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We show that Shaw’s optimized nonlocal model potential (OMP) in combination with the perturbative hyper-
netted-chain equation for pair correlation functions can be successfully applied to predict pair structures of
compressed and expanded liquid rubidium. For compressed rubidium, it is possible to apply the OMP to a state
for which the model radius is even close to the Wigner-Seitz radius. In addition, our results are parallel to those
from Chihara and Kahl's quantal hypernetted-chain equation in that it supports the uniform compression model
up to 6.1 GPa. Calculation also shows that the pair structure is relatively insensitive to the choice of the ex-
change-correlation function for the electron liquid. Discussions are also given for compressed and expanded
cesium.

Introduction idea of the model potential itself is valid when the model
radius is comparable to the Wigner-Seitz radius. For this we

Recently, we have successfully applied Shaws optimizetiote that the physical idea underlying the OMP is that the
nonlocal model potential (OMP) to the calculation of ther-bare interaction of a valence electron with an ionic core can
modynamics and pair structures of liquid alkali and alkaline-be replaced by a model potential due to Heine and Abaren-
earth metal$.To be more precise, the calculation was basedov, so that the potential yields the correct logarithmic deriv-
on the combination of the OMP for calculating the electronicative of the true wavefunction at some model radius which is
energy of a metaf and the perturbative hypernetted-chain small compared to the Wigner-Seitz radius. Furthermore, we
integral equatiot® (PHNC) for calculating the pair struc- need an answer to the question if the second-order perturba-
tures from a given pair potential. This success implies thation theory of electron-ion interaction fefp bonded metals
the OMP, within the second-order perturbation treatmentgcan properly describe the dependence of the screening and
can make a good account of the electron-ion interactien in the exchange-correlation effect of conduction electrons upon
p bonded metals. This is possible because the PHNC is suffihe change of density. On the one hand, there are many theo-
ciently reliable to rule out any possibility that the major dis-retical works on the pair structure of expanded liquid rubid-
crepancy from the experimental data is ascribable to thaum.” 1% These works showed that a universal behavior is
statistical mechanical part of the OMP+PHNG., the  observed as the alkali metals are expanded along the liquid-
PHNC. For this, we note that the PHNC is almost equallywapor coexistence curve, many of which are related to the
reliable for model systems interacting with a pair potential ofgradual transition from the metal to a nonmetallic state. In
varying degree of softness from the unscreened Coulombithis respect, it will be worthwhile to study how well the
system to the Lennard-Jones system. present method reproduces these features.

In view of the successive description of metallic properties Our previous calculations were based on Ichmaru and
at normal density, a natural question is if OMP+PHNC isUtsumi’s expression (IU) for the exchange-correlation func-
still reliable for liquid metals at expanded and compressedion G(K) of the electron liquid® However, the IU expres-
states or not. For liquid rubidium, it is possible to answer thision does not give a correct asymptote at large that it
guestion at least partly, since experimental data of the strugaturates to a constant. Very recently, Moroni, Ceperley, and
ture factor are available from the x-ray diffraction or the Senatore (MCS) presented an accurate fit to their diffusion
neutron scattering method. Theoretical works also suppliMonte Carlo dat&based on the correct behavior at lakge
ment the experimental observation. For compressed liquith the limit, the function takes the for@(k) = C(k / ke) +
rubidium, we mention two recent works. The first one is theB, whereB andC are density-dependent parameters. Although
first-principle molecular dynamics simulation due to Shi- major difference irG(K) is observed dt > 2 ke between the
mojo et al,”® and the second one is due to Chihara and KahlU and the MCS, there is still a nonnegligible difference at
(CK) on the quantal hypernetted-chain equation in combinak < 2 kg, especially ak ~2 k. And that difference was man-
tion with Rosenfeld’s modified hypernetted-chain equation. ifested in the difference iN(r) calculated from Ashcroft's
These works showed that the static structure factors or thempty-core pseudopotentidl. A natural question which
radial distribution functions calculated from their methodsarises in relation to this observation is: (1) Is the difference
are in good agreement with experimental data at states corm G(k) atk > 2 ke still not important for Shaw's OMP which
pressed along the melting line. In this respect, it will beis nonlocal? (2) Will anything different be observed upon the
interesting to answer the question to what extent the basithange of density due to the compression or expansion? (3)
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What kind of change is brought about in the pair structure as Results and Discussion
a result of change iW(r)? These are additional problems
which will be considered in our calculation. First, we describe our calculations for liquid rubidium
compressed along the melting line. Five states considered in
Formulation Table 1 correspond to those for which experimental data of
pair structure are availabiéAn important observation from
In this section, we give only a brief description of the the Table is that the relatidt < awsis not satisfied at (570
OMP and the PHNC, since the details are given in Ref. 1K, 6.1 GPa) with neither the AH nor the BG set of the OMP
The OMP is based on the optimization of the Heine-Abarenparameters. This can be a serious drawback of the OMP,
kov potential describing the bare interactiog(r) of a  since the method is expected to work only if the potential
valence electron with an ionic core: due to an ionic core becomes Coulombic within the Wigner-
, , Seitz radius. The condition can be expresseR:.as R <
_  Ze 0 Ze aws. (R is the core radius of Rhbon.) However, it is also
Wo(r) = = T P OO[R'(E) _r][A' B TJ P (@ possible that it merely reflects the fact that both of the AH
B and the BG fail to give reasonable estimation of the core-
Wherely is the highest angular momentum quantum numbeshift Ag: for the metallic environment at high compression.
for the core electrondR(E) and A(E) are the radius and Therefore, we propose a modified BG scheme (M-BG) in
well-depth of the core which depend on the energy engerwhich Ag: for all values ofl are calculated from the BG
value of the systemP, is the projection operator which expression forl =0. For this, we mention an important
extracts out théth angular momentum component from the aspect of Shaw’s formalism: ValuesAffrom the AH or the
eigenfunction;O(r) is the heavy side step function. Shaw BG are not used as they are, but are modified to take into
showed that the optimization of the model wavefunction isaccount additional terms to the first order in the total model
achieved when the relatioh(E) = Z&? / R(E) is satisfied. ~ potential. [For more details, see Egs. (5)-(10) in Ref. 3.] Not
Parameters in the model potential are calculated from tht® say, the major reason for doing this is that we need more
extrapolation of those for ionic term energies. Specifically,accurate estimation of the core-shift than simply taking the
core-shift of the electron energy due to the conduction elecaverage of the potential for an electron in the Wigner-Seitz
trons and all the ions other than that to which the electrogell. Therefore, it remains a question if various arguments
belongs was calculated from the prescriptions given by Aniused to derive the BG expressionAar are still valid in our
malu and Heine (AHY'° Ballentine and Gupta (BGJ?°  calculation as they are. Furthermore, there are various
and another one based on the BG, which will be explained iapproximations in the BG. For example, it does not take into
the next section. account the inhomogeneity of the electron system originat-
In the context of the second-order perturbation theory, théng from the large electronic density inside an ionic core. In
effective interactioV/(r) between a pair of ions is the sum of short, we believe that our modification to the BG does not

direct and indirect contributions. Namely, introduce any serious problem in the calculation. In fact, dif-
o) . . ference iR, between the M-BG and the BG is less than two
V(r) = (z8) | %J' dqcfF(q)3Ran) (2)  percent, which is much smaller than that between the AH

r -0 ar and the BG. As shown in Table 1, at (570 K, 6.1 GRa),

WhereZ* is the effective valence which takes into account(Er) calculated from this modified scheme satisfies the rela-
the difference between the true wavefunction and the moddion Rc < Ry <aws®

pseudo wavefunction, arfe{q) is the energy-wavenumber  For clarity, we have studied the dependenc¥®(of and
characteristic. To calculafq), we assume a uniform distri- pair structures on different choice ®¢k) as well as on dif-
bution of the depletion charge over an appropriate core vol-

ume. As explained in the previous section, the exchangeFable 1 Model radiiR(Ef) in the OMP at = 0 and 1 for liquid
correlation functiorG(k) comes into our calculation through rubidium compressed along the melting line. Three different sets of
two different expressions due to MCS and IU. data corresponds to different methods for calculating the core-shift.

. . . L. . BG, M-BG, and AH denote the methods due to Ballentine and
In the PHNC, f[he pair potentia(r) is d'Y'ded 'nt(_) th_e Gupta, our modification of that due to BG, and Animalu and Heine.
reference potential/o(r) and the perturbation contribution The Wigner-Seitz radiusaws at each density is shown for
Vi(r) in a way that depends on the density. As in the previousomparison. Note that the optimization of the model wavefunction
work, the repulsive rangkin V(r) is assumed to follow the requires thaA(Er) - R(Er) = Z€, whereZ is the valence charge.
relationA = min(agc, *), Whereag is the nearest neighbor Ro(Es) Ru(Er)
distance in the face-centered-cubic lattice ahdis the  T(°K) p(g/cc) P(GPay
SO . . BG M-BG AH BG MBG AH
interionic distance at whicki(r) becomes the global mini-
mum. Next, the bridge functio(r) of the metallic system 1459 0.0 4.141 4.141 4.372 4.297 4.263 4.3915.391
is approximated by thaB(r), for the reference system. In 370 1562 02 4.144 4.144 4396 4.302 4.265 4.4035.271
turn, Bo(r) is calculated from the numerical solution of the 520 2057 25 4121 4121 4472 4301 4.253 4.4394.810
Ornstein-Zernike relation using Balloeg als closure rela- 540 2276 39 4171 4171 4605 4337 4.281 4.4984.649
tion 2t 570 2.850 6.1 4.198 4.198 4.847 4.368 4.296 4.5884.313
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ferent choice of the parameters in the OMP. Different combithrough the small uncertainty in our knowledgés¢). For
nations will be denoted by (M-BG, MCS), (M-BG, IU), (BG, k <2 kg, we note that the only appreciable differenc&(k)
MCS), (BG, IU), (AH, MCS), and (AH, IU). As explained in is observed ak ~2 ks among various expressions for it
the previous sections, M-BG, BG, and AH denote the differ-available up to now. [See Figure 4 of Ref. 17.] As in the case
ent methods for extracting the core-shift, and MCS and IWbf the local pseudopotential, the uncertainty at ldkgemnot
represent the difference in the calculation of the exchangamportant. This is supported by our calculation which shows
correaltion functionG(k). When we consider the effect of that the curves o¥(r) from the MCS and the local density
G(k) on V(r), we observe a behavior which is qualitatively approximation (LDA) are nearly indistinguishable from
very similar to that observed by Moroat al for liquid each other on the scale shown in Figure 1.

sodium calculated from the local pseudopotenfiat (350 Figure 3 shows the structure factor calculated from the
K, 0 GPa), corresponding to the triple point, Figure 1 showgpresent method in comparision with Tsetjials experimen-
that the MCSV(r) is lower than the 1U by almost a constant tal datd? at four compressed states considered in Table 1.
amount (~0.1&T) atr* <r <r s, whereV(rs) corresponds to  For simplicity, our results are shown for (M-BG, MCS) and
the shoulder in the potential. This difference (in unitk™f  (AH, MCS) only. It is practically impossible to distinguish
gets smaller as pressure increases. [See FigureVZrjaat  (M-BG, IU), (BG, MCS), (BG, IU) from the (M-BG, MCS)
(540 K, 3.9 GPa).] From the two figures, we also observeon the scale shown in the figure. Presumably, this result
that the difference iv(r) introduced by the modification of reflects the well-known fact that the structure of liquid is
the BG to the M-BG is much smaller than that due to changenainly determined by its repulsive interaction, noting that
of G(K) or due to the change of the OMP parameters fronthe major difference itv(r) between these four combina-
the AH to the BG, being noticeable onlyrat r*. Fortu-  tions occurs only in the attractive range. On the other hand,
nately, this implies that possible erroMr) introduced by a  difference inv(r) between the AH and the BG extends to the
few percent of inaccuracy in the OMP parameters is not sigrepulsive range, causing much larger difference in the pair
nificant. Rather, much larger uncertainty can be introducedtructure. In the figure solid lines correspond to the M-BG,
and the dotted lines, to the AH. In accordance with our pre-
vious work on the liquid alkali metals at normal pressure, the
AH exhibits larger oscillation in the first few extrema. We
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Figure 1. Pair potential(r) for liquid rubidium at (350 K, 1.459
g/cc, 0 GPa) calculated from the OMP: (a) Solid, dotted, dashec
and dash-dot-dashed lines correspond to (M-BG, MCS), (M-BG, o
IU), (BG, MCS), and (BG, IU), respectively. (b) Solid, dotted, ")

dashed, and dash-dot-dashed lines correspond to (M-BG, MCSFigure 2. Pair potential/(r) for liquid rubidium at (540 K, 2.2
(M-BG, IU), (AH, MCS), and (AH, IU), respectively. See thettex g/cc, 3.9 GPa) calculated from the OMP. See the caption in
for definitions of these terms. 1 for the notation.
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Figure 4. SKk) for the liquid rubidium at 3.9 GPa calculated fi
the present method in comparison with Tatjials experiment:
dat&? (open circles). Solid line represents our data from the )
at 2.560 g/cc.
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Figure 3. SKk) for the liquid rubidium at four states (0.2, 2.5, 3.9,
and 6.1 GPa) compressed along the melting line calculated fror -
the present method in comparison with Tstjials experimental

dat&? (open circles). Solid and dotted lines correspond to the M-
BG and the AH sets of the OMP parameters. At 6.1 GPa the At L
data are not shown, sinBe > aws See the text.

have not shown the AH result at 6.1 GPa, sRckecomes
larger tharawsas described above. L
More importantly, our results are qualitatively very similar
to those of Chihara and Kahl (CK) calculated from the quan _ '~
tal hypernetted-chain equation in conjuction with the MHNC =
for calculating the pair structufeKeeping in mind that the
low k behabior of the experimental data are rather uncer 0
tain? we find a good agreement with experimental data a ‘»
0.2 and 6.1 GPa. However, theoretical peak positions ar
shifted toward smalldrat 2.5 and 3.9 GPa. CK also observed
a similar behavior, and they attributed it to the possible inac
curacy of the estimated density of liquid rubidium at high 1=
pressure. In fact, the peak position calculated from the M
BG or the BG agrees with experimental data much better |
the density is slightly increased. Figure 4 shows this at 3. 0
GPa. Theoretical data in the figure were calculated =at ° 2 ) ° ?
2.560 gfcc corresponding to the decreasmwiby approxi- - o o 5 o) for the liquid rubidium at 0, 2.5, and 6.1 ¢
mately 4%. We still note that there remains a noticeable dif 5icyjated from the present method in comparison with Esajis
ference in the height of the first two maxima. According toexperimental dafa (open circles). Solid and dotted lines repre
Tsuiji, there is some ambiguity in the experimental values oour data from the M-BG and the AH sets of the OMP parame
the peak height, while the peak position is accurate and rel.-
able? Figure 5 shows(r) calculated from the present method and 8, similar comparison was given for Shimejoals
in comparison with that from the Fourier trasnsform of Tsujiresult obtained from the first-principle simulation. It should
et als experimentaSk) at 0, 2.5, and 6.1 GPa. In Refs. 7 be mentioned again thgfr) derived from the experimental
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SK) is subject to some uncertainty. Keeping this in mind, wdation also supports this observation. As noted by them, the
conclude that our data agree with experimental data in a refirst peak of§K) is located almost at the same scaled posi-
sonable way and exhibit a behavior again very similar tdion (kiaws = 4.30) at all the states considered. Specifically,
Shimojoet als results. Unfortunately, the uncertainty of the we see no sign of deviation from the uniform compression
experimental data makes it difficult to evaluate the reliabilitymodel at 6.1 GPa. This is in contrast to Shinetjals con-
of the AH relative to the BG or the M-BG. At present, any of clusion that the liquid rubidium deviates from the uniform
them seems to be about equally reliable as long as the detempression model at 6.1 GPa, which was ascribed to the
sity does not exceed 1.5 times of that at the triple point.  electronics —d transition described above. Although not

It is also worth mentioning that the OMP still gives reli- shown here, the uniform compression model is further sup-
able results at high pressure, even in case when the modabrted by our finding that the peak position dfr) is
radius is very close to the Wigner-Seitz radius. For examplanversely proportional tg'>. More detailed investigation
at 3.9 GPa, Table 1 shows that botiRe{Er) andR; (Ef) shows that this scaling property is not attributable to the
already exceed 90% of the Wigner-Seitz radius in all threacaling property of the pair potential: We are able to confirm
methods of choosing the OMP parameters. Second, thiat plots ofV(r)/KT versus/awsat various pressures do not
present calculation was performed without modeling orcoincide with each other. Rather, Figure 7 supports CK’s
pseudizing thed-component of the valence wavefunction. observation thaV/(r) is almost state-independent, although
According to Shimojeet als calculation, the electrong—-d ours are slightly more sensitive to the change of density.
transition takes place gradually as the pressure increases. f&ee Figure 8 of Ref. 9 for comparison.]
a result, the electronic density of state near the Fermi level Now, we briefly consider liquid rubidium expanded along
consists mainly o component at 0 GPa, adccomponent  the liquid-vapor coexistence curve up to (1900 K, 0.64 g/cc).
at 6.1 GPa. At present, the uncertainty of the experimentahs an example, Figure 8 showg) for (M-BG, MCS), (M-
data does not allow us to figure out what is lost by not modBG, IU), (AH, MCS), and (AH, IU) at (1400 K, 0.97 g/cc).
elling the d-component of the wavefunction. It's possible Curves for the BG are not shown, since they are nearly indis-
that the lowestd-orbital is already smooth enough not to tinguishable from those for the M-BG. Although less pro-
need modellization . nouncd, the variation &f(r) with variations ofG(k) and the

CK pointed out that there is a strong scaling property irOMP parameters is qualitatively similar to that at 350 K
the structure of compressed liquid alkali metals in 8gt  shown in Figure 1. Figures 9 and 10 sigk) andg(r) cal-
of two different states practically coincides when the dis-culated from the present method in comparison with Feanz
tance is scaled in units af;s Figure 6 shows that our calcu- al's experimental dafdat 1400 K. We first note that four

theoretical curves di(k) are in reasonable agreement with

19 ' T ' | ' | ' h experimental data, differing from each other onhk atO.
Similar degree of reliability is also manifested in the theoret-
ical g(r). Interestingly, all the curves exhibit a behavior qual-
itatively very similar to Shimojet als result from the first-

0.015 T I T T T
7; i ]
0.010 — —
5
R 0.005 — -
- =
4 . | L | i i
1.00 1.10 1.20
(P/Po)”3 0.000 —
Figure 6. Peak positionk, of JK) at states compressed along the
melting line. Filled circles are Tsugit als experimental data at O, L i
0.2, 2.5, 3.9, and 6.1 GPa. Filled squares are also fromeTsig
experiments. These data are digitized from Figure 11 of Ref. 9 0.005 ] | 1 | . | .

Dotted line represents Chihara and Kahl's empirical kubgs = U, 4 6 8 10
4.30 deduced from their QHNC calculatibb®pen squares connedte o
by a solid line correspond to the present calculation based on tr "(A)

M-BG set of the OMP parameters. Open triangles connected by Figure 7. Pair potential(r) for liquid rubidium at 0 (solid line
dashed line are for the AH. Theoretical datum is not shown for th 5 (dashed line), and 6.1 GPa (dotted line) calculated fro
AH at 6.1 GPa, since&; > aws OMP based on the (M-BG, MCS).
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Figure 8. Pair potentiaM(r) for liquid rubidium at (1400 K, 0.97  Figure 10. g(r) for rubidium at (1400 K, 0.97 g/cc). Notations

glce) calculated from the OMP. See the caption in Figure 1(b) fothe same as in Figure 1(b).
the notation.

7.0 T | T | T T | T

6.0

5.0

S(k)

4.0

3.0

20 | | ! | ! | ! | !
0.0 ! | ! | | | ! 0.6 0.8 1.0 1.2 1.4 1.6
0 1 2 3 4 p(g/cc)

k(AY Figure 11 The first coordination numbéh of the liquid rubidiur

Figure 9. S(K) for liquid rubidium at (1400 K, 0.97 g/cc) calcukite €xpanded along the liquid-vapor coexistence curve. Open
from the OMP. See the caption in Figure 1(b) for the notation. filled circles, open triangles, and filled triangles denote results
the present calculation based on the (M-BG, MCS), (AH, NV

L ) ) L ~ (M-BG, 1U), and (AH, IU), respectively. Solid and dotted |i
principle simulation shown in Figure 1 of Ref. 14. We list show the best fits to the (AH, MCS) and (M-BG, IU).

two more results consistent with experimental results whict,

are universal to all the alkali metals. First, the peak position, It is also possible to apply the present method to other lig-
ki, in §K) is almost invariant under change in density. Simi-uid metals. For this, we note that Tsefial performed X-

larly, the peak positiorr;, in g(r), decreases only slightly ray diffraction study of the dependence of the structure fac-
with decrease in density. Second, the first coordination numtor of liquid cesium on the pressidfdhey argued that there
berN; decreases linearly with decrearse in density, as showis a structural change at about 2 GPa, and another one
in Figure 11. [Herel\; is defined byij’Oldr4nrrzg(r). ]In  between 3 and 4 GPa. The latter change was related to the
short, all the six combinations of various expressions fodecrease in the peak height of the structure factor at 4.3 GPa
G(K) and the OMP parameters can be considered to give pasompared to that at the lower pressure. The change at 2 GPa
structures almost equally reliable for the expanded rubidiumywas ascribed to a transition from bcc-like structure to fcc-
taking the large uncertainty in the experimental dat&lgf  like one. Related to this problem, we have made preliminaty
into account. calculations at four compressed states considered in the
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experiment. For this, we first made an estimation of the densition is gradually approached. We have also observed that
sity of these states using Harrison’s local pseudopotential, ithe pair potentials and the pair structures are slightly depen-
combination with the Gibbs-Bogoliubov inequality based ondent on the different choice of the exchange-correlation
the soft-sphere reference systérReliability of the method  function, as well as on different choice of the core-shift used
was partly confirmed by its good ability to reproduce theto evaluate the OMP parameters.

experimental PVT relation up to 1.8661 GPa within 1% of Acknowledgment We appreciate Drs. J. Chihara and
Marenkovet als data?’ However, it should be also men- K. Tsuiji for sending us the experimental data of the structure
tioned that there exists a large uncertainty in the value ofactor for compressed rubidium. We also would like to
experimental volume at high pressure. In fact, the volumexpress thanks to Drs. F. Shimojo and N. Jakse for the corre-
estimated by Kuchhatt al is different from that due to sponding data of the expanded metals. The completion of

Marenkovet al by about 15% at (473.15 K, 1.8661 GPa), this work was possible by the support from the Agency for
which corresponds to the state of the highest pressure coBefence Development of Korea and Jeonju University.

sidered in Table 3 of Ref. 27. In short, our calculations for
the OMP+PHNC were carried out at (373.15 K, 2.022 g/cc,
0.2 GPa), (484.15 K, 2.856 g/cc, 1.6 GPa), (483.15 K, 3.357

glcece, 2.9 GPa), and (485.15 K, 3.784g/cc, 4.3 GPa). Forl.
three states up to 2.9 GPa, our calculation supports the fol-2.
lowing experimental observations: (1) The height of the first 3-

peak ing(k) increases with pressure. (2) The peak position of 4-
5. (a) Kang, H. S.; Ree, F. Bl.Chem. Phy4.995 103 3629.

SK) increases with pressure, while the peak positigrof

g(r) decreases. Furthermore, our values ¢t 5.007, 4.468,
and 4.328 at these states) agree with experimental dat
shown in Figure 4 of Ref. 25. (3) Values of the first coordi-
nation number (= 6.59, 7.65 and 7.36) exhibit a maximum atg
1.6 GPa. Unfortunately, the M-BG model radiBg{Er) and

Ri(Er), becomes greater than the Wigner-Seitz radius at 4.39.
GPa. At present, it is not clear if this is due to the error in the0.

estimated density or due to the limitation of the OMP itself.

In short, pair structures calculated from the present metho#l.

are also in reasonable agreement with experimental data for
compressed liquid cesium. Similarly to the case of expandea
rubidium, calculation on the expanded cesium also show:
universal features of the alkali metals related to the metal;

nonmetal transition, which we do not show here explicitly. 15:
16.

Conclusion

17.

We have shown that aab initio method based on the

combination of the OMP and the PHNC can successfullyl8.
describe pair structures of liquid rubidium compressed along;

the melting line. These are even the cases at 3.9 and 6.1 G
where the model radii in the OMP exceed 90% of th
Wigner-Seitz radius. In these states, our calculations arg,,
made possible through the modification of the method for
calculating the OMP parameters due to Ballentine andy3
Gupta. An important observation is that our calculation sup-
ports Chihara and Kabhls finding that the liquid rubidium is

compressed uniformly as it is compressed along the melting4.

line. Preliminary calculation also shows that the present

method can be used for the study of liquid cesium undeg5.

compression.

When applied to the systems of liquid rubidium and 26

cesium expanded along the liquid-vapor coexistence curve
our calculation reproduces universal features common to a
alkali metals which are observed as the metal-nonmetal tran-

13,

7.
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