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ABSTRACT

It was proved that Lennard-Jones potential can be transfered to W, (#) potential according to
relationship of their parameters established in this paper. The empirical W,(r) potential has been
developed into semi-empirical W, (r) potential related to electronic structure of crystals. Relation-
ships of parameters between Morse potential and W, () potential have been aiso obtained, but if
Morse potential equals W, (r) potential, the parameter a, in Morse potential can not be constant.
Comparing it with other two potentials, the W,(7) potential is the most perfect.
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1 INTRODUCTION

The study of H, molecule ushered in a new
way of establishing microtheory of correlating po-
tential energy with electronic structure of atoms in
solids. But the microtheory of metals and alloys
has made slow progress, because there are a lot of
difficulties in description of electronic structure of
atoms in solids, design of potential function with
the many- atom interaction and
Schrodinger’s equation due to complexity of many-
body problem. For this reason another way has
been developed for studying relations between inter-

solution of

action potential energy and properties of atoms in
solids using potential function. The well-known po-
tentials are, respectively, Lennard-Jones potential
(refered as W,(r))",

W\(r) = Ai/ry — Bi/Tn, >
and Morse potential (refered as W, (r)

Wa(r) = 25 (e~ — ppe=n—70)  (2)

Bm—1
where 7, and r are, respectively, distances of in-
teratoms in crystals at equilibrium and unequilibri-
um; E. is cohesive energy of crystals; and all of pa-

rameters, 4, By, n;, m, n, and «a, are constants.

Recently, a new potential function with
many-atom interactions in solids has been proposed
by the author for studying relations of crystalline
structure, electronic structure and properties of met-

als and alloys(refered as W, (7)),

W.(r) = E[(n, — 1)(’;—")":"/“:”

To (m,
— nx(T) ] (3)

It possesses the following characters. (1) It is
established on the basis of many-atom interaction
model. (2) In the W.(r) potential, the variable is
the reduced distance or bond length of interatoms,
so the form of the W,(r) potential does not become
complex due to considering many- atom interac-
tions. (3) The W, (r) potential is a semi-empirical
equation, because the potential energy and bond
length of the crystal in equilibrium state may be cal-
culated from the electronic structure of crystals.
(4) The relations of parameters », and m, with mi-
croquantities have been established, and only =, is
independent. (5) A series of equations for calculat-
ing various elastic moduli have been derived from
the W, (r) potential. (6) It is unnecessary to know
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the bulk modulus for calculating the thermal expan-
sion coefficient as a function of temperature. The
purpoes of this paper are establishing relations of
W, (r) and W, (r) potentials with W,(z) potential,
obtaining transfer equations of their parameters and
making the best seléction from these potentials in
practical applicatons.

2 RELATION BETWEEN W,(r) AND
W.(r) POTENTIALS

It is necessary to establish transfer equations
from A, B/, » and m, parameters in W, potential to
m, and n, parameters in W, (r) potential in order to
study relation between W,(r) and W, () potentials.
For this purpose it is supposed that W,(r) and
W.(r) potentials have identical characters, name-
ly, the same W(r) ~ 7 curve for an identical crys-
tal.

It has been proved that only one parameter =z,
in W, (r) potential is a constant awaiting determined
and can be obtained according to one experimental
value of thermal expansion coefficient. The rela-
tion between m. and n, parameters has been derived
according to the principle of mechanics and Debye’s
theoryt®,

m, = wTK;TE vm/Ec « (n. — 1) /n, 4
and

J=A(n/2) = (A/n) « (6Bx*N/V ) (5)
where 4 is Debye temperature; Ky, boltzmann’s

constant; k, Planck’s constant; m, atomic mass; A,
average wave length of elastic wave; Ap, Debye
wave length; and j is the multiple of the half De-
bye wave length.

In order to establish the relationship between
W.(r) and W.(»), the W, can be rewritten as

R WICIE D
W.(r) = EC[(n, 17§

,r-zmz/(le 1)

— 27 (6)

ey
Comparing Eq. (1) with Eq. (6), the following e-
quations can be obtained .

Ec =— AI/T?)' + Bl/7'3'1 (7
A = Ec(n, — g™/ (83
B = Ec(n, — 1)reEm/"D 9)
n = am./(n, — 1) 10
m = m, an

some knowledges can be drawn from Egs. (7) ~
(11).

(1) The parameters 4, B/, » and m, in W,(r)
potential are functions of Ec, 79, m.and n, in W_(r)
potential. The four parameters in the W ,(r) poten-
tial are interrelated and interdependent and can not
arbitrarily take values, because the cohesive energy
Ec¢ and the shortest bond length are determined by
electronic structure of crystals!’- #1, and parameters
m, and n, are interrelated and interdependent.

(2) If the values of parameters in W,(r) poten-
tial are taken from Egs. (8)~(11), the W,(r) can
be changed into W,(r) potential. It shows that the
W.(r) potential is developed from the W,(r) poten-
tial. The advances of W,(r) potential are on both
that the completely empirical W,(r) potential has
changed into a semi-empirical potential, and the im-
plications of parameters in W,(r) are very clear, be-
cause relationships of these parameters with micro-
quantities have been established.

(3) Because W,(r) potential can changes into
W.(r) potential we can derive not only theoretical e-
quations of bulk modulus, Young’s modulus, shear
modulus and Poisson’s ratio, but also equation of
thermal expansion coefficient(® °!,

o = C./3Q[1 — KW/Q) a2)
where Cy is the molar heat capacity at constant
volume, U is the energy of lattice vibrations. If the
potential function of the crystal is discribed by
W,(r) or W.(r), the parameters @ and K, and Gru-
neisen constant y can be calculated by the following

equations ;
K=(m+n+3)/6 (14)
y= (m + 2)/6 (15)
_ APKirgm , 1 _OKsro
or @="gup /3
X vVm/Ec +n/(n, — 1) + 1) (16)
K — 0Kgro(2n, — 1) | m
B 3hj n.(n. — 1)Ec
1
+ > an
:&B?‘O\/m/Ecwz,/(n,—l)—i-i (18)
3y 3

where Iy is the volume of one mole of the solid;

B is the bulk modulus; other quantities can be
known from Eq. (4).
It should be pointed out that it is unnecessary
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to know the bulk modulus for calculating the ther-
mal expansion coefficient as a function of tempera-
ture, if the potential of the crystal is discribed by
W, (r) potential. The bulk modulus, Young’s modu-
lus and shear modulus can be calculated if the pa-
rameterss #, and j have been obtained according to
experimental values of thermal expanion coeffi-
cients at two temperatures. The high accuracy of re-
sults have been confirmed'®.

3 RELATION BETWEEN W.(r) AND
W.(r) POTENTIALS

According to the same promise pointed out in
the section 2, the relation between W,(r) and
W.(r) potentials will be discussed in two situations.

(1) At the situation of r = 7¢;

(a) The differences between attractive and re-
pellent potentials in both W, (») and W,(») poten-
tials should be equal to negative value of cohesive
energy which is determined by electronic structure
of crystals;

- [anC]zA -+ [(711 - 1)EC:]rR =

- [nmEC/(nm - l)ij + [EC/(nm - ]):]mk

=— K am

It means that the interaction potential function
of atoms in the crystal with a certain electronic
structure can be described by both W,(7) and
W, (r) potentials.

(b) If #y = n,/(n, — 1), not only the ratios
between attractive and repellent potentials in
Wa.(r) and W, (r) are equal, but also their absolute
values are equal. The correctness of this conclusion
can be proved in two aspects.

Supposing the ratios between attractive and re-
pellent potentials in W, (r) and W,(r) are equal,
I:_ nmEC/(n‘m _ 1):|m11‘ _ |:_ an(‘]x[(’

= 20

[EC/(nm - 1)]mR [(Tl: — D Ec ( )
From Eq. (20) it can be obtained

e = 0./ (0. — 1) @20

Supposing attractive and repellent potentials in
W.(r) potentil are, respectively, equal to ones in
W.(r) potential .

— [nFcda =— (222, (22)
[Cr — DB = [T (23)

From both Es. (22) and (23), it can be obtained

= nn/(tm — 1)
From this equation, it can be obtained that

Am = n,/(n, — 1)
so the suppositions above prove to be correct. The
analysis above shows that at the » = r,, the coinci-
dent condition of potential curves described by
Wa.(r) and W,(r) potentials are dependent on hav-
ing relation described by Egs. (21) or (24) be-
tween n, and »,, and independent on parameters ¢
and m,.

(2) In the situation of 7 7= r¢

The completely concident conditions of poten-
tial curves described by W, (7) and W, (r) potentials
are that the parameter a, in W, (r) potential is a
variable as a function of distance, r, of inter-
atoms, besides n, = n./(a, — 1). It can be proved
following :

The form of potential curves is determined by
ratio between attractive and repellent potentials.
From W, () potential we can obtain

From W, (r) potential we can be obtain
va(r)]4 _ n, (ﬂ)“",*",’",”("f”)
D"vm(T)]k n,— 1 7
(26)

From Egs. (25) and (26) it can be known that the
condition of having the identical potential curves
for ', (r) and W, (r) potentials is

m = n,/ Gty — 1)
roln(r — 7o) /0,
Because (r — ro)In(r — 74) is not constant.

27)

am = m,(r —

the parameter «,, can not be constant. If the parame-
ter an is a constant, 1, (#) and ", (») potentials can
not have an identical potential curve.

4 CONCLUSIONS

(1) The realtionships of parameters 4, B, n
and m, in W, (7) potential with parameters m, and »,
in W.(r) potential have been established, and it
shows that A/, B, n and m, are interrelated and in-
dependent constant, and can not arbitrarily take
values.

(2) According to established relationships of
parameters in W' (r) potental with ones in 1", (7) po-

tential, the W,(r) potental can be changed into
W.(r) potential, but the W, (r) potential has madc
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great advances; The completely empirical W,(r) po-
tential related to electronic structure of crystals;

The W,(r) potential with two atoms interaction has
been developed into W,(r) potential with many-
atoms interaction; The relationships of parameters

in W, () potential, various elastic moduli and ther-
mal expansion coefficient as a function of tempra-
ture with microquantities have been derived, so the

natures of these parameters and properties of crys-
tals have been more clear.

(3) The relationships of parameters n, and an
in W, (7) potential with parameters m, and =z, in
W.(r) potential have been established .

= 0,/ (0, — 1)

an = m,(r — re)In(r — 79)/n,
when W, (7) potential is used to study interaction
of atoms of crystals, the parameter a,, generally is a
constant, but (r — 7y) In (r — 7¢) is not constant,
so Wn(r) and W,(r) potentials can not transfer
each other, and can not be able to have identical po-

tential curve.
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