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One-component plasma model is applied for predicting thermal pressure coefficients \/,_,
of liquid polyvalent metals at their melting points. The results are compatible with those
obtained by other methods or experiments.

In recent years the one-component plasma (OCP) reference system has
been widely used to understand the thermodynamic properties of liquid
metals.!~® Ono and Yokoyama* and Montella et al.® have calculated
thermal pressure coefficients ﬁ using OCP reference system in the
Gibbs-Bogoliubov (GB) formalism while Ono et al.’ have made an
attempt to estimate % using OCP reference system in the Percus-Yer-
vick (PY) phonon description, but their approaches are limited to
liquid alkali metals. Yokoyama et al.!° computed ﬁ for simple liquid
metals based on PY phonon description. However, results show a
discrepancy between theoretical and experimental values except for In,

Ga and Zn. Hasegawa and Watabe'! have also calculated ,/, for
simple liquid metals through the modified form of pressure equation
appropriate to liquid metals using pseudopotential formalism for
electron ion interaction.

In this communication we present a simple method based on one-
component plasma reference system to calculate thermal pressure
coeflicients of liquid metals. The variation of & with temperature (T)
for different metals are studied over a wide range of temperature (up to
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the boiling point). The aim of the present paper is to test the applicabil-
ity of this procedure for liquid polyvalent metals having complicated
liquid structure. The electronic contribution to entropy being apprecia-
ble in liquid polyvalent metals, seems to play an important role in the

quantitative description of % The results based on OCP reference
system are compared with experimental as well as other theoretical
estimates.

The thermal pressure coefficient defined through ¢ = (0P/0T)q,
can be alternatively and equivalently given by

oS
Vo= (m) M

Here S denotes the entropy and €2 the atomic volume. The bulk entropy
of the liquid metals in OCP reference system has already been discussed
by Khanna and Shanker.” Therefore it is straight forwardly written as

S= Sgas + ASOCI" + Sel (2)

where, S, is the ideal gas entropy

Spe S MK, T\
NK, 27 1,,[9( 2k ) 3

ASocp is the excess entropy depends upon the plasma parameter I'

%]S?(;Q = —2.83632I''/* + 0.89770T ~/* + 0.80049 InT" + 1.78559 (4)
B

here
(Ze)*]1
Fr=|—=>-1- 5
|:K sl |a ©)
with
. 3Q 1/3
Winger-Seitz radius a = (—)
4
and S, represents the electronic contribution to entropy
D K, TN(ER) (6)
NK,

Here N(E;) being the density of states (two per space orbital) at the
Fermi level.
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To evaluate thermal pressure coefficient ﬂ, the differentiation of Eq.
(2) with respect to Q at constant temperature leads to the formula

Jo= é [1.0 + 0.23636I1/ + 00748081 ~1/* — 0.26683
+ 3n°KyTN(Ep)] (7)

To predict \/;, we need the plasma parameter I which is obtained by
the procedure described in Khanna and Shanker.® The results are
depicted in Table 1. A comparison between calculated and experimen-

tal values of $ reveals that discrepancies are typically of the order of
11 9% with fluctuations above and below the observed one. The results
are in general better than recent theoretical results of Yokoyama et al.!®
(PY phonon description) and Hasegawa and Watabe'' (HS model).
Equation (7) clearly indicates that the plasma parameter I contributes
and atomic volume Q affects \ﬂ For the calculations of ﬁ at different
temperatures above melting, we have described the variation of I with
the thermodynamic state by the simple expression

Tf n 1/3
1)

where, n is the number density of ions and subscript f refers to freezing.
Evidently with increasing temperature, the atomic volume () of the
liquid will increase and can be obtained through the empirical relation

Q; = Q(1 + aAT) €)

here a is the coefficient of thermal expansion. The variation of thermal
pressure coefficient with temperature for different metals are displayed

in Figure 1 using Eqgs. (7), (8) and (9). The noticeable feature is that %
decreases with increasing temperature. A perusal of Figure 1 also

shows that for liquid metals Zn, Cd and Mg the variation of \ﬂ with
temperature is more linear than for Tl, Pb and Bi, but in the case of Al,

Ga, In and Sn the decrease in \/; with increasing temperature up to
about 700 K beyond melting point is larger than for higher tempera-
tures.

In summary, we can now say that one-component plasma (OCP)
reference system accounts very well for the thermal pressure coefficients
of liquid polyvalent metals at their melting points.



310

plejIswwog 9y} ur

pajenfead si

-uonewrxoidde
g siejowr juopeadiod pmbi| 105 pue  tlowys woly a1 eep [ejuownadxy

860 T6T - 1474 .14 010 wl bs "
201 6'€€ - vIE 9vE 110 91 LLS 1L
€60 LS - 0'6S €S 700 60¢ €0€ €D
€60 SEE o€l 962 01E 110 49 009 ad
680 zov - 6's€ 9e 600 ul $0s ug
960 (413 — 9°6¢ LLe 80°0 00T 62y ug
$60 8rb - Ly ST 01’0 9b1 009 PO
80'1 0'9¢ 1'v8 Tss 09 01’0 91 00L uz
801 ULy v 9ty ¥IS 110 94 £€6 v
11 6€€ - Tog 8'LE zro L0T £26 N
(dxa)’ Moy’ / onvow an .@m (on .@m E«W 3N I oD e
a a a a Om VH

sywiod Sunjsw 1Y) je spelaw juareakjod pmbiy 1o0] (; 3 Ieq Jo syun up) g SIUAOYJI09 aInssaid [ewlIay [ | IqEL

1102 Alenuer 8z 0¥ :80 @I Papeo |uwog



08:40 28 January 2011

Downl oaded At:

THERMAL PRESSURE COEFFICIENTS

311

60l Zn\
\ S~

30 BL \ B

\\—
15 1 i
0 {000 2000 3000
T

Figure 1 Variation of thermal pressure coefficient \/,_, (in units of bar K™') with
temperature T(K).
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