
Dramatic drop in cell resistance through induced dipoles and 
bipolar electrochemistry. 

When conducting materials are immersed in an electrolyte, induced dipoles and bipolar electrochemistry processes change the electrochemical cell characteristics.
Simple polarization effects or electric percolation had not been sufficient to explain those changes in suspensions, since those changes occur well below the
electronic percolation limits. This work shows that a significant lower resistance of the cell and charge transfer effects are present even for a discrete number of non-
mobile conducting pieces inserted unconnected in the blank electrolyte. Using macroscopic conducting immersed pieces, a physical mediation due to transport
through the induced dipoles is observed and if redox species exist, is enhanced. The combination is considered a physicochemical mediation.

 The Rs decreased when immersing discrete conducting pieces in the
electrolyte, even without electronic percolation.
 The Rs effect depends on the number of pieces, its size and shape, as
well as the location within the electric field.
 Physical polarization effects appear but also modifications in redox
potentials, and capacitive effects, much before electronic percolation
exists.
Physical mediation, seen as a cascade effect, is envisaged through the
formation of alternating dipoles, while chemical mediation exists at the
new induced interfaces.
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An induced dipole is created between the
borders of each of the conducting pieces in the
electrolyte, when an external electric field is
applied.
The existence of such dipole and the voltage
contribution may be established by various
semi-quantitative approaches.

Figure 1. Image and scheme of redox mediation 
between existing induced dipoles.

Figure 7. CV

Emax: reduction shift to lower
absolute values for more
pieces added.

If we choose the redox behavior of SiW12O40
-4 (POM) anion, we do observe some

changes.

Imax: intensity reduction and
oxidation waves is also
increased.

Poles of opposite signs from
different pieces are facing
each other, any species that
has a redox process may act
as a mediator.

Figure 6. Relative Rs changes for oxalic acid solutions (O2)
immersing circular pieces.

Figure 5. Rs for solutions containing 0,1,2,3 Cu
pieces.

Figure 4.  Nyquist plot

Figure 2. Evaluation of the voltage between
poles. The induced voltage between the
copper poles is about 1/10 of the applied
external voltage.

SiW12O40
-4 (colorless) +2e- → SiW12O40

-6 (dark blue)

(induced cathode)   
And reoxidation at induced anode. 

Ar
V: 20 mV/s

WE: Glassy-carbon

The resistance is dramatically decreased in an
electrochemical cell when immersing discrete
conducting pieces in the electrolyte.

The effect depends on the number of pieces, its size and shape,
as well as the location within the electric field.

10-20 mV

5-15 mV

Figure 3. Equivalent 
circuit a) for electrolyte 
b) including immersed 

conducting pieces. 
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Elements:

Rs→ Resistance of solution

CPEdl→ Constant phase
element of the double layer

Rct→ Resistance of the charge
transfer

CPEp→ Constant phase
element of the double layer of
the pieces immersed

Rp→ Resistance of polarization
pieces immersed.

Dramatic drop in cell resistance through induced dipoles and bipolar electrochemistry. L.

Fuentes-Rodríguez , Ll. Abad, E. Pujades, P. Gómez-Romero, D. Tonti, N. Casañ-Pastor.

J.Electrochem.Soc. 2021 – Under revision


