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Abstract, The local symmetries in the liquid AlsgMngo and Aly PdigMnig alloys were
characterized in terms of the Voronof polyhedra built in the three-dimensional configurations
generated by the molecular dynamics and/or reverse Monte Carlo methods. Comparison with
the liquid AlgpMnap, previously studied, shows that the topological ordering pointed out in the
Snw (g} functions of these three liquid alloys is basically grounded on the same types of local
symimetry. However, from a finer analysis, it turns out that the two guasicrystal-forming liquids
AlgyMnyp and Alg)PdigMng are structurally closer.

1. Introduction

The existence of a premonitory local icosahedral order in the AlggMngg quasicrystal-forming
liquid was shown via the construction of the Voronoi polyhedra in the three-dimensional
particle configurations generated by both molecular dynamics (MD) and reverse Monte Carlo
(RMC) simulations (Maret et al 1993b, hereafter referred to as I). The importance -of such
local symmetry was given by the percentage of the pentagonal dodecahedra found, equal
to 2.3% in the MD configurations and 1% in the RMC ones. Since the agreement between
the experimental pair correlation functions g;;(r) and those calculated from the simulated
liquid configurations was clearly better using the RMC method, the value of 1% is probably
closer to the real amount of icosahedral order. Without referring to other liquid alloys, this
percentage seems very small. However, the same analysis applied to the liquid AlgeNiag
yielded a percentage of pentagonal dodecahedra twenty times smaller than in AlggMnzg
whatever the simulation method used. Since in contrast with AlggMnyy, the liquid AlggNizg
forms no quasicrystal and exhibits a number—number structure factor Sy y(g) without any
sign of local icosahedral order (Maret et al 1990), it was concluded that local icosahedral
order was a relevant feature to liquid AlggMng. To complete this study, we present in
this paper the analysis of local symmetries in two other Al-based liquid alloys whose local
structure has already been studied by neufron diffraction using isomorphous substitution
between Mn atoms and an equiatomic mixture of FeCr atoms.

(i) The first one is the alloy AlsgMng for which the three gi;(r) functions were
determined (Maret ¢z al 1991). Despite the fact that this alloy falls outside the quasicrystal-
forming composition range, its Syn(g) function exhibits signs of icosahedral ordering,
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i.e. a sharp first peak and a second peak that tends to form a double-component peak
at positions 1.7, and 2¢; (g, being the first peak position). As for AlggMnyy both MD
and RMC methods are applied to AlggMngy. For molecular dynamics simulations, we
need effective interatomic potentials which have been extracted from diffraction data using
an approximation of classical liquid theory (the Percus—Yevick approximation}). On the
other hand, to test the sensitivity of the reverse Monte Carlo method to the chosen initial
configuration and to the g;;(r) reference functions, a comparison of the statistics of the
Voronoi polyhedra obtained in the different corresponding equilibrium configurations will
be presented.

(ii} The second liquid is the ternary alloy Al; Pd;¢Mn;y which forms a perfect
icosahedral quasicrystal on slow cooling (Tsai ez af 1990). One of the most interesting
neutron diffraction results was that the Syy(g) function of this liquid, measurable by
the structare factor of the alloy AlpPdis[Mngas(FeCrlorslio, superimposed very weil on
the Syn(g) function of liquid AlgpMnap as plotted as a function of g/g; (Maret er al
1993a), suggesting a similarity between the two liquid alloys. However, since only three
combinations, MnMn, MnA and AA, of the six functions g;;(r) necessary for a complete
knowledge of its structure were determined in a pseundo-binary AgoMng (A=Al or Pd)
description, the extraction of effective interatomic potentials from these data was not
attempted. Therefore, only RMC simulations are performed based on these combinations
of partial functions.

2. Molecular dynamics simulations of liquid AlgyMiny

2.1, Procedure and interatomic potentials

The molecular dynamics simulations were performed for a cubic cell containing 518 Al
atoms and 346 Mn atoms with periodic boundary conditions at constant volume and constant
temperature (T = 1500 K, about 30 K above the liquidus line), The edge of the box, 4.
is adjusted such that the atomic density, n, is equal to that of the liquid (ag = 23.8 A for
n = 0.064 atoms A~%), In the starting configuration, the atomic positions are randoml
chosen with the constraint of a minimal distance equal to 2.2 A for AlAl pairs and 2.1 1{
for AIMn and MaMn pairs, Based on a constrained dynamics method (Hoover et al 1982),
the motions of particles are governed through the effective interatomic potentials, ¢;;(r),
deduced from our diffraction data (Maret et af 1991).

As for the composition AlggMnag, we use the Percus—Yevick approximation expressed
as

@y (r) =kgT In]1 —Cy;(r) /gy (r)]. (n
The direct correlation functions Cj;(r) were calculated by Fourier transformation of the
functions C;;(g) which are related to the experimental Asheroft-Langreth partial structure
factors Si;(g). As was emphasized for AlgyMngzg in paper I, the interatomic potentials are
sensitive fo the fow-g¢ parts of éfj(q), therefore we must find a way to extrapolate the
8i;(g) functions down to the long-wavelength limits. By relying on previous results on the
small-angle scattering bebaviour of liquid Na (Matthai and March 1982), the low-g parts
of the three total structure factors used for the determination of the three §;;(g) factors are
expressed as follows:

5(g) = S©) + am1q + axg”. (2)

The limits S(0) are calculated from the thermodynamic quantities (Maret er 2l 1991) and
the coefficients a; are deduced from a relatively good fit of the experimental S(g) function
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between 0.3 and 0.8 A~). From the expression (2), we can calculate the S;;(g) factors and
then the é{j (g) down to 0.
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Figure 1. Effective interatomic potentials ¢;;(r) Figure 2. Mean interatomic potential ¢y {r)
derived from diffraction data for liquid AlsoMngg. derived from diffraction data for ligquid AlggMnag {(—),

AlggMngg (. . .} and AlggNigg (= « =).

The three effective interatomic potentials deduced from (1) are shown in figure 1; all
of them exhibit after the main minimum a marked maximum located in the region between
the first- and the second-neighbour distances. It is inferesting to mention the existence of
such 2 maximum in the special form of pair potential proposed by Dzugutov (1992) for
yielding icosahedral local order in a simple monatomic liquid. For a relevant comparison,
the mean interatomic potential ¢nn(r) of the binary liquid AlgopMunyg is calculated from the
three ¢;;(r) potentials as follows:

un(r) = EPu(r) + c2dn(r) + 2cicaria (r). (3)

The potential ¢y n{r) is shown in figure 2 together with those corresponding to the two other
liquid alloys previously studied, AlgpMnyg and AlggNiag, using the data published in paper
L. It appears that the height of the first maximum increases with the quasicrystal-forming
ability, and the ratio of its position to the first minimum position is close to 1.3, i.e. midway
between the first two distances in the icosahedral polytope {3, 3, 5} equal to 1 and 1.7 on
the scale of the first interatomic distance (Sadoc and Mosseri 1987). This result is then in
agreement with the potential chosen by Dzugutov, The reason why the first maximum is
still well marked for AlgNiyp stems from the strong contribution of the potential ¢aa1(r).
As for AlggMnsg and AlggMnyg the pair potential ¢y 4;(7) remains repulsive up to the second
neighbours and it seems inherent in the Al-nich liquid alloys.

In the molecular dynamics simulations, the potentials used in the calculation of the
instantaneous forces on each particle were truncated at distances ry and smoothly damped
down to zero at r. with fifth-degree polynomials; (r, rc) have been chosen equal to
(4.3, 5.3), (4.5, 5.5) and (4.5, 5.7) (values in A) for the AlAl, AIMn and MaMn pairs
respectively. After 5 x10* molecular dynamics time steps (¢, = 1.5 x 10719 s) the system
has attained its equilibrium, and 5x 10* further steps were performed to sample different
atomic configurations.
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2.2, Partial pair correlation functions and structure factors

The partial pair comrelation functions shown in figure 3 are the curves averaged over 50
equilibrium configurations taken among the last 5x10* steps at intervals of 10% steps. The
overall agreement between the experimental curves (solid lines) and the calculated ones
(dashed lines) is rather good. In particular, the two series of curves are well in phase in
the whole r range. However, the first maxima of the calculated curves are always more
intense. Nevertheless, since the following minima are also deeper, the numbers of first-
nearest neighbours obtained by integration of the first peaks in the calculated curves are
very close to the experimental values.

] ] | I 1

6 8 10 12
r(4)

Figure 3. Partial correlation functions for liquid AlggMnap: neutron diffraction (—) and
molecular dynamics (- - =).

In figure 4, the MD Faber—Ziman partial structure factors, J;;(g), obtained by inverse
Fourier transformation of the g;;(r) functions, fit the experimental curves reasonably well.
The oscillations observed at low g are due to the limited size of the particle system. The
comparison of the number-number structure factors, Sy (q), is presented in figure 5. The
MD curve exhibits 2 sharper first peak and a second peak which is clearly split into two
components at positions close to 1.74; and 2gq;. The height ratio between the first peak
and the component of the second peak at 1.7g; remains similar to the experimental ratio
equal to 0.4, As previously discussed (Maret et al 1991), this ratio deviates from the value
found in the structure factor of an ideal curved-space icosahedral crystal described in a
Ginzburg-Landaun theory (Sachdev and Nelson 1984) equal to 0.49; let us recall that this
ratio was exactly found for liquid AlggMngy.
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Figure 4, Faber—Ziman partial structure factors for liguid AlggMnyg: neutron diffraction {(—)
and molecular dynamics {- - -).

2.3. Local symmetries

The characterization of local symmetries and in particular that of icosahedral symmetry was
realized in constructing around each particle its Voronoi cell {the polyhedron which contains
all the points closer to this given particle than to any other). Each polyhedron is defined by
a set of integers (n3, n4, ns,...) where n; represents the number of faces having i edges and
>_; n; defines a number of first neighbours around the central particle. The type of Voronoi
polyhedron built around an atom having 12 nearest neighbours located at the vertices of an
icosahedron is the pentagonal dodecahedron (0, 0, 12).

The Voronoi polyhedron statistics presented in table 1 were computed from 350
equilibrium configurations, the same as those used for the calculation of g; ;{r) functions.
For comparison, we also report the statistics, already published in paper I, found in the
MD configurations of liquid AlgsMnyg and in an AIMnSi relaxed icosahedral quasicrystal
model which is in good agreement with the pair comrelation functions measured in the
Al748isMny; icosahedral phase (Langon and Billard 1990). Among the 12 most frequently
occurring types of Voronoi polyhedron, 11 are commeon to the two liquids and the two
remaining ones have close percentages. This indicates that the well developed topological
ordering in these AlMn alloys, characterized by a sharp first peak in their Syy{(g) function,
is grounded on the same kinds of local symmetry since at least 28% of sites in the MD
configurations have identical symmetry.

Now, let us compare with the three polyhedron types found in the nearest stable
compound of rhombohedral y¥-AlgCrs-type structure from the liquid composition AlggMn.g,
which are (0, 4,4, 7), (1, 0,9, 3) and (0, 1, 10, 2} occurring with the following percentages:
46%, 31% and 23% respectively. We have found that only 5.6% of the atomic sites in the
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Figure 5. Number-number structure facter for liguid AlggMngp: neutron diffraction (—} and
molecular dynamics (- - -).

Table 1. Types and percentages of the most frequent Voronoi polyhedra in the equilibrium
configurations of AlgyMnsg generated by molecular dynamics. For comparison we also report
the results obtained in the equilibrium MD configurations of Tiquid AlggMnzo and in a relaxed
icosahedral quasicrystal model of AIMnSi, previously presented in paper I,

Liquid AlggMnag Mo Liquid AlggMnyp MD Quasicrystal model
(3, na,ns,...) % (ma,nams,...) % (r3.na,ns,..) %
0,364 4102 (0,3,6.4) 48203 (0,3,6,6) 7.1
©, 1, 10, 2) 41£02 (0,28, 4 4.1+£02 (0,3,6,5 62
0,2, 8 4) 38+02 (0.1, 10,2) 38+03 (0,28 4) 58
0,282 28102 (0,36, 5 27402 (0,0,13) 5.6
0, 0,12y 2302 (0,2.8,2) 27+£02 (0,4.4,7) 3.1
0,365 20402 (0,4.4.6) 1.B£02 (0,3, 6 4) 2.8
©1,10, 3 1.8£02 (1,3, 45 1) 1B+£02  (0,1,10,3) 2.7
0,285 17402  (0,2,8, 5 1.7£01 (0,28, 5 26
03,63 1602 (0.2,83 1.7+02 (0, 4,4,8) 2.5
0,283 1602 (0,1,10,3) 17402  (0,1,10,2) 25
(1,2,6,3,1) 1.5+£0.1 (0, 0, 12) 17402 (0,28 1) 2.1
(1,3,4,5 1) 1.4+0.1 (1,2,6 3 1) 16+£02 (1,2,6,21) 21

©, 4, 4, 6) 1301 (0,3,6,3) 1L.5£02

simulated liquid AlseMngg present these symmetries. It is interesting to recall that cnly
two types of polyhedron found in the cubic a-AlMnaSi phase were also found in the MD
configurations of liquid AlgyMnyy representing 6.1% of atomic sites.
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Finally, the conclusions which can be drawn from this analysis are the following ones:

(1} On the one hand, the most frequent fypes of local symmetry found in the molecular
dynamics configurations of liguid AlsgMngy and AlgpMnyo are roughly the same ones.
Moreover, they are more specific to the icosahedral quasicrystal model than to the stable
crystalline phases of close composition, since at least 17% of the atomic sites in both liquids
have the same type of local symmetry as in the quasicrystal model.

(i) On the other hand, there are slightly fewer atomic sites with icosahedral symmetry
in the non-quasicrystal-forming AlggMnyg liquid than in the liquid AlggMny.

3. Reverse Monte Carlo simulations of liquid AlgMng and Al PdisMngy

In paper I, we have shown that the RMC simulations of liquid AlgyMnzp lead to configurations
in perfect agreement with experiment and in which the most frequent types of Voronoi
polyhedron are roughly the same as those in the molecular dynamics configurations but
with lower percentages. From these results, it was concluded that the RMC configurations
were more disordered than those generated by molecular dynamics.

However the RMC configurations were well described by the experimental pair
correlation fonctions while the functions g;;(r) characterizing the MD configurations were
somewhat different from the experimental ones especially in the first peak intensities. So to
figure out whether the difference in the local environments obtained from the two methods
can be explained by the differences in their g;;(r) functions or come intrinsically from
the methods themselves, we will also compare RMC and MD configurations which both
are described by the same g;;(r) functions. To obtain these RMC configurations, RMC
simulations have been done to fit the g;;(r) curves obtained by molecular dynamics and not
the experimental ones.

In this section, we first present the results of RMC simulations for the binary AlgsMnsg
liquid alloy, previcusly modelled by molecular dynamics (section 2.1), using different sets
of partial pair correlation functions for the standard x? test (the experimental or the MD
curves) and also different initial configurations. From these results, the sensitivity of the
RMC method to the simulation conditions will be discussed. Then, we present the results
obtained by this technigue for the ternary liquid alloy Aly PdijsMnjg, based on the partial
function gmamn(r) and two combinations of the other five partial pair correlation functions.

3.1. Liquid AlgoMnag

The reverse Monte Carlo method has been described by McGreevy and Pusziai (1988).
Here we just give a brief summary and the main parameters which govern the simulations.
In this technique, a new configuration is generated by random motion of one particle with
a maximal displacement equal to 0.1 A for the two species. If the particle in motion
approaches any other particle within a distance smaller than er, the new configuration is
automatically rejected. Otherwise, the new pair correlation functions g; ;(r) describing the
new configuration are compared to the curves gf,.(r) to be fitted, using a standard x* test

such as

B (eB (1) — 2+ (r)>
xi’z = ZE (.gij(rk) az.g;J(rk)) . (4)

i k=l 7
n is the number of data points and o,; are the errors in the curves of reference equal to 0.02
A in the whole r range. If x 2 < x2 (x?* being the value for the previous configuration), the
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new configuration is accepted; if x'2 > x2, it is accepted with a probability that follows a
normal distribution. The process is repeated until 32 becomes stable around an equilibrium
value. The size of the particle system is identical to that chosen in molecular dynamics.
Two initial configurations were chosen: the first one is the final configuration obtained
by MD and the second one is a random configuration with the same minimal interatomic

distances, r,-‘}, as those used in MD.

! / I | |

2 4 6 _ 8 10 12
r(3)

Figure 6. Partial comrelation functions for liquid AlgpMnsg: reutron diffraction (=) and reverse
Monte Carlo fit {= - =), see also text.

Figures 6 and 7 show the calculated RMC g;;(r) curves (dashed lines) which are
in excellent agreement with the driving functions in the RMC simulations, namely the
experimental curves (solid lines in figure 6) and the MD curves (solid lines in figure 7),
in both cases starting from a random configuration. The RMC curves in figure 6 and 7 are
calculated in the last equilibrium configuration obtained after 4 10° and 6x10° accepted
moves respectively, but the corresponding %2 values have already attained their minimal
values after roughly half of these numbers.

The Syn(g) function derived from the 1;;(g) functions, obtained by Fourter
transformation of the RMC curves presented in figure 6, is compared with the experimental
function in figure 8. The agreement in the whole ¢ range is very good, especially in the
region of the second peak which suggests a good description of icosahedral local order in
the RMC configurations.

The local symmetries in the RMC equilibrium configurations generated using different
initial configurations or curves of reference are again analysed via the construction of the
Voronoi polyhedra. In table 2, we present the Voronoi polyhedron statistics computed in
the RMC configurations which are consistent, either with the MD curves referred to RMC-1
starting from the final MPb configuration and RMC-2 starting from a random configuration,
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or with the experimental curves referred to RMC-3 starting from a random configuration.
For comparison with the MD simulations, we give again the results presented in table 1 for
AlgMny. The percentages of the most frequently occurring types of polyhedron are the
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values averaged over 18, 12 and nine equilibrium configurations for the simulations RMC-1,
RMC-2 and RMC-3 respectively, the corresponding 1% confidence intervals are consequently
broader than those calculated in the 50 MD equilibrium configurations. The comparison of
these four statistics leads to the following remarks.

(i) When the RMC simulations are based on the MD curves, the most frequent types of
polyhedron found in the corresponding RMC configurations are identical to those in the MD
configurations and within their 1% confidence intervals they appear with roughly the same
frequencies.

(ii) In the same way, the comparison of the RMC-1 and RMC-2 results indicates that
the occurrence frequencies of the polyhedra are roughly independent of the initial values.
However, for the Voronof polyhedra having a large number of pentagonal faces such as
(0, 1, 10, 2), (0, 1, 10, 3) and (0, 0, 12), their percentages in the final configurations
seem somewhat dependent on their values in the initial states. These initial values are
equal to 4.3, 2.1 and 1.4 respectively for RMC-1 (values of the molecular dynamics final
configuration) and are equal to 0.5, 0.5 and O for RMC-2 (values in a random configuration).
Such behaviour was also observed for liquid AlgeMnzg in the RMC configurations obtained
by fitting the experimental g;;(r) functions; the percentages of the polyhedra (0, 1, 10, 2)
and (0, 0, 12) decreased from 2.2 to 1.6 and from 1 to 0.5 respectively when changing the
initial configuration from the final MD configuration to a random configuration.

(iii) The influence of the reference functions gS(r) used in the RMC simulations is
illustrated by the comparison of the RMC-2 and RMC-3 results. Among the eleven most
frequent types of polyhedron given in table 2, eight are common to the simulations RMC-2 and
RMC-3; however the percentages obtained using the experimental functions are systematically
lower than those using the Mb curves. This shows that local order, in particular the
icosahedral symmetry, is very sensitive to the choice of the g;;(r) functions.

The comparison of the RMC results between the two liquids AlggMnyy and AlggMnyg is
presented in section 3.3, together with those obtained for the ternary alloy Al; PdsMnq.

3.2, Laquzd Al’}]Pd] gMﬂm

A complete description of the structure of a ternary alloy requires the determination of
six partial structure factors. Up to now, such a separation was never achieved since it
necessitates, on the one hand, the isomorphic or isotopic substitution of two elements,
and on the other hand, measurements of total structure factors with an accuracy better than
0.001. The neutron diffraction measurements in the Aly)Pd;o[Mn, (FeCr))-; )10 liquid alloys
based on a single substitution between Mn atoms and the equiatomic FeCr mixture have not
allowed us to separate the contributions of the Al and Pd atoms (Maret ef af 1993a). From
the three total stucture factors measured with y=1, 0.64 and 0 we were able to determine
the partial function fyama(g) and two combinations of the other partial functions Jaa{g)
and fyna(q) in a pseudo-binary description AgyMnjg (A=Al or Pd) given by

Ian(g) = [A b2 Ian(g) + 2earceabaibralara(q) + chabhaTeara(g)]/cibs (5)
IMoa(q) = [carbalimoar(q) + crabralvmpa(g)]/caba )]

with ¢y = ca1 + ¢pz and by = {carbay + cpabra)/ca; ¢; and b; are the atomic concentration
and the coherent scattering length of species i. The same relations hold for the gaa(r) and
Znvna (1) functions. -

The RMC simulations of liquid Aly; PdjgMnig are then based on these two latter functions
and the partial gyamo(r). The particle system consists of 613 Al atoms, 164 Pd atoms and
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Table 2. Comparison of the Voronoi polyhedron statistics computed in liquid configurations of
AlgpMnyp obtained from molecular dynamics (MP) and reverse Monte Carlo fits based either on
the MD curves starting from the final Mo configuration (RMC-1} or from 2 random configuration
{rRMC-2), Or on the experimental curves starting from a random configuration (RMC-3).

Liquid AlggMnag MD Liquid AlggMnsp RMC.1
(n3,p4.m5,..0 % {n3,n4,n5,...) %
03,64 48403 (0,28 4) 50+05
0,284 41+£02 (0,1,10,2) 49104
0, 1,10, 2) 38+03 (0,3,6,4) 45404
0, 3, 6,5) 27202 (0,36 5) 3705
0,2, 8,2) 27+£02 (0,1,10,3) 25+03
0, 4, 4, 6) 1.8+£02 (0,4, 4,6) 22+02
(1,34,51) [.8+02 (0,2,8 2 22403
{0, 2, 8, 5) 1701 (0,0,12) 21+02
(0,28 3) 1702 (1,3,4,5 1) 20403
(0, 1. 10, 3) 1.7£02 (0,2,83) 20404
0, 0, 12) 1.7£02 (0,2,8 5 20+03

Liquid AlggMnap RMC-2 Liquid AlgpMnag RMC-3
(n3, n4,n5,...} % (n3, na,ns,...) %
0,364 59+09 (0,36 4) 38£06
0,28 4 48+08 (0,2,8 4 22+07
©,1,10,2) 44+07 (0,3,6,5 22+05
0, 3,6, 3) 33+06 (0,4,4.6) 1.8+0.5
{0, 4, 4, 6) 2605 (1,3,4,5 1) 1.7+£05
0,28 3) 23+06 (1,2,6,3 1) 15+04
(1,3.4. 3. 1) 22404 (0,2,8,2) 1.5+05
(0,2, 8, 5) 224£05 (0,3,6,3) 1.5+0.5
(0, 3. 6, 8) 20£05 (0.2,83) 14+04
0,282 18+04 (0,3,6,6) 1303

(1,3.5 3,2 13+04

©,1,10,3) 18204
©,1,10,2) 1.2+04
0,0, 12) 1.6+04 (0,0, 12) 0.3+02

87 Mn atoms contained in a cubic box of length 24.9 A such that its atomic density is that of
the liquid equal to 0.056 atoms A~2. In the initial configuration, the particles are randomly
distributed with the constraint of a minimal distance equal to 2.2 A for all the atomic pairs,
except that for the MnMn pairs, equal to 3 A; the latter value, chosen in agreement with
experiment, indicates the absence of MnMn contacts in liquid Al;; Pd;oMn;o. The maximal
displacement is 0.1 A for all the particles and the errors in the experimental functions,
constant in the whole r range, are equal to 0.02, 0.04 and 0.1 for the pairs AA, MnA and
MnMn respectively.

The RMC curves shown in figure 9 (dashed lines) are calculated in a single equilibrium
configuration obtained after 1.3x10% accepted moves; the value of x2? has attained its
equilibrium value after roughly 8x10° accepted displacements. In comparison with
AlggMnyg the convergence is significantly lower, For the gamai(r) and gaa (r) functions the
agreement between experiment and reverse Monte Carlo is excellent and that for gavnmn(r) s
rather satisfactory. The deviation observed in the first maximum of gyamn(r) corresponds
to a number of missing MnMn first pairs egual to 0.3 from a total number of 2.9. The
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Figure 9. Partial correlation functions of liquid Al;PdigMnyg in a pseudo-binary AgpMnie
(A = Al or Pd) description: neutron diffraction (—) and reverse Monte Carlo fit (- = =),

use of a coordination constraint on these pairs has not allowed us to improve the fit of
gvama(r). The standard deviation in the experimental gmamn(r) function, chosen equal to
0.1, is an optimized value in order to limit the data dispersion in the RMC curve. In fact,
the experimental error in the partial structure factor Ivymvn(g) is at least 50%, therefore a
moderate agreement for the MnMn pairs should not be surprising.

Figure 10 shows the agreement between the experimental total structure factors and the
RMC curves calculated as follows:

1(q) = [cABAIan(g) + 2caCMnbabrnIMna (@) + Chypbiga Ptan{(g)1/(B)? (D)

where (b) = caba + cmabma and J;;{(g) are the Fourier transforms of the RMC g;;(r) curves.
As mentioned in the introduction the structure factor for y=0.25 1s a good measurement
of the number-number structure factor; the overall agreement between the calculated and
experimental curves means that the topological ordering in these ternary alloys would be
well described in the RMC configurations in spite of the deviations observed in the MnMn
distribution. Therefore, the characterization of local symmetries via the construction of the
Voronoi polyhedra can be applied to the ternary alloy Al PdigMnyg.

3.3. Discussion

The statistics of the Voronoi polyhedra in liquid Al;PdisMnyy were computed in 14
equilibrium configurations taken among the last 4 x 10° steps (table 3). For a clear
comparison, we also present the results of the RMC simulations for the binary liquid AlgpMnayp
and we recall the RMC-3 results for AlgoMnap. All results are based on the experimental pair
correlation functions and use random configurations as starting points.
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Figure 10. Total structure factors for liquid AlyPdio[Mny(FeCr)1_y]10: neutron diffraction
(—) and reverse Monte Carlo fit (- - -). Nate that above 2 A~! the function for y=0254is
very close to the rumber—number structure factor.

Table 3. Comparison of the Voronoi polyhedron statistics in liquid AlggMnag, AlyiPdioMnip
and AlgpMnap calculated in the equilibrivm configurations generated by reverse Monte Carlo
simulations starting from a random configuration.

Liquid AlggMnap RMC

Liquid Al PdjgMnjg RMC

Liquid AlgpMnyg RMC-3

(n3,na,ns5,...) % (n3, ng, ns...) % (n3, n4, n5,...3 %
0,36 4 32302 (0,36, 4) 27406 ©,3,6, 4 38106
0, 2.5 4 24402 (0,2,82) 1.7+04 0,284 22+0.7
(3,6, 3 19403 (0,2,84) 16%£04  (@,3,6,5 22:+05
0,28 2 19£03 (0, 1,10,2) 1.5+£04 ©, 4, 4, 6) 1.8 £0.5
0, 1,10, 2) 1.6+03 (1,3,4,51) 1.4£04 (1,3, 4,5 1) 1.7+£0.5
(1,3, 4,5 1) 15+£02 (1,2,6,3,1) 1404 {1,2,6,3, 1) 1.5£04
(0, 3,6, 3) 15£02 (0,36, 3) 13203 0,2, 8 2) 1.5+05
(1,2,6,3, 1) 15+03 (0,3,6,5) 1303 ©,3,6,3) 1.5+0.5
(0, 4, 4, 6) 13+£02 (1,3,4, 4, 1) 1.1£04 0,2,8 3% 144+04
04,54, 1) 13£02 (0,4,5 4, 1) 1.1+0.3 0,3,6,6) 13+03
0,1, 10, 2) 12+04
0, 12) 05002 (0,0,12) 0602 0,0,12) 0.3+02

First, the comparison between AlgoMnag and Aly PdysMnyo shows that the eight most
frequent polyhedra are identical and the percentages of those characterizing icosahedral
symmetry, (0, 0, 12) and (0, 1, 10, 2), are very close. These points indicate quite clearly
that the two liquids exhibit similar topological ordering, previously suggested from the
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superimposition of their experimental function Syn{g) drawn as a function of g /g (Maret
et al 1993a).

The comparison of the results between the two binary alloys AlggMnyg and AlggMngg
leads to the same conclusions as those drawn in section 2.1 from the molecular dynasmics
simulations. Among the ten most frequent types of polyhedron, eight are common to the
two liquids; this confirms that their topological ordering is mainly based on the same types
of local symmetry.

4. Conclusions

Both molecular dynamics and reverse Monte Carlo simulations have shown that topological
ordering in liquid AlgoMnyy and AlggMnyg is mainly formed by the same types of local
symmeiry. A slight decrease of the icosahedral symmetry is observed in liquid AlggMnag.

The RMC simulations of the ternary liquid Al;;Pd;gMnyq lead to configurations in good
agreement with the experimental pair correlation functions, gaa(r), gmea(r) and gyomnlr),
in a pseudo-binary AgoMn;o description. It is remarkable that the eight most commonly
occurring types of Voronoi polyhedron are identical to those observed in the RMC liquid
configurations of AlggMnz. These RMC simulations then confirm the similarity between
the tapological orders in liquid Al Pd ;9Mn g and AlgeMnyg, previously suggested from the
comparison of their number—number structure factor.

In a general way, the reverse Monte Carlo method is a powerful method coupled with
the construction of Voronof polyhedra for characterizing the local symmetries in disordered
materials. However, for a given system, the analysis of the occurrence frequencies of the
polyhedra should always be done in comparison with other structurally close systems and
if possible with other simulation methods such as molecular dynamics,
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