp H. A., Axuesep H. T. Kone6anus Qeppomaruutofi suakocra // KITP.—
1984.— 86, No 1.—C. 120—124. "
. Axuesep H. A., Axuesep H. T. KonebaHus XHIKUX HEHACHIINEHHBX (eppOMAarHeTHKOB i
OTT.— 1987.— 29, Ne 7.— C. 2167—2169.
15. i’ gapea Dl. H. HepaBHoEecHast cTaTHCTHUecKas TepMoiuamuka.— M. : Hayka, 1971.—
c. . ;
16. 3ybapes /1. H. CoBpeMeHHBIe METO/ibI CTATHCTHYECKOR TEOPUH HEPABHOBECHHIX NPOLECCOB I
Vitorn HaykH B Texuuxyu. CoBpeMeHHble NDOGI. MaTeMaTuki.— 1980.— 15.— C. 131—220.
. Kanawnuroe B. I1., Aycsendep M. H. MaKpOCKONHYECKHE YDaBHEHHS IMHAMHKH MarHe-

';g!éon. 1. Jlunefinue nepasHoBeonte npoecert // OMM.— 1977 — M, sun. 4.— C. 710—

AHCTHTYT ()i3HKH KOHJICHCOBaHHX CHCTEM Ogepxato 15.12.92
AH ¥xpaiau, JlbBin :

’

4JDK 532/533;536;538.9 ‘
A. D. TROKH¥VMCRUK, ©, A, PIZIO

OPTIMIZED CLUSTER THEORY FOR THE STRUCTURAL
PROPERTIES OF MOLTEN #ONIC SYSTEMS.
MOLTEN PHASES OF Agl, Ag;Se AND Ag:S

The optimized cluster expansions are applied for the description of structural properties
.of the molten systeths containing silver cations. The results for pattial pair distribution func-
tions and cotresponding stracture factors are presemted. The coordination nusrbers are caleu-
Jated. The tetailed comparison with experimental and siulation data is given. it is stiown

-thatlexponential approximations of OCE ceincide quite wel! with HNC theory and simulation
results. ’

1. Intreduction

In the series of papers [1], a general scheme to construct optimized
cluster expansions for liquid ionic systems has been presented. An interion
interaction contains a short-range term due to steric repulsion and long-
range Coulomb interaction. The former is considered as a reference system and
the latter is treated by means of renormalized or screened potentials. The ma-
ny-body correlations are allowed for at different levels of infinite series trun-

cation. The method has been succesfully used for the molten alkali halides.
* An analysis of the cation and anion size ratio on the structural correlations
thas been presented also,

Further insight into the applicability of the theory for other systems is
the main aim of this paper. We can widen the scope and it is necessary to do
that by changing the ‘charge state of cations or anions and both of them.

One can consider doubly-charged small cations in order to study the mol-
ten alkaline-earth halides. 1t is clear that intensity of interactions due to the
change of cations charge will increase essentially. The renormalized potentials
will increase also and some problems can arise when one truncates the optimized
cluster expansions at some step. We shall investigate that problem in the sub-
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sequent paper. Here we shall deal with more favourable situation considering
the systems with larger anions which possess larger charge. ;
: We intend to study three systems containing silver cations, i. e. Agl,
Ag,Se, Ag,S. The choice of the subject is stimulated both by theoretical inte- -
rest due to its physical behaviour'and a practical importance. o

To the best of our knowledge there are some experimental results by the -
fieutron diffraction method on isothopically enriched samples for these sys-
tems |2, 3]. Their structural and dynamit properties have been studied also
by means of MD simulation [4, 5]. So the interaction potentials necessary for
the theory are available. We shall not discuss the quality of the potential
functions {61, but nevertheless have to note that these systems are often cal-
led semionic, or are characterized as the ones with mixed ion-covalent bonding
with prevailing ionicity. Therefore, the Coulomb terms in the effective inte-
rion Fotentials contain the noninteger values of ionic charges. We have to
note finally that all these systems have superionic phase and we hope to eli-
minate different degree of the coordination of cation and anion subsystems at
different temperatures in the molten phase too.

The method of calculation of the structure is directly taken from papers
{11. 1f any changes will be introduced we shall mention it.

2. Structural properties of molten Agl

‘The effective pair potentials were constructed by Parinello et al. and we
have applied them from the ref. {7L

Upg1 (r) = 114,48/r° — Z2fr — 1,1736/r%, @1
Ui (r) = 446,64/r" 4 Z2/r —'2,3472/r* — 6,9381)r..

The unit of energy is 14,399 eV. _ ‘
The set of results for structural properties of Agl, is presented 'in ‘the
Figs. 1—3. In order to provide comparison with experimental -data we have

g(r 1 . . g
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Fig. 1. Pair distribution functions for
molten Agl at T = 873 K from HNC [7] 4
{dashed) and OCE (full) calculations. ;
‘ sl
2F
Fig. 2. Pair distribution functions g__ (r)
and g, (r) for molten Aglat T = 878K Ir
from ‘heutron diffraction experiments :
by Howe nt al. [3] (dashed) and OCE

theory (full). 0




calculated besides partial pair distribution functions their linear combinations .

defined as follows: ‘ ,
£+ (1) = g4+—(r) +0,9617g+4 (v),
- (1) = g+— () + 1,0724g__ ()

gr(n= g ciesbib g (r)/B3, (2.3)
|

2.2)
and

where b = 3 cyb;, where c,, b, are respectively the concentration and scatter-

ing length of ions of species i.
: The valency of ions in the potentials (2.1) is assumed to be noninteger,
namely Z = 0,6. Therefore the effect of electrostatic interactions is. weaker
if compared with the one for the mol-
gt ‘ ten alkali chlorides. The difference
between the results of different expo-
nential approximations is less essen-
tial. We have chosen the It appro-
ximation [1] to study the structural
| ordering in this system. It can be
l f - seen from the Fig. 1 that the p. d.
- ] ; fs. calculated by us are similar to the
1

ones calculated within more elabo-

VAR L ' — L 1 rated HNC theory. The discrepancy

? ¢ ¢ s /A hetween It and HNC is espessially,

Fig. 3. Tota} pair distribution function (full) pronounced for the distribution func- -
compared with HNC [2] (dashed) and neutron tion of large anions g— _ (r). In par-

di i i . . 5
l“ramonm%}i?g,lﬂg?t:tbTy =H§%e K[2] (dotted) ticular, the Itl, similarly to MSA,

. EXP2, EXP3, does not reproduce
both the height and position of the first peak of g__ (r) and oscillations
are weaker than predicted by HNC. Actually, this is what we have expected
from our theory. The polarizability effects are essentially important for
Agl on the background of weaker electrostatic effects. However in our
derivation of the p. d. fs [1] the polarizability effects in U__ (1)
have not been allowed for at all, neither in the description of the reference
fluid nor in the renormalized potentials. Besides that, the point r} _ here
have been chosen from the U4 _ (r) minimum contrarily to the potential
energy minimum in the case of alkali chlorides. We feel that the additional
attraction in U__ (r) caused by the polarizability will really shift g—_ (r)
peak to smaller distances and increase it height. In general, the study of po-
larizability effects need additional efforts and we will present it in the fol-
lowing papers. ‘ ‘ :

After the p. d. fs, one can provide comparison with the quantities obser-
ved experimentally (see Figs. 2, 3). There are some discrepancies between the
theory and experiment due to nonsatisfactory behaviour of g__ (r), therefore
we can consider these results for Agl as preliminary. ' ‘

3. Structure of the Molten Ag,Se, Ag,S

In order to investigate structural properties of these interesting systems
we have applied the potentials presented in [4] :

Uagag (r) = 0,2408/r™* - Ziy /1, ,
UAgSe (f) = 86,6614//‘9 — ZAgZSe/r — 00,7088 exp[— r/4,431/r4, (3 1)
Usese (r) = 220,1905/r7 - Z3./r — 5,67 exp [— r/4,43}/r4. '

The results for molten Ag,Se are presented in the Figs. 4—6. We have
chosen for presentation the set of data calculated in EXP2 approximation.
Even that simplified form provides very good description of the structural
properties. The resulis obtained by us for the partial distribution functions
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and structure factors coincide with corresponding ones from MD simulation
[4]. One has to note that the total structure factor agree well with the experi-
ment [4] (see Fig. 6). ’

Unfortunately we have not exact numbers for MD results in order to pro-
vide the comparison of curves in each figure.

While examining the set of potentials we have to mention the effects of
polarizability included in Usese (r) similarly to the potential Uy (r) for the

9 Ag-Ag stgl
5} 2
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Fig. 4. Pair distribution functions and
coordination numbers for molten Ag,Se 1+
at T = 123 K (full) and T = 804 K
(dashed)
g5 /
Fig. 5. Partial structure factors for /) S S SR S T RS S
molten Ag,Se at T = 123 K. 2 4 6 & /i

previous case. The valency of jons is assumed here to be Zag = 0,45 and
Z = —0,90 and so the electrostatic effects are essentially weaker than for
I—1 systems. One can expect then, that polarizability influences to high
extent on he quality of results. However this is not true. Despite the simi-
larity of size ratio in both cases (o1/0sg = 1,714; Ose/Oag = 1,517) the pola-
rizability effects in this case do not influence the results. This happen due to
the different respective concentrations N./N in both cases and obviously due
to the different values of interactions strength parameters, namely: p* =
= ¢?Z2/kTo, — 39,48 (for Agl) and p*= 60,68 (for Ag,Se).

We have examined different exponential approximations and have to state
that EXP2 is the best for Ag,Se. On has to be very careful while choosing
the truncation step for the infinite series especially for the p. d. f. of smaller
cations. This point has been already discussed in our previous paper.

One can see that the coordination numbers are reproduced well within
EXP2 if compare them with MD simulation. It is very interesting for the
system considered to study the coordination changes dependent on the tempe-
rature,

At the decreasing temperature the coordination of cation subsystem re-
mains unchanged. On the contrary, the anion subsystem becomes mote coordi-
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nated, the height of gsese (r) first peak increases preserving its position. The
oscillations of this function are amplified describing the tendency for more
pronounced structure of anion subsystem.

We should like to note that in forthcoming paper our results for the three-
particle distribution function will be shown. It is constructed at a higher le-
vel that superposition approximation and with EXP2 as an input. This func-
tion will provide then the bond angle distribution necessary to clarify the
.additional features of structure dependence on the temperature. :

We do not discuss here the physical properties of Ag,Se as a representative
of fast-ion conductors because they are presented in details in [4]. Summariz-

Su (@) & - 27
s It ‘ |
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7 L 4 -v‘ L
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2 4 ‘ 6 g/i” 3

Fig. 6. Static structure "factots Sy (gy (ull) 6

«compared with neutron diffraction experiment -

{dotted) and molecular dynamics results

of Rino at al. [4] (dashed) for the molten Ag,Se 4|
at T= 1236 K,

Fig. 7. Pair distribution functions and coor- T
dination numbers for the moken Ag,S at T —
‘ K

= 873 K. F3 4 3 4 r/A

ing, we stress that exponential approximation >prmiide a cbrrect description
of structural properties for molten Ag,Se. L

The effective pgtentials for Ag,S are very similar to the ones which were
applied fo; other binary superionic conductors and look as follows [5]

Uagag (r) = 0,06042/r7 4 Zog/r,
Ungs (r) = 16,12/r7 — ZAng/r — 0,66/r¢, (3:2)
Uss (r) = 346,3/r" - Z%/r — 5,28/r%.

The size ratio is chosen equal to os/oag == 1,46, the valencies are Zay ==
= 0,45, Zs = —0,90, and the strength of intercation interaction is characte-
rized by the parameter p*— 85,28. We have presented the results for partial
pair distribution functions within EXP2 in the Fig. 7. Qualitatively the
picture is very similar to the previous case, namely Ag;Se. The anion subsys-
tem even in the molten phase is more structured than the cation one. Unfor-
tunately we have no the data of other theories and the experiment {o provide
direct comparison,.

So, in this paper we have studied structural properties of the molten pha-
ses for three systems containing silver cations. It is shown that the opti-
mized cluster expansions are applicable in all cases and provide qualitati-
vely correct picture of the structure. Actually the theory of this kind can
be used in future for the investigation of more complicated systems which
contain larger number of ionic species. We think that the results obtained will
be helpful to develop the theory of dynamic properties of ionic systems as
well. Some of results discussed here were presented by us already in [8].
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