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J. Heyrovský, Chemické Listy 1922, 16, 256–264

FIRST Paper reporting on Polarography as a new electroanalytical technique 

Published exactly 100 years ago.

(Polarography is recognized as a predecessor of all voltammetric techniques)



4For the development of Polarography, Heyrovsky

was awarded to Nobel Prize in Chemistry 1959





6

Plunge Battery

VOLTAMMETRY is a succesor of Polarography

(branch of ELECTROCHEMISTRY)

-deals wity the processes of CHARGE transfer 

between two conjoined systems

-FLOW of electric charge=CURRENT

Voltammetry considers MAINLY the 

Processes of oxidation and reduction

Ca2+ Ca2+Ca2+
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What comes first to our mind when we talk about electrochemistry



8C6H12O6 + 6O2 → 6CO2 + 6H2O + 2880 kJ/mol 

Breathing is a pure electrochemical process, for example

http://en.wikipedia.org/wiki/Image:3DScience_respiratory_labeled.jpg
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The Electron 

Transport Chain

-most important

Electrochemical 

process 

in living systems
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Electrolyte-Ions in 

water solution

Redox probe

W-working electrode
R-reference electrode
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Voltammetry

http://upload.wikimedia.org/wikipedia/commons/4/4b/Ag-AgCl_Reference_Electrode.jpg
http://en.wikipedia.org/wiki/Image:Ubiquinone.png
http://en.wikipedia.org/wiki/Image:Ubiquinol3.png
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https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwib7MT7mpHXAhXDyRQKHXh8B0MQjRwIBw&url=https%3A%2F%2Fwww.ceb.cam.ac.uk%2Fresearch%2Fgroups%2Frg-eme%2Fteaching-notes%2Fintroduction-403&psig=AOvVaw1-Px4IZZ2sNPMnBx7_Zy_G&ust=1509207684279063
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Application of the Voltammetry

-In Chemistry, Physics and Engineering

-In Biology and Biochemistry

(biosensors)

-In Pharmacy

-In Medicine

-detection of reactive radicals

nitroxides, superoxides,...

-determination of various

active compounds

-studying of protein-protein interactions

-medical sensors for various

electron cariers and neurotransmiters
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And in 2021 alone,

more than 15000 Papers 

have been published

In which voltammetry was

explored
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What kind of information can provide Voltammetry?

-Mechanistic pathway 

-detection of the intermediates and final products of the redox reactions 

Peroxyde nitrite oxidation in living cells

ONO2- - e- = ONO2
....NO2-

NO2- + 2OH- -2e- = NO3- + H2O
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-Thermodynamic Parameters of Redox Reactions

-Kinetic Parameters

-standar rate constants of electron/ion transfers; kinetics of enzymatic reactions;

kinetics of chemical reactions; pharmakokinetic parameters...

Standard Redox Potential-Energy of Activation., Enthalpy, Complexation Constants...
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Information on the mechanism of

transformation of given

Analyte is hidden in the SHAPE 

of the Voltammograms!!
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Voltammetry-NANOPARTICLES MODFICATION

-new way of improving electrochemical responses

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjhlou31ObWAhWHZFAKHWgzCtIQjRwIBw&url=http%3A%2F%2Fwww.aspbs.com%2Fsensorlett%2Fcontents_sensorlett1412016.htm&psig=AOvVaw1712xksQTHV4KZ613Szw9O&ust=1507745648923682
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PROTEIN-FILM VOLTAMMETRY

Enzymes-Redox Chemistry

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwivj9P31ObWAhUIbFAKHfYlDxUQjRwIBw&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F230852390_Protein_film_voltammetry_Electrochemical_enzymatic_spectroscopy_A_review_on_recent_progress&psig=AOvVaw2xt2__5Hftpdx5fY5umJpu&ust=1507745789138442
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjI-vyV1ebWAhUMbVAKHdntB-8QjRwIBw&url=http%3A%2F%2Fwww.biochemsoctrans.org%2Fcontent%2F42%2F1%2F47&psig=AOvVaw2xt2__5Hftpdx5fY5umJpu&ust=1507745789138442
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Working electrode

Counter  

electrode

reference  

electrode

e- e- e- e-
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Voltammetry is a tool for

Designing BIOSENSORS

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAi_ftsefWAhURYVAKHaRMBAAQjRwIBw&url=http%3A%2F%2Fpubs.rsc.org%2F-%2Fcontent%2Farticlehtml%2F2011%2Fan%2Fc1an15279c&psig=AOvVaw1Rz35J6SbwfFO48hiSAn8B&ust=1507770738629927
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi8z76IsufWAhXGY1AKHTl2AykQjRwIBw&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2F229017010_fig1_Assembly-of-the-SWCNT-electrically-contacted-glucose-oxidase-electrode-A-2-thioethanol&psig=AOvVaw1Rz35J6SbwfFO48hiSAn8B&ust=1507770738629927
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwii9YiasufWAhWKK1AKHQUnCP4QjRwIBw&url=http%3A%2F%2Fwww.scielo.br%2Fscielo.php%3Fscript%3Dsci_arttext%26pid%3DS0103-50531997000600002&psig=AOvVaw1Rz35J6SbwfFO48hiSAn8B&ust=1507770738629927
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Voltammetry of BIOMATERIALS

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwitvKrWsOfWAhUNLVAKHYvjCjkQjRwIBw&url=http%3A%2F%2Fbiomaterials.kaist.ac.kr%2Findex.php%3FhCode%3DPUB_02_01&psig=AOvVaw3rvlRaggj_wI6mtJH2eWQ8&ust=1507770383210229
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi5xuadsefWAhWQmLQKHbN-AzEQjRwIBw&url=https%3A%2F%2Fwww.hivehealthmedia.com%2Frising-dental-biomaterial-demand-and-what-it-means-for-the-citizens-of-europe%2F&psig=AOvVaw15IlQd5u0dt2mCWLgNJDTj&ust=1507770539080772
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwimsbvEsefWAhUPmbQKHZI5BBMQjRwIBw&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2F281785148_fig2_Figure-3-Cyclic-voltammetry-curves-and-cycling-performance-of-tungsten-diselenide-WSe&psig=AOvVaw2lz6n3MU4cPo85ORP-mOI6&ust=1507770628668868
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Voltammetry can get insight into

Drug-Drug 

or Drug-DNA interactions
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Acetylcholine

Phospholipids

-Strenght of interactions between various substances
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-physical phenomena taking place in the system

(adsorption, phase transformation)

-nature of mass transfer

-thermodynamic and kinetic parameters related to the physical phenomena

adsorption diffusion Phase-transformation

http://en.wikipedia.org/wiki/Image:Cocaine-3D-balls-2.png
http://de.wikipedia.org/wiki/Bild:Aspirin-skeletal.svg
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Is it possible to investigate only the 

“electron” transfer reactions with Voltammetry?

NO, it is possible to follow voltammetrically also reactions 

comprising only ION transfer, 

or COUPLED ELECTRON-ION transfer
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Transfer of Ionized Drugs-

heroin, cocaine and codeine

across biomimetic membranes
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Cyclic voltammograms showing

complexation of PalmytoilQuinone with Ca2+

Transfer of Ca2+ Ions Across Membranes

c(Ca2+) increases 
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Novel Function

of CoQ10

in transfer

of Ca2+
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Voltammetry from Solid State

Pioneered by prof F Scholz

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiPg9PnucTaAhUIGuwKHZYSAj0QjRx6BAgAEAU&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs10008-017-3534-2&psig=AOvVaw3nPc3_xA6X5Vpv9X510jz1&ust=1524162435484820
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiPg9PnucTaAhUIGuwKHZYSAj0QjRx6BAgAEAU&url=http%3A%2F%2Fpubs.rsc.org%2Fen%2Fcontent%2Farticlehtml%2F2003%2Fan%2Fb309078g&psig=AOvVaw3nPc3_xA6X5Vpv9X510jz1&ust=1524162435484820


31

VOLTAMMETRY is Extremely efficient

and powerfull toll in characterizing

Coordination complexes

Lu3+ +

EDTA

Lu-(EDTA)x
Kstab

http://www.transtutors.com/chemistry-homework-help/co-ordination-chemistry/ligands.aspx
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ7eS_99vRAhWBXBQKHSvvC7IQjRwIBw&url=http%3A%2F%2Fwww.chem.purdue.edu%2Fgchelp%2Fcchem%2Fpolys2.html&psig=AFQjCNGzBsPFGzgHAO5_qj2djgzw7ivEmg&ust=1485386866614634
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concentration of Ca2+ increases

TWO LIGANDS L1 and L2-One (L2) is able to bind Ca2+ ions 

in stochiometric ratio 1:2 (L:M2+), while the other (L1) NOT

L1 L2
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MX+ + yL = [MLy]X+
Kst

Stochiometry of the complexes

What can we evaluate from voltammetric

Experiments?

Stability constant value

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiy6raYkrXRAhVEthQKHZk2CBkQjRwIBw&url=http%3A%2F%2Fwww.slideshare.net%2Fchemsant%2Fstability-of-metal-complexes&psig=AFQjCNHlMA2Mbs35lvgaEp4mPJMRNeyXcQ&ust=1484053997817632
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDiuO1krXRAhVDshQKHb5PBx0QjRwIBw&url=http%3A%2F%2Fwww.chem.canterbury.ac.nz%2FLetsTalkChemistry%2FElectronicVersion%2FElectronicVersionNew%2Fchapter14%2Fsection14c.shtml&psig=AFQjCNHlMA2Mbs35lvgaEp4mPJMRNeyXcQ&ust=1484053997817632
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjOk7_UlbXRAhWLshQKHfJGDRgQjRwIBw&url=http%3A%2F%2Fwww.chemistry.wustl.edu%2F~edudev%2FLabTutorials%2FHemoglobin%2FMetalComplexinBlood.html&psig=AFQjCNEVjn9MOKsFFWFBXNGrWSlA1SNk0g&ust=1484050950836103
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Voltammetry application in biofuel cells
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Scanning Electrochemical Microscopy-the Most 

Sophisticated Electrochemical Technique-Able to be Applied

With help of microelectrodes even in SINGLE CELLS!
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IN-VIVO voltammetric

determination

of dopamine
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Well-Developed Theories in Voltammetry but 

….but???

Miscommunication exists between

Theoretical and experimental electrochemists

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiQ5fiMu8PaAhUSCuwKHVBwCqUQjRx6BAgAEAU&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS001346861500794X&psig=AOvVaw2oqjdS3tApK2wfIit2kXkD&ust=1524128454146113
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwinzueVu8PaAhVJyqQKHed2D8QQjRx6BAgAEAU&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS001346861500794X&psig=AOvVaw2oqjdS3tApK2wfIit2kXkD&ust=1524128454146113
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjEj82iu8PaAhVMKewKHcr1AL0QjRx6BAgAEAU&url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0301462211000202&psig=AOvVaw2oqjdS3tApK2wfIit2kXkD&ust=1524128454146113
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Biggest problem in Voltammetry is the CONTAMINATION

of the working electrodes, especially those made of carbon

or Gold

Are there some limitations?
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Where Voltammetry Will Go in the Next 50 Years?

(MJCCE 2022)



Concluding remarks

...ADVANTAGES of using Voltammetry

-fast înstrumental technique-experiments performed 

is couple of seconds

-extremely cheap instrumentation

-common chemicals are used available in every Lab

-...suitable for qualitative, quantitative studies,

mechanistic studies, kinetic and thermodynamic 

measurements



Total costs for the voltammetric instrumentation

3-4000 Euros!!!!

Making a great science for small money!!!

Amazing!!!

http://www.xenosystem.com/supplier/palm.htm
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNqf6Yyi78cCFQtcFAodxUcBCQ&url=http%3A%2F%2Fsur.ly%2Fo%2Fpalmsens.com%2F&bvm=bv.102022582,d.d24&psig=AFQjCNHac1TT3qA6akG53nO5h5_Ho0lO0Q&ust=1442070666289164
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=http%3A%2F%2Fwww.als-japan.com%2F1406.html&bvm=bv.102022582,d.d24&psig=AFQjCNFb03XLFuFhh1Rou7K_ugEVVJtp3g&ust=1442070722324400
http://www.gamry.com/products/accessories/reference-electrodes/
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…and AFTER ALL 

THESE YEARS…

MY QUESTION IS:

WAS IT WORTH

DOING SCIENCE?
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This is the Lab where we started…
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The chemicals we used in our experiments…
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ELECTROCHEMICAL DICTIONARY (2008)

A. J. Bard, G. Inzelt, F. Scholz (editors)
F. Scholz, U. Schroeder, R. Gulaboski

R. Gulaboski, C. M. Pereira in

Handbook of Food Analysis Instruments (2008)

Semih Otles (Ed.)

http://www.springer.com/dal/home/generic/search/results?SGWID=1-40109-22-173755406-0
http://www.springer.com/dal/home/generic/search/results?SGWID=1-40109-22-34528791-0&referer=www.springeronline.com&SHORTCUT=www.springer.com/sgw/cda/frontpage/0,11855,1-40109-22-34528791-0,00.html
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj4kqacxMTaAhVPr6QKHRJuBDIQjRx6BAgAEAU&url=https%3A%2F%2Fwww.bookdepository.com%2FHandbook-Food-Analysis-Instruments-Semih-Otles%2F9781420045666&psig=AOvVaw2SoFCYm6IXFoJMiXP099kh&ust=1524165264399236
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→First DAAD Scholarship Holder from

MACEDONIA in 2001

-One of few Alexander von Humboldt 

Fellows from MKD-Postdoc in Germany

-PostDoc stay in Porto-Portugal

-Patent published in Germany

-Meeting with Nobel Laurates Lindau 2002

-Ten best scientists under the age of 35 

Barcelona 2006

-among six MACEDONIANS on the list of

Stanford University in 2020, 2021…

-Meeting with Nobel Laurates…
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We made a piece of GOOD Science FROM NOTHING

…and we worked for NOTHING!!!

Money is not the measure of real wealth!!

Doing Science---it is about the WILL!!!
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For doing Science-

YOU MUST FIND SOMEONE

WHO WILL GIVE YOU INSPIRATION, Motivation….
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