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Abstract

A rapidly convergent series for calculation of the interaction energies between two similar plane double-layers for z4 /z— = —2 asymmetric
electrolytes at positive surface potential are obtained by introducing a parameter A in elliptical integral. When dimensionless surface potential is
less or equal to 20, the number of the series terms required to obtain the interaction energies with six significant digits are not more than 4. The
accurate numeral results are given and they can be used to check up the validity of approximate expressions people obtain. The present results are
also fit for z4 /z— = —1/2 asymmetric electrolytes at negative surface potential.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction 2. Interaction between two plates

For convenience we define following dimensionless quan-
Interactions of symmetric electrolytes have been studied tity:

extensively [1-16]. But for interactions of asymmetric elec- \/T

trolytes, only a few of investigations are reported [17-19], and ¥ = 8noz e/ (ekT), ey
the accurate numeral results have never been seen. In this paper, & =«kx, &i1=«d, 2)
arapidly convergent series for calculation of the interaction en- y=zep/(kT), yo = zewo/ (kT), 3)

ergies between two similar plane double-layers for z4/z_ =
—2 asymmetric electrolytes at positive surface potential is ob-
tained by introducing a parameter A in elliptical integral. When ~ Where « is Debye parameter, 7 is the electrolyte concentration
dimensionless surface potential yp < 20, the number of the se- of the bulk solution, z = min(z, |z—|), e is the proton charge,
ries terms required to obtain the interaction energies with six € 15 the dielectric constant of the solution, k is Boltzmann con-
significant digits are not more than 4. The accurate numeral re- st'ant, and T is t_he abso'lute temperature; £ is the d'1mens1(')nless
sults are given and they can be used to check up the validity of distance and x is the distance from left plate; £, is the dimen-

. . . sionless distance and d is the distance between two plates; y is
approximate expressions people obtain. The present results are . . . . .
. . the dimensionless potential and ¢ is the potential between two
also fit for z4 /z_ = —1/2 asymmetric electrolytes at negative

! plates; yo is the dimensionless surface potential and ¢y is the
surface potential. . o . . .
surface potential on two plates; V' is the dimensionless inter-
action energies and V is the interaction energies between two
plates; p’ is the dimensionless repulsive force and p is the re-
E-mail address: gss@csu.edu.cn. pulsive force between two plates.

V' =kV/@nokT),  p'=p/QnokT), @)
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Fig. 1. The y—£ curve of asymmetric electrolytes for z4 /z— =—2aty > 0.
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Fig. 2. The C-§; curve of asymmetric electrolytes for z4/z— = —2 at y > 0.
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Fig. 3. The p’—£, curve of asymmetric electrolytes for z4+/z— = —2 at y > 0.
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Fig. 4. The V=&, curve of asymmetric electrolytes for z4 /z— = —2 aty > 0.

With the aid of analytic method, the y — &, C-§4, p’—£4, and
V’'—&,4 curves are shown in Figs. 1-4 (see Appendices A, D, E,
and F). C in Fig. 2 is integral constant.

The z4/z— = —2 electrolytes belong to CaCl, type. If we
change the symbol of the charge number of ions in CaCl,, we
obtain the z4 /z_ = —1/2 electrolytes at once which belong to

Na;SOy4 type. The change of the symbol of potential between
two plates is equivalent to the change of the symbol of the
charge number of ions. Thus the |y|-&, C-&4, p'~£4, and V'-&,

curves for z4 /z_ = —1/2 asymmetric electrolytes at y < 0 are
similar to those in Figs. 1-4, respectively, and all results for
z+/z— = —2 asymmetric electrolytes at y > 0 can be applied
to z4+/z— = —1/2 asymmetric electrolytes at y < 0 as long as
we replace y in the results with |y|.

&y for z /z_ = —2 can be expressed as (see Appendix B)

Yo d
£=2 / Y . 5)
Ve 2 +2eY +C

Ye

V'’ for z4+/z— = —2 have the form (see Appendix C)
V' = —67/342e770(1 4 2¢70)%?

(C+3)dy
Ve 2 +2eV+C
Ye

Y0
—2/\/ e=2y +2e¥ + Cdy. (6)
Ve

For integral constant C we have the following relation (see
Appendix B):

C = —(e™ +2¢%) (7)
and —(e~ 20 4 2¢%) < C < —3. Substituting Eq. (7) into
Eq. (5), we obtain

Y0
—2de™”
€4 2/ ®)

g_}'\/e_z)’ 4+ 2eY — g_z))e — DeYe ’

Ye

Let e = w2, thus

wo

£ /’ —4dw
d:
wy/wt +2/w? —w —2/w?

We
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J Vw2 —w? /2 — wiw? — whw?
e
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where

a2=%(w3+,/wg+s), (10)
B =2w, [ (wi+ Juf +8). (1)

When w, increases from O to 1, « and 8 monotonously increase
from O to 1 and from O to 1/2, respectively. Let
2
w? = v
14 B2(1 —u?)
or

12)

=Y (13)
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