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Abstract

The Kedem-Katchalsky-Zelman model equations for transmembrane transport in multicomponent ionic and
heterogeneous solutions have been modified. The validity of this model for binary and ternary solutions was
verified wvsing a cell with a horizontally mounted membrane. In the cell, volume flux of HCI, KCl, H,S0,
and /or ammonia aqueous solutions was measured as a function of gravitational configurations. The experi-
mental findings are interpreted in terms of a convective gravitational instability that reduces boundary layer
dimensions and increases the permeability coefficient of the complex system: boundary layer/ membrane /
boundary layer. A concentration-gradient Rayleigh number is used in a mathematical model for the gravita-

tionally sensitive membrane flux.
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Gravitational effects on transmembrane vol-
ume and solute fluxes of the nonelectrolyte solu-
tions were reported in previous papers [1-6].
From these papers, the conclusion was drawn
that the influence of the gravitational field on
transmembrane tranport manifests itself in
Rayleigh-Taylor instability [1,2], asymmetry and
amplification of osmotic and diffusive transport
[3-6] and gravielectric effect [7]. These findings
were interpreted in terms of a convective gravita-
tional instability that reduces boundary layer di-
mensions and increases the permeability coeffi-
cient of the complex system: boundary layer/
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membrane / boundary layer. A model equation of
the transport across a horizontally mounted
membrane was presented in [6,7]. In this model a
concentration-gradient Rayleigh number is used.

In the present communication the results of
experimental studies upon osmetic transport in a
single-membrane system containing binary and
ternary electrolyte solutions are described. This
communication is a completion of the previous
paper [6].

Studies of osmotic flows were carried out by
means of methods of measurement that have
been described in previous papers [1,4,6]. In the
experiments, we used a Nephron membrane and
aqueous HCl, H,SO,, KCl and/or ammonia.
Suitable values of the permeability parameters of
this membrane are listed in Table 1. No external
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Table 1
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Values of the Nephron membrane (¢, ) and complex: boundary layer/Nephron membrane /boundary layer (o *, £2) transport
parameters for H,80,, HCl, KCl and ammonia. & and o* denotes reflection coefficients; @ and {2 permeability coefficients.
These parameters are defined by expressions listed in Table 1 in ref. [6]

Coefficient Value of parameter
H,80, KCl Ammonia
o (x10%) 0.11 0.04 0.01
o (mol /N per s) (X 10%) 3.80 2.54 2,68
o* (X10%)
Configuration A 0.003 0.002 0.0004
Configuration B 0.044 0.02 0.003
2 (mol /N per s) (X 10%)
Configuration A 0.21 0.05 0.78
Configuration B 1.92 0.86 020

mechanical stirring was used. Each experiment
was performed for gravitational configurations of
the membrane system: first, with water in the
vessel above the membrane and the solution be-
low (configuration A); second, with these posi-
tions reversed (configuration B).

Figures 1 and 2 depict experimental data for
binary or ternary solutions in the cell membrane
compartment opposite to the compartment filled
with water. The results in Fig. 1 were obtained
with solutions of fixed ammonia content and vary-
ing H,S0, (curves 1 and 1*), HCI (curves 2 and
2*) and KCI (curves 3 and 3*) concentrations.
For solutions containing 0.5 M ammonia, pro-
gressive addition of H,SO,, HCI or KCl increases
the density from below that of water to a value
above it. Fig. 2 gives results at constant H,SO,,
HCl or KCI and variable ammonia concentra-
tions. Here, progressive ammonia addition to 0.2
M H,S0,,02 M HCl or 0.3 M KCI lowers the
density from above that of water a value below it.
In [1], the manner in which J, varies is related to
the gravitational instability or stability of the
boundary layers, i.c., if the experimental value of
J, is low, the boundary layers are stable and,
conversely, for high values of J,, the layers are
unstable.

The model equations for volume transmem-
brane transport [6,7] in a ternary electrolyte solu-
tions transform to the following form
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Fig. 1. Experimental volume flux across a cell membrane as a
function of the concentration difference: H,SO, (curves 1 and
1*), HC! (curves 2 and 2*) and KCI (curves 3 and 3*) for
configuration A (upper) and B (lower). Plots 1, 2 and 3 - no
ammonia, plots 1*, 2* and 3* - 0.5 M ammonia.
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Fig. 2. Experimental volume flux across a cell membrane as a

function of the ammonia concentration difference for configu-

ration A (upper ) and B (lower): (0) no H,S0,, HCl and KCl,
(A)02 M HCL, (v)0.2 M H,50,, (0)0.3 M KCl.
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where J, is the volume flux, L, the hydraulic
conductivity of the membrane, AP the hydro-
static pressure difference, C the average solute
concentration, ¢ and o* the reflection coeffi-
cient of the membrane and complex: boundary
layer / membrane / boundary layer, respectively,
AC the concentration difference, ¢ the Van’t
Hoff coefficient (1 <{<2), RT the product of
the gas constant and absolute temperature, w
and {2 the permeability coefficient of membrane
and complex: boundary layer/ membrane/
boundary layer, respectively, R¥ the critical value
of the concentration Rayleigh number, v the
kinematics viscosity, g the gravitational accelera-
tion, p and p, the density of solution and solvent,
respectively, and D the diffusion coefficient.
Qualitative agreement only between experi-
mental data and calculated results for J, is ob-
tained.

1+ 2RTw,;
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