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The transport phenomena of weak electrolytes through a charged membrane as a model of skin has been studied
in order to understand the basical behavior of cosmetics in the skin. The membrane potential across positively
charged and negatively charged membranes was measured for acetic acid and glycine methyl ester hydrochloride
aqueous solutions as model materials of cosmetics. The anion-to-cation mobility ratios in the membrane were
determined. In the case of acetic acid solutions in a positively charged membrane, the ratios were about 0.0001-
0001 times larger than those in water. On the other hand, they were about 10000 times larger than in water if a
negatively charged membrane was employed. It is suggested that the transport phenomena of weak electrolyte ions
in a charged membrane can be explained by the above-described transport theory.

The dissociation constant of acetic acid as a weak electrolyte in an ion-exchange membrane was estimated using
the Donnan equilibrium theory. The total concentration, C, , which represents the sum of the dissociated proton
concentration and carboxyl concentration of undissociated electrolyte in the membrane, was determined by neutral
titration in order to use it for the calculation. The apparent dissociation constants of acetic acid K, in the negatively
charged membrane were on the order of 10* and were larger than that in water (=1.73x107). K( increased with
an increase in the concentration in external solution and decreased with the fixed charge density increase. The
larger dissociation constant in the membrane compared with that in water suggests the existence of an interaction
between the solute and the membrane other than that with the electric field.

The glycine and leucine permeability coefficients, P, through a negatively membrane were measured as a
function of HCI concetration, Cye, from 0 to 10'mol/1 for three different interfacial conditions. Amino acid transport
phenomena remarkably depended on the interfacial condition between the membrane and the external solution. The
lowest P was obtained at C;;=0 for both sides of the membrane, and generally P increases with an increase in Cyg.
In case of the glycine, the lowest P had been obtained if Cy on the glycine source side was 10'mol/1 and that on the
opposite side was 0. The highest P was obtained if Cy; on the amino acid source side was 0 and that on the opposite
side was 10"mol/l. The P values of glycine had been explained by the transport mechanism based on the interfacial
chemical reaction (protonation, deprotonation or ion-exchange) and the ionic tranport across a charged membrane.
They, however, are remakably affected by the physicochemical properties of the membrane such as hydrophobicity,
molecular size, etc..
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Fig. 1 Apparatus for membrane potential measurements.
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Fig. 2 Apparatus for permeability coefficient measurements
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Fig. 3 Membrane potential A¢as a function of logarithmic
KCI concentration C'. [] for positively charged mem-
brane, and M for negatively charged membrane.
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Fig. 4 Membrane potential A¢as a function of logarithmic
acetic acid concentration C' in the system of positively
charged membrane. [] shows acetic acid, and Il shows
acetic acid mixed with HCI. HCI concentration in both
sides of the membrane 10°mol/L. O shows acetic acid
mixed with KOH. KOH concentration in both sides of the
membrane is 10°® mol/L. Acetic acid concentration C' is
varied from 10 to 2 mol/L, and C" is kept constant at
102 mol/L. Lines are calculated results.
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Fig. 5 Membrane potential A¢as a function of logarithmic
acetic acid concentration C' in the system of negatively
charged membrane. [] for acetic acid, M acetic acid
mixed with HCI. HCI concentration in both sides of the
membrane is 10°® mol/L. O shows acetic acid mixed with
KOH. KOH concentration in both sides of the membrane
is 10 mol/L. Acetic acid concentration C' is varied from
10 to 2 mol/L, and C" is kept constant at 102 mol/L.
Lines are calculated results.
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Table 2 Mobility Ratio of H' to CH,COO" “CHC00 |
Membrane | In Positively Charged |In Negatively Charged
Solution Membrane Membrane
CH,COOH 5.5x10° 14 x 10
CH;COOH + HCI 3.0x10% 1.0x10°
CH;COOH + KOH 22 x 10° 1.3 x 10°

In Water :  2CILCO0 = ) 12
(0:
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Fig. 6 Membrane potential A¢ as a function of logarithmic
glycine methyl ester hydrochloride concentration C' in the
system of positively charged membrane. [ ] for glycine
methyl ester hydrochloride, and O for glycine methyl ester
hydrochloride mixed with HCI. HCI concentration in both
sides of the membrane is 10 mol/L. l for glycine meth-
yl ester hydrochloride mixed with KOH. KOH concentra-
tion in both sides of the membrane is 10 mol/L. Glycine
methyl ester hydrochloride concentration C' is varied from
10 to 2 mol/L, and C" is kept constant. Lines are cal-
culated results.
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Fig. 7 Membrane potential A¢as a function of logarithmic
glycine methyl ester hydrochloride concentration C' in
the system of negatively charged membrane. [ ] shows
glycine methyl ester hydrochloride, and O shows glycine
methyl ester hydrochloride mixed with HCI. HCI concen-
tration in both sides of the membrane are 10 mol/L.
H shows glycine methyl ester hydrochloride mixed with
KOH. KOH concentration in both sides of the membrane
is 10° mol/L. Glycine methyl ester hydrochloride con-
centration C' is varied from 10 to 2 mol/L, and C" is
kept constant. Lines are calculated results.

Table 3 Mobility Ratio of Hs NCH2COOHsto CI

W cr-
W H; NCH2COO0Hs

Membrane? In Positively Charged

In Negatively Charged

Solution Membrane Membrane
Glycine methyl ester 0.99 1.6
hydrochloride
Glycine methyl ester 0.98 1.3
hydrochloride + HCI
Glycine methyl ester 1.03 1.5
hydrochloride + KOH

In Water 1. €L =17, @a _jy

W NCHY [ )

Table 4 Permeability Coefficients of Acetic Acid
(PcH.coon) at 0.87mol/L

In Positively
Charged Membrane

In Negatively
Charged Membrane

Peu;coorf™)
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1.69 x 10°
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Table 5 lon Mobility w, and w. (mol cm? J* S7) De-
termined by Permeability Equation due to the Permeabil-
ity Coefficient Measurements

U)(H+) o(CH,CO0)
In Negatively Charged 6.76 x 107 9.44 x 10™°
Membrane
In Positively Charged 8.77 x 10° 4.82 x 10°
Membrane

In Water 3.76 x 10° 4.39 x 10”°
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Fig.9 Concentrations of H*, CH;COO", K" and CH;COOH
in negatively charged membrane are plotted as a function
of the total concentration in the external solution (C,) for
K 101 -temary ionic system, where [ ] corresponds to H*
.l CH;CO00 ,O CH®COOHand X K.
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Fig.8 The total concentrations of dissociated and undisso-
ciated acetic acid (C,= C, +C,) in the charged exchange
membrane determined by titration are plotted as a func-
tion of the total concentration in the external solution (Cy),
where [ corresponds to K101 in termary ionic system,
W A201 in temary ionic system, O K101 in binary ionic
system and X A201 in binary ionic system.
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Fig.10 Concentrations of H*, CH;C0OO", CI" and
CH;COOH in positively charged membrane are plotted
as a function of the total concentration in the external so-
lution (Co) for A201 -ternary ionic system, where [ cor-
responds to H+ , Il CH;COO , O CH;COOH and
O Cr
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Fig.11 Concentrations of H+, CH3COO- and CH3COOH
in negatively charged membrane are plotted as a function
of the total concentration in the external solution (Cg)
for K101 -binary ionic system. [] corresponds to H™ , ll
CH;COO and O CH3COOH.
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Fig.12 Concentrations of H", CH;COO and CH;COOH
in positively charged membrane are plotted as a function
of the total concentration in the external solution (Cg)
for A201 -binary ionic system. [ corresponds to H+ , ll
CH;COO and O CH;COOH.
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Fig. 13 Apparent dissociation constants in charged mem-
brane are plotted as a function of the total concentration
in the external solution (C,) , where [ corresponds to
K101 in the temary ionic system, M A201 in temary
jonic system, O K101 in binary ionic system and X
A201 in binary ionic system.
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Fig.14 Concentrations of H, CH;COO and CH;COOH in
negatively charged membrane equilibrated with 0.1 mol/L
acetic acid solution are plotted as a function of the fixed
charge density (Cy), where [] corresponds to H* , Il
CH;CO0O and O CH;COOH.
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Fig.15 The dissociation constants in charged membrane
equilibrated with 0.1 mol/L acetic acid solution are plot-
ted as a function of the fixed charge density(Cy).
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Table 6 Apparent dissociation constant K in nega-
tively charged membrane equilibrated with 0.1mol/L
CH;COOH

Positively
charged

Negatively charged membrane
membrane

TK11 | TK12 | TK13 | TK15 | K101 | TA13 | A201

K 6.0x10" | 3.3x10" | 2.2x10* | 1.5x10" | 2.4x10” | 5.6x10° | 9.1x10°
(mol/T)
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Fig. 16 Permeability coefficients of glycine obtained for ¢, = 5 X 10 mol/

L in the experiments (a) , (b) and (c) as a function of pH. Experiment (a)
indicated by square ([]), experiment (b) circle (O ) and experiment (c)

rhombus (< ).

1) MKawaguchi TMurata and A. Tanioka,
"Membrane potentials in charged

membranes separating solutions of

10 T T

P (cm’sec”)
-
=)
T

weak electrolytes’, J.ChemSoc,Faraday
Trans, 93, 1351-1356, 1997
2 ) ATanioka, MKawaguchi, MHamada
and K. Yoshie, "Dissociation constant
- of weak electrolyte in charged mem
' brane’, J. Phys. Chem. 102, 1730-
1735, 1998
3) M. Minagawa and A. Tanioka, "Leu

cine transport through cation ex

1075|||||n||||||||l:lll|«||||||||

0 1 2 3 4 5
pH

7 change membranes: effect of HCI con

centration on interfacial transport’, J.

Fig.17 Pemmeability coefficients of leucine obtained for ¢, = 5 X 102 mol/

| in the experiments (a) , (b) and (c) as a function of pH. Experiment (a)

Colloid & Interface Sci, 1998, in press

indicated by square ([]), experiment (b) circle (O ) and experiment (c)

rhombus ().



IEEEREETFINVEFALERRVKDRE ERLMICET 5 BRI

SE WK

(1) FHelfferich, Ion Exchange, McGraw-Hill, New
York, 1962

(2) NLakshminaranaiah, Transport Phenomena in
Membranes, Academic Press, New York, 1969

(3) RSchloegl, Stofftransport durch Membranen,
Steinkopff, Darmstadt, 1964

(4) AXatchalsky and P.F.Curran, Non-equilibrium
Thermodynamics in Biophysics, Harvard Univ.
Press, Cambridge, 1967

(' 5 ) R. B.Gennis, Biomembrane, Molecular
Structure and Function, Springer, New York,
1989

(6) M.Kawaguchi, T.Murata and A.Tanioka,
J.Chem.Soc.,Faraday Trans, 93, 1351, 1997

(7) T.Teorell, Proc.SocExptlBiol, 33, 282, 1935

(8) T.Teorell, Progress Biophysics Biophysical
Chem, 3, 305, 1953

(9) KHMeyer and ]J.F.Sievers, Helv.Chim.Acta,
19, 649, 665, 987, 1936

(10) FGDonnan, ZElectrochem, 17, 572, 1911

(11) F.GDonnan, ZPhysik.Chem., A 168, 369, 1934

(12) WNernst, ZPhys.Chem, 2, 613, 1838

(13) WNernst, ZPhys.Chem, 4, 129, 1839

(14) M Planck, Ann. Physik. Chem, 39, 161, 1890

(15) M Planck, Ann. Physik. Chem, 40, 561, 1890

(16) N.Lakshminarayanaiah, Equations of
Membrane Biophysics, Academic Press, Orlando,
1984

(17) M. Minagawa, A. Tanioka, P. Ramirez amd S.
Mafe, ]J. Colloid and Interface Sci, 188, 176, 1997

(18) M. Minagawa and A. Tanioka, J. Colloid &
Interface Sci, 1998, in press

(19) A Tanioka, M. Kawaguchi, M. Hamada and K.
Yoshie, J. Phys. Chem., 102, 1730-1735, 1998

(20) M.Higa, A.Tanioka and K.Miyasaka, J.
Membrane Sci, 37, 251, 1988

(21) M.Higa, A.Tanioka and K.Miyasaka, J.
Membrane Sci, 49, 145, 1990

(22) W Pusch, Desalination, 59, 105, 1936

(23) Y.Toyoshima, Y.Kobatake and H.Fujita,
Trans. Faraday soc. Faraday Soc., 63, 2814,
1967

(24) N.Kamo, Y.Toyoshima, H.Nozaki and
Y Kobatake, Kolloid-Z. U. Z Polymere, 248, 914,
1971



