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Results of molecular dynamics (MD) simulation of potassium/oxygen melt,
K + Kt9 4 022, at the temperature of 550 K are presented. MD simula-
tion has been performed for oxygen charge —2¢ = —1, —2 in the frame
of NVT ensemble with only a part of potassium atoms being charged.
Evolution of thermodynamic characteristics of the system has been exam-
ined up to t = 9.7 x 10~1%s.. Voronoi-Delauney theory of division of space
into polyhedra has been employed to analyze resulting atomic configura-
tions. Structural and dynamic changes observed, point to the possibility for
oxygen to form clusters in alkali metals.
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1. Introduction

Molecular dynamics technique has been used for a more detailed investigation [1]
of an impurity influence on the model of ternary liquid potassium/oxygen system,
K+ KT 4+ O72¢, with only a part of metal particles being ionized in the melt while
keeping the whole system electrically neutral.

2. Models

The ternary system, K + K*? 4 O~2%, has been studied for the temperature of
550 K in the frame of NVT ensemble for oxygen atomic concentration 8.5% and
potassium ion charge, ¢ = 0.5 (model I), and ¢ = 1 (model II). Both models consist
of 2000 particles: N = Nk + N+ + No-, in a cubic box with periodic boundary
conditions. To make the whole system electrically neutral, the number of potassium
ions is equal to Ng+e = 2Ng-2¢: Nx = 1490, Ng+ = 340, No- = 170. The volume
of the cubic cell, V' = 0.9V, where Vj is the cube volume corresponding to the
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mass density of liquid potassium, px = 777kgm ™3, and oxide microinclusions mass
density, px,0 = 2320kgm ™3, at the given oxygen concentration.
The interaction between neutral potassium atoms (K, K) and between atoms and

cations (K, K™") is expressed by Lennard-Jones n — m potential [2,3]:

U('r’):a{ m (@> B (T—O)}, n>m, (1)

n—m\r n—m\r

with e = 0.0614eV, n = 6.5, m = 4.5, ry = 4.7677 A. Born-Mayer’s potential
without dispersion terms [4] is used for describing (K*,K*), (K*,07), (O7,07)
and (K, O7) interaction:
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with Pauling’s coefficients: Cx+x+ = 1.25, Ck+o- = 1, and Co-o- = 0.75, the ionic
sizes: ox = 1.39 A and oo = 1.33 A, the repulsive parameter, B = 0.21098 eV and
the softness parameter, A = 3.45 A" The number of electrons in the outer shell
depends on the ion charge, (nx+ = 4.5, no- = 7) for model I and (ng+ = no- = 8)
for model II. The neutral potassium atom interacts with oxygen anion by the same
potential at Zx = 0 and nx = 1.

3. Computational procedure

The pair potentials (1) and (2) are tabulated with the step of 0.01 A. The lower
and upper potential cut-offs are at R, = 0.82 A and R,.. = 15 A for Ukk, Ukk+
and Rpyax = 6 A for the short-range potential, Uxo-. For the long-range potentials,
Uk+o-, Ug+x+, and Ug_o-, the value of R, is chosen according to the maximum
possible region of interaction: for the MD cell edge length, L = 48.604 A, we have
Rumax = 23 A. The initial configurations are obtained by random placing particles in
the cell.

The motion equations were solved using Verlet’s algorithm with the time step
of At = D, - t*, where t* = 4.074 - 10745, the relative time interval, D, was equal
0.005, 0.01, and 0.02 according to the simulation stage. For each particle, its geo-
metrical neighbours within the Verlet’s sphere (with the radius, Rvere = Rmax + 1 A)
were recalculated every 10 time steps. After the system relaxation, the partial ra-
dial distribution functions, g.s(r), structure factors, S,s(k), velocity autocorrelation
functions, W(t), frequency spectra, fi5(w), and self-diffusion coefficients, D,g, were
calculated at the given time, ¢;. The structure of the system was analysed on the
basis of Voronoi-Delaunay’s theory for division of space into polyhedra [5].

The MD simulation has been carried out on PC and SUN SPARC workstation
using the MDMC code [6].

4. Results

Time evolution of the models has been examined up to 9.69 - 10 ~'°s for model I
and 1.0 x 1071%s for model II.
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Table 1. Heights, gmax, and positions, 7max [A] of first peak of gng3.

Model T Model 1T

af t=4.01-10"15s t=9.69-10"10s t=4.01-10"1s t=1.0-10"10s

Jmax Tmax Jmax Tmax Jmax Tmax Jmax Tmax
KK 2.57 4.05 2.57 4.10 2.48 4.10 2.49 4.10
KK+ 1.73 4.10 1.77 4.15 1.53 4.15 1.53 4.10
KTK* 4.04 3.50 3.81 3.55 6.87 4.05 7.21 4.00
KO~ 1.17 6.55 1.17 6.40 1.26 5.85 1.16 4.85
K+O~ 23.06 2.80 23.20 2.80 65.50 2.30 65.00 2.30
O0-0- 4.17 4.80 4.37 4.70 12.40 3.70 11.50 3.70

Table 2. Partial coordination numbers, Z,g.

Model I Model 1T

af t=4.01-10"15s t=9.69-10"10s t=4.01-10"1s t=1.0-10"10s

Zag Tmin Zog T'min Zog T'min Zag Tmin
KK 11.4 5.95 11.4 5.95 11.3 5.90 11.5 5.95
KTK™ 5.7 6.55 5.6 6.60 5.0 5.20 5.1 5.10
0~0~ 3.0 6.95 2.9 7.20 2.6 5.45 2.7 5.35
KK+ 1.8 5.70 1.8 5.70 1.5 5.20 1.6 5.55
K™K 7.9 5.70 8.0 5.70 6.8 5.20 6.8 5.55
O K 3.0 8.05 2.9 7.90 1.9 7.10 1.9 7.10
KO~ 26.3 8.05 25.0 7.90 16.7 7.10 16.5 7.10
O-K* 2.0 4.10 2.1 4.50 1.9 3.25 1.9 3.20
K+O~ 4.1 4.10 4.1 4.50 3.8 3.25 3.8 3.20

Partial radial distribution functions, g,s(r), are shown in figure 1. Their first
peak heights and positions are listed in table 1. Partial coordination numbers listed
in table 2 were calculated as Z,g = [;™" gag(r) dr, where ry,;, is the position of the
first minimum of the corresponding g,s(r).

As seen from figure 1, the twice increase of a charge changes the form, position,
and height of the first peaks and all the coordination numbers Z,g are decreased.

The form of functions, gxk(r) and gkk~+(r), for two models is similar (see fig-
ure la, b). The function, gko-(r) is different for two models and has comparable-
sized peaks, gx+k+(r) has a high, narrow first peak. Functions, gx+o-(r) and
go-o- (1), are characterized by the first peak as two subpeaks.

By this is meant that oxygen and potassium ions form hard atomic configurations
as linear ramified clusters for oxygen with two potassium trihedra (K, K, K*) and
(K, K", K") between oxygen ions.

Microdynamic behaviour of the system was examined using the partial velocity
autocorrelation function, W,4(t) (figure 2), the normalized frequency spectra, f25(e),
that were defined as Fourier transformation of W,45(¢) (figure 3), and self-diffusion
coefficients, Dqg.
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Figure 1. Partial radial distribution functions: (a) gxk(r), (b) gxi+(r), (c)

gxo- (1), (d) gx+o-(r), (e) gk+x~+(r), and (f) go-o-(r). The dotted curves cor-
respond to model I, and the solid curves — to model II.
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Figure 2. Velocity autocorrelation functions: (a) Wkk(r), (b) Wkgk+(r), (c)

Uio-(r), (d) Yg+o-(r), (6) Ug+k+(r), and (f) ¥o-o-(r). The dotted curves
correspond to model I, and the solid curves — to model II.
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Figure 3. Normalised frequency spectra, (a) fgi(r), (b) fix+(r), (¢) fio-(1),
(d) fReg+(r), (e) fleo-(r), and (f) fG-5-(r). The dotted curves correspond to
model I, and the solid curves — to model II.
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Table 3. Self-diffusion coefficients, D,s [107° cm?s71].

Model 1 Model II
af 4.01-107"s | 1.00-107°s | 9.69-10"%s | 4.01-10"''s | 1.0-107 195
KK 6.47 6.77 6.77 6.68 6.50
KK+ 5.83 6.05 6.02 5.50 5.37
KO~ 6.05 6.28 6.26 6.05 5.87
KTK+* 3.02 2.91 2.75 0.34 0.40
K+O~ 2.76 2.59 2.42 0.36 0.36
O0~0~ 2.24 1.95 1.74 0.41 0.27

Table 4. Positions of frequency spectrum maxima, €al [meV].

Model T Model II
af 4.01-1071s | 1.00-107%s | 9.69-10719%s | 4.01-10"s | 1.0-1071%s
KK 4.94 5.55 5.21 3.99 5.48
KK+ 5.14 5.55 4.33 6.16 5.68
KO~ 5.01 5.61 4.80 3.99 5.48
K+TK+ 5.41 5.48 4.26 7.85 8.93
KTO- 11.17 5.55 7.04 8.05 8.86
00~ 21.72 20.98 23.07 48.30 52.20

The calculation of W,4(t) corresponds to the simulation over AT = 20 x 10~ **s.
The self-diffusion coefficients, D,gs, are listed in table 3 and the positions of the
maximum of the normalized frequency spectra in table 4.

As seen from figure 2a, b, the twofold increase of the oxygen ion charge causes
little influence on functions, Wkk(t) and Wkk+(¢). The function, ¥ko-(t), for ¢ =1
differs from the same function at ¢ = 0.5 by the presence of a ‘shoulder’ near the
moment of t = 0.5 x 10713 s (see figure 2c). For ¢ = 1, the ion functions, Wi+k+(t),
Uo-0-(t), and WUk+o-(t) transfer rather quickly to a negative value (figure 1d, e,
f). Moreover, these functions oscillate strongly. The large negative region of oxygen
velocity also indicates the domination of an isolated oxygen oscillation.

Distinctions of properties between potassium and oxygen for the two models are
well seen in frequency spectra, fi5(w) (see figure 3). The spectra, fgx(w), frx+ (W),
and fio-(w), are similar for two models and have a peak at about 5.5 meV. The
spectra for model ¢ = 1 are oscillatory and wide. The oxygen spectrum, f35-,-(w),
for charge ¢ = 0.5 has the high and wide peak at 20-30 meV (the dominating
frequency of atomic vibration) and two different peaks at ~ 10 meV and ~ 50 meV
for ¢ = 1 that may be interpreted as longitudinal and transverse modes of oxygen
ramified chains.

The additional analysis of potassium/oxygen mixture structure by means of the
statistical geometry confirms the formation of oxygen clusters (see figure 4). The
length of branches increases with the oxygen charge increasing.

335



A.L.Shimkevich, I.Yu.Shimkevich, V.V.Kuzin

Figure 4. The greatest clusters, composed of oxygen ions. Two oxygen ions are
considered as linked if they have at least 3 common neighbours. Shown in the
figure are the oxygen clusters of maximum size for (a) model I, t = 9.7 - 107105,
and (b) model II, t = 1.0 - 10719s. The edge length of the bounding cube in the
figures, L* = 100 A.

5. Summary

The observed structural and dynamic changes of liquid potassium/oxygen system
are caused by the process of impurity behaviour and by an atomic clusterization in
liquid alkaline metals.
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DocnipxeHHsa notpiiHoi cuctemn K + K94 - 0—24
MEeTOAO0M MOJIEKYJIAPHOI ANHAMIKM

A.J1.lLUnmkeBwy, |.10.lLnmkesny, B.B.Ky3iH

®diznko-EHepreTnyHnin lHcTntyT
Pocisi, Kanyxcbka 06:., 249020 O6HiHCbK, n. boHaapeHka, 1

OTtpumano 9 nunHa 1998 p.

MopaHi pesynbtat MOAENOBAHHA METOAOM MONEKYNAPHOI AMHAMIKN
(M) posnnasy kaniii/kuceHb K + Kt + O~2¢ npu Temnepatypi 550 K.
ML MmopentoBaHHA BUKOHYBanucb 'y NVT aHcambni ons 3apsay KUCHIO
—2¢ = —1,—2, npuyoMy NnLLe YacTMHa aTOMIB Kanito 6yna 3apsa)KeHolo.
EBontouia TepMoguHaMivHMX XapakTepucTuK CUCTEMM aHanidysanach 3
TOYHiCTIO 00 t = 9.7 x 10719 s. [Ing aHanisy oTpUMaHHS aTOMHUX KOH-
dirypauin 3acTtocoByBanacb Teopia Noainy NpoCcToOpy Ha MHOIFOrPaHHU-
kn BopoHoro-/[lenoHi. BusiBneHi CTPyKTYypHi Ta AMHaMIiYHI 3MiHN BKa3y-
I0Tb HA MOXJIMBICTb GOPMYBAHHSA KUCHEBUX KJTACTEPIB Y JTYXKHUX MeTanax.

Knio4oBi cnoBa: mMosiekynspHa anHamMika, MOAEeI0OBaHHS, PO3r/iaB
Kanivi/kNceHb, JIYXXHi MeTasin, Knactepu

PACS: 71.15.D, 74.70.Dd
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