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UDC 544.6.018.22
THE NATURE OF INTERPHASE POTENTIAL UNDER
FORCED MOVEMENT OF THE PROTON IN
WATER/OXYGEN SYSTEM
K.D. Pershina
Joint Department of Electrochemical Energy Systems, Vernadsky av. 38a,
Kiev -142, 03680 Ukraine
e-mail: katherinepersh@gmail.com

Abstract. The effect of oxygen bubbles on the formation of the membrane
interfacial potential under microgravity in water media was considered. The
braking of the proton motion and changes of pH under microgravity in
water/oxygen systems depend on the O, gas bubble size distribution, that have a
much larger variance in acid solutions than in basic solution.

Keywords: membrane, proton, oxygen, interphase potential

Introduction. The main point that has to be considered in the water
management is the behavior of the proton in presence of oxygen and porous
membrane. This is ideal since the electrode needs to remain hydrated to promote
high levels of proton transfer in presence of O, and is especially important for
design of effective portable fuel cells [1]. In such case the water transfers
protons through the membrane due own structure and exchanging of pressure in
porous media [2, 3]. The presence of dodecahedral substitutional sites in the
structure of liquid water promotes the hydration of individual water molecules,
introduced into these cavities [4, 5]. The substitution of water molecules by
oxygen molecules change the structure of existing hydrated complexes of water
with change in degree of proton-donor activity and the transport of oxygen to
the cathode. These effects increase in the presence of porous membrane.

The aim of this work is to study the effect of oxygen bubbles on the
formation of the membrane interfacial potential under microgravity in water
media.

Experimental. In the experiment distilled water, degassed for 1.5 - 2 hrs by
refluxing was used. Water (80 - 85 ° C) was placed in a sealed measuring cell,
which was cooled to 20+2 °C then pH and redox - potential Eh were measured.
Temperature settings were selected according to the oxygen solubility in water
(at 80 °C virtually no dissolved oxygen) ([O,] ~ 107 M), whereas at 20 °C
[0,]=3x10™* M. The mechanical action exerted on the water by filtration through
filters of different structure. The measurements were performed on ion-meter
EV-74 with glass and platinum electrode and Ag/AgCl reference electrode with
measurement error + 5%. The standard and isolated from the air thin-layer cell
with the water layer thickness of 0.5 mm were used for measurements. The
experiment was conducted in two stages. First, the initial pH and Eh were
measured in the degassed distilled water. In the second step into the cell with
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degassed water fed oxygen for one minute. Oxygen was bubbled through a
saturated NaOH solution to remove CO,. Then measurements of pH and Eh
were repeated.

The microtexture of samples was studied using the SEM Mira 3 FESEM
Tescan USA Inc. with high resolution on the cathode with field emission SEM
HV - 10 KeV and automatic measurement in the image.

Magnetization of the water was performed with an inhomogeneous magnetic
field intensity H = 0.074 Tl during 30 s.

Results and discussion. The shift of Eh potential values of degassed water in
the cathode region after filtration through membranes with various nature and
pore size was experimentally found (fig. 1). In the absence of concentration
changes, it formally indicates the decrease in oxygen content [6]. And in this
case, a change in the redox potential is possible due to the impact of double
electric layer, DL, at the interphase of the water cluster/amorphous
water/membrane surface, i. e interphase potential, caused by the forced
movement of the proton across porous membrane. It’s known that the electrical
surface potential of pure water arise due to the net alignment of the dipole and
quadrupole moments of water molecules at the interface and only changes in the
surface potential can be measured experimentally, the small surface potential of
pure water is not easily determined. The general sign convention for the surface
potential is taken as measured from the air into the solution and the electrical
surface potential is estimated to be between 0.1 and 0.2 V, corresponding to
having the water hydrogens pointing slightly toward the bulk [7].
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Fig. 1. Isoelectric Point of Various Kinds of Water, Passed through Membranes of

different Pore Size and Nature. Etalon - 0.01M Solution of NaCl with O, (4).

(1- Distilled Water; 2- Distilled Water without Oxygen; 3- Distilled Water without
Oxygen, Passed through Polymer Membranes with pore size of 11-12nm ; 4- Distilled
Water without Oxygen, Passed through Paper Membranes with Pore size of 200 nm;

5- Distilled Water Containing Oxygen, Passed through Polymer Membranes with Pore
Size of 11-12 nm ; 6- Tap Water; 7 - Distilled Water Containing Carbon Dioxide ; 8 -
Magnetized Distilled Water ; 9 - Distilled Water without Oxygen, Passed through
Paper Membranes with Pore Size of 300nm ).
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In this case, the proton electrochemical potential can be expressed by the
equation given by Nernst - Peters [7]:
Au,. =FAp—23RTApH (1)
where ApH - interphase gradient of pH (or the concentration of protons) and A
- an electric potential difference at the phase interfaces (capacity of the DLSs).
The equation shows that the electrochemical potential difference of H* consists
of two components - the concentration (pH gradient) and electrical (Ag). The
value of Ax,. can be regarded as the force acting on the protons, which

determines the flow of H " across interphase border. If we taken the resulting
potential to one coulomb of electricity, we get specific electromotive force
(EMF) for the proton transfer:

AE,,. =%=A¢@ApH 2

Fixed experimental changes in pH and Eh potential values and the values of
the isoelectric points removal corresponds to the mathematical regularity eq.2. If
the pH removes in the basic site, the values of AEy" increases with increasing of
the ApH. It has created energy barriers for oxygen motion in this case. Thus, the
membrane, under conditions of lack of dissolved oxygen, “encapsulates™ it
within a clusters, i.e. it translates into a molecular - dissolved state and
eliminates the effect of proton EMF. In equilibrium state, the active (electrical)
proton flux at the interphases is balanced by a passive flow of H" (concentration
gradient). The stationary state is reached usually for 100 — 200 s.

The occurrence of the interphase potential explains the absence of differences
in the values of the redox potential in the conditions of pH change by passing
degassed water and water containing oxygen through the track (nano-scale)
membrane (Fig. 2). The small pore sizes (11-12 nm) cause higher Laplace
pressure values in this case.

P =22 3)
where o - the surface tension, R - the pore radius of curvature.

Fig. 2. Electron Micrograph of the Track Membrane
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Taking into account that the bubble O, gas forms closed the membranes
surface due to natural convection and that under microgravity environment the
bubble curtain thickness increases with decreasing electrode potential, the O,
gas bubble size distribution shows a much larger variance in acids solution than
in basic solution under microgravity. The variance increases from +0.05mm at
—0.4V to £0.2 mm at —0.8 V. [8]. And when the pore sizes are smaller than the
size of the bubble the curvature radius increases exponentially, as result - the
elimination of concentration component. Then according to the equation 2 ApH
= 0 and interfacial potential value becomes zero.

The presence of dissolved oxygen increase the concentration of protons at the
interface of the oxygen / water, that causes the proton concentration gradient (fig
3). So to mitigate this effect the external pressure Py on the surface of the
membrane should be increased or the pore size is to be increased, too.

+ ( 0] +
H 2 o apH

Pt Pp

+ o+
Ny

PO-P

L
Fig. 3. The Mechanism Scheme of the Proton Gradient Formation within the
Nanoporous Membrane in the Presence of O, Bubble (External Pressure — Py, Laplace
Pressure- Py).

Conclusions. The membrane, under conditions of lack of dissolved oxygen,
translates oxygen bubbles into a molecular - dissolved state and eliminates the
effect of proton EMF. Changes of pH under microgravity in water/oxygen
systems depend on the O, gas bubble size distribution, that have a much larger
variance in acids solution than in basic solution. Modeling of cross-border
potential have shown that when the pore sizes are smaller than the size of the
bubble the curvature radius increases exponentially, as result - the elimination of
concentration component and cross-border potential value becomes zero. This
model is in agreement with experiment. If the porous size larger than size of
oxygen bubbles —the cross-border potential is decreased. In case of the smaller
porous (the smaller than bubble size) is observed an increase in concentration of
the protons at the oxygen / water interphase. So to mitigate this effect should be
increased external pressure Py on the surface of the membrane or increase the
pore size.
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MNMPUMYCOBOI'O PYXY ITPOTOHY B CUCTEMI BOJA-KUCEHb
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Pe3ztome. Poszensinymo 6nius 0yaib0auox KUCHIO HA OopMY8aHHI MeMOPAHHO20
nomeHyianry Ha medxdci po3oiny Gaz 6 ymosax Mmikpozpasimayii y 600HUX
cepedosuwjax. lloxkazano, wo ycymenus pyxy npomowieé i 3sminu pH npu
MiKpoepasimayii 8 cucmemi 600a / KUCEHb 3aNeHCUMb 8i0 PO3N0OiNLYy PO3MIpPI8
oynvoawox 2azy O, sKi marwme Habazamo OLbULY OUCNepCilo 8 PO3UUHI
KUCTOMU, HINHC 6 JIYIHCHOMY DO3YUHI.

Knrwouoei cnosa. membpana, npomo, Kucenvb, MpaHcepanuyHUull NOMmeHyiaJl.
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