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lon selective electrodes (ISEs): WITH A GLASS MEMBRANE
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ISEs with SOLID-STATE and PLASTIC MEMBRANES
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...lIon-sensor response
(under equilibrium)
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lon-Selective Electrodes (ISES) unit
In clinical analyzer

* Direct measurements
Na*, K*, CI- (pH, Ca?*, Mg?*, Li*, TCO,)

 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



Bectrognalysis 2014, 26, 1171- 1181

Review Wiley Online Library ELECTROANALYSIS
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Routines and Challenges in Clinical Application of
Electrochemical Ion-Sensors

Andrze) Lewenstam wefa.

Abstract: This review provides information on application  sponse theory. An instrument producer point of view,
of potentiometric ion-sensors in routing clinical analysis.  based on direct industnial involvement of the author, 5
The text comprises sensor design, way-of-use, conventions  emphasized.

and practical recommendations, and elements of IS re-

Kevwords: Clinical analysis - Electrolvtes in blood - Ionized magnesium - Ton-sensors - Solid-contact




CHALLANGES

...lI0N-sensor response
(under equilibrium)
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Equilibrium vs. advanced modelling
of membrane potential
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Electroneutrality is not assumed Equilibrium is not assumed (Cqy tace® Chuik)

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



NPP Model

Siméon Denis POISSON Walther Hermann NERNST Max PLANCK
1781 -1840 1864-1941 1858-1947

Poisson, Nernst & Planck
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Non-equilibrium potentiometry—the very essence

Andrzej Lewenstam




Non equilibrium potentiometry: NPP ’general’ power
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Journal of The Electrochemical Society, 164 (11) E3559-E3568 (2017) E3559

JES Focus Issue on Mamiemanicar Mooeune oF ELecTRocHEMICAL SYSTEMS AT MuwnpLE ScaLes IN Honor oF Joun Newman

Modeling of Electrodiffusion Processes from Nano to Macro Scale

K. Szyszkiewicz, J. J. Jasielec, M. Danielewski, A. Lewenstam, and R. Filipek”

Faculty of Materials Science and Ceramics, AGH University of Science and Technology, 30-059 Krakow, Poland

Mass and charge transport processes play an important role in different areas of science. The membrang processes involving charge
transport are of vital importance in cell biology since they support homeostasis of living organisms. In the field of ion-selective
electrodes transport of ions determines generation of electrochemical signals. The process of ionic diffusion remains of primary
importance in many civil engineering problems since the long-term durability of building materials, such as concrete, is directly
affected by the transport of chemical species. Length scale of the above processes range from nanometers for biological membranes
through micrometers for ion selective electrodes up to centimeters for ions transport in concrete.

@ The Author(s) 2017. Published by ECS. This is an open access arlicle distributed under the terms of the Creative Commons
Attribution Non-Commercial Mo Derivatives 4.0 License (CC BY-NC-ND, http:/fcreativecommons.org/licenses/by-nc-nd/4.0¢),
which permits non-commercial reuse, distribution, and reproduction in any medium, provided the original work is not changed in any
way and is properly cited. For permission for commercial reuse, please email: oa@electrochem.org. [DOI: 10.1149%2.0571711jes]

All rights reserved. D) ey-nc-nND |

Manuscript submitted April 3, 2017; revised manuscript received June 23, 2017. Published July 13, 2017, This paper is part af the
JES Focus Issue on Mathematical Modeling of Electrochemical Systems at Multiple Scales in Honor of John Newman.



CHALLANGES...cont.

Membranes glass, crystal (solid-state), liquid (plastic), gas sensors,

biosensors

(metabolites, enzyme)

New parameters...new membranes
...lonized Mg?*

(1992)

A historical

SUcCcCess.

the measurement of ionized

magnesium

Andrzej Lewenstam, Head
of Sensor Technology
Group at Kone Instruments,
announced the possibility of
fully automatic determina-
tion of ionized magnesium
during the 11th Meeting of
International Federation of
Clinical Chemistry on
""Methology and clinical ap-
plication of ion-selective
electrodes'' held in Mon-
terey, California, this sum-
mer.
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..bicarbonates HCO
(2019)

A Breakthrough Application of a Cross-
Linked Polystyrene Anion-Exchange
Membrane for a Hydrogencarbonate lon-
Selective Electrode

S. Dabrowska, J. Migdalski, A. Lewenstam

Sensors, 2019, 19(6), 1268



Solid-contact ion-sensors
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A. Lewenstam et al, Analytical Chemistry 1992 64 2496



lon-to-electron transduction by conducting polymer

Generalized interpretation of a potentiometric (open-circuit) response of conducting polymer
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Solid contact all-solid-state 1o0n-sensor

Conducting lon-selective
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Graphene: Nobel 2010
Conducting polymer: Nobel 2000

" e &= B. Paczosa-Bator el al, AGH
Graphene A. Michalska et al, UW
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electron-to-ion transducer

Solid contact as 1on-to-electron transducer. Ion-to-electron coupling scheme.

...toward fully integrated galvanic probes...



Gyorgy Inzelt - Andrzel Lewenstasn - Fritz Scholz Editors
Handbook of Reference Electrodes

Gyorgy Inzelt
Andrzej Lewenstam
Fritz Scholz Editors
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Reference Electrodes are a crucial part of any electrochemical system, yet an up-to-date
and comprehensive handbook is long overdue. Here, an experienced team of electro-
chemists provides an in-depth source of information and data for the proper choice
and construction of reference electrodes. This includes all kinds of applications such as
aqueous and non-agqueous solutions, ionic liquids, glass melts, solid electrolyte systems,
and membrane electrodes. Advanced technologies such as miniaturized, conducting-
polymer-based, screen-printed or disposable reference electrodes are also covered.
Essential know-how is dearly presented and dlustrated with almost 200 fgures.

Handbook
of Reference
Electrodes
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ISBN 978-3-642-3618B7-6
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» springer.com

@ Springer



Solid contact ISE
All-solid-state ISE
& REF electrode

...multielectrode ‘ $
platform ; ; ;
H ISE
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REFERENCE MEMBRANE

SELECTIVE MEMBRANES

Fig. 1. Principle of “contact-type” one-drop measurement.

Multielectrode potentiometry in a one-drop sample

T. Blaz, B. Bas, . Kupis, ]. Migdalski, A. Lewenstam ™

Electrochemistry Communications 34 (2013) 181-184

& MULTIELECTRODE PROEBE

100

E, mV

-200+

-100+

CI-ISE

0.001M 0.01M 0.1M  0.01M 0.001M KCI

K-ISE
‘\_\—I_FO mV/pK

T
0

5
T T T T T T T 1
200 400 600 800
time, sec.



Multielectrode Bisensor System for Time-Resolved Monitoring of lon
Transport Across an Epithelial Cell Layer

Renata 'l'oczylowska-NIamiﬁska,T Andrzej Lewenstam, % and Krzysztof Dolmﬂf-]'

Anal. Chem. 2014, 86, 390-394

. lon concentration
apical sensor

time
basolateral sensor

....a human bronchial epithelium cell line 16HBE140- was used



Fabrication of Electrodes
by 3D Printing



Solid contact reference electrode with a PVC-based composite
electroactive element fabricated by 3D printing

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

> a. Silver wire coated
with AgClI a

1. ABS base and silver wire separately .

b. ABS passive base

2. ABS base with silver wire in it .

b c. PVC-KCI composite
\'_// a

3. SCRE with imprinted composite .

Fig. 2. Solid state 3D printed reference electrode. On the left-side a scheme
with electrode parts; on the right-side fabrication steps and photos of a real
product (dimensions of the base: 30 mm x 20 mm and cavity diameter 11 mm).

Fig. 1. Cross-section of the nozzle area of a composite printing module, 1 - PTFE heat break, 2 — aluminum heat link, 3 - aluminum heat block, 4 - brass nozzle
additional in!




Applications...

..environmental analysis
..process control
..point-of-care measurements
..wearable sensors



Clinical
Analysis:

Blood & Urine:
K*,Na*, Cl, pH etc.

Multisensor Probe

Process Chemicals &
Liquors:
Ca?*, Fe?*, pH etc.

Environment:

Surface Water & Soil :
Pb?*, Cd?*, pH etc.

Sokalski et al AAU

-------------------------------------------------------------------------------------------------------------------------------------------




CONGENTRATION

T T

TIME/MIN

....potentiometric ion-sensors as health quality controllers.



COENERYIT

1

Ag/Ag Cl

..solid contact wearable ion-sensors

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



508 membranes

Advances

in Artificial
and Biological
Membranes

Mechanisms of lonic Sensitivity,

lon-Sensor Designs and Applications
for lons Measurement

Edited by

Andrzej Lewenstam and Krzysztof Dotowy
Printed Edition of the Special Issue Published in Membranes

2021




SUMMARY

From pH measurements to
automated clinical analysis ...
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