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GALVANIC CELL



Ion selective electrodes (ISEs): WITH A GLASS MEMBRANE 

Haber Klemensiewicz 1909



ISEs with SOLID-STATE and PLASTIC MEMBRANES 



membrane

ISE electrodes

flow-through channel 2.5 μL
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…ion-sensor response
(under equilibrium)



Ion-Selective Electrodes (ISEs) unit

in clinical analyzer

• Direct measurements

Na+, K+, Cl- (pH, Ca2+, Mg2+, Li+, TCO2)   

• Maintenance-free electrodes,

delivered as ready-to-use

• Response time: 2.5 sec

• Reproducibility: +/- 0.1 mV

• Life-time 10000 samples

• Shelf life-time 1 year
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CHALLANGES

…ion-sensor response
(under equilibrium)

time-dependant

But….



Equilibrium vs. advanced modelling
of membrane potential

Em =  Ebl + Ed + Ebr

E= − mE ( t ) ( x,t ) dx

bulk

bulk

distance x

membranesolution solution / int. contact

T.Sokalski and A.Lewenstam, Electrochemical Communications, 2001,3, 107

Electroneutrality is not assumed Equilibrium is not assumed (csurface≠ cbulk)  



Max PLANCK

1858-1947

Siméon Denis POISSON

1781 -1840

Walther Hermann NERNST

1864-1941

Poisson, Nernst & Planck

NPP Model
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P.Lingenfelter, T.Sokalski,, A.Lewenstam, J.Phys.Chem.B (2003) 





Em = f (ai, aj, ar, d, ε, δ, Di, Dj, Dr, ki, kj, kr, x, t)

I or Z = f (…) AND INVERSE 

Non equilibrium potentiometry: NPP ’general’ power
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CHALLANGES…cont.
Membranes glass, crystal (solid-state), liquid (plastic), gas sensors, 

biosensors (metabolites, enzyme) 

New parameters...new membranes
…ionized Mg2+ …bicarbonates HCO3

-

(1992) (2019)

Sensors, 2019, 19(6), 1268

A Breakthrough Application of a Cross-

Linked Polystyrene Anion-Exchange 

Membrane for a Hydrogencarbonate Ion-

Selective Electrode

S. Dabrowska, J. Migdalski, A. Lewenstam



Solid-contact ion-sensors

e-

e-

Inner filling

solution

Conducting

polymer

A. Lewenstam et al,  Analytical Chemistry 1992 64 2496



Ion-to-electron transduction by conducting polymer
Generalized interpretation of a potentiometric (open-circuit) response of conducting polymer

A. Lewenstam et al. J. Electroanal. Chem., 368 (1994) 23-31.
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Solid contact all-solid-state ion-sensor

Substrate
Conducting
polymer Solution

Ion-selective
membrane

Graphene: Nobel 2010

Conducting polymer: Nobel 2000

B. Paczosa-Bator el al, AGH

A. Michalska et al, UW 



coupling

electron-to-ion transducer

…toward fully integrated galvanic probes…  



ISBN 978-3-642-36187-6



 geometry
Planar

Tubular
geometry

Roll
OUT

Roll
IN

geometry
Rod

J. Migdalski, B. Bas, T. Blaz, 

J. Golimowski, A. Lewenstam

J. Solid State Electrochem., 

2009, 13, 149 

Solid contact ISE

All-solid-state ISE

& REF electrode

…multielectrode

platform

ISE

REF





….a human bronchial epithelium cell line 16HBE14σ- was used



Fabrication of Electrodes

by 3D Printing



Electrochemistry Communications 109 (2019) 106613

Solid contact reference electrode with a PVC-based composite

electroactive element fabricated by 3D printing

A. Lewenstam, B. Bartoszewicz, J. Migdalski, A. Kochan



Applications...

…environmental analysis

…process control

…point-of-care measurements

…wearable sensors 



Sokalski et al AAU



….potentiometric ion-sensors as health quality controllers.



M. Parrilla et al, Trends in Analytical Chemistry 110 (2019) 303-320

…solid contact wearable ion-sensors



2021



From pH measurements to 

automated clinical analysis …

SUMMARY


