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Validation of a glue-model approach in a tight-binding hard-sphere model for hot fluid metals
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We have calculated thermodynamic, structural, and electronic properties of a model fluid of monovalent
atoms which interact via hard-sphere repulsions and an attraction arising from the delocalization free energy of
the valence electrons. These properties result from self-consistent Monte Carlo simulations of equilibrium ionic
structures based, at each step in which an ion is to be moved, on the exact electronic free energies correspond-
ing to the ionic configurations. The electronic energy is derived from a tight-binding model with electronic
hopping which decays exponentially with distance. The liquid-vapor coexistence curve and both ionic and
electronic structures are obtained. By direct comparisons, the present results confirm previous ones which were
obtained basing the simulations on a glue-model description of ion energies. The importance of this confirma-
tion is the validation of the glue-model approach, one of the few computational simplifications possible for
realistic metallic fluids.
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I. INTRODUCTION the diagonalization of amN X N matrix at each step in the
structural simulations. Spot checks, described in the previous

In recent work we studied a conceptually simple model publication, suggested that allowing the simulations to de-
for a monovalent-atom fluid, one with ionic hard-sphere re-velop using the glue-model energies was an adequate proce-
pulsions and electron hopping which plays a central role bydure. We now report calculations of the coexistence condi-
providing the only system cohesion. Beyond any intrinsictions themselves, based on the exact energies and alternate
interest, we sought a qualitative understanding of some exsimulation methods. The previously obtained thermodynamic
perimentally observed alkali-fluid properties based on calcuand structural results are confirmed. The importance of this
lations with a tractable model. We were mainly concernedconfirmation is that it validates the glue-model approach, one
with two aspects of the system, the phase coexistence bef the only computational simplifications possible for this
tween a dense liquid metal and a nonmetallic molecular vatype of problem. The results suggest the adequacy of such a
por and the electrical conductivity at near-coexistence condiglue-model approach which can make feasible the computa-
tions. In the model, as in the experimental cases, thdional effort required for realistic treatments of hot metallic
electron-ion interaction induces correlations among thdluids.
atomic positions, not describable via a pair potential, which Further, given the importance of electronic properties in
dramatically influence the structural, thermodynamic, andmetallic systems and their close relation to ionic structures,
electronic properties through the required self-consistencyve have tested whether using the glue approximation sub-
between ionic and electronic structures. As the previoustantially affects the calculated electronic properties of the
work was based on a glue-model approximation to the elecsystem. In this paper, the test has consisted in comparing the
tronic energies, in the present work we treat the energieglectronic densities of states, at appropriate ionic densities
exactly to reexamine the basis of the thermodynamic, strucand temperatures, obtained from using equilibrium ionic
tural, and electronic density of states results and thus validatgiructures based on both the exact energies and the glue-
our previous methods and conclusions. model approximation. The electrical conductivity is naturally

Previous results were based on simulations with 1500 pamf interest and a broader topic. Given the complexity of the
ticles and more than 2Qvlonte Carlo(MC) steps, they be- conductivity and the need to analyze its calculation in depth,
came feasible using a description of the attractive interacwe have chosen to treat it in a separate arfidleat article
tions using a sophisticated glue model. To validate thapresents a systematic study of methods and approximations
approach, we now recalculate the thermodynamic and struatsed to obtain the electrical conductivity of hot metallic flu-
tural properties on the basis of the exact system energieg]s, with the thermalized and highly disordered ionic struc-
albeit using a smaller system of particles. In the glue modeltures described by the present model. Those comparisons
the energy of each atom is described as a parametrized funatso verify the adequacy of the glue model.
tional of its local environment. The so-called glue methods
have many different implementations and justifications: the
embedded-atom methddhe effective-medium theorythe
second-moment approximatiérand others. The reason for For completeness, the model system is described in this
using a glue-model approach was that, even given the simsection. Our approach is a self-consistent one in the treat-
plicity of our model, simulations of the structures, based orment of ions and electrons. The ionic structures take into
the exact energies, required a very high computational coseiccount hard-sphei@lS) interactions and the coupling with

Il. TIGHT-BINDING HARD-SPHERE MODEL
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the free energy due to valence electron delocalization. Thisum ionic configurations, on a self-consistent parametriza-

electronic energy is in principle dependent on all the ioniction of a functional describing,. Thus, this free energy did

positions in each configuration and provides an effective atnot need to be recalculated for each trial change in an ionic

traction among ions. Given an ionic configuration, the elecposition. On each isotherm, the electronic free endfgyfor

trons, one per ion, are described by a tight-bindi{i@®) a system withN atoms at positions,, was then approxi-

model in which a single orbital is associated with each ionmated by the glue energy:

and coupled, via hopping matrix elements, to the orbitals at

ggﬁozt/ihnegr' ionic sites. The Hamiltonian for the electrons is the UguelT s . F) = S Upy(rpardspu(r]- 4)
' k=1

=-2 tijCiTstsa (1) The energy for each ion was parametrized, as a functional of

(i.p)s its local environment, via

with Cig (c ) being the annihilatioricreation operator for an _ 2 2 =
Ul pr, 02,0, 1 = Ag+ A1pg + Aop D + Agp D+ Ayp7d + =
electron, with spins at sitei; the site energy is defined as [P1:p2:pu]= Ao+ Aspr + Aops 3P1 PP+ Aoy

zero and + AgpTE + Asp W + AgpaW + Agp, 2
t = t(ry) =to ex - a(rj — dug)], ) + Agopr PP, (5)

wherer;; is the distance between iohsndj anddys is the  In principle, A, ... Aq, Ajq are free, fitting, coefficients and
hard-sphere diameter. As the thermal energies of interest tuithe auxiliary funcﬂons@ 1-polp2, E=1-p,/p?, and ¥
out to be comparable to the energy scilewe require the =®-Z= describe the local environment of each atom,
Helmholtz free energy of the electrons described by théhrough the measures

above Hamiltonian:Fg=(H)-TS,; the thermal average N N

({...») and the electronic entropy are obtained using the - . - _r
Fermi-Dirac distribution function to occupy the avail%ble palr) EW1(|I’ il palt) ZWZ(“ i)
one-electron states, with k=1 to N. An explicit expression

for the Helmholtz free energy of the electrons, with the at-

oms in the configuration determined by the relative positions p,(r) =
can be written as

|]!
The weight functions are given by

wy(r) = e %) andw,(r) = e2¢ s, (7)

with 8=1/kgT andu being the electronic chemical potential, for dys<r=<r.,; and are zero otherwise. Clearly this ap-
which statistically guarantees that there B2 electrons of  proach results in an enormous reduction of the computational
each spin. Clearly, this free energy depends on the ionic coreffort. The bases of the parametrization were the exact ener-
figuration through the;; dependence of the one-electron en-gies of 900 configurations, arising from the model itself, of
ergies. We close the self-consistency, within the model, by56 particles, at each temperature and a spectrum of densi-
requiring thermal equilibrium for the ionic distributions: tak- ties. Complete details are given in Ref. 1.
ing F as the only cohesive energy for nonoverlapping ions In the present work, we use exact calculationg-gf for
in any possible configuration. all configurations, with a double purpose: to obtain the exact

Reduced units in terms of the contact hoppip@nd the results for the thermodynamic phase coexistence and related
HS diameterd,s will be used for temperaturé*=kgT/t,,  equilibrium ionic structures of this system, and to check if
densityp* = pd,3_,3, and the exponential decay of the hopping the glue model is able to describe these phenomena. We had
a* = adys. For computational efficienclf,, in the previous previously noted that simple versions of a glue model were
work, used a truncated hopping eleme(r), setting it to inadequate to describe the thermodynamic and structural
zero beyond a cutoff distance of,=3.1d,s. In the present properties of interest, so we were forced to develop the more
work, the same cutoff will be applied in some calculationssophisticated new procedure. However, in ignorance of the
but a comparison to the results in the absence of the trunc&xact results, we could not determine if our method was
tion will be shown. We shall present the results of calcula-merely able to correct the pathologies of simple methods or
tions for our preferred value of the hopping deeay=2; for if, more generally, it was a method with sufficient precision
this case,t(ry,)/to=0.015, which appears to be a small to have predictive capabilities. It is the main purpose of this
enough value so the thermodynamic properties should b@ork to allow such a determination.
unaffected by applying that cutoff.

Despite the simplicity of the model, exact calculations of lll. RESULTS
Fe must pay a high computational price, since I[dixX N
matrix must be diagonalized for each ionic configuration. To
avoid that price, in our previous work, we developed an In the present work, we have chosen to study the tight
elaborate glue-model approximation. It consisted of basindpinding (TB-) HS model parametrization which resulted in a
the Monte Carlo simulations, used to obtain thermal equilibphase coexistence resembling that of the high-temperature

N
Fei=—uN- (Z/B)kZ Infexp(Ble—w}+1],  (3)
=1

A. Phase diagrams
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region of the expanded alkali fluids, that is the one param- 016k®--- G | ' T
etrized bya*=2.1 Previously, we obtained the liquid-vapor S,

coexistence curve, based on the glue-model energies and us- [

ing the hopping truncation at.,=3.1dys. The simulation o
technique utilized atNVT slab; that is, a constant number of =

atoms(N) are enclosed in a volum®&) at a chosen tempera- 220,08 R .
ture (T). The (N=1500 atoms were initially confined in the B N
slab, which occupies only part of the available volume, and LN
the MC simulation allowed evaporation into the remaining
(originally empty volume until a coexisting liquid-vapor 0 0.4 0.8 12
system was equilibrated. In the present work, the liquid- pd
vapor and, beginning at the triple point, the solid-vapor co-

existence curves are obtained using the exact electronic en- g 1. | iquid-vapor phase coexistence resuits. At low tempera-
ergies. The electronic energies, at each step in the simulatioge the coexistence is solid vapor. The open cirtesl dotted line

are obtained by exact diagonalizations. SInCENaXIN ma-  ¢,nnecting themare the previously published results using the glue
trix diagonalization is required at each MC stéphas to be 1,54l with a MCNVT-slab simulation technique amd=1500. The

kept reasonably small, but it still has to be sufficiently largegq,are symbols represent the present results based on the exact
to obtain _reasonable thermodynamic properties. Due to thgnergy evaluations with,;=3.1d,s the open square@nd dashed
comparatively smalN used, theNVT-slab method is not  jine connecting themresult from theNPT simulations withP=0
appropriate. Therefore, we have performed two alternativg,g N=256, and the filled squares from Gibbs-ensemble simula-
types of simulations. To find the solid-vapor and the liquid-ons (N=350). The filled triangles represent Gibbs-ensemble simu-

vapor phase diagrams at low temperatures, Monte Carlgyion results(N=350 using the exact energies but now without
NPT simulations at zero pressure have been carried OUtgryncating the electronic hopping.

with N=256 particles, a reasonable approximation for a lig-
uid (or solid coexisting with an extremely dilute vapor

phase? As input configuration for thesPT simulations, we though there are noticeable discrepancies quite near our es-
used the structures that minimize the energ§a0. For the  imated critical point, since the results of using that glue-

solid, we only tried fcc and bcc structures and the resultingy4e| approximatiorfopen circles are in reasonably good
equilibrium structure is fcc. With increasing vapor density, agreement with those from the exact energisuares and

the ZEro pressure simulation ”.‘eth"d IS not appropriate fOlrriangles). Naturally, we can only estimate the critical condi-
obtaining the liquid-vapor coexistence curve at higher tem-

: . 7 tions due to the small size of our simulation system. It should

peratures, so Monte Carlo Gibbs-ensemble simulatibage : . .
been used with a total dfi=350 particles in the twdcoex- be emphasized thqt n order that a glue'model b.e able to give
istence boxes. Both methods incorporate periodic boundary>Uch @ good description of the phase diagram, it needs to be
conditions and the coexistence densities are obtained as QRt@ined, as ours was, guaranteeing that it reflects typical,
average over & 10° MC steps. not arbitrary, system configurations of interest. Therefore, the

Figure 1 presents a comparison of the approximate vapoRresent _results conﬂrm the _characterlstlcs of the I_|qU|d—vap0r
liquid coexistence densities obtained, as a function of temPhase diagram obtained with the glue-TB-HS. First, a very
perature. The present results are exhibited, from the tw@symmetric liquid-vapor coexistence curve shape, due to
simulation methods based on the exact energéRT (P many-body ionic effects which, in turn, are due to the elec-
=0) and Gibbs-ensemble, and they are compared to thodgonic delocalization energy. Also, on comparing our results
resulting from using the glue-model approximation of previ-with the shape of the experimental coexistence curve of
ous work and thé\VT-slab technique. Also, a comparison is cesiumt the liquid branch is very similar to the results ob-
shown between results based on the exact diagonalizatiofigined here but there are clear differences for the vapor
but arising from cutting off the range of the hopping andbranch since our vapor densities are too low. The main dif-
those obtained dispensing with such a cutoff. ference between our results and those of real cesium vapor,

The results shown in Fig. 1 demonstrate that the phasat coexistence, arises from the fact that our model has a
diagram obtained with the exact energies is almost indeperstronger tendency to produce clustering than the real mate-
dent on whether we useg,=3.1d,s (filled squaresor dis-  rial.
pensed with the cutofffilled triangles. There does seem to The estimate for the triple p9int temperature, obtained by
be a general, slight, increase in the coexistence liquid densissingNPT P=0 simulations, isT, =0.06; it is very similar to
ties when there is no cutoff, as expected by the increase ithe value(T,=0.09 in our previous work, arising from a
cohesion, but the effect is small enough to be within theperturbative approximation in which the electronically in-
margins of error due to limited statistical sampling. The in-duced correlations of the ionic positions were ignof@dea-
sensitivity to the cutoff was expected, as noted when theonable starting point at high ionic densilie¥/e obtain a
truncation was justified in our previous glue-TB-HS wérk, ratio between our estimates for the critical and the triple
and is reassuring. point temperatures of ./ T,~2.8 which is to be compared

Figure 1 also demonstrates that our glue model does haweith T./T,~ 6.4 for the alkalis, and./T,=~ 1.8 for the noble
the predictive capacity to describe the phase diagram, agases. Thus, the TB-HS model qualitatively describes the
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FIG. 2. Phase coexistence frodPT P=0 (N=256) and Gibbs-
ensemblgN=350 simulations compared to each other and to pre-
vious work(results also shownOpen circlegand dashed line con-
necting them are the previously published results usiNgT-slab
simulations(N=1500. Semifilled circle(at the lowest temperature
NPT P=0, N=256 simulation. Filled circles are results from the
Gibbs-ensemblgN=350 simulations. All the above results are
based on the same glue-model energies. The filled squases
Fig. 1) are results from the Gibbs-ensemble simulations based on
the exact energies but without truncating electronic hopping. new NVT Monte-Carlo simulations, based on the exact or

glue-model energies, were carried out at densities and tem-

tendency of the alkalis towards low melting temperatures. peratures corresponding to the glue-derived liquid-vapor co-

It is unclear whether the differences, near our estimate§XSténce curve. In this way we can compare equilibrium
critical point, between results obtained with the exact enerconfigurations resulting from alternative energies at the same

gies and those from the glue model are intrinsic, or due to gensity and temperature. In choosi_ng this approach th_ere_is
difference in simulation technique, or even to the dif“ferentalso a guarantee that the system is s_taple since the liquid-
numbers of particles in the simulations. We have tested th¥@POr glue curve encloses the exact liquid-vapor curve and

effects of simulation technique and number of particles b)} us all configurations obtained in these tests are in the single
repeating theNPT (P=0) and Gibbs-ensemble simulations, phase regime. Finally, for chosen thermodynamic conditions,

under the same conditions used in the exact calculations, bﬁfmh set oNVT configurations was averaged to obtain the

this time using the same glue-derived energies as in the prégdial distribution function, which is also averaged over di-

vious work rather than the exact energies. The results arreeCt'on_S' Such results fg(r) will be compared. .

shown in Fig. 2. As can be seen in the figure, the results from In Fig. 3_ we present three_ results fgfr) "?lt conditions
the simulation techniques used here are in good agreemefip'reésponding to a low density expanded liquid:=0.15,
with those of our previous work, when all are based on the?. =0-344. The results were obtained from the following
same glue-derived energies. Thus, the simulation techniquéimulations: those based on the exact energes256), a
and the small number of particles in the exact calculation§h@nge to using glue-model energigé=500, and those
only affect the results in minor ways. The discrepanciesising only HS interactions. Similarly, Fig. 4 shows the
shown in Fig. 1 are therefore due to the intrinsic difference€duivalent three functions but now at conditions correspond-
in the configurations resulting from exact energies compared

to those resulting from the glue-model energies. Although b T T T 7
such differences are nontrivial, we judge that, for a realistic
treatment of a metallic fluid, any approximation to the inter-
action potential(electronic screening, pseudopotential, )etc.
will introduce stronger effects than those due to the glue-
model treatment; hence, we consider that this type of glue-
model simplification is a valid tool to study metallic fluids.

FIG. 3. Radial distribution functiong(r) obtained from MC-
NVT simulations, for a low density expanded liqui@i* =0.15 and
p*=0.344). We compare thg(r) arising from using exact energies
with N=256 (solid line), that arising from using the glue-model
energies withN=500 (dashed ling and the one obtained using the
HS correlations onlydotted ling.

B. Fluid structure

The results in the previous section document that calcula-
tions of the phase coexistence densities based on exact or s
glue-model energies are quite similar. Now we explore rd,
whether appreciable structural differences exist in the coex-
istence configurations obtained using the alternative meth- FIG. 4. Radial distribution functiong(r) obtained from MC-
ods. To make the test as rigorous as possible, we focus aVvT simulations at a high density vapor, near the transition region
conditions near our estimated critical point where the therfrom metallic to nonmetallic behavidiT* =0.1575 andp*=0.03).
modynamic differences are maximized. For that purposelines as in Fig. 3.
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1.5

be seen to show a slight shift to smaller wave number com-
pared to that based on the exact energies, this is the same
effect already observed in the radial distribution functions.
However, the effect is small and the figure demonstrates that

05|
T the glue model yields a reasonably faithful representation of
st (")_ the exact static structure factor for the three densities. Such
<t W structural fidelity justifies the good results for the thermody-
ZER i A S T namic properties.
05 T As an aside to the main thrust of this paper, to compare
I © the structural properties of the present model to those of the
L5 . real alkali fluids, one must keep in mind two principal prop-
il 4 N erties of the real systenfshe softness of the repulsive part
sl 1 of the effective potential, which causes the initial increase of
5 + ' = ™ g(r) to become more gradual as the temperature increases,

klgh and the observation tha#(k), at low k values, exhibits a

s strong increase at high temperature, even quite far from the

FIG. 5. Calculated static structure factors, for three points on th&fitical point. Regarding the first property, the softness of the
glue-derived liquid-vapor coexistence curve. The full lines are refepulsive potential is certainly not included in our model,
sults from our MCNVT simulations(N=256 particles determined ~ Which assumes hard spheres. In fe&k) in our model ex-
by the exact energies; the dashed lines from our M\CF simula-  hibits a strong oscillatory structure even on increasing the
tions (N=500 particlep using the glue-model energies; the dotted temperature, in contrast to the oscillation damping
lines are calculated assuming only HS correlations among the iongbserved for cesium and rubidium. The robustness of the
The vertical thin line indicates the position of maxima$k) at  oscillatory structure is a hard-sphere effect. It, in fact, corre-
high density, as a reference to its position for the lower densitiesponds to such an effect for spheres of larger diameter than
shown. The three densiti€¢$* values are noted in textorrespond  that chosen in the model, a result due to the clustering in-
to (a) p*=0.344 (a low density expanded liquid(b) p*=0.175(a  qyced by the electronic energy. If a soft repulsion had been
density very close to our estimate for the critical pgpirend (c) chosen for the model, the oscillatory structureSt) would
p*_:0.03 (a.vapor, in the transition region from metallic to nonme- have been damped as the temperature increésBee.second
tallic behavior, see Refs. 1 and.6 observation, however, does result from the model, as can be

seen in Fig. 5. As in the real systems, our structure factor

ing to a high density vapofT*=0.1575, p*=0.030. Both  shows a strong increase at ldewalues as the density is
figures show, naturally, that the glue-model based results angwered, in the vapor phase, from the critical regime. Though
closer to those based on the exact energies than those of iogscompressibility divergence at the critical point is well
correlated only by HS effects. The exact and glue resultknown, the phenomenon under discussion is distinct and this
exhibit strong clustering, both in the liquid and the vapor.effect, in the model, is even more pronounced than that in the
Also, at the liquid and the vapor densities, the radial distri-real systems. Such an enhancement reflects the presence of
bution function, near the hard—sphere diameter, is SUbStard-imerS’ trimers, and |arger clusters, which form a h|gher
tially higher and narrower when obtained based on the exagtaction of our model system than in the real alkali fluids. A
energies than if based on the glue model. Such structurabw-k enhancement in the structure factor reflects a com-
differences indicate that short-range correlations among thgressibility increase, which will clearly result from an in-
ionic positions, induced by the exact electronic energies, argrease in clustering since the free volume is then enhanced.
somewhat weakened when the glue-derived energies amhe lowk enhancement iS(k) results from both the calcu-
used. As the glue is obtained from fits to local weighted|ations based on the exact energies and, as previously noted
averages in configurations which themselves have differene glue-model based ones; thus, the model reflects the ex-
global average densities, it appears probable that the cause @drimentally observed effect. Calculations for expanded
part of the differences shown here might have been correctggpidium* within the optimized random-phase approxima-
by improved choices for the weight functions in the gluetion, give evidence that this enhancement is due to a break-
model of our previous workEg. (7) of the present article  down of the nearly free-electron approximation in a regime

Nonetheless, as the glue-model approach has been fouRghere the mean free path of the electrons becomes smaller
adequate for the thermodynamic calculations, one should n@kan the average interatomic distance. Obviously such an ef-
overemphasize the importance of structural differences sudfact is being included in our model and is associated with the
as those shown in Figs. 3 and 4. This point of view is rein-formation of clusters; however, if there were no such strong
forced on examining the static structure fact®%) along  clustering the enhancement would be somewhat muted.
the coexistence curve; results f8tk) are shown in Fig. 5.
Note that the density and temperature conditions in this fig-

ure not only include those corresponding to Figs. 3 and 4 but C. Electronic properties
also include a set of conditions very close to our estimate for
the critical point(T*=0.16, p*=0.175. Overall, the static In this section, we discuss the influence of clustering and

structure factor resulting from the glue-based simulations cainhomogeneities in structure, arising from the electronically
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osk@ ' ' ] model results, that it is only reasonable to describe the sys-
sk tem as one with HS correlations for dense liquigs®
1 =0.39, in order to obtain realistic electronic densities of
021 states. The difference betwe&E) obtained with the exact
0 or glue correlations and the one based on HS correlations
0.6} ) X . . )
I becomes increasingly larger as the density decreases, the dif-
@ 04r ference is quite large on reaching the vapor side of the co-
~ o2} existence curve. In such density regimes, the glue and the
0 exact calculations result inla(E) which remains quite simi-
06} © lar to that in the dense liquid but stronger peak structures,
oal due to localized electronic states, begin to appear, first local-
sl ized on atoms, gi*=0.175, and then on atoms, dimers, and
) | ' trimers, atp* =0.03. In contrast, assuming HS correlations at
0¢ - ") it such a low bulk densities leads to an electronic density of

Eft, states with a strong, narrow, and symmetric band near the
energy corresponding to isolated atoms. More details are
FIG. 6. Electronic density of states per ibfiE) as function of  given in Ref. 1.

E/t, for the same three sets of conditions as in Fig. 5. The full lines
give the results obtained using ionic configurations from our MC-
NVT simulations(N=256 particlesbased on the exact energies; the D. Final remarks
dashed lines from our MGIVT simulations(N=500 particles us-
ing the glue-model energies; the dotted lines are calculated assum- Our first conclusion, based on using the exact energies of
ing only HS correlations among the ions. this work for the MC simulations, is that the thermodynamic
roperties of the TB-HS model can be adequately obtained,
s was done in Ref. 1, using a suitable glue-type fitting to
escribe the energies of atoms as a function of their environ-

induced positional correlations among ions, on the electronig
density of states. We compare the results obtained from th

exact and glue-derived configurations. In Fig. 6 we S hent. This conclusion is important, as using glue-derived

the electronic density of states per Ioh(E)=(%,J(E energies is one of the few ways that calculations for this type
—€))/N; we again make the test rigorous by choosing the f metallic fluid problem can be simplified for computational

same three sets of thermodynamic conditions as were Chos‘%}‘]ﬁcienc It is worth emphasizing this conclusion, as we had
for Fig. 5. The results have been obtained us\hgT Monte Y. P 9 ’

Carlo simulations, 2000 configurations were averaged with glready shown that perturbative mean-field methods are not

configuration being chosen after each 100 MC steps. Fopt all appropriate to the present problem. The present work
comparison, we include, in the same figure, IHE) calcu- also confirms the results for the TB-HS model obtained pre-

lated based on MC runs evolving with exact enef@yl \_/iogsly With the glue-model treatment: an asymmetric vapor-
line), with the glue energydashed ling'? and exclusively liquid coexistence curve which is similar to that observed
with HS interactions. The main conclusion drawn from theexperimentally for the alkali fluids, the electronically in-
comparison of the electronic density of states is that, also ifuced correlations are more important in this model than in
examining this property, there is no indication of qualita-real alkali fluids, and the electronic density of states at low
tively different structural effects arising from basing the densities depends dramatically on the self-consistency be-
simulations on the exact rather than the glue-derived enetween the ionic and the electronic structures.
gies, for the three sets of conditions. Therefore, we conclude Generalizing, suppose that instead of considering the
that the glue model is sufficiently accurate in describingpresent, somewhat artificial, TB-HS model for a hot metallic
ionic configurations, in the entire density range consideredfluid one considered using a realistic model, with pseudopo-
so that there is negligible difference between the electronitentials describing the electron-ion interaction, taking into
density of states derived from such configurations and thaaccount screening, electron-electron interactions, and some
resulting from an exact evaluation of the system energiessoft-sphere ion-ion interaction, in order to calculate the ther-
Gross structural differences are certainly observable, as imodynamic, structural, and electronic properties of the fluid.
evident in the comparisons with the case in which there ar®ur results suggest that using a few hundred atoms and al-
only HS correlations; more subtle structural differences ardowing a self-consistent electron-ion treatment can form the
also detectable in the electron density of stdfeSompari-  basis for a suitable glue-model fitting of the atom energies as
son of conductivity results for the modehrising from the a function of local environments, with a computational bur-
exact and glue approaches, certainly probes more details thaen which, though heavy, is comparable or lighter than that
merely the density of states but also yields good agreementndertaken in this work. The burden would certainly be
Thus, a negligible difference is expected on calculating anyeavier that that shouldered to obtain our glue-model fits.
electronic property of realistic models for metallic fluids, Attempting to continue, without the glue parametrization, for
whether the calculation be based on configurations derivethe millions of MC steps required for an adequate statistical
from exact energies or from this type of glue model. sampling of the thermodynamic properties would be prohibi-
Once again we conclude, based on the present exact etive. Yet, with the glue-model fits, studying an adequate
ergy calculations as was the case based on the previous glugpectrum of configurations for the statistical sampling seems
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indeed feasible. Our comparison of properties based on eealistic treatment, would yield accurate results. We suggest
glue model and those obtained from using exact energies fdhat this is the most important conclusion to be drawn from
the TB-HS model suggests that the above procedure, for aur effort.
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