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Abstract:  
 
An ion, e.g. Ag+ (silver), entering a biological cell as member of a closed electrical 
circuit replaces a given amount of water (H2O/cm2), because the circuit is an image of 
a closed H2O circuit (Kirchoff). For unhampered passage both current and water 
temporarily must be stored in secluded cell organelles. The buffering system is based 
on the buffering capacity of water. Water is partly a gas, and any electrolyte like for 
example OH-, H+ or Ag+ can be stored as free electrical potential in the gas-phase, 
H2Og, in exchange for free H2Og molecules returning as dipoles to the liquid state. 
One Coulomb (C) appears to be equivalent with one mole H2Og, and the capacitance 
ratio of H2O/cm3 over H2O/cm2 is found to be 10. Conversion of solid to gas, and gas 
to liquid is enabled by the presence of a universal ‘surface’ charge of 10-8Q/cm2 on an 
ion selective electrode or biological membrane. Maximal surface capacitances (½C.V) 
to store or release 1moleC per mole H2Og are +833mV and -833mV, respectively. 
Surface capacitance is varied by induction of ions in solution in a range of 103 to 
10-11Qmole/ltr (pQ=14, 59.5mV/decade). Existence of Nernstian diffusion potentials 
therefore is rejected. It is furthermore shown i) that the gas constant Rg and Faraday 
constant F are 8.333Joule/liter and 100000C, respectively, ii) that the relative density 
of ice, 0.925, is due to paired clustering of H2Og molecules into the solid state upon 
freezing, iii) and that pH and ion selectivity reflect free surface capacitance (Volt). 
Capacitance feedback and the role of endoplasmatic reticulum (ER) will be discussed. 
 

Introduction.      
 
Previously we have shown that combinations of the 
enzyme 3Na/2K-ATPase and ion channels in the 
membrane are able to generate RC-circuits consisting 
of sodium (Na+), chloride (Cl-) and water. These 
circuits generate 83mV membrane capacitance by 
storing ions as free electrical potential (capacitance C) 
in membrane channels1,2, and admittance, which 
enables the ions and H2O to escape from these circuits 
as non-ionized, 0.83mole/ltr, NaCl salt3. The enzymes 
are able to generate these RC-circuits because water 
partially behaves like a gas, and membrane admittance 
is generated at the interface between water as liquid and 
water as gas3d,e,f. Admittance is an essentially zero Volt 

Fig.1. Potential (mV) of an Ag+

-sulphide membrane in response
to Ag+ in the bath. Data from
ref.5 (pAg = -log [Ag+]) 



event, which requires electroneutral membrane vesicle 
fusion. Impedance is the reverse of admittance and 
electrodes therefore do not measure vesicle fusion, but 
the likeliness, or potential, of fusion to occur. Here is 
shown that pH- and ion selective electrodes measure the 
impedance or free electrical potential of ions dwelling 
on a membrane. For example, a pH electrode measures 
the surface capacitance potential of H2O conversion to 
H+ and OH- This capacitance is neutralized in the act of 
vesicle fusion when vesicle capacitance (Q/cm3) must 
match with the capacitance on a membrane (Q/cm2).     

Fig.2 A maximal ion
concentration of 103mole Ag+

generates a pressure of 1mole
Ag+/cm2 on an Ag+ selective
silver/sulphide membrane. It
induces all ions present in the
membrane to go to the opposite
surface in a density of 1C/cm2,
which subsequently is running as
10-2C/sec.cm2 serial capacitance
along the surface of the inner
membrane at 833mV. 1C/cm2

displaces 1mole H2O/cm2. This
water ‘pressure’ prevents Ag+

ions to escape from the counter
electrode (0Volt).  1C/cm2

(F=105C/mole) generates an
apparent current of 10-5moleAg+

in the fluid, and an apparent
electrode Ag+ pressure of
10-8mole/cm2. Thus, the latter
concentration was present in the
membrane with 0Volt potential
before it was squeezed out by
the 103moleAg+ in the sample
(by induction because ions in the
sample cannot pass the
membrane). 10-8mol/cm2 is the
specific surface capacitance of
every electrode in water (text).   

 

Fig.3 a The density of charge
Q is 10-8Q/cm2 in an ion
selective membrane or on an
electrode surface. This charge
generates RC-circuits: Q/C-
i*R=0 (Eq.1). The sum of
potentials in these circuits is
zero when capacitance C, and
current C/sec are unity, which
determines the basic density of
10-8Ag+/cm2 b 10-8Q/cm2.sec is
equivalent with 10-5Ag+.cm/ltr
(Volt) while  being deposited
as 10-2C/cm2 serial capacitive
current over a distance of one
meter (100cm). Volt/current
is the definition of the
impedance on the electrode or
membrane1 c one Coulomb
displaces 1moleH2O on the
surface, 1C=1moleH2O. 

To show the analogy in pH- and ion selectivity 
measurement we analyze the Ag+-ion selectivity of a 
silver sulphide membrane, fig.1, as described by 
Durst4,5 and others. The selectivity is measured with a 
pure Ag-electrode, which is responding to the variable 
Ag+ concentration of 5µl 
samples on the membrane 
(fig.2). The experiment has 
been well documented, and 
gained some fame for casting 
‘shades of homeopathy’5, 
because chances are low that 
Ag+ is present in the small 
aliquot above pAg19. 
Nevertheless, the response is 
absolutely ‘Nernstian’, 
59.5mV for a decade change 
of Ag+-activity, up to pAg25. 
Such measurement, several 
other examples can be found 
in literature, clearly shows 
that the Nernst theory of 
potential generation by 

diffusion should be rejected. Here we show that indeed 
membrane potential generation is due to another 
mechanism: the generation of capacitance (Volt) on the 
membrane and electrode by a special interaction of water 
and electrolytes.  
 
Results:   
 
Capacitor potential, surface potential, 10-8Q/cm2 surface 
charges.  Membrane potentials are thought to originate 
from charges moving back and forth over a small distance 
in the pores of ion selective membranes. However, the laws 
of electricity define this movement as RC-circuit because 
the charge is leaving the pore against its own electrical 
gradient. Thus, charged electrolytes Q/cm2 move as free 



potential Q.cm/cm3 from a membrane into solution and settle as capacitance C, in a 
closed electrical circuit with current i, C/cm.sec, moving back across resistance R to 
the membrane and settling as Q/cm2. In the absence of driving force these circuits can 
only exist when the resistance R is infinitesimal small (absent). Or, as is actually the 
case, when charge is leaving the pore as current C.cm/cm2 (Volt), which is spread as 
serial capacitance C/100cm.cm2 (having no resistance) across the surface after leaving 
the pore or surface (fig.3). It means that charge must have been present in the pore as 
Q/cm2 and not in solution (it had to go back to close the circuit), and that this charge 
must be squeezed out by resistance-free induction. The analysis of such membrane 
impedance (fig.3b) is straight forward, as is shown below.  
 

RC-circuit, surface capacitance, ion/gas exchange. 
The sum of potentials must be zero (Kirchoff) in any 
electrical RC circuit in series with DC capacitance 
source E:  Q/C-i*R-E= 0 (fig.3a, Eq.1)1. i is the 
current C/sec sent across resistor R. The latter is 
determined by the RC time-constant (sec) of the 
circuit, which must be one second1-3 when C and 
C/sec are one and the same, R=sec/C (Eq.2). By 
substituting this value of R in Eq.1 it is observed that 
capacitance C can spread on a surface as capacitance 
C/sec because the sum of potentials are zero in such a 
circuit (Eq.3, fig3.a), also when the charge is stored 
as DC surface capacitance E (Eq.1). Unity membrane 
capacitance C and current C/sec is obtained when the 
surface charge Qs is 10-8Q/cm2. This surface density 
is maximally concentrated to 10-5Q.cm/ltr3 (Volt), 
while it is sent as serial capacitance of 
1C/100cm.cm2.sec along the inner surface of the 
membrane (F=105C). For example 10-8Na appears in 

+

Fig.4a-c. a The unit  charge
density is 10-8mole/cm2 on an
electrode  or membrane  b
Maximal dilution of this  charge
over a distance of 1cm would yield
10-11moleAg+.cm/ltr Volt surface
potential. It is the single, ideal,
example of a Nernst- diffusion
potential, in a furthermore non-
closed electrical circuit. The
membrane potential is 0Volt in
fig.1 when the value of pAg is 11
at both sides of the membrane. The
membrane is at rest and therefore
Nernst diffusion simply doesn’t
exist  (see text).  
solution as 1C Na . For this ion to return it cannot 
have any other charge value and this calculus shows that the theoretical value of 
Faraday’s constant F (96.650C/mole), relating current in solution and current along 
the surface, should be redefined3c-f: The empirical value for F was 96650C/mole and 
becomes 100000C/mole (Eq.5). 105*10-5Qmole/liter or 1C/sec replaces exactly 
1moleH2Og/ltr near the membrane. Hence, 1C is sent into the gas phase of water in 
exchange for 1moleH2Og molecule (Eq.6). Thus, 1moleH2O is equivalent with 1C. 
One Ampere is defined as 1C per second over a distance of 1mtr, and the maximal 
surface potential Cs, max becomes 10-2C/cm2.moleH2O (Volt, E in eq.1) when serial 
current is deposited as parallel capacitance (Eq.7).  
 
Capacitor potentials, ion sensitivity by induction Water is partly a gas and ions sent 
into solution can be stored as free electrical potential in the gas phase of water. Ions 
for example can be stored as free electrical potential in ion channels near the 
membrane1-3. The surface capacitance is expressed as Volt (Eq.7), which can be 
calculated as the work done by the capacitors, 0.5*C.V (textbook), to generate the 
membrane impedance defined as Volt/current. Vmax represents the equilibrium 
potential for half-maximal conversion of H20 to the gas state and vice versa. The 
return of one mole H2Og from the gas phase of water in exchange for 1C requires in 
fact 3moles (2H+O) to return from the gas phase of water into the liquid phase, for 



example 1H+ +1OH- = 1H20G. Vmax is therefore +833mV as shown in Eq.8. Vmax can 
be compared to the redox potential of H2O/O2 conversion, +0.82Volt (textbook). The 
latter observation suggests that the redox potential is also a capacitor potential3,3e,f. 
The absolute value of Vmax is measured at pAg -3 and pAg25 (Eq.9, fig.’s 1,2,5). The 
foregoing analysis clearly shows that a membrane potential is not a Nernstian 
diffusion potential, as suggested by the textbooks, but a capacitor potential.  
 
Zero membrane potential, logarithmic response, voltage change per decade Zero 
membrane and electrode potential, Vzero, (at pAg11, fig.4) is obtained when the 
concentration at both sides of the membrane is 10-11moleAg+/ltr. This zero membrane 
potential, VpAg11, is theoretically obtained when all ions in the membrane, 
10-8moleAg/cm2, would be diluted in water over a distance of one cm away from the 
membrane (Eq.10) to 10-11cm/ltr (Volt, fig.4). It is however not a closed RC-circuit 
and therefore the membrane potential is 0Volt when pAg is 11 at both sides of the 
membrane. In any other condition the charge starts to move over small distance (δcm) 
along the surface when leaving the pore. 1/x *δx is equal to ln (x), showing why a 
logarithmic change of potential E is obtained when the sample Ag+ is altered (fig.1). 
Eq.’s 9,10 show that the absolute membrane potential change, 1666mV, is obtained 
between pAg-3 and pAg25, step 28. Hence, the capacitance change for a 10-fold 
change, V10x, in bath Ag+-concentration, is 27.7mV1,3a 

*ln10 =59.5mV (Eq.11).  
 
Surface capacitance and volume capacitance The 
capacitance density extracted by a current of 
1Ampere, defined as 1C per 100 cm over a 
distance of 100cm from a volume, Cvol, max is 
10-3C/cm2.moleH2O (Eq.12). It is a factor 10 less 
than the capacitance density of the same current 
deposited on a surface, which is 
10-2C/cm2.moleH2O (Eq.7). The actual free 
potential content per ltr water is therefore a factor 
10 larger in solution, 8.33Volt/ltr or 8,333Joule 
ltr (Eq.13). It shows that maximally 
0.15C/moleH2O near the surface can be replaced 
by a monovalent electrolyte as free electrical 
potential. The gas constant of water, Rg is 
therefore 8.33Joule/mole (Eq.14)3.  

Fig.5 The Ag+/sulphide membrane m
express an apparent Ag+-sensitivity at
pAg25 (fig.1), although Ag+ ions are
absolutely absent in the sample
solution s (see fig.2). However, the
membrane is 0Volt, while the electrode
maximally is hyperpolarized, –833mV,
in this condition. 1C/cm2 Ag+ surface
capacitance is dwelling on its surface
as 10-2C/sec.cm2 capacitance. It
replaces 1mole H2Og, which exercises a
surface pressure of one mole/cm2 H2O
on the Ag+/sulphide membrane,
preventing the 10-8/cm2 Ag+ ions in the
membrane to move towards the
positive electrode. The apparent bath
Ag+-concentration is 10-5Ag/ltr and
10-8Ag+/cm2 on the membrane (see
also fig.2). The 10-8Ag+/cm2 silver ions
in the membrane are at rest, 0Volt.      

 
Relative density of water 0.15molH2Og (2.7ml) of 
one moleH2O (18ml) is in the gas phase and this 
free water potential, H2Og, should return into the 
solid phase upon freezing. The H2Og molecules 
should return by admittance generated at the 
fluid/gas phase of water3, under essentially 0Volt 
potential. It implies that the gas molecules H2Og 
must return in pairs of two molecules because 
water is a dipole. It has an effect on the relative 
density of water because the number of 

molesH2O per volume is changing when water gets frozen. The calculated specific 
weight of frozen water (s.wice) 0.925 (Eq.15) and this value is close the reported 
empirical values of the relative density of ice.  



Fig.6a,b  a Capacitance in fluid
(Q/cm3), like the 15mC/moleH2Og
(0.83 mole/ltr) NaCl in a vesicle1, is 
a factor 10 larger than capacitance
on a surface. Combinations of
channels and the enzyme 3Na/2K-
ATPase boost the surface
capacitance, or free electrical
surface potential, with a factor 10
to 83.3mV (fig.6a)1,3a. All 
capacitance is neutralized when the
vesicles fuse with the membrane;
admittance is an electroneutral
event. b Cells exploit the 10-fold 
difference between volume and
surface capacitance by generating
admittance. It generates 0Volt
membrane potential allowing the
recirculation of 10-5Ca/cm2 current 
across the membrane. It enables the
efflux of transmitter salt. The
model explains the role of Ca in
membrane trafficking7. Net Ca-flux 
is absent, although, confusingly, Ca
current can be measured (arrow),
but its counter part acting as 
capacitance not3. c A current of
10-2C/sec.cm2 is able to depolarize
the adjacent plasma or nuclear
membrane completely to enable
electroneutral mass transport of
proteins and fluid etc across these
membranes. It is suggested that E.R
can act as an electrode (see fig.5).  

Discussion:  Water is a dipole and water is a gas. It has 10-fold more spherical than 
planar capacitance, and its molar  density is variably. That is what this study shows, 
included the suggestion that the Nernst diffusion potential theory should be rejected. 
Potentials are capacitor potentials and ions in water like H+, OH- and Ag+ are stored 
as free electrical potential in the gas phase of water. Measurement of ion selectivity 
potentials is enabled by the presence of a unit density of 10-8mole/cm2 charged ions in 

the pores of every ion selective membrane (Fig.’s 
2,4,5), which may dwell as serial capacitance, or free 
electrical potential on the surface of a lipid membrane 
or electrode. The charge is squeezed out by induction, 
by charge in solution. The membrane bound 
capacitance replaces a given amount of water on the 
membrane or in voltage sensitive ion channels, the 
latter are characterized by a central water core3d,e,6. 
Spines, vesicles, lateral spaces of epithelial cells, and 
the space between myelin and axon are examples of 
spaces to temporally store water or charge. No 
difference is found between pH and ion selectivity 
measurement. The enzyme 3Na/2K-ATPase 
furthermore has a membrane density of 5.10-9/cm2. 
The charge density is 10-8Q/cm2, each enzyme 
transports 2 charges1,2,3. Its density is in excellent 
agreement with the results of the present study.   
 
All data in this study suggest that admittance is the 
perfect coupling between gasses, fluids and solids.  
The study shows that vectorial electrolyte transport is 
meant to transport fluid and mass around. Fluids 
containing salts like NaCl (fig.6a), transmitters 
(fig.6b), or other substances (fig.6c) are transported at 
essentially zero Volts in vesicles. It is suggested that 
also the endoplasmatic reticulum may serve as 
counter electrode for the plasma or nucleus membrane 
to clamp these membranes locally to 0Volt, for in and 
export of metabolites (fig.’s 5,6c).  
 
Finally, measuring a potential, for example pH, 
therefore does not mean that protons are transported. 
Net transport requires potential and current 
(Fig.3b)1,3a. These together are able to generate 
membrane admittance, defined as current/Volt, which 
is a 3-dimensional imaginary process. However, in 
most electrophysiological voltage and current clamp 
studies so far only membrane impedance, the reverse 
of admittance has been measured or invoked. And 
capacitance neutralization preceded virtually all these 
measurements to measure optimal Nernst-like 
potentials. The latter however do not exist (fig.4) and 
therefore rather than the shades of homeopathy these 
studies bring into memory the shades of Plato. 



Equations: 
 
Q/C-i*R –E = 0        Eq.1 
R = sec/C           Eq.2 
Q.cm/C –Q/sec* cm.sec/C = Q.cm/C –Q.cm/C = 0     Eq.3 
Qs = 10-8Q/cm2        Eq.4 
F (96.650C/mole) = 105C/mole.       Eq.5 
Gas exchange  = 10-5moleQ.ltr-1/moleH2Og = 1C/sec.moleH2O          Eq.6 
Cs, max = 10-2C/cm2.moleH2O (Volt)         Eq.7    
Vmax = 0.5 * 10-2C/(moleH2O/3) = 15mC/moleH20 = 0.833Volt/ltr  Eq.8 
VpAg-3 = VpAg25 = 0.833Volt/cm2      Eq.9 
VpAg11 = 0Volt         Eq.10   
V10x = 1666/28 = 59.5mV       Eq.11 
Cvol, max = 1/100cm * 10-3C/cm2.moleH2O       Eq.12 
Rg= 8.33Joule/mole         Eq.14 
s.w.ice  = (18-0.15*18/2)/18 = 0.925       Eq.15 
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