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The scope of this paper is to demonstrate the fact that Karpen’s cells are not concentration cells, but rather
types of double layer electrochemical capacitors, and their operation does not contravene to the second law
of thermodynamics. The recharge of such capacitors is a spontaneous endothermic process, the necessary
heat being extracted from the surrounding environment due to the existence of a temperature gradient
between the solution near the electrode vicinity and the environment. In the absence of this temperature
gradient the cell will shift towards an amortization phase, leading eventually to the stopping of the micromotor. The paper also describe a mechanism of the electrical energy generation in Karpen cells.
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The electrochemical systems known as Karpen’s cells
were invented by Nicolae Vasilescu Karpen (NVK) and are
described in his several papers [1-5]. The K cells were
shrouded in mystery starting from the beginning, even by
their author, who stated that their operation contravene to
the second law of thermodynamics, generating electrical
energy on the basis of heat absorbed from the outside:
“these cells use exclusively the only one heat source of
the constant temperature ambient environment” [5]. In
other words, K cells are a 2nd kind perpetuum mobile.
Moreover, this idea has been also supported until recent by
other authors [6].
M. D. Cazacu et al. presented a modified version of a K
cell, which ought to provide a continuous operation,
highlighting a very important thing: the electrolyte solution
cools during operation, absorbing some thermal energy
from the surrounding environment. This means that this
device runs on a heat transfer process from a hot source
(the environment) and a cold source (the electrolyte
solution), so that the K cell is not a 2nd kind perpetuum
mobile [7,8].
K cells are basically manufactured by associating some
inert metals (platinized/black platinum, bright platinum,
gold, platinized gold) or graphite, immersed in the same
electrolyte (a solution of sulphuric acid solution, pure
sulphuric acid) or even distilled water, where there are
minute amounts of dissolved oxygen or hydrogen (the
corresponding air pressure or hydrogen pressure above the
solution is about 1 cm H2O (98.1 Pa) [5]. At these reduced
oxygen or hydrogen concentrations, the electrodes surface
is not saturated with O2 (H2) molecules or O (H) atoms,
resulting from the respective molecules dissociation
process.
Under these circumstances, one may estimate that the
number of O2 molecules or O atoms, respectively H2
molecules or H atoms, adsorbed on the metal surface is
proportional to the strength of the O – electrode material
bonds, respectively to the strength of the H – electrode
material bonds. This is the reason why NVK called these
systems concentration cells, and based on its electronic
*

theory deduced the relation for the electromotive force
[9].
The 2nd kind perpetuum mobile false approach, the low
current and the low amount of generated energy
determined a restrained of the scientific community in
addressing this issue, though Nicolae Vasilescu Karpen
himself made an experimental demonstration at the
French Academy in 1926 [6].
This paper aims to highlight the fact that K cells are not
concentration cells, in the strict sense of the definition, but
rather double layer electrochemical capacitors, and their
operation does not contravene to the second law of
thermodynamics and their recharge is a spontaneous
endothermic process, the necessary heat being extracted
from the environment due to the existence of a temperature
gradient between the solution near the electrode vicinity
and the environment.
The oxygen Karpen cells
The systematic studies of Nicolae Vasilescu Karpen in
the field of electrochemistry were particularly oriented
towards the oxygen cells, abbreviated as K2. The most
performant of them, (K’2), is made of a platinized gold
electrode (APt), having the physical dimensions of
200x6x0.04 mm, wrapped on a glass support, constituting
the positive electrode, placed symmetrically between two
bright gold electrodes (Au), similar in size with the
platinized gold electrode, the gold electrodes (Au) being
the negative terminal. The electrolyte used was pure
sulphuric acid [9] (fig.e 1).
The deposition of the black platinum layer on gold has
the effect of substantially increasing the contact surface
between the platinum and the solution. The presence in
the electrolyte of dissolved oxygen from the air is essential
for the functioning of K’2 cell. Hermetically sealing the glass
vessel carried out in K’2 cell ensured a stable operation by
maintaining a constant concentration of dissolved oxygen
inside the cell.
As said by NVK, K’2 cell has been studied for a long time
“during its 15 years of operation the cell was often short-
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cutted for a prolonged time or put on relatively small
resistances, but one has noticed no alteration of the
electrodes surface “[5].

Fig.1. Oxygen
cell. (Courtoasy of
“Dimitrie Leonida” National Technic Museum )

The deposition of the black platinum layer on gold has
the effect of substantially increasing the contact surface
between the platinum and the solution.
According to the interpretation given by NVK, the oxygen
dissolved in sulphuric acid is adsorbed more onto the
platinized gold electrode than on the bright gold electrode.
As a result, the concentrations of oxygen adsorbed on the
two electrodes are different, so that K’2 cell has been
considered by its creator “an oxygen concentration cell”.
The electromotive force of the cell, determined
experimentally was of 350 mV [5]. The origin of the
electromotive force is considered to be the exchange of
electrons between the contacting environments (metal electrolyte solution), the processes of generating the
electrical energy in the external circuit being explained by
a simplistic mechanism, become anachronistic. NVK
showed that in the electrolyte solution, the water molecules
dissociate in H+ and HO- ions. H+ ions move towards the
cathode (APt) and are subjected to a reduction reaction:
O2 + 4H+ + 4e−→ 2H2O

(1)

At the same time, the HO- ions move towards the anode
(Au) and are subjected to an oxidation reaction:
4HO-→ 2H2O + O2 + 4e-

(2)

According to NVK “theory of free electrons” reactions
(1) and (2) take place in a homogeneous phase, in the
electrolyte solution, in the vicinity of electrodes. The
occurrence of reactions (1) and (2) leads to a decrease in
the concentration of molecular oxygen O2 at the cathode
and to an increase of its concentration at the anode, their
concentrations tending to equalize as time goes by. When
the cell is returned to its rest position, the oxygen diffuses
from the anode towards the cathode, the electromotive
force returning to its initial value. Based on the very “theory
of free electrons” NVK found the relation for the
electromotive force Ea of the concentration cells, deduced
starting from Nernst’s relations for gas electrodes:
(3)

where: R is the universal gas constant, T – thermodynamic
temperature, [O2]APt and [O2]Au – concentration of adsorbed
1294

oxygen on platinized electrode, respectively on Au
electrode.
NVK showed at the same time that the experiment
proved the electromotive force is about 6.3 times higher
than the theoretical one given by equation (3). Following
this line of reasoning it is cited the work of Tamann and F.
Runge [10]. The NVK’s understanding is that the deviation
from the theoretical formula (3) occurs as a consequence
of the fact that this type of cell breaches the second law of
thermodynamics [5].
Calculations carried out by NVK based on the relation
(3) led him to the conclusion that the adsorbed molecular
oxygen concentration on APt is 5.4’ . 1023 times greater
than that on Au, while, based on the corrected relationship,
with a correction factor of 6.3, the adsorbed oxygen
concentration is 0.58 . 104 times higher than that on Au,
only the last value being credible.
K’2 cell powered intermittently an electrical micro motor;
the motor was placed in contact with the cell for 0.5 s,
followed by a break of 18 s. Due to the inertia, the motor
operated continuously. During the contact period, the
current reached 17.5 μA, the cell terminal voltage dropping
to 0.02 ÷ 0.03 V. During the rest period, K’2 cell regenerated
itself, the terminal voltage increasing to 0.25 V [9].
Hydrogen Karpen cell
Preliminary tests carried out by NVK in order to obtain a
hydrogen Karpen cell using platinized platinum and bright
gold electrodes showed that, at normal hydrogen pressures,
the electromotive force is zero. Based on the relationship
of the electromotive force of the hydrogen concentration
cell:
(4)

NVK concluded that, at normal hydrogen pressures, the
concentrations of adsorbed hydrogen on platinum [H2]Pt
and on gold [H2]Au become equal. These results led him to
the conclusion that only a low hydrogen pressure above
the electrolyte solution may determine a difference in the
concentration of the adsorbed hydrogen on the two
precious metals and thus the obtaining of a non-zero
electromotive force [5].
A considerable electromotive force was obtained in cell
equipped with platinized platinum and gold electrodes
having identical dimensions (20x30 mm). One used as
electrolyte a diluted solution of sulphuric acid (0.36%), the
hydrogen pressure above the solution being of 1 cm H2O
(98,1 Pa). In these circumstances, the electromotive force
of the cell, abbreviated as KH, was 0.15 V at 20°C. NVK
interpretation was that, at a sufficiently low hydrogen
pressure, Pt adsorbs more hydrogen than Au, thus forming
an element of concentration, the generation of current in
the external circuit being the result of hydrogen oxidation
reaction on platinum electrode and that of the hydrogen
release reaction on gold electrode [5].
As in the case of K’2, the electromotive force of KH cell
decreases sharply during the generation of current in the
external circuit, having a specific behaviour of a capacitor.
The mechanism of electrical energy generation in
oxygen Karpen cells
Modern theories of the electrical double layer at the
interface of an electronic conductor - ionic conductor show
that a potential difference occurs between the contact
phases due to the redistribution of component particles in
the contact zone, including that of electrical charge carriers,
due to the net dipole orientation of the solvent on the
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surface of the electronic conductor, that of a selective
adsorption of chemical species located at the interface,
as well as the establishment of redox equilibria [11-13].
The introduction of APt electrode, respectively Au
electrode in sulphuric acid solution, induces an adsorption
of the dissolved molecular oxygen molecules O2 from
solution adsorb at the two interfaces metal - electrolyte.
Taking into account that the oxygen solubility in sulphuric
acid solution is limited, and that the cell vessel was sealed,
hence the gold and platinum electrodes surface is not
saturated with oxygen, the interfaces being far from the
equilibrium state of a corresponding gas electrode. Since
the strength of Pt - O bond is higher than Au – O bond, the
concentration of molecular oxygen adsorbed on platinum
will be higher than that on gold [14].
On the other hand, the actual real size of platinized
platinum is from 2 to 5 orders of magnitude greater than
that of the geometrically calculated surface associated to
the bright electrodes. Taking into account that the plating
leads to the creation of sites favouring the adsorption of
oxygen, it can be said that the amount of oxygen adsorbed
on platinized platinum is much higher than that adsorbed
on bright gold [15].
In order to simplify, we shall represent with the symbol
O2 the oxygen species adsorbed on metals surface, even
though, in many cases, the preponderant adsorbed species
is that of the atomic oxygen. Besides, the process of
molecular oxygen dissociation does not modify the charge
of metal - electrolyte interfaces. In contact with an
electrolyte solution, platinum and gold, being noble metals,
tend to release electrons and not metallic ions.
Consequently, redox equilibrium is achieved at the
interface, given by the reversible reaction:
O2 + 4H3O+ + 4e-

6H2O

(5)

Given that the concentration of molecular oxygen
adsorbed on platinum is greater than that on gold, the redox
balance depicted in (5) on platinum will be moved, in
accordance with the law of mass action, stronger towards
the right comparing to that on gold. The platinum, under
these conditions, will release more electrons per unit of
area than the gold and hence platinum shall be the positive
electrode in the K’2 cell, while gold shall be the negative
one, according to the electrochemical chain:(+) Au/
Pt[O2(ads)]/H2SO4(aq), O2(aq)/Au[O2(ads)] (-).
It should be noted that, in reality, both metals shall be
positively charged comparing to the adjacent electrolyte
solution, but the platinum charge will be more consistent.
Pt[O 2 (ads)]/H 2SO 4(aq) and Au[O 2(ads)]/H 2 SO 4 (aq)
interfaces will be in equilibrium when the two potential
differences at ΔφPt/S(eq) and ΔφAu/S(eq) interfaces reach
sufficiently high values.
The simplified equivalent electrical circuit of K’2 an
electrode, such as the two electrodes of K’2 cell, is made
of a capacitor, representing the capacitance of the electrical
double layer, connected in parallel with the charge transfer
resistance (fig. 2A) [16]. Given that in the absence of a
faradic current the transfer resistance can be considered
as being very high, the equivalent circuit of K’2 cell is
simplified (fig. 2B), where Cd1 and Cd2 represent the
capacitance of the electrical double layer at Pt-electrolyte
interface, respectively that of Au-electrolyte interface, and
RS is the electrolyte solution resistance. If one represents
qualitatively the electric potential alongside of K’2 cell (fig.
2C), one may notice that there is a potential difference
between the terminal phases, representing the
electromotive force (E) of K’2 cell. It is known that the
REV. CHIM. (Bucharest) ♦ 66 ♦ No. 9 ♦ 2015

electron work function has similar values for gold and
platinum (4.46 eV vs 4.52 eV) [17], so that the voltage drop
for Pt-Au junction can be considered as being negligible.
As seen from the above said considerations, the load
difference occurs exclusively due to the formation of the
electrical double layer at Pt and Au - electrolyte solution
interfaces, which is why we may consider cell as a
capacitor. Since the capacitors C1 and C2 are connected in
series, the K’2 electrochemical system capacity will be
given by:
(6)

Short-cutting the electrodes through a resistance (e.g.
for K’2 cell, a micro motor), the electrons shall move from
the gold electrode to the platinum electrode, generating
an electrical work. The potential of platinum decreases,
while the potential of gold increases, meaning that that
the potential ΔφPt/S becomes smaller than the equilibrium
value ΔφPt/S(eq), and the value of ΔφAu/S becomes larger than
the equilibrium value of ΔφAu/S(eq) (fig. 2C). The modality
K’2 cell discharges is another proof in favour of considering
it as a capacitor (fig. 2D). The potentials ΔφPt/S and ΔφAu/S
tend to become equal over the time.
Balancing the Pt-electrolyte solution interface is carried
out by the consumption of the platinum electron excess
through the reduction reaction of the adsorbed oxygen
(direct reaction 5) and that of the Au-electrolyte solution
interface by the oxidation reaction of water molecules
(reverse reaction 5). The fact that the electrode terminal
voltage reaches in a very short time (0.5 s) a value close to
zero, and that during the external circuit break period the
electromotive force increases very slowly (18 seconds) to
approximately 0.25 V shows that the electrochemical
processes occurring at the two interfaces are far too slow
than the discharge process through the external circuit, so
that the K’2 cell can function only intermittently.
At the interruption of the external circuit, the occurrence
of the electrochemical reactions will lead to the restoration
of the electrical double layer at the two interfaces. Pt-

Fig. 2. A, B – The equivalent electrical circuits of cell;
C, D – The electrical potential variation alongside cell.
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electrolyte solution interface will deplete in oxygen and
the Au-electrolyte solution interface will enrich with the
same amount of oxygen. Therefore, the overall
electrochemical process may be represented by the
reaction:
O2(ads)Pt →O2(ads)Au
(7)
As the strength of Pt - O the bond is greater than that of
Au – O bond, reaction (7) is an endothermic one. Therefore,
the spontaneous recharging of the electrical double layer
interfaces will lead to a cooling of the cell during the cell
operation.
The existence of a temperature gradient between the
cell and the external environment is the reason that will
determine the occurrence of a thermal flow from the
environment to the cell interior. Therefore, the cell uses
thermal energy drawn from the environment, which is
converted into electrical energy, so that it is not a second
kind perpetuum mobile.
Moreover, NVK himself determined the value of the
temperature coefficient for the electromotive force of K’2 .
Its positive value (+1.9 mV K-1 [5]) shows that electricity
supplied to the external circuit is higher than the overall
process enthalpy that occurs when generating the actual
electricity and, therefore, the cell will cool down during the
operation process.
Reaction (7) will be offset by the process NVK called it
“compensated diffusion”, namely the reverse transport of
O2 molecules under the influence of the concentration
gradient.
As the recovery reaction of the electrical double layer at
the metal - electrolyte solution interfaces takes place
spontaneously by non-faradic electrochemical processes,
we may consider K’2 cell as a self-recharging electrochemical capacitor.
The mechanism of electrical energy generation in
hydrogen Karpen cell
According to the literature data, the strength of Pt - H
bond is greater than that of the Au - H bond [18-21]. If the
hydrogen partial pressure above the solution is sufficiently
low at the introduction of the two metals in diluted sulphuric
acid solution, the metal surface will be saturated with
hydrogen. The amount of hydrogen adsorbed per unit of
area is proportional to the strength of the metal - H bond,
due to the thermal agitation, meaning that the amount of
hydrogen adsorbed on platinum surface will be higher than
that on the gold surface.
The hydrogen adsorbed on platinum is found in
considerable proportion as its atomic form [22], the
proportion of atomic hydrogen versus molecular hydrogen
in equilibrium conditions being over 0.9 [23]. The proportion
of adsorbed hydrogen on gold versus its molecular form is
much smaller than 1 [22], but given that the hydrogen partial
pressure above the electrolyte solution is very low, the
concentration of the adsorbed hydrogen in its atomic state
becomes appreciable.
An electrical double layer is formed at the two
interfaces, Pt - solution or Au - solution. Considering the
chemical species present, the established redox balance
shall be the one given by the following reversible reaction:
H + H2O

H3O+ + e-

H(ads)Pt → H(ads)Au

(9)

According to Hess’s law, reaction (9) is an endothermic
one, meaning that the spontaneous KH cell recharge leads
to its cooling, allowing a thermal flow from the environment
to the cell. In other words, KH cell does not contradict the
second law of thermodynamics, so it is not a perpetuum
mobile of the second kind.
When the concentration of [H(ads)Pt] becomes less than
that at equilibrium, the hydrogen molecules dissolved in
the electrolyte solution are adsorbed and dissociated on
the platinum surface. At the same time, the hydrogen

(8)

As the concentration of the hydrogen adsorbed on
platinum [H(ads)Pt] is greater than the concentration of
hydrogen adsorbed on gold [H(ads)Au], the reversible reaction
on platinum (8) is moved further to the right comparing to
1296

that on gold, namely the excess of electrons on platinum
is greater than that on Au, therefore, in KH cell Pt is the
negative electrode and Au – the positive one. The electric
potential of platinum will be more negative than that of
gold (fig. 3A).
A potential difference ΔφM/S(eq), shall be establish at the
two interfaces Pt (Au) - electrolyte solution, at equilibrium,
which will resist further to the net transfer of the electric
charges (electrons) between the contact phases. As shown
in figure 3A, it is found that: |ΔφPt/S(eq)| > |ΔφAu/S(eq)|.
When the electrodes are shortcut, the excess electrons
of platinum pass through the external circuit to the gold
electrode, producing an electric work. The electrodes
terminal voltage will decrease rapidly over the time,
similarly like in the case of cells, allowing us to consider
that KH cell is also a capacitor cell.
The rapid discharge of the capacitor will lead to a
reduction of the potential drop |ΔφPt/S| and to the increase
of the potential drop |ΔφAu/S| with respect to the equilibrium
value, so that electric potentials will become virtually equal
(fig. 3B). In order to restore the equilibrium at the two
interfaces, respectively of the values of |ΔφPt/S(eq)| and
|Δφ Au/S(eq)|, a spontaneous oxidation reaction of the
molecular hydrogen will take place on platinum (direct
reaction 8) and a reduction reaction of hydronium ions
(reverse reaction 8) will take place on gold electrode. As
the discharge speed of KH cell is much faster than the direct or
reverse reaction rate (8) the electrodes terminal voltage
reaches quickly a value close to zero, so that the current in the
external circuit is insignificant.
At the external circuit interruption, the reactions occurring
at the two electrodes, lead in time to a spontaneous recharge
of KH cell, and, at the same time, to the restoration of the
electrical double layer at the two interfaces, the overall process
being represented by reaction (9):

Fig. 3. A, B. The electrical potential variation alongside KH cell.
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atoms in excess on the surface of gold dimerize and pass
into the electrolyte solution. The appearance of a
concentration gradient of the dissolved hydrogen in the
electrolyte solution will determine its diffusion from the
gold electrode to the platinum one (compensated diffusion
[5]).
One may consider that the generation of the electrical
energy in the external circuit is the result of discharging
and recharging processes of the electrical double layer at
the Pt – electrolyte solution and Au – electrolyte solution
interfaces. They are not accompanied by a faradic current,
which is another argument in favour of considering that KH
cell plays the role of a capacitor.
The voltage across the capacitor terminals is a function
of Gibbs energy of metal-hydrogen formation bond, as
shown in Appendix I.
Conclusions
-The discharge characteristics of Karpen’s cells suggest
that these electrochemical systems are not galvanic cells,
but capacitors;
- The charging mechanism of Karpen cells is an
endothermic process that leads to the cooling of the
considered electrochemical system;
- The appearance of a temperature gradient between
the Karpen cell and the environment is responsible for the
transfer of thermal energy from the environment to Karpen
cell and implicitly for the long-term operation of cells;
- In the absence of this temperature gradient the cell
will shift towards an amortization phase, leading eventually
to the stopping of the micro-motor;
- It is necessary to have in the electrolyte solution very
small quantities of dissolved oxygen and hydrogen
respectively to provide for the compensated diffusion;
- The Karpen cell does not contradicts the second law
of thermodynamics, hence is not a perpetuum mobile of
the second kind;
- The Karpen cells are self-charging capacitors, as the
charging process takes place spontaneously.
Acknowledgement: ``Special thanks go to “Dimitrie Leonida” National
Technic Museum for the permission to reproduce the picture of
Karpen’s cells.

Appendix I
Deduction of the electromotive force relation for KH cell
We can admit that, at normal hydrogen pressures (close
to 1 bar), the noble metal surface (M) coverage degree of
the adsorbed atomic hydrogen is at maximum. The overall
balance established at the metal M - electrolyte solution
(S) interface under these circumstances is obtained by
the summation of the reversible processes (1) - (4):
H3O+(aq) + e-(M)
2H+(aq) + 2e-(M)
2H(ads) H2(ads)
H2(ads) H2(g)

H(M) + H2O(aq)
2H(ads)

(1a)
(2a)
(3a)
(4a)

As a result, the overall process is given by the relation:
2H3O+(aq) + 2e-(M)

2H2(g)

If the hydrogen pressure is low enough, then only a
fraction of the electrode surface is covered by adsorbed
hydrogen atoms, and at the interface, the following
equilibrium shall be established:
H3O+(aq) + e-(M)

(7a)

Considering these conditions, the absolute electrode
potential, according to Nernst relationships, for the interface
M - S, will be given by:
(8a)

Where Δφ from relation (8), is the absolute potential
of M/S electrode, considering also that the activity of H3O+
ions, as well as the activity of H atoms adsorbed is equal to
1. We shall take as a reference state for the adsorbed atoms
(activity equal to 1) the metal surface covered with atomic
hydrogen, so that one may consider that ΔφοM/S does not
depend on the nature of the noble metal.
Returning to KH cell, the open circuit voltage (the
electromotive force) is given by the difference between
the Galvani potential of gold and platinum:
E = fAu - fPt
(9a)
ο
M/S

As it results from figure 2A, the electromotive force is
given by:
(10a)

The activity of the adsorbed hydrogen atoms is directly
proportional to the coverage degree θ and inversely
proportional to the fraction of the free surface 1 - θ, namely,
is directly proportional to the ratio θ / 1- θ. According to the
literature [24, 25], the hydrogen adsorption is governed by
the Langmuir isotherm:
(11a)

Kads is the adsorption constant, – the concentration of
molecular hydrogen dissolved in the electrolyte solution.
By customizing equation (11a) for Pt and Au, it results:
(12a)

where Kads(Pt) and Kads(Au) are the adsorption constants of
hydrogen on Pt and Au.
Between the adsorption constant and Gibbs energy there
is a relationship [26]:
(13a)

And hence:
(14a)

On the basis of relations (13a) and (14a), the ratio of the
activities of hydrogen atoms adsorbed on platinum and
gold becomes:
(15a)

(5a)

When the surface is saturated with adsorbed hydrogen
the absolute M -S electrode potential does not depend
practically on the nature of noble metal, its relation being
given by the Nernst equation:

As the hydrogen adsorption on the two metals occurs
with similar structural transformations, we can admit that
the adsorption entropies are similar:

(6a)
REV. CHIM. (Bucharest) ♦ 66 ♦ No. 9 ♦ 2015
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Under these circumstances it results:
(17a)

On the basis of relations (10a), (15a) and (17a) one
obtains the approximate E relation:
(18a)

The adsorption enthalpy for hydrogen may be evaluated
on the basis of relation (19a) [23]:
(19a)

where: DMM is the energy of metal-metal bond, χM and χH –
metal and hydrogen Pauling electronegativities. The metalmetal bond energy is evaluated from the metal sublimation
energy, ΔHvap.
For metals which crystallize in face centered cubic
system, DMM = ΔHvap/6. For Pt and Au, the metal-metal
bond energies are 94 and respectively 61 kJ mol-1 [27]. The
values for Pauling electronegativity are:
χPt = 2.28, χAu = 2.54, χH = 2.20 [28].
One obtains the values for the adsorption enthalpies:
ΔHads(Pt) = -94.6 kJ mol-1 and ΔHads(Au) = -72.2 kJ mol-1
and hence the capacitor electromotive force: KH: E = 0.232
V.
One may also calculate similarly the electromotive force
for K2 cell.
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