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Collective ionic dynamics in a molten binary alloy
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A recent experimeritPhys. Rev. Lett80, 2141(1998] showed heavily damped excitations in moltepRb,
within kinematic scales well beyond those of hydrodynamic sound. These findings pointed to the presence of
short-lived out-of-phase atomic motions as the underlying microscopic phenomenon. A series of computer
molecular dynamics studies are performed to investigate the details of the atomic motions. From an analysis of
the simulated structure factors for molteryb, as well as by a comparison with those of liquid Li under
different thermodynamic conditions, it is found that the high-frequency excitation found in the alloy shows
characteristics remarkably different from those of pure Li. The relative phases of the atoms partaking in such
motions, as well as the remarkably short excitation lifetimes, portray it as a fairly localized mode, with a
frequency dependent polarizatidis1063-651X%98)07210-9

PACS numbgs): 61.20.Lc, 61.25.Mv, 61.12.q

[. INTRODUCTION not been answered in full. In fact, the experimental liquid
structure factor can be reproduced by means of calculations
Molten metallic alloys, within which atoms of typ& are ~ without explicit inclusion of overlap interactions between Li
very strongly attracted by others of type have been inves- and Pb[5]. Indeed, as shown by Nixon and Silb¢H], a
tigated for many decades as a consequence of their rathB@sic ordering mechanism can arise, in a mixture of spheres
particular thermodynamic and structural properfils From  ©Of disparate diameters, from the nonadditivity effetieak-
the point of view of the change in electronic structure upondown of Lorentz-Berthelot rulgsThe most widely accepted
melting, such liquids are in between those fully ionized in-VIEW thus seems to regard bonding in this liquid as resulting
sulating salts, which remain ionic after melting of the parent™m @ valence band, where the outer pielectron states
crystal, and those covalent semiconducting solids such as G@in With electrons from the Li & band, a process mediated
or Ga where the covalent character gives way, upon meltin?y charge-transfer, leading to a minimumot a gap in the
to a liquid with a more marked metallic character. ExamplesElectronic density of states at the Fermi level. On the other
of this are Cs-Au or Li-Pb and other alloys of alkalis with _hand, estimates from analysis of qua5|§la§t|c neutron scatter-
Pb, In, or TI[2]. The available evidence portrays the struc-ing data[6] put an upper bound for the lifetime of the,Bib
ture of such liquids as leading to compound formation nearmolecules” of about 1 ps. o .
the AB (equimolaj or A,B octet compositions, depending The dynamics of _molteﬁL|4Pb was first |nvest|gated by
upon the metallic elements. For tHéi,Pb sample under cold_neutron scatterm@]. The total neutron scattering cross
consideration, the octet composition leads to a maximum i$ection for a molten binary alloy such as,Bb composed of
the electrical resistivity3] concomitant with a strong de- Particles with percentage concentrationsand (1-c) is
crease of long-wavelength concentration fluctuatipag — 9iven by[7]
The liquid retains its metallic character, although measure- ,
ments of some electrical transport properties indicate that it d*o =Nk—[1+n(w)]w,8
is not far from a metal-insulator transitidt]. dQdE k
A number of detailed neutron, x-ray, and theoretical in-
vestigations have been carried to unveil the microscopic
structure of the liquid[5]. These show the signatures of
strong chemical short-range order in the derived static pair
correlation functions which translates into a first intense peakiere N stands for the total number of particles, the flux
at 2.9 A, indicative of strong Li-Pb correlations, a distancefactork’/k represents the density of final neutron states over
which becomes about 5% shorter than that of equilibriurrthe incident neutron flux, + n(w) is the Bose factor, and the
Li-Li correlations. The question of whether such atomic ar-response function®(Q,w) are defined in a way that ap-
rangements are stable or not has, to the authors’ knowledgproach as th&(Q, ) dynamic structure factor in the classi-

[chy+(1—c)bpy?R(Q, )

— col
+e(1-c)(bybpy“+ —Ry(Q,w) (- N
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cal limit; that is, S(Q,w)=1+n(w)wB, where B  found to be 6-8 times smaller than that of Li, but compa-

=(kgT)%. The quantitiesh; stand for coherent scattering rable to the interdiffusion coefficient.
length for theith atomic species, wherea$'° stands for the The dynamics at larger frequencies and wave vectors was
total incoherent cross section fét.i (that for Pb is negli- first investigated by computer molecular dynamics simula-
gible). The coherent respon&€Q, w) is in turn decomposed tions [8]. The main interest was focused on the study of a
into partials, high-frequency peak appearingiy(Q, w), centered at fre-
quencies which, if interpreted in terms of the phase velocity
R(Q,w):C(Hu)zRuu(Q,w) of a propagating acoustic wave, would lead to a velocity
o 0q/Q=7500 m/s, whereas the hydrodynamic sound for the
+2¢(1—-¢) ¥ bpRLip(Q, @) mixture travels at about 2000 m/s, and indeed it is also
_ much faster than the propagation velocity in liquid [9]
+(1—¢)(bpy) *Rpppg Q, ), (2 which never exceeds 4500 m/s.

The existence of an excitation with frequencies well
whereas, as stated above, only Li will contribute to the inco-above that of hydrodynamic sound in the liquid referred to
herent response which is expected to be concentrated at frebove was inferred from preliminary neutron w¢do], and
guencies about zer@uasielastic scatteringOther decom- later confirmed in a more detailed hot-neutron spectroscopy
positions of the total response have been used and, in facttudy[11]. Both studies unveiled a heavily damped inelastic
that given in terms of correlation functions for the densitywing, which, belowQ,;;/2~1.5 A™1, that is halfway to the
R,,(Q,w), concentrationR;((Q,w) and their respective maximum of theS;;;(Q) structure factor, seems to follow
cross terms has proven useful for the analysis of @w- the “dispersion curve” of pure Li. To picture such an exci-
(quasielastic scatteringlata[6]. The equivalence between tation as high-frequency soufid] is, however, in contrast to

both formulations is given bj7] the wave vector dependence of its intensity, which behaves
in a way somewhat reminiscent of that for an “optic” mode

R(Q,w)=[chi+(1—c)bph]2Rpp(Q,w) ;naﬁleqlgid, in much the same way as found for some molten
+2(bi—bpy[cbyi+ (1~ C)bpylR,,(Q, ) Our aim here is then to explore the high-frequency dy-
S P namics in molten LjPb in those aspects which are difficult

+ (b —bpp?Ree(Q, ). (3) to access from experiment. The main emphasis will be

placed on a detailed characterization of the “geometry” of

In the case under scrutiny, the equation given above is suitomic motions, as well as on a comparison between some of

stantially simplified, since the average scattering lergth ~ the dynamical features exhibited by molten metallic Li and
— Cby+ (1—C)bpy=0 (Cby;=—0.229 fm, bpy=0.94 fm, those found for the Li-Li dynamic correlations in the alloy.

To achieve this, molecular dynamics simulations are carried

using the same potential as that used in R8f, and the
spectra are analyzed in ways fully equivalent to those em-
_ ployed to treat the experimental data. On the other hand,
Reo(Q @) =c(1-0)[(1-O)R1i(Q,@) particular attention is paid to the analysis of the inelastic
—2¢(1-¢)Y2Rpp(Q, @) + CRopp Q, @), structure factors which, once inverted into real space, will
provide detailed information on the relative phases of the

(4) atomic oscillations.

and ¢c=0.8); thus onlyR..(Q,w) contributes to the spec-
trum, which in turn contains

which are terms governing the dynamics of the two compo-

nents, plus a cross-ter.m which a_t low _frquencies gnd wave Il. COMPUTER SIMULATION AND DATA
vectors represent a microscopic mterdlf_fusmn contrlbqtlon. ANALYSIS DETAILS
The experimental data for low energigd show that in-
coherent scattering fromLi [i.e., theRy(Q,w) term in Eq. As known from previous quasielastic experimef@§ as

(1)] dominates the low-frequency spectrum up to wave vecwell as from measurements on pure liquid[RB], the partial
tors ~0.7 A~! that is, midway to the coherent peak in RpppdQ, ) is bound to frequencies below10 meV. Ex-
R..(Q,w) which appears at1.5 A~!. Data analysis of the perimentally[11] it contributes to the resolution-broadened
incoherent quasielastic regigbelow 0.5 A 1) performed quasielastic peak. The same applies to the quasielastic part of
on hydrodynamic(Fick’s law) grounds yielded’Li self- Riii(Q,w), Ripy(Q,w), and R'(Q,w), as commented
diffusion coefficients ranging between 1X%0°° cn?/s at  upon above. TheR ipy(Q,w) term in the Eq.(1) cross-
1023 K to 27.410°° cn/s at 1173 K[6], which are about correlation has a small negative weight, and its rg@jevill

1.5 times lower than those of pure Li metal extrapolated atlso be confined to frequencies belewd3 meV. As a con-
such temperatures, and the apparent activation energy alsequence, the high-frequency part By (Q,») becomes
turns out to be far higher than that of molten Li. The mac-very close toR..(Q,w), as given by Eq(4).

roscopic interdiffusion coefficiend * was evaluated by re- The model used in Ref11] to fit the experimental inten-
course to a phenomenological extension of the hydrodysities included a term accounting from all quasielastic scat-
namic Darken’s relatior(Lorentzian respongeto finite Q  tering processes, which is approximated by a hydrodynamic
[6]. This allowed the determination of the Pb self-diffusion prescription specified by an amplitudg and linewidthy,
coefficient(too weak to be directly measurablhich was as
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y such cells. Finite-size effects were investigated by means of
Rq,e|(Q,w)=Zqﬁ, (50  simulations carried with boxes of different sizgsur, eight,
W™ty and 16 blocks Simulation runs were carried over 0.25 ns
o employing a time step of 5 fs.

where, as stated above, all contributions below about 10-12 The calculation of the relevant quantities followed well
meV were lumped together. In addition, the collective dy-established procedures. The ensuing discussions will be cen-
namics was described in terms of a damped harmonic 0sCifaeq abouR(Q,w) or S(Q,w) without further distinction,
lator [14] since the simulation is carried on fully classical grountis (
—0). The decomposition of the atomic dynamics into in-
stantaneous normal modes was carried out using procedures
analogous to those employed previouglg].

In what follows we will follow the advice of March and
defined in terms of an excitation strength, frequency 10Si [17], and stick to the decomposition of the total re-
Qo= \/;éJr—Fg and a linewidth which is the inverse of the szonse in te:cms ﬁf partlial (_:orr?IIatlons, smc_:rehlt preslen_ts s;)me
excitation Iifetime,FQ=751. The functional form chosen ;ga;':ﬁggsﬂo%r tdaetaanr?agsﬁe%nagri:fja.follsw?:a{is':‘?e(r)ent
above forR(Q,w) enables a formal identification dfq ing d .

) . , L routes. On the one hand, a model-free analysis was carried
with that corresponding to maxima of the longitudinal cur-

. . Y ; the basis of peak frequencies o0f)(Q,w)
rent correlation functiod(Q, ) = (*/Q9R(Q, ), which = w?R(Q, w)/Q? longitudinal current correlations for the to-
is the quantity plotted in the “dispersion curves” of previous

simulation works. Both quantities can be equated, provideaal spectra. This allows a connection with experiment, since

that the whole spectrum is describable by only one o:scillator?UCh frequencies are equw_alent to thikg derived f_rom fits
Of damped harmonic oscillator response functions to the

On o i o, e 2 physaly spasing o o S T s o
“bare” frequency wq is renormalized by the anharmonic ,[Scf)zcr:lt;?l Ilnttehshapes IS alsto lcgrrtledtlr? ih.e sarr&elyvaytﬁmploygd
interactions 14]). alyze the experimental data, that is modeling the quasi-
elastic and inelastic intensities by recourse to formulas such
as Eqs(5) and(6).
Computer simulations A physically more appealing approach takes recourse to a
The purpose of the computer simulations here is to procalculation of the first two reduced spectral frequency mo-
vide a more detailed characterization of the excitations bynents of the total as well as partial spectra. This enables a
means of analysis of quantities not easily amenable to exnodel-free assessment of the small- and la@gbehaviors
periment, and also to help clarify the relationship betweerPf quantities which now have a clear physical meaning as
the dynamics of molten LPb and that of its pure molten sum rules. Furthermore, the spectral line shape can also be
constituents, especially that of liquid Li. The comparison isapproximated in terms of the second and fourth reduced mo-
relevant since kinetic theory portrays the “fast sound mode”ments of theR(Q,») response functions, plus an additional
as sustained by the Li atoms orli5], and therefore finding Parameter(the relaxation timg Limiting ourselves to the
a propagation Ve|0city such as that of ‘“fast sound” close toCOI’fE|ati0nS of interest which involve Pb-Pb and Li-Li pairs
twice the value of sound velocity in liquid Li needs to be (the cross-correlation is bounded to small frequencite
explained. With such an aim, several simulations were carmoments of theR;(Q,w), i=Li or Pb, partial response
ried out for molten LiPb under conditions resembling those functions are defined in terms of the quantit{es’) as,
employed in the experiments, as well as for liquid Li at a

yW) = ~—
2m (wZ—Qé)2+4w2Té

(6)

2
thermodynamic state close to that explored by experiment wl(i)= (i) _ 1 dow 0?R;(Q,w)
[9] and also on a sample on liquid Li having the same den- 0 Si(Q) Si(Q) e
sity and temperature of LPb. @)
In all cases the effective potential used for the simulations
corresponds to the model of Copestateal. [5], with inter- 4 f do 0*R;(Q,®)
action parameters set to values given in H&f. Several wi(i)= {wi) _

different simulations were carried for three systemgPbi at

a density and temperature mimicking experimeni (
=0.0443 A3, T=1050 K), a sample representing lig-
uid Li just above melting §=0.0447 A3, T=473 K),
and a final one which would correspond to liquid Li, under

density and temperature conditions equivalent to Li within q led 18] With h <o th i
the alloy. Simulation runs were carried using different box3S decoup ed18]. With such a proviso these quantities

sizes. The basic box was a cube of 21.2 A per side, an&vould have well defined hydro.dyngmic limits given in terms
different calculations were performed employing simulation®f the |sothe_rmal sound yeloplhyT(l), wave vector depen-
cells formed by juxtaposition of four, eight, or 16 of such dént bulkB(i), and longitudinal moduliCy,(i) and mass
units. In the latter case the simulation cell is thus constituted€NSityMipi for thei component of the alloy:

by a parallelepiped of 338%621.2<21.2 A® containing

6720 particles. This enabled us to reach wave vectors as low lim wé(i)=Q2v$(i ), 8

as 0.019 A'l, corresponding to the largest distance within Q—0

(02)  Si(Qwd(i)

Both quantities could, in principle, be interpreted as those
characteristic of a fluid where, within some kinematic condi-
tions, the dynamics of both atomic species could be regarded
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Q*Cu( Q) =Mipioi(i), ©) Flim(Q) 1 _1( Ny M) (Qd, )
= 271 Ym Jlo I,m
lim C14(Q)=B(i)+3G(i), (10) Q@ MM, [3
T 1 N Ax 1 A& .
where G(i) stands for the rigidity modulus. An abso- + §(7I “Ym )_E(dlymﬁ’m) 12(Qdy )

lute, high-frequency limit is also given by
\/(B(i)+‘§‘G(i))/Mipi. At large momentum transfers both (15
reduced frequency moments are expected to approach theils ¢an readily be seen, such a function will show oscillations

ideal-gas limits given by arising from combinations of thg, , spherical Bessel func-
(k T\ 2 tions the products involvingqx atomic vector displacements

lim wy(i)=%Q (11 and thed, ., internuclear distance vectors. At low frequen-
Q- cies, it is expected that such an oscillatory structure follows
" Q?S(Q), a consequence deri.ve_d f_rom motiorisound
im o (i):ﬁQ(:)’k_BT> 12 waves that leave the characteristic distances of the system
- ! M, | unaffected. At higher frequencies, the structuremii}(Q)

will surely lose coherence with the static structure factor.
in terms of momentum transfer and thermal velocities. That is, some of the peaks of the static structure will disap-
The spectral shapes can be approximated by modeling theear, and a new structure may emerge at other positions.
Rii(Q,w) response functions in terms of the three-pole apFrom the structure of E¢15), it may be seen that positive

proximation[7] peaks inD(r,w"), will result from motions of atom pairs
where the displacements are in phase, whereas purely out-of-
1 Si(Qwi(i)(w?(i)—wi(i))r(i) phase motions will result in negative peaks. As a conse-
Ri(Qw)=— ) : N uence, inspection of the structure of such functions provides
' 7 Lwr(i) (07— 0F(i)]+ (0>~ wd(i)? o o b

a convenient way to investigate the dominant character of
excitations taking place at a given frequency.

which is defined in terms of the two frequency moments: a
Q-dependent intensity which should follow ti8g(Q) static Ill. RESULTS

partial structure factor, and a relaxation timé). In the - : :
course of the analysis it was found that an accurate repra- In what follows we will first delve into the different ways

duction of the line shapes required leaving the relaxatioin which one can characterize the wave vector dependence of

13

time as an adjustable parameter rather than making recour I%e struciure factors. The analysis of the line shapes of the

to the viscoelastic approximation which links the relaxation tgglss\‘ltvril;ﬁttl;]rs ;?(Ctgrrir\:]vgln‘;"”\?vvé L\J/\?i|Itcih%sr:a:‘gllllir\;vsvc\’/irphe;?:reec_
time with the two frequency moments. P .

Having access to spectra which are free of kinematic an etailed an_aly3|§ carried on th_e _ba5|s of the p_artlal structure
ctors, which will help to unveil important details especially

instrument-response limitations enables us to compute so 18 low wave vectors. The intricate geometry of the atomic
guantities which contain information regarding the spatial”~ . ' 9 y
motions is explored by means of a calculation of the mode

extent as well as on the relative phases of the atomic moéi envectors arising from a decomposition of the hiah-
tions. To see this, consider the structure factgsgQ,w 9 9 P g

=const) for the different partial correlations and for Selecte#requency dynamics into instantaneous normal modes. From

values of the energy transfers. At the high frequencies o here, inelastic form factors for single excitations are calcu-
ated, and the results, once transformed into real space, ana-

interest the liquid can be expected to behave as an elast'c ; : ) i
zed in terms of the relative phases of atomic oscillations
body, and, consequently, the constant-energy structure fagv;

tors can be interpreted in terms of inelastic structure factor asr(ljg n%?r?iisact)fa glr\éel? lfjriquijie;rfg.tff;?aojfl%itﬁiucrﬁrcv?'ffl]rilr?ct)ﬂec}f
which can provide some details about theometryof the allo )\/Ni” be madré for t\?vo thermodynamic states of the me-
atomic vibrations, that is about the relative phases of th? Y y

R . allic sample.
atomic vibrational displacements. In fact, a transform of an

inelastic structure factor can be defifd®] as
A. Wave vector dependence of the spectra

D(r,aﬁ‘)=EJ'wdQ Qz Fﬁm(Q)Sin(Qr), (14) The static structure factors which are evalugted as the
mJo Im zeroth frequency moments of the partial dynamic structure
factors are shown in Fig. 1. Figure 2 displays the results
where the sum runs ovérm atom pairs participating in the regarding the analysis of the /Rb partial spectra in terms of
Ath normal mode, anEf"m(Q) stands for an inelastic struc- quantities defined by Eq.7). The wy(i) curves are inter-
ture factor. The meaning dd(r,w=0") is obvious; it cor- preted here as average excitation frequencies. Their relation-
responds to the static spatial correlation functions of atomship with thosef)q estimated from fits using Eq6) to the
obtained by Fourier inversion df;;(Q)—1). The peak po- total spectra can be best gauged from Fi@),2vhere both
sitions of such a function will then correspond to averageguantities are superposed. From there it is seen that both
distances between atoms in the static structure. At a giveroutes of analysis lead to quite similar results @rvalues
frequency,Ffm(Q), is given by below 1.0 A1, The discrepancy above such momentum
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FIG. 1. Partial static structure factors for Li-lozengeg Li-Pb e a [, -7 . .
(solid ling), and Pb-Ph{doty correlations calculated &s»°) mo- c_;c EOO o oy " o2
ments of theS;;(Q,w) partial dynamic structure factors. Units are 2 ;Ooo -7 Cosep 3
barns per atom. o ]
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transfers results from the increasing width of the spectrum as 0.50 [ ]
well as the reduction in its frequency, leading to the “roton” 0.30 [ o o ]
minimum at about 2.5 Al. For comparison purposes, the T e oooooooo . o 1
experimental values reported in R¢il1] are also plotted i % Cpo%o 00 o 1
there, and the agreement with thd3g, estimated from the " ~ ©% o000
simulated spectra is shown to be good. The same applies tc ~ 10 F E
freq_uencieg of pgak maxima 0f(Q, w), the quantities plot- 006 F ° o ]
ted in previous 5|mulat|o_n worl_{ss]. _ 004 [ © 6000 P RPN 66 660 00 o
In what follows the discussion will be focused onto the N SRR B N B
wave vector behavior of the reduced frequency moments. 0 1 2 3 4 5
For a classical fluid sustaining heavily damped excitations, QA

this approach seems more flexible than the damped oscillator
because the behavior at lare can be better understood  FIG. 2. The upper frame shows the reduced frequency moments
within this framework. (meV) w, (circles, and w; (lozenge of the S;;;(Q,w) dynamic

As far as the physical meaning af(i), the quantity can s_trl_Jctur_e factor. The solid and Iong-qlashed lines show the ideal_—gas
be taken as a high-frequency limit for the sound Ve|ocityllmlts given by Eq.(12). The dotted line shows the hydrodynamic

where the liquid would respond elastically. The existence of!iSPersion for liquid Li. Crosses show tlik, renormalized excita-
a propagating mode requires tHii tion frequencies derived from fits of Eq&%) and (6) to the calcu-
lated structure factors. Filled circles with error bars stand for fre-

3wg>w|2, (16) quencies derived from fits to experimental spectra given in Ref.
[11]. The middle frame shows the corresponding quantities for
. o Pb-Pb correlationgequivalent symbols to those used for Li-Li cor-
a condition which is expected to hold at low wave vectors atgjations are employad The lower frame shows the relaxation
least. times 7 for Pb-Pb(circles and Li-Li (lozenge} correlations evalu-
For both Pb-Pb and Li-Li COI’I’elationS, if the intel’actions ated by recourse to the viscoelastic approximat(d)_ﬂ_’ 7—’1
between Li and Pb were not too strong one would expect te-2([ w?— w?]/7)¥3 from the moments of the simulated spectrum
find wy andw, curves retaining in some respects some of theof the Li,Pb alloy.
characteristics shown by the pure components. Within the
hydrodynamic realm both curves should approach the linear N 12
sound dispersion regime for the mixture which is given by orl) Zor(Ma /M) (18
ws=v71Q, with v determined from the static structure factor

via the isothermal compressibility equations, that is which are scalable from that for the mixture and modified by

a mass factof18]. On the other hand, it is also expected that

the behavior aQ values well beyondQ, approaches Eq.
_ 2 _ . -~ p
vr=(xtMaw)%  S(0)=px7ksT, 17 (11), wq approaching such a limit at shorter wave numbers

than w; .

whereM,,=0.8M;+0.2Mpy, is the average atomic weight, Let's first consider the correlations arising from Pb-Pb

and p stands for the average number density. Under sucltom pairs. The result shown in Fig. 2 indicates that the

conditions the expectation would be to find curves for theexpectations referred to in the above paragraph are fulfilled.

spectral moments of both species behaving at low wave veckhe Q dependence of botlwy and w, conforms to what

tors, as given by Eq(8), that is, as linear functions of the could be expected for a “simple liquid” which shows a

momentum transfer with velocities, sound mode at low wave vectors. Such a behavior is also
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extendable to the relaxation times, derived either by fittingthe static structure factor by recourse to ELj) is of 2222

the spectra or calculated by means of the viscoelastic apn/s. Such a figure is only 230 m/s above the experimental
proximation, which show a familiar shape, strongly decreasestimate from ultrasound techniqugs], which proves the
ing from hydrodynamic values at loW®’s and showing a adequacy of the potential here employed.

minimum atQpy, that is at wave vectors where the static  gome of theR, (Q,w) partial structure factors for the
structure factor shows its maximum. A remark seems in or- J

; region of the lowest accessible wave vectors are shown in
der here. It concerns the remarkably short time of the relax-:
ation time as well as the derived values for the phase velod 19 3- As seen there, boRy;,;(Q, ) and theRyipy(Q, w)

ity. The latter goes from about 2200 m/s, and then decreasé&Loss-correlation shovy rather sharp fe.atures in this range of
down to a well defined minimum &p,. The lifetime of the ~ Wave vec.tors.. Of parpcular rele_vance is the appearance of a
excitations can be estimated by the relaxation time, whictftrong Brillouin peak in the Li-Li correlation within the very
decreases rather quickly upon entrance in the kinetic regim@ame frequency where the Li-Pb function shows a strong,
and shows values within 0.5 and 2.5 A of the order of Negative peak. The net result of this is a peak which is barely
half a picosecond. visible in the total structure factor for the lowest explored

The amplitude of the low-frequency spectrum shows wellwave vector. The Brillouin frequency of the Li-Li peak at
defined oscillations in phase with the static structure factorsuch aQ value is about 0.7 meV, which once converted into
Moreover, bothw, andw; show an oscillatory structure with a phase velocity will yield a velocity of about 2874 m/s that
maxima not far fromQpy2, local minima atQp,, and a is substantially belowhat of the “fast sound” mode inferred
behavior at large wave vectors approaching the ideal-ga§om spectra at larger wave vectors. In other words, the Li-Li
limits for a particle with a mass of 207.2 a.m.Mgy). partial structure factor shows that at low enough wave vec-

A rather distinctive behavior is followed by the Li-Li fre- tors the “fast sound” approaches the macroscopic sound ve-
quency moments. Although the curves for the frequency motocity, in much the same way as found in a simulation for an
ments are reminiscent of those found for the Pb-Pb spectrunpe-Ne dense mixturgL8].

(but shifted at higher frequencieslear deviations from the  The converse is also true for the spectrum of Pb-Pb cor-
interaction-free picture referred to above are seen in theg|ations at the lowest wave vector. That is, the peak is now
shape ofw,, and very especially its behavior at low wave \ye|| resolved and shows a maximum frequency which cor-
vectors which displays a very cI(_aar limiting value at a finite responds to a velocity of about 2278 m/s, which is far above
frequency. Moreover, as will be illustrated below, Rede-  those measured at larger wave vectors for the Pb-Pb partial,
pendence of the amplitude of the inelastic part of the specayven larger than the sound velocity in molten Pb, but ap-
trum does not exhibit a maximum &,;, and, finally, the proaches the hydrodynamic limiting value for the alloy.
relaxation time evaluated from the frequency moments ap- Anp jllustration of how the hydrodynamics is approached
proaches the hydrodynamic regime far to_o ;moothly. If in-by the spectral frequency moments and by g frequen-
terpreted as the phase velocity of an excitatigf,=wo/Q  cies is provided in Fig. 5. What seems worth emphasizing
would give an extremely high valu8400 m/s at 0.26 A')  here is the approach to the linear dispersion regime given in
which decreases monotonously with(negative dispersion  terms of the sound velocity of the alloy by frequencies char-
That is, if such a frequency were assigned to a sound mod@cterizing both partial spectra. The upper frame of Fig. 5
then such a sonic excitation would show, within hydrody-shows in full detail how the asymptotic limit for the;, mo-
namics(at Q—0), a velocity which is 3.8 times above the ment corresponding to Li-Li correlations approaches a finite
sound velocity of the alloy and about 1.9 times that of liquidyajue of about 12 meV, as well as how departure from hy-
Li, as we shall discuss belOW, and about 1.5 times highearodynamics occurs in a rather abrupt fashion above
than the longitudinal velocity in crystallinéLi [9]. 0.1 At if Qg frequencies are considered insteadagf.

Of particular relevance are the findings concerning thesych a distinct behavior is easily understandable by inspec-
divergence of the two frequency moments of the Li-Li spec+jon of spectra shown in Fig. 4, where it is shown that such
tra asQ—0 as well as the absolute values for the relaxationyansition corresponds to the disappearance of the sharp fea-
time. The former would Imply that the “mode” will not be tures visible at low wave vectors.
observable within the hydrOdynamiCS I’ealm, as the inequal' A cursory g|ance to the upper frame of F|g 5 would un-
ity condition given above is violated. Taken at its face value,yeijl the apparent contradiction between the calculated values
this would confirm some predictions made from applicationof the reduced frequency moments for Li-Li and the presence
of the revised Enskog theoff{l5], where the “fast sound” of 3 peak at finite frequencies. In fact, from values égy
mode is expected to vanish at hydrodynamic scales. The pegnd , shown in that graph, it immediately comes out that
sistence of a well defined peak down to 0.019 ‘Aas will  the inequality Eq.(16) is being violated, and therefore a
be shown below, seems to counter such an interpretation. Asroad quasielastic response should be expected instead of the
far as the relaxation time is Concerned, notice that its eXSharp features Shown in F|g 3. Such a discrepancy arises as
tremely short values, which are more than one order of magy consequence of the complicated atomic dynamics within
nitude below those for the heavy component, imply that suchhe alloy, which gives rise to spectra deviating from those
a mode, even having a large velocity, cannot travel distancesxpected for a single-component liquid. In fact, inspection of
larger than very few atomic diameters, a result also found byhe graph for the Li-Li spectrum displayed in Fig. 3 for a
experiment11]. wave vector of 0.260 A shows a line shape which is sug-
gestive of the presence of more than one spectral component
at a finite frequency. There is seen a maximum at about 4

The extrapolated value for the hydrodynamic sound vemeV concomitantly with an additional peak at about 13
locity of the alloy calculated from the hydrodynamic limit of meV, the lower frequency feature showing some analogies

B. Approach to hydrodynamics
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FIG. 3. Calculated partial structure factors for low wave vectors. The fram&s show the totalS(Q, ) for the alloy. It is shown on
a semilogarithmic scale because of the strong quasielastic component. The dfferglues are given as inset®)—(d) display the partial
Sj(Q,w) spectra calculated for Li-Li, Li-Pb, and Pb-Pb correlations calculated for the same set of wave v@tdisplays spectra
calculated for liquid Li. Units are meVt.

with that observed at 0.186 A. The line shape of the roscopic value is a well documented phenomenon. In fact, a
spectrum last referred to also deviates very substantiallgtrong drop in sound velocity from the adiabatic value as the
from that expected for a single-mode excitation in a liquidwave vector is increased has been observed in a binary fluid
(i.e., a damped-harmonic oscillatpef. Eq. (6) or a shape mixture by Brillouin light scattering20] for a dilute mixture
given by Eq.(13)]. In fact, although the spectrum shows only of He into Kr. The phenomenon was understood semiquan-
one maximum at finite frequencies, it appears to be superintitatively at that time[21] on the basis of linearized hydro-
posed on a broad decaying tail which reaches frequencies ufynamics and kinetic theory. It comes as a result of strong
to 30 meV. It is precisely the existence of such a broad signatoupling between the acoustic and the concentration modes
which makes thew, moment to decrease witQ in a far  [22], which leads to a decrease in the sound frequency which
smoother fashion tham, (i.e., the higher frequencies con- is now given by a dispersion equation, which in the limit of
tribute more strongly tew, than tow,), leading the former to  small wave vectors read23]
a finite frequency intercept &—0. In opposition, the peak
frequency, as measured without accounting for the large tail, .
is shown to be lower thaw,, and approaches the macro- “’B(X):QUS{ i'_iv_s 2
scopic limit of the sound velocity of the alloy. More specifi- X
cally, as Fig. 4 exemplifies, the contribution of the sharp
peaks to the second moment amounts to about 208&% ®&r  whereuv, stands for the adiabatic value of the sound velocity,
Q=0.037 A1, and a bare 15% &=0.186 A 1. andv, represents the velocity of sound propagating at a con-
In terms of frequencies of maxima 3f(Q, ), the Pb-Pb  stant value for the entropy derivativésS— (8S/c)T,péc,
spectra show values for the phase velocity which decreasehere c represents the concentration. In other words, the
from that given above for 0.037 A to about 1166 m/s at coupling between the concentration and the acoustic mode
Q=0.186 A"l. Such a decrease in frequency of themakes the sound frequency steadily decreas®as in-
“mode” corresponding to the heavy particle from the mac- creased, going from an adiabatic valu&¥at 0 tov,, which

(19
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FIG. 3 (Continued.
is found to be substantially smallg20]. Another important The peak frequencies of both Pb-Pb and Li-Li partials

result from most of these treatments regards an additionahow marked deviations below and above the hydrodynamic
term in the damping coefficierithe width of the Brillouin  sound-frequency already &=0.111 A~1. Also notice that
lines), which now contains, in addition to the frictional ef- the spectrum of Li-Pb correlations is mostly confined below
fects introduced by viscous and heat conduction, a term govt0 meV. In other words, for frequencies well beyond that
erned by the interdiffusion coefficient, so that the dampingdimit, considering the Li dynamics as “decoupled” from that

now become$21] of the heavy particles as found 8] seems fully justified.
= —4 = + Dt ———— 2 . . .
I'g 3. 3 D+ 3 D 30M, Qs (20 C. Geometry of the atomic dynamics

A set of D(r,w™) calculated for frequencies correspond-
wherep,, is the average mass densipy, is that for theith  ing to characteristic zones of the “dispersion curves” shown
speciesD+ is the thermal diffusivity,7 is the longitudinal in Fig. 2 are depicted in Fig. 6. A glance to such curves
viscosity, andM;;=M;M;/(M;—M;). Such an additional reveals that purely in-phase motions af possible atom
damping mechanism together with the reduced density agairings, as shown by the positive peak®ifr,»*) appear-
count for the strong damping found for the Pb-Pb correlaing at the same positions than those in the s@gfig) partial
tions, something which contrasts with the observation of welpair distributions, take place at low frequencies, and in fact,
defined excitations up to large wave vectors in the pure ligthe phase coherence of these kinds of motions lasts up to
uid metal[13]. A comparison of spectra shown in Fig. 4 for about 6 meV. That is, a propagating sound wave involving
liquid Li and the Li-Li partial also serves to illustrate the all particles is sustained by the alloy up to rather high fre-
strong damping effect for the light component. As can bequencies. The phase coherence of such motions is, however,
seen, the linewidth of the Brillouin peak in liquid Li is about limited for frequencies well below 20 meV, where, as seen
one order of magnitude smaller @=0.260 A~! than that from the graph, the Li-Pb atom pairs move purely out of
of the Li-Li partial for the same wave vector. In other words, phase (negative peak in the relevant correlafioin in-
the additional term to sound damping dominates over viscogphase relationship up to relatively high frequencies persists
ity and heat conduction effects. for the Li-Li partial function, and some differences between
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00300 —— 1y D. Relationship with the dynamics of liquid Li

0.0250 1 Q = 0037 A1 3 Our aim here is to compare some of the details of the
0.0200 3 dynamics of pure molten Li at temperatures just above melt-
0.0150 E ing (TS1), under conditions comparable to those of experi-
0.0100 3 ment[9], which evidenced a well defined collective mode,

0.0058 Ce) _ with those of Li within the alloy. To account for the tem-

3 perature and density differences between liquid Li and the
0.0060 =S5 e e metal within the alloy, a series of simulations were also car-

0.0050 | Q = 0.112 A" _ ried for a system composed of Li atoms at the same density
0.0040 3 as that of Li in LyPb and the same temperature as the alloy
0.0030 _ (TS2). . .
E The results of those calculations regarding the parameters
3 00020 3 defining theR(Q, w) inelastic structure factors are shown in
~ 00010 § E Fig. 7, the low® portion already shown in Fig.(§). Several
o 0.0030 E G noticeable differences between the parameters characterizing
V;: ) ' Q - 0.186 A1 pure Li (irrespective of density and temperaturand Li
vy 00025 k 3 within the alloy are readily seen from the graphs. The first
0.0020 3 concerns the rather different shape of thgand w, curves,
0.0015 3 especially regarding the low- and high-imits. Those for
0.0010 & _ the pure metal approach both limiting behaviors in a way
3 commensurate with that expected for a “simple liquid” as
0.0005 E referred to in previous sections. The same applies to the re-
0.0020 - =——————————— laxation time, and especially to the amplitude dependence of
Q = 0261 & ] the peak integrated intensity with the wave vector, which
0.0015 . now shows a well defined maximum at momentum transfers
] where the static structure factors show their maxima.
0.6010 A = Particular attention is merited by the approach to hydro-
F ] dynamics of thew, curves, for both thermodynamic states.
0.0005 . E As seen in Fig. 7, the values taken at fif@é approach the
0.0000 Fo g™ N ] linear dispersion regimérom above that is, they exhibit a
0 5 10 15 20 strong, positive dispersion. This causes the phase velocity to

© (meV) depart strongly from a hydrodynamic value of 4500 m/s and
to reach 6580 m/s under conditions similar to those of the
Li,Pb sample. On the other hand, as shown in Fig) the
approach toward linear dispersion is followed by thgmo-
thatD(r, ") for Li within the alloy and the pure component ment at wave vectors below 0.1 “A.

are already seen at such frequencies. Such distinctive behav- As regards the lifetime of the excitations, a comparison of
iors are amplified at larger frequencies. In particular, at frethe relaxation times of both Li samples with those of the
quencies of about 30 meV, the Li-Li pairs within the alloy Li-Li partial of the alloy also shows a rather marked differ-
show a curve which can be interpreted as either arising frorg@nce at low wave vectors. Those for Li metal show a very
motions characterized by antiparallel Cartesian-displacemesstrong rise as one approaches the hydrodynamic limit,
vectors, or from motions executed by dynamically non-Whereas those for the alloy are shown in Fig. 2 to follow a
equivalent atoms. In contrast, the liquid metal exhibits closd@r sSmoother behavior, leading to an extrapolated value of

to purely out-of-phase motions at such frequency. As thdh€ order of 0.1 ps. L _ .
maximum of the “dispersion curve” is approachéhat is In terms of the phase relationships of the atomic motions

about 45 meV, all the D(r,»") functions show that the shown in Fig. 6a), the most remarkable differences regard
phase coherence with the respect&gQ) is definitely lost the somewhat more complex shape of I , w) curves for

S o the pure metal at intermediate frequencies. A glance at the
and the Li-Li pairs of the alloy exhibit a double-peak struc- data of 20 meV shows that a pronounced negative peak is
ture not found in the pure component.

: - . pparent at about 3.5 A for molten Li, whereas the curve for
As regards the spatial extent of the excitations, as inferre

) o o i within the alloy suggests that phase coherence is still re-
from the persistence of the oscillatioBr,»"), it is found tained. y stgg P

here that in accordance with thedid5] and previous simu-  As 3 final remark, let us focus on a comparison of the
lation [8], the Li-Li correlations involve, at low frequencies, frequency spectra for Li within the alloy and that corre-
distances up te=8 A, whereas both Li-Pb and Pb-Pb pairs sponding to liquid Li(TS1). Figure 8 depicts such a com-
show correlated motions involving the first coordination parison in terms of the generalized frequency spectra for Li
shells only. Notice, however, that such a relatively largemetal and for Li in the alloy. The most remarkable features
“coherence length” is reduced with increasing frequenciesshow(a) the enhanced diffusion within the metal leading to a
being confined to nearest neighbors for those correspondingtrong rise inZ(w) at low frequencies, antb) the appear-

to the top of the “dispersion curve.” ance in both cases of a well defined shoulder at about 26

FIG. 3 (Continued.
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FIG. 4. Spectra of the longitudinal current-current correlation spectra at several wave nu@bspectra for Li-Li correlations. The
smooth curves show the percentage contribution to the second-moment integral up to a given frequency, and correspond to scales given on
the right-hand side(b) Same quantities for molten Li.

meV in the alloy and 32 meV in the pure metal. The spec{21], only one propagating sound mode should appear within
trum then decays quite sharply for higher frequencies, in @he realm of hydrodynamics, although nonhydrodynamic ef-
way somewhat reminiscent of what has been found for liquidiects will be expected to have a profound effect on sound
Ga[24], where such a high-frequency feature was shown tropagation. In fact, terms which are not present in the hy-
be correlated with higher-lying modes in some of its crystal-drodynamic description of monoatomic liquids, such as those
line modifications. On the other hand, the presence of such @escribing the equilibration of momentum and temperature
well defined shoulder can be related to the strong peak whichf the two species, are known to be characterized by rather
appears at about 35 meV in the frequency distribution ofgy frequencieg21], and therefore will couple pressure and

cubic (bcg) Li at about 293 K[9]. In fact, data for the tem-  gncentration fluctuations. Although the present results are
perature dependence of ta, elastic constant reported by |imited by finite-size effects, it seems that both “sound ve-

Beg and Nielser{9] show that, contrary to the transverse cocities” for the light and heavy components will coalesce

acqustic ques, the longitudinal excitat.ion survives as awe lnto a unique hydrodynamic mode at scales larger than a few
g??ﬁ:?nzmgé :Ei;? temperatures as high as 0.94 times th‘Wundred A._This is best exemplified in terms of the phase
' velocities v'ph(Q)=QQ/Q derived from maxima of the
Ji(Q,w) spectra, a result which is shown in Fig. 9. Notice
from this that the departure becomes abrupt for both Li and
A comparison between the frequencies derived from arPb for wave vectors above 0.07 A, and that the phase
analysis of the inelastic part of the experimental spectra anuelocities for Li match those calculated for the metal at
those calculated from fits to the simulated functions or adarger momentum transfers.
reduced frequency moments shows that computer simula- If, as referred to in previous sections, the strong decrease
tions carried out with the specifications described above rein velocity for the heavy particle in a binary mixture is un-
tain the most relevant details of the atomic high-frequencyderstood thermodynamically, the appearance of large devia-
dynamics within the alloy. As known for quite some time tions from hydrodynamic soundpositive dispersion is

IV. DISCUSSION
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L B I B B taneous or through phonon-scattering mechanigvk Fits
(a) o to the data leaving and Q, fixed to the values of the
hydrodynamic sound below and to the values corresponding
to a crossover ofy,/Q to velocities below sounétypically
1.1 A~1 for liquid Li and about 1.5 A'! for Li,Pb) yield
estimates fory of 78 (25) A% and 287 (62) A (the differ-

o IR ence between the latter two arising from the disparate values
/ 1 of the macroscopic sound velocifywhich are much larger
than those reported for any other liquid. This is easily under-
standable if, following Marig27], one recalls that the prob-
ability of phonon-phonon interactions increases with increas-
ing phonon energy. That is, for a classical sound wave, the
scattering rate would be proportional to the energy of the
wave, and therefore such a high-energy “sound mode” will
provide very effective scattering channels. In other words,
phonon absorption processes where the resultant phonon
wave vectors are close to paral(ek., propagating in nearly
the same directionshould be highly probable at such large
energies. Such a picture is consistent with data regarding the
T T excitations of other liquids such as superfifide at satu-
rated vapor pressur€SVP) [28], wherev;~238 m/s, and
y=1.11 A%, and deuterium26], where vt~1098 m/s
andy=10.0 A1, as well as with the remarkably short life-
times for the excitations found in both the pure Li metal and
the alloy. The increase in the value fpiin going from liquid

Li to Li,Pb can then be rationalized in terms of the larger
number of possible phonon interactions taking place in the
alloy.

The analysis of the computer simulation data shows that
both Li and Pb support collective “modes” with “disper-
sions” well above and below those corresponding to an ex-
. trapolation to long wave vectors of hydrodynamic sound. A

Q (A7) description of the alloy in terms of two interpenetrating flu-

FIG. 5. Low-Q behavior of the reducea, (circles with a dot ids seems adequate for momentum tre.msfers. above those cor-
and w, (lozenges frequency moments as well &, frequencies responding to the maxima of the partial static structure fac-
corresponding to peak maxima H(Q,w). The upper frame de- tOrs. This is attested to by the approachwgfto their ideal-
picts such quantities for the Li-Li correlation within the alloy. The gas limits[Eq. (11)], which shows that at such scales most
solid line shows the hydrodynamic dispersion of the alloy, and thecollective effects in the dynamics have died away.
dots depict the linear dispersion corresponding to pure molten Li. As shown above, the dynamics of liquid metallic Li, re-
The middle frame shows the quantities characterizing the Pb-Pgardless of density and temperature differences wigPhij
correlations, and the lower frame corresponds to those for molteexhibits characteristics rather different from that of the same
Li. The Q¢ frequencies are not shown here because of their closemetal within the alloy. Although at moderately large wave
ness towy. The line depicts the linear dispersion for the molten vectors the dynamics of Li in metallic and alloyed states
metal. share a number of characteristics such as their frequencies

and average polarizations, the different nature of both exci-
known to be a characteristic of liquids composed by lighttations becomes evident at both the low- and intermedpate-
particles such as liquid L[i25], and is probably a result of a ranges of spectra. As an illustration, it suffices to consider
variety of phonon interaction processes. Quantitative data ofhe very short lifetimeg(i.e., the large width of the Li-Li
such deviations are available from experimental studies OBpectra compared to those for molten.lAs shown in Figs.
other liquids, and have been shown to be large in those cony and 7, the relaxation times for the Li-Li correlation in the
posed by light particle$26]. The deviation from hydrody- gjloy and that for the metal depart substantially as the wave
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namics is conveniently described B37] vector is decreased, indicating that only the relaxation time
0y 2 for the metal goes to the expected hydrodynamic lifini,.,
_ 3 1-Q%/Q; both lifetimes increase &3— 0, that for the metal showing a
Awg=v71YQ° —%— (22 . L ;
1+Q%Q3 very fast increase below 0.1 &, whereas such an increase

is far smoother for the allgy Such a difference in the be-
wherev 1 is the hydrodynamic sound velocit®,, andQ, are  havior with the wave vector of the relaxation times is remi-
wave vectors corresponding to the maximum deviation frormiscent of that found for molecular liquids composed of het-
hydrodynamic sound and to the crossover to values of theronuclear dumbelld29], which, in fact, suggests that
phase velocity less thany, andy controls the strength and reorientations of LiPb “molecules” may explain, in part,
kinematics of different interaction processes, whether instanthe differences in dynamics with the liquid metal.
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FIG. 6. D(r,w) frequency dependent correlation functidiasbitrary unit$ corresponding to a set of normal-mode frequencies. Curves

for Li-Li within the alloy are depicted as solid lines, whereas those for the pure molten metal are shown by dots. The Li-Pb cross-correlation
is also shown by solid lines, whereas the Pb-Pb correlations are depicted by a dotted line. In the latter case the intensity of such correlations

has been magnified five times.

At this point it seems worth delving into the analogies “mode” in the mass-mass correlations, not identifiable with
(and differencesbetween the characteristics of the observedan extension to large wave vectors of hydrodynamic sound,
excitation and those reported for molten salts. As establisheseems to be a characteristic of “asymmetric” salts, that is,
from experimental[12,30, computer simulatiorf31,32,§, those with a large mass difference between the two ionic
and theoretical approximation83], a well defined finite- species such are SrLkimulated by De Leeuw31] and
frequency feature is expected to show up in the spectra aheasured by Margaca, McGreevy, and MitchigH], or
correlation functions for electrical charge or mass, or bothRbCl and CsCl measured by McGreevy and co-workers
Whereas the appearance of a finite-frequency peak is comi12,35 by cold neutron spectroscopy. In both cases, the
mon to all kinds of molten salts, irrespective of the massspectra show a complex structure which arises from contri-
difference between their constituent iofis fact a well de-  butions to the intensity of more than one spectral component.
fined peak is present at the plasma frequency even in a on&he present results for Wb share with previous observa-
component plasma the persistence of a well defined tions for RbCl and CsCl some analogies such is the presence
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FIG. 9. Wave vector dependence of the phase velocities derived
from the main maxima id,(Q, ). The upper frame shows data for
I% o e @&Q- Li-Li (lozenge¥ compared to those for the molten metddng
e e dasheg The lower frame depicts data for Pb.
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FIG. 7. Reduced frequency momenig and o, for liquid Li at ~ Li,Pb alloy, an issue discussed many times in the literature
the two thermodynamic statésee text Units are in meV. Circles [5].
denotew,, lozenges stand fow,, and the solid and long-dashed
lines give the ideal-gas limits. The dotted line shows the hydrody-
namic dispersion. The lower frame depicts the relaxation times

for Li at low (circles and high(lozengeg temperatures. The high-frequency “mode” in molten LPb, revealed
by computer simulationg8], and later understood on kinetic
of well defined peaks at high and low frequencies, althoughheory[15] grounds, has recently been proved by experiment
most of the reported experimental data result in fairly flat{11]. As predicted by theory and previous simulations, our
“dispersions” (possibly due to kinematic limitationsSuch  results show that the peak seen at high frequencies arises
a behavior may arise from the partial ionic character of the&rom the dynamics of the Li atoms, shows a strong spatial
dependence and, in agreement with experiment, its linewidth

SRARE LEARE LAREE RARLE RARES RARER RERAF is characteristic of heavily damped excitations. The micro-
| 3 scopic motions involved in such a high-frequency mode are
0.03 | significantly different from those involved in the propagation
of a sound wave, as unequivocally demonstrated by compari-
son of the dynamics of liquid Li, under the same thermody-
namic conditions as Li in LPb.
] The departure of the high-frequency mode from hydrody-
3 namic behavior is accompanied by the emergence of a “slow
] mode” involving the heavy patrticles only. The physical ori-
gin of the latter seems well understood on a hydrodynamic
basis[21,27. In opposition, the motions taking place at high
frequencies are characterized by atomic motions with com-
plex vector displacements, and approach purely out-of-phase

0 10 20 30 40 50 60 70 displacements at frequencies close to the top of the “disper-

® (meV) sion curve.”
FIG. 8. Frequency distributions of liquid barg and Li within Finally, it is worth recalling that various theoretical con-

the alloy (solid ling). Units are meV . jectureq 15] refer to the appearance of different propagation

V. CONCLUSION
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frequencies which should merge with hydrodynamic soundhose expected for an in-phase motion of the Li particles
dispersion at an appropriate length scgl8]. The present taking place against a matrix of stationary, heavy Pb atoms,
results confirm that sound propagatisensu strictds con-  with the possible exception of wave vectors closeQig/2
fined to scales approaching the hydrodynamic realm, as afvhere, as expected to occur in a crystal with two ions per
tested to by the appearance of narrow peaks in the spectra fgfimitive cell, the dynamics of the light and heavy particles

longitudinal current correlations. can be considered as effectively decoupled.
Clear signatures of approaching a full hydrodynamic re-
gime are found for the lowest explored wave vectors, which,
in addition to a hydrodynamic mode corresponding to the ACKNOWLEDGMENTS
in-phase motion of both kinds of particles of the alloy, show
a broad nonhydrodynamic component in the Li-Li partial The work was supported by DGICY(Bpain under Grant
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