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* The Theory of the Surface Tension of Metals

According to the theory of the surface tension of
metals proposed by A. E. Glauberman (1), the latter 1s deter-
mined as an excess energy of the lattice per unit of surface,
brought about by the presence of a boundary. The kinetie
energy of an electron gas introduces a negative correction,
equal in magnitude to one=half of the electrostatic portion
of the surface tension, which 1s in complete agreement with
the virial theorem.

A. E. Glauberman carried out calculations of the
surface tension for two types of metallic lattice: the
space=centered and the face=centered. A calculation is pro=
posed In the present note for a hexagonal, closely packed
system which includes all the metallic structures. The
calculation is carried out first for point ions, and then a

correction is Introduced for thelr volumes.

The Electrostatic Potential.

We will imagine the whole lattice as being sub-
divided into two portions by the plane z = 0, We will deter-
mine the electrostatic potential of the half lattice ‘Pa in
the semispace which 1s external to 1t. For this purpose we
will tgke an elementary nucleus consisting cf two ions,
surrounded by an electron "liquid", and we will select a

system of co-ordinates as indicated in the Figure.



The angle xoy is equal to 60, the angles xoz
and yoz are right-angles., The dimensions of the nucleus
with respect to the axes ox, oy are equal to the base of
the nucleus a; with respect to the axlis o0z 1t is equal to
¢, moreover, since the packing 1s then approximately
= = 1,63,
The co-ordinates of the ions of the "zero" nucleus

are
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The centre of the "zero" nucleus is digplaced by
half C along the 02 axlis in relation to the origin.
We will express the density of the electric charge

of the lattice p by a Fourier series without the zero

term (2)
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The Fourier coefficients plmne are determined
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The potential q:a, which satisfies the Laplace

equation
2
VP =o, (3)
&
we will express in the form:
ani
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,Q,m = -0

The Laplace operator in our system of co-ordinates has the

form 2 b2
N ~ “L% <bx2
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substituting (4! into 3), we obtain the equation for f(z),

the solution of which is
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where

o= ZVE 5 - n.

Inside of a semi«infinite lattice the electro-

static potential P4, which may be expressed in the form

2 g:—i (Lx+my)

Py = z‘ g(z).e s (7)
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satisfies the Polsson equation
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which provides the possibility of obtaining a solution for

g (z) in the form:
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Making use of the boundary condition for the

potential at Z = 0 P, =q)a and 3;31 = ?)a‘za ,
2

we wili determine the coefficlents Cj '
m

i r
Cj ) gne coss(,f+ m) . sin3£j+ m)
[+
™ xlmﬁ_e'xlm)_[ exjnﬁ+e'x£m&

8

.

Separating the real part of Pas Ve will obtain

the expression
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The Surface Tension.

The electrostatic portion of the surface tension
is determined from (2)
%12

og ~ =28 ° (12)

where u, 5 is the coulcmblc energy of interaction of a semi=

infinite crystal with a column of the second half lattice,

which has a rhombus as a base, whose side is a, the acute
2\F_

angle is 6095 and the area S = E";—i

[
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where k is the number of the ion in the cclumn, o = © is

the charge of the ion, Takling into account that

* o
s
2
) :;5;19 we obtain gfter c alculations
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The sum (13) can be subdivided into two portions,
one of which is tgken with respect to the_indexes Ag, m,
for which /€+ m is a multiple of three, and the other with

respect to all other values of AZ, Mo
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As a regsult of the summation and in accordance

with (12) we will obtain & = == o 0.0042
E g3
and the total surface tension
N 62
o= = = 2= , 0,0021. (14 )
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In order to make a comparison with the experi-=
mental datay, 1t is necessary to intrcduce a correction for
the volume occupied by the lons, since the electron gas of
a metal hardly penetrates inside the ions.

Following A, Glauberman, we will consider ths
"reduced” charge of the ion e?! as being a point, and the

electron gss as having a certain density o!, morecver

o —B8L
PTE Ty

where n = 2 and is the number of ionic charges per nucleus,
V= aéurgﬁand is the volums of the elementsary nucleus,

2
vi = 2, Z and is the vclume occupied by the twe ionsg of

-

radius Rip

ot = o 4+ L = = (15}
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In formuia (1L) the charge e should be substi-

tuted by e’ in accordance with (15) and the final formula

for the surfacze tension of metals of a hexagonal closely



packed structure is

T =

(16)

A comparison of the calculated vglues for <

with the experimental

ig given in the tgblest

The Gonstant-of ; %
Metal the Lattice i Calecul, | Exper,
% a lOmB Chle ; dynes/cm.% dynes/cm.,
Zn ... g. 2,66 1100 | 743
Cd  areriean. | 2497 ; 830 | 630
Mg ... e a 3,20 i 20l ) -
Ca S 3.9l 130 | -
Co e ' 2,505 1530 ! -
Ni-a .... . 2.9 | 1560 ;
08 enennnra | 2,73 1190

In ¢cneliusion, the author wishes to express his

thanks tc A, Glaubermaen for his guldance in this work,

# The charge cf <he

chemical

ion is agsumed equal to the average

valency of the metal.
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Corniclusions

1. The electrostatic potential for a metallic lattice
of a hexagonal closely packed structure was found,

e By means of this potential a calculation is made of
the surface tension for metals with hexagonal closely
packed structure. A comparison of the results of cal-
culation with the existing experimental data for metals
of thils type Zn and Cd indicates that the theory proc-
posed by Glauberman, in which the determining function
in the value of the surface tension of a metal is ful-
filled by the excess potential energy, appearing as a
result of the presence of a boundary surface, gives
good agrsement with experiment also for metals of the
hexagonal densely packed structure, which completes the
analysis of the problem for all metalllc structures.

L?vov State University. Sent to the Editor
Nocvember 13, 1949.
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