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ESTIMATION OF THE SURFACE POTENTIAL OF ERYTHROCYTES
AND DEBYE LENGTH IN SOLUTONS
WITH DIFFERENT CONCENTRATION OF NACL

The Poisson-Boltzmann equation determines the potential ¥, electric field

E =%—‘)’(’ and counterions density p at any point x in the gap between the two surfaces

[1, p. 294]:

1)
where ¥is the electrostatic potential, p is the number density of ions of valency
Z at any point x between two surfaces, & is the vacuum permittivity, ¢ is the relative
permittivity, k is the Boltzmann constant, T is the absolute temperature.
The counterion density at the surface determined by the formula [1, p.295]:

2

pO = poo +
2680kT (2)
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where po us the counterion density at the surface, and p, is the ionic
concentration of ions in the bulk.

Consider the distribution of ions near the insulated surface in contact with an
electrolyte solution. If a full charge density at any point x can be written as > zep,

and a total concentration of ions (numerical density) can be written as > p,; that the

Boltzmann distribution (1) of ions i at X now becomes

Zieyy
P = Pae ’ (3)
while at the surface, at x=0, the contact values of p and ¥are related by
L7

Poi = P T (4)

where p.,; — is the ionic concentration of ions i in the bulk (at x =), where ¥,= 0.
The total concentration of ions at an isolated surface of charge density o by the
formula (2) is:

2
Zp i~ Zpooi +O-—
i 0 i 265‘0kT (6)
Where can be obtained the relation between the surface charge density ¢ and the
surface potential ¥.

o2 = 22 OkT[ZPm - prij (7)

For erythrocyte the surface charge density o = —1.31-10% C/m® [2, p.19]. Or
1.31-10% C-m?/1,602:10™ C = 0.82-10"" charge/m?=0,082 charge /nm? that is
1 elementary charge to 12.2 nm? Considering that the erythrocyte surface
area ~ 14010 m? (or 14*10" nm?) we have ~ 107 charges on the surface of red
blood cells.

Substituting equation (4) to (6) we obtain the equation for calculation the surface
potential of erythrocytes in solutions of varying concentrations of sodium chloride:

v, 1.7161+73.04x[NaCl]
267  73.04x[NaCl| 8)

For small potential quantities approximately less than 25 mV, which is justified
in the case of red blood cells, Grahame equation (7) is simplified to the form

cosh

O =& Ky, (9)
where
2,2 %
K:[prfTZi J
Zo Mt (10)

Thus, the potential is proportional to the surface charge density.
The Debye length of NaCl aqueous solutions is:

1_ (ggOkT)%

{(pNaGZZ§a+pCIGZZé|)X NAXlOS}% (11)
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where p; — density of ions pc/m?; z; — charge of an i ion (for NaCl zi=+1); ¢ is
the elementary charge; Na— Avogadro constant. Multiplication on Na-10° done for
the transition of concentration from pc/m* to mol/l.

Then, in the 1: 1 electrolyte, such as NaCl:

1
1 _ [80x8.854x10*% x1.381x10 % x 208(310) 2

K 1.602><10’19><(2pNa)%><6.022><1023><103
For temperature t=37°C (310 K):
1_ 0313 (12)

K (NaCl])z
Calculated by the formula (12) values of the Debye length and the formula (8)
surface potential of erythrocytes in solutions with different concentration of sodium

chloride are given in Table 1.

Table 1
Surface potential of erythrocytes and Debye lengths in solutions
with different concentration of NaCl
The concentration of NaCl, M 0,15 0,1 0,05 0,025
Surface potential, mV -14,7 -18,4 -25,4 -34,4
The Debye length at 37°C, nm 0,81 0,99 1,40 1,98

Theoretical calculation showed that the surface potential of erythrocytes is the
largest in the solution with the highest concentration of NaCl, and decreased with
decreasing concentration of sodium chloride in solution, while the Debye length, by
contrast, is the largest in the solution with the lowest concentration of NaCl, and
increased with decreasing concentration of sodium chloride in solution. Obtained results
can be used to estimate the electrostatic interactions in cell-cell adhesion processes.
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