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Scopigno and RuoccfPhys. Rev. E70, 013201(2004)] have raised certain objections to physical interpre-
tation of the parameters of the model proposed by us e@8iagh and Tankeshwar, Phys. Rev6F, 012201
(2003]. We have found that heat diffusion term enters into processes which are responsible for the quasielastic
peak of the dynamical structure factor. An attempt has been made to study the role played by atomic and
electronic contributions to thermal conductivity for studying atomic density-density correlation function.
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We have extendedl] the hydrodynamic model for the 1 XN
calculation of the dynamical structure fact&q, w), to the n(r,t) = ?E a(r = Ry(1)). (4)
viscoelastic region by replacing the exponential term by the VN
hyperbolic secant function. The_quel propos_ed by us reprorpe n(r ,t) satisfies the continuity equatida] given by
duces experimental spectra of liquid metals Li, Na, and Al to
a good level of accuracy, which is well received by the com-
menting authors. The functional form of the model proposed
by us can be made to satisfy exactly the moments up to sixth ) ) o
order in addition to having all spectral moments finite. Wherep(r,t) is momentum density and satisfies the follow-
Scopigno and RuoccBR) have raised certain objections to INg equation:
the physical interpretation of parameters involved in our p(rt)+ V -o(r,t)=0, (6)
model, specifically concerning the quasielastic peak. We
have attributed the quasielastic peak mainly to thermal relaxWith o(r ,t) as a stress tensor. Another equation of interest is
ation, Whgrgas SR rglates it mainly to viscous processes er, )+ V -j%r,H)=0, 7)
[2—7]. Their interpretation assumes that thermal conductivity
of liquid metals is three orders of magnitude more than thevheree(r,t) is energy density anff(r ,t) is energy current.
nonconducting liquids. In the present Reply, we have at-The Fourier transform of Eq7) results[9] in the component
tempted to study the role being played by ionic and elecof Jg in the direction ofg given as
tronic contribution to thermal conductivity, which may jus- N N
tify our interpretation of the parameters of the model. —LqJeZ:'eq:EE }m|u-|2+}2 u(ri) |exp(= -1y
Further, SR have argued that the hydrodynamic model can- a2 7" 2 v
not be applied to conducting liquids. However, the analysis )
given below suggests that if only the atomic contribution to
the thermal conductivity is taken into account, one couldwherevu; is the velocity of theth particle,v(rj) is the inter-
apply the hydrodynamic formula to study the dynamicalaction potential, and is taken along the axis. Forq=0, we
structure factor of liquid metals as well. can write

The dynamical structure fact®q, ) [8] is defined as

h(r,t)+1V -p(r,t)=0, (5)
m

N

N N
SZ: 2 Uiz|:1m|ui|2+ }2 U(rij)j| - l 2 E U; . rij_Lav(ri‘) .
i=1 2 2 Z

S(q,w)=f exp(— wwt)F(q,t)dt, (1) 2j 1% 9%

- 9)
where F(q,t) is the intermediate scattering function and is The Green-Kubo expression for thermal conductiy@j/can
defined as be written as

F(g,0) = (n(0)ng(t)) — n(2m)38(c), 2 N f (DI, (10
VkeT=Jo
with
It is important to note here that in this expression only inter-
1 action among atoms occurs.can also be obtainel@] from
ng(t) = \_NEJ: exf R ()] () the knowledge 08(q, ) through the following relation:

_ , . , , nkeTVe? 1
In the above equation®; is the position of thgth particle N Ellm limg°S(q, »), (11
andng(t) is the Fourier transform of the number density de- ©=00-0
fined as wherea is the thermal-expansion coefficient.
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Equations(5)—«7) result in the derivation of the expres- 5o
sion [9] of the hydrodynamic structure fact&q, ) given 7 6.0 |

as .
5 g=1.5nm
S| y-1 D 58
3 >3 404
y o°+(D1q9)

S(q—0,w) =

5.6 4

(10° ps)

.\ i( Iq? . Iq? )]
2y\(w-cq?+(T'gH)? (o+cq?+Tg?)?/ |
(12

Since we are looking foriS(q,w) of the atomic density-
density correlation function, the involved in the hydrody- 00 9
namic equatiori12) therefore may be due to the contribution ' 4
of atom-atom interaction only. Electrons may participate in- | S
o]
0

3.0

54 ¢

52] ¢

5.1

directly through the interaction potential among atoms. The
atomic contribution tax is known only for liquid Na[10]. 10
This provides the value of thermal diffusivip(=\/nCp) o
equal to 83.5& 10°° m? s’ On the other hand, if we in- l 5
clude the electronic contribution to [11], the value ofD+ o
comes out to be 66.2710°° m? ™1, which is about three
orders of magnitude more than that obtained by including
only the atomic contribution. The value Bf; for Ar [11] is
80.77xX10°° m? s L. Thus, we see that the valuedf for Na
is quite close to that of Ar if we include only atomic contri- ¢ ]
bution. The expressiofill) relating\ and S(gq,w) has also q=3.0 nm"
been used12] to predict the value ok and it is found that 3
this expression predicts the valuelofvhich is very close to 1.2 ? o 1.4444
atomic contribution in the case of liquid Na. This has also Q
been confirmed by Heyes and Marfi8]. | g) = 2
To understand the extent to which the quasielastic peak Pglpee 14401
could be explained through thermal relaxation, we have plot- %o 2
ted the contribution of the first term of hydrodynamic expres- 0.8+ 28 §
sion (12) by using only an atomic contribution to. This is o o
shown in Fig. 1 for two values daf for liquid Na represented o
by a solid line. We have also calculated the first term of Eq. o
(12) by including the electronic contribution g the results o
obtained are shown in the inset as a dotted line. From Fig. 1 0.4 o
o]
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it can be noted that the contribution due to thermal relaxation
is almost negligible if we use the value of thermal conduc-
tivity calculated by including the electronic contribution. On
the other hand, Dt is evaluated using only the atomic
contribution to\, it is found that the quasielastic peak is well
taken care of by thermal relaxation. Therefore, it appears that
the hydrodynamic mod€glEg. (12)] can be applied to con-
ducting liquids if only theatomic transport coefficients are
consudgred_. Recently, Ishikaved al. [14] S“_Jd'e‘?' colleptlve FIG. 1. Open circles represent the dynamical structure factor
dynamics in dense Hg vapor by performing inelastic x-raycajcyjated from x-ray scattering data for liquid Na at 390 K dor
scatteringIXS) experiment. IXS spectra obtained were mod--1 5 and 3.0 nrt-. Solid line represents the contribution of the
eled as a sum of Lorentzians in the framework of generalizegst term of Eq.(12) by using only an atomic contribution ta The
hydrodynamics. They, in principle, also made thermal concontribution of the first term by including the electronic contribu-
tribution responsible for the quasielastic peak. tion to A is shown in the inset by a dotted line.

Regarding the width of the quasielastic peak, it is found
thatD+(q) in our case does not vary gs°. Rather, it may be
noted from Fig. 4 of Ref[1] that going fromg=1 nni'to  strongly temperature-dependent, we attempt below to relate
14 nmt it falls only 12 times, which seems to be consistentit to the atomic contribution ta.. Electronic contribution to
with the observations made for other liquids. Regarding thehermal conductivity can be obtained from the famous
temperature dependence of the width which SR claims to b&/iedemann-Franz lay9] given as
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Ne=0gTL, (13) Another issue is the interpretation of parametei'lh our
work, only g— 0 results obtained from the hydrodynamic

: ; ; _formula are compared with this parameter. However, our for-
wherel is the Lorentz number and, is electrical conduc mula Eq.(3) of Ref. [1] in the g— 0 limit does not provide

tivity. For metals,o decreases with temperature, thus reduc- arameter 4" exactly related tov. Nevertheless. it describes
ing \. as weakly dependent on temperature. On the othe? y or- !

; L € O&he ratio of the strength of elastic to inelastic scattering.
hand, an atomic contribution to thermal conductivity IS Thus. the comparison made in Fig. 1 by the commenting
temperature-dependent.l Therefpr.e, it appears that a heat dé{Uthors can only provide guidance for further improvement.
fusion term of some kind definitely enters the processes Here, we would also like to point out that all “atomic”
which are responsible for the quasielastic peak. _ transport coefficients are related to each other through the

One of the issues which arise due to the contrastingsioyes-Einsteirj9] relation (relating the self-diffusion coef-
memory-functionMF) approach with the standard hydrody- ficient and shear viscositand the relatiorirelating the self-
namic model is the appearance of slow relaxation time giffysjon coefficient and thermal conductivjtygiven by
The second-order MF which the commenting authors havg,nkeshwaf12]. However, as far as the quasielastic peak is
used in their original work2—€| can be written as a sum of 4ncerned, it can now be said that heat diffusion terms defi-
two or more terms representing binary and multiparticle/iiely enter the process. However, it remains to investigate
collective contributions. The multiparticle effect may have hether atomic or electronic contributions or both play a role
some relation with so-called,, which may be calculated n sydying the dynamical structure factor which provides
through mode-coupling calculations. However, a model MFoomplete ‘information abougtomic motions at different
with single relaxation tim¢15], which includes the effect of |64th and time scales. Nevertheless, our model provides a

multiparticle correlation to some extent, can qualitatively ex-ysefy| scheme for studying the line shape of IXS or neutron-
plain the behavior of the quasielastic peak and B“Hou'n_scattering spectra.

peaks if the parameters of MF are determined microscopi-

cally. The slowa relaxation can then improve only in quan-  In the end, we compliment the commenting authors for
titative agreement. bringing out these issues, which still require further study.
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