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Abstract

With the use of the significant structure theory of liquid, the fusion criteria
has been successfully explained. To test the theory of fusion, the excess
volume upon melting has been calculated for some liquids such as simple
liquids and fused salts.

The results obtained show good agreements between theory and experiment.
The theoretical study on the fused salt may be useful to understand the

properties and structure of high temperature liquids in the atomic reactor.
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1. Introduction

Any acceptable liquid theory should predict
the experimental observations as well as lead to
the quantitative calculations of thermodynamic
and transport properties. Significant structure
theory" is such a model and has been most
widely applied to the various liquids among

other theories.2~
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In this paper, we discuss the mechanism of
fusion according to the significant liquid
structure theory. The most striking charac-
teristics upon melting are a marked volume
change and a marked increase in fluidity. The
fact that X-ray diffraction® indicate little change
in the nearest neighbor distance with melting
suggests a retention of small regions of solid-
like structure interspersed with loose, gas-like
regions where molecules unsupported by nearest
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neighbors fall freely for short distances.

In alternative languages, this can be under-
stood if some of the molecules are replaced by
“fluidized vacancies” which are quite different
from the essentially static locked in vacanies of
the solid state and is moved by cooperative
action of all neighbors.

The detailed discussion of so called “fluidized
vacancies” is omitted here and reviewed else-
where” This fine grained heterogeneity is
attested to by the fact that liquids contain no
solid-like or gas-like nuclei large enough to
form foci for either supercooling or bumping
of liquids.

In order that loose gas-like regions can exist
in a liquid state without collapse must be a
local balance between the kinetic energy density
tending to make a region expand and the
potential energy density tending to make these
regions collapse.

This balance is necessary for a phase to be
dynamically stable and accounts for the
existence of melting. In the solid range, the
fluidized vacancies is not stable since this
balance is not established. This criteria ac-
counts for the melting phenomena. According
to the significant liquid structure theory, the
fusion criteria is due to the stability of this
excess loose region (i.e., fluidized vacancies)
upon melting.

It is nor because the molecules start colliding
with their neighbors”, nor because the lattice
allows a minimum of the pressure for the
change in the volume®, nor because the lattice
is unstable under a shearing stress® ,nor because
the solid is at a critical temperature in which the
structure goes from an ordered state to disorder
structure goes from an ordered state to dis-
order'®, nor because the particle becomes
unstable under the action of its neighbors.!?

To test the fusion criteria from the significant
liquid structure model, the deduced partition
function is used to evaluate the excess volume
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upon melting

II. The partition function deduced from the
model

Straight forward considerations from the
for the
mole fraction of degrees of gas-like molecules

model lead to the values of l?—,—v’

S

and the remainder K

are solid like?. Here,
V and V, are the molar liquid volume and the
molar solid like volume.

Vacancies confer positional degeneracy on
the solid like molecules. The number of addi-
tional sites will be the number of vacancies
around solid like molecules n,=n(V-V))/V,
multiplied by the probability that the molecules
has the required energy E to preempt the site
from competing neighbors. E is inversely
proportional to n, and directly proportional
to the energy of sublimation, E..

In view of the above, the partition function
sy for a mole of liquid at the melting temper-
ature can be expressed as

fN= (fs) NVs/vm (fg) NV-Vs1/V# ernrrrancennnn [€))
Here N is Avogadro’s number, V,, is the molar
liquid volume at melting temperature, f, and
f, are the partition function of solid-like
molecules with the degeneracy factor and that
of gas-like molecules.

Usually, the Einstein oscillator is represented
for the solid like molecules, while the non-
localized independent ideal gas partition func-
tion is used for the gas-like molecules.

For a simple liquid such as argon, we can
write the partition function at melting temper-

ature f; as follows.!?

eEs/RT A‘/’ __aEsVs _ Vs N
fi={q gy n Sy e Wi | | v

{( Z%kT )% e(Vs]-\l-[AV) } Vit N...(2)

Here AV=V,-V,
The values of sublimation energy E,, Einstein
characteristic temperature ¢, and the molar
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solid like volume V, are obtained from the
solid state and the values of ¢ and n are
evaluated theoretically.

The other symbols has their usual significance.
Near the melting point, the fraction of the
neighboring positions, Z, which are empty and
therefore available for occupancy is

e R i A
=n»_Vm_V_sl]sw, hence n=ZTx/]i ...... 3)

We next calculate @. The average solid like
molecule has kinetic energy equal to %R’I
If a molecule is to preempt a neighboring
position in addition to its original position, it
it must have

additional kinetic energy 7(*RT) nE

must have additional position,

This value is equivalent to

aEV, 1 (%RT) %21 ...... (4)

Sy v, 2

here

B,=5RT="Y7 V) p,

Vo
Then, we obtain

_n—l ._1_ Vo= VI2 ...
="z "2 Vo Vs ®

For fused salt'®,

tion at melting temperature is used;

the following partition func-

1
Vs+4V \3
, o EsiRn(YFE)
fi(salt) = { _m._w)ia;
1
Vs+aV \3
AY, aEsg—Vf) V, N 2NVsiVs+aV
e N
2zmkT 8=2IkT 1 _V
X{(iﬁz_) : nh2 1—e h»/kT}NV”“V
.................. (6)

Here, I and v are the moment of inertia, and
the ground state vibrational frequency re-
spectively. The other notations have been
defined previously.

III. Evaluation of excess volume upon

melting

From thermodynamics, we could calculate
the excess volume upon melting A V considering

the condition that the chemical potential at the

solid () is equal to that of the liquid (u/).
Then, we have

= (Gs) = [2Gh) e

—kT I foust L= kTt frp I

Here f,,;;, is given as f; at AV=0

For simple liquid like Argon, Equation (7) can

be rewritten as
¢Es/RT
=g 0iTys

Es/RT _aEsVs\N Vs
—ln[(le; e (1+n AVI/ e ZVRT)](’S‘JV

+mL(2zka) 2 e(V;AV)] e _%ATV
.................. (8)

Equation (8) may be expressed in the following
simplified notations.

PAV
lnfSolid— V—f—AVlnf+ V—I—AVZ f A
.................. (9)
Es/RT
where fsolidz‘(l—ifm
eEs/RT AV - aEsVs
fs = ({—e T3 (1+“ A "VRT)
and
2zmkT \2 s
fg=( rzvé T )g e(V]—i\—]AV)
Solving for A V/V,, then, we obtain
AV _ Inf—Infeis—PAV/RT (10)

Ve  Infeiq—inf,+PAV/RT
Eq. (10) is the condition for the excess volume
upon melting. This transcendental equation can
not be solved directly. The values of f; and f,
are to be evaluated in terms of AV and V, for
a given temperature.

In alternative manner, the excess volume
upon melting AV may be easily evaluated by
plotting the Helmholtz free energy, A against
volume V at melting temperature, and finding
out the condition that (%) T:O.

Here, Helmholtz free energy, A is given by A=
kT in f.

IV. Resuits and Discussion

With the use of Eq. (2), the excess volume

upon melting is calculated for simple liquids
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such as Argon, Krypton and Xenon to justify
our explanation of the fusion of liquid.

In this calculations, the values of E,, V, and
6 are obtained from solid state'® and Egs.
(3) and (5) were used to calculate 7 and @ in
Eq. (2). Thus, the introduction of adjustable
parameters is avoided. In Table 1, the Helm-
holtz free energy of liquid Argon versus 4V at
T=T,, is shown. The calculated results obtained
are shown in Table 2. Good agreement was
obtained between experiment and theory.

As a further check of the applicability of the
theory, the excess volume upon melting for
fused salts have been evaluated. In Eq. (6), the
values of E;, 6, V,, and n are obtained from
solid data™ and the Eq. (2). The theoretical
value of Argon for ¢ is used.

The other notations has their usual statistical
mechanical significance and can be easily ob-
tained.

The calculated results are summarized in
Table 3 and one sees good agreement between

theory and experiment.
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Table 1. The values of Helmholtz free energy
of liquid Argon with increasing AV at

T=T,,
AV(cc) A (cal/mole)
2.50 —2218
3.00 —2219
3.50 —2220
4. 00 -2219
4.50 —2218
Table 2. Excess volume upon melting of liquid
A, Kr and Xe
AV/Vm(Calc.) AV/Vm(Obs.)
(%) (%)
A 12,49 10. 88
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Kr 11.28 13.27
Xe 9.42 14. 47
*Taken from reference 12.
Table 3. Excess Volume upon melting of fused
salts KCI, KBr and NaBr.

AV (Calc.) AV (Obs.)

(cc) (ce)
KCI 7.00 7.23
KBr 7.00 7.89
NaBr 5.00 7.93

*Taken from reference 14.
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