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VOLTANMMETRY is a branch of ELECTROCHEMISTRY
-deals wity the processes of CHARGE transfer

between two systems
-FLOW of electric charge=CURRENT

Hydroxy-ferrocene
(reduced)

Hydroxy-ferrocene
{oxidised)
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We can say-voltammetry deals MAINLY with
Processes of oxidation and reduction



Galvani experiment on frog legs
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http://upload.wikimedia.org/wikipedia/en/a/ab/Galvani-frog-legs.PNG
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CH,,04 + 60, — 6CO, + 6H,0 + 2880 kJ/mol


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


http://upload.wikimedia.org/wikipedia/en/2/2e/Etc2.png

Most important compounds involved in the
Mitochondrial Electron Transport Chain
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Cytochrome C (with Hem)

Nicotinamide adenine dinucleotide-
NAD* (redox enzyme)

Flavin Adenine dinucleotide-
FAD

Coenzyme Q



http://en.wikipedia.org/wiki/Image:NAD%2B_phys.svg
http://en.wikipedia.org/wiki/Image:Flavin_adenine_dinucleotide.png
http://en.wikipedia.org/wiki/Image:Cytochrome_c.png
http://en.wikipedia.org/wiki/Image:Ubiquinone.png

DEFINITIONS

Oxidation: Loss of electrons.
Reduction: Gain of electrons.
Reductant: Species that loses electrons.
Oxidant: Species that gains electrons.

Valence: the electrical charge an atom
would acquire if it formed ions in aqueous
solution.
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http://en.wikipedia.org/wiki/Image:Ubiquinol3.png
http://en.wikipedia.org/wiki/Image:Ubiquinone.png
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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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System: PbCI2 in KCI
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Current, uA Cathodic

Anodic

6 MM K,Fe(CN), & 1 M KNO,
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Potential, V vs. SCE

Pab6orna enekrpona e Pt & pedepentna enekrpona e SCE

Ha noueTok Tede HeratuBHa CTpyja nopaau okcupanujara Ha H,O
1o O,

He teue crtpyja momery A & B (+0.7 mo +0.4V) Ounejku BO

pPacTBOPOT HEMa YECTHUYKH IITO MOXKAT Jla OMIaT OKCHIUPAHU WIIH

peaylrpaHy BO OBOJ PETHOH Ha MOTEHIIH]aJIH

B. IIpu 0.4V, crpyjara moyHyBa Ja pacTe Kako pe3ylITrar Ha
OJIBUBalb€ Ha CclleqHaTa pekalyja Ha katogara (T.e. Ha
paboTHaTa eJeKTPoa):

Fe(CN)¢» +& ©  Fe(CN)*
B.-D. Hamio 3romemyBame Ha CTpyjaTa Kako pe3yiaraT Ha
HaMaJlyBambe Ha MOBpIIMHCKara KoHmeHTparmja Ha Fe(CN)g2

D. Karonen nuk norennmjan (E,c) n karonna muk crpyja (iy.)

D.-F. Crpyjata mouHyBa Hario Ja c€ HamMalyBa Kako IITO
nu(dy3uOHUOT CJIO] C€ MPOIIMPYyBa KOH BHATPENIHOCTa Ha
pPacTBOpPOT

F. Ce cBpryBa noreniujagor (-0.15V), moTeHnujajgoT € ce yiure
HEeTaTHBE 3a Ja OBO3MOXXH PEAyKIMja Ha CIICKTPOAKTHBHHUTE
Fe(CN)g*

F.-J. Ilpu 0BOj MOMEHT HEMa IMOBEKE Ja Ce CIy4yyBa peayKiidja Ha
Fe(CN)g* u ke mouHe 1a Tedye aHOIHA CTPYja Kako pe3y/rar Ha
peokcuaanujara Ha Fe(CN)*

J. Anozen muk notennwjan (Eg,) u anonna muk crpyja (iy,)

K. AHomHata cTpyja c€ HamajgyBa KakO INTO aKyMYJIMPaHHOT
Fe(CN)g* e ymotpeben Bo peakiiijaTa Ha OKCHAAIM]ja



Current, uA Cathodic

Anodic

What do we get from cyclic voltammograms
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AE, = (Epa — Epc) = 0.0592/n,
n = number of electrones
exchanges

10 FO = mid-peak potential Epa -

Eoe

&= 2.686x10°n32AcD/2y1/2

- A: electrode surface

- C. electroactive compound
concentration

- V: scan rate

% | W | - D: diffusion coefficient
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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

Number of SCI Papers in
Voltammetry
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-following of protein-protein interactions

-medical sensors for various

electron cariers and neurotransmiters




Vesicles
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'Voltammetry In service of the

Scanning Electrochemical Microscopy

-Powerfull tool for probing the electrochemical activity of
single living cells at different spots (cell topography)
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-Detection of active sites of Enzymes

-Detection of human breast cancer cells

a 16
144
12
104

i

Current / A

(=T ]

g 91 02 03 04 05 05 07 OB
Potential / V vs SCE


http://en.wikipedia.org/wiki/Image:GLO1_Homo_sapiens_small_fast.gif

What kind of information can provide Voltammetry?

-Mechanism pathway

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

-1
—— 1zt Scan

——2nd Scan

Single Electron
Transter

Peroxyde nitrite oxidation in living cells

ONOZ' = e' = ONOZ....NOZ'
NOZ- + ZOH' '26' — NO3' + Hzo



-Thermodynamic Parameters of Redox Reactions
Standard Redox Potential-Energy of Activation., Enthalpy, Complexation Constants...

-Kinetic Parameters

-standar rate constants of electron/ion transfers; kinetics of enzymatic reactions;
kinetics of chemical reactions; pharmakokinetic parameters...
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ompiexaton or Quinone-

_andCa*ijons

e compounds
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Hydrocarson kails

c(Ca?*) increases
(0 - 19 mM)

Cyclic voltammograms showing
complexation of PalmytoilQuinone with Ca?*



-physical phenomena taking place in the system
(absorption, phase transformation)

-way of mass transfer
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-thermodynamic and kinetic parameters related to the physical phenomena


http://en.wikipedia.org/wiki/Image:Cocaine-3D-balls-2.png
http://de.wikipedia.org/wiki/Bild:Aspirin-skeletal.svg

-type and strenghts of interactions between various compounds
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Which compounds can be investigated by Voltammetry?

Inorganic compounds, metals, alloys,

Organic compounds containing redox active groups:
C=0;Ar=0; N-R; “=%;, N=N; S-H; Ar-OH: Ar-NO,,

Organic compounds containing incorporated metal ions (various redox enzymes

All medicaments and drugs containing “redox active” sites.

neurotransmitters dopamine, noradrenaline, adrenaline, serotonin...
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-What can we make in the case if our compound
does not show “electrochemical activity”?

transmitters such as GABA, glycine and glutamate are NOT electroactive

-to make coupled CHEMICAL reactions
with redox active compounds

Increasing the
scan rate increases concentration of the
catahdic reagent

FA— J— Fap—
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-to probe whether our compound can react with the material of the electrode



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

1 2 3 4 1: ClO,
1.0 H
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Transfer of lonized Drugs-
heroin, cocaine and codeine
across biomimetic membranes



ITA

TWO LIGANDS L1 and L2-One (L2) is able to bind Ca?* ions
In stochiometric ratio 1:2 (L:M?%), while the other (L1) NOT

N e NI
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-1E-09 4

SWV-Ca?* sensitivity
(100uM CoQ-1 initially
dissolved in 1M NaOh for
45 minutes)
c(Ca%*)/mM = O(red curve)
and05:1:2:3:4:5:7:10;
15; 30; 50 and 80 mM
(from black toward orange)
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D The slope of 59mV indicates a comp!

0.68 of a type 1? to M)
-0.66 y=0.059x-0.5
.} .0.64 R'=0.994
= -0.62
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Dependence of the mid-peak potential of the cyclic voltammograms
of the Ligands
on the logarithm of Ca?* concentration




What can we evaluate from voltammetric
Experiments?

Stability constant value
MX* + yL = [MLy]** g

MQ—: N Monodentate

] lieand  Stochiometry of the complexes

Coordinate-Covalent
Bonds

Stability constant / Formation constant

Electron Pair

/ Barcr At om * According to Bjerrum formation of a complex in
: N‘( aqueous solution proceeds through a stepwise
/ ! fashion with corresponding equilibrium constants
M Bidentate .
Ligand M+L ML K1=[ML]/ [M][L]
] \ ML+L K ML, K,=[ML]/ [ML] [L]
. N ==
Metal _ _ ML+L _*% ML K,=[ML]/ [ML2] [L]
lon dark blue tetraammine copper(ll) ion when ammonia
is added to a solution of copper{ll) sulfate.
s e eeeeee——————
Cu” (aq) + 4NHz; == Cu(NH3); (aq) ML +L o ML K,=[ML]/ [ML] [L]

o [CuiNHg) " (aq)]
f= 2+ 4
[Cu?* (aq)][NHg]

These K, K K ... K are called stepwise formation constants


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

Reactant (O) Product (R
Transport of prc:rduc

VERY IMPORTANT!!! \

0+e —» R electmde
e’ 1‘ g e
Electrochemistry deals with the electrons, NOT with the
CORE particles of the atom!!!
So, whether we use RADIOACTIVE or ,,NORMAL" non
-radioactive isotopes, we should have (almost) the
Same results! . . .
Oxidation Reduction
Apha @ (atom loses an electron) (atomo gains an electron)
% -

A/
‘1 2
, ‘ff:ﬂ'
"

Uranium 238



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjz9ubEk7XRAhVBWBQKHVj0AxoQjRwIBw&url=http%3A%2F%2Fnuclear-energy.net%2Fdefinitions%2Fradioactivity.html&psig=AFQjCNEj0n-_t5t21VdpcxrNVhM9FPCQ3w&ust=1484054380963013
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjNyMLfk7XRAhUTrRQKHSN8AhoQjRwIBw&url=https%3A%2F%2Fwww.pinterest.com%2Fexplore%2Fredox-reactions%2F&psig=AFQjCNHOkLojoIl4CM36NCaCEalvs93DQw&ust=1484054432840023

Final Conclusions:

Voltammetry is a SIMPLE, CHEAP and powerful tool for:

-Quantitative determination (sensing) of various biologically active
compounds

-simple technigue for revealing the mechanistic pathways

-effective tool for thermodynamic and kinetic measurements
-Inevitable technique in almost ALL research laboratories

In GENERAL: FOR EVERY SYSTEM (Compound) ONE CAN GET

ELECTROCHEMICAL INFORMATION REGARDLESS OF
ITS STRUCTURE



Cyclic Voltammograms of some NUEORTRANSMITTERS
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A), cyclic voltammogram for 2 pmol/L dopamine.

“.(B), cyclic voltammogram for 2 umol/L norepinephrine

(C), cyclic voltammogram for 2 umol/L serotonin

- W(D), cyclic voltammogram for 200 pmol/L ascorbic acid

e D&Y

(E), cyclic voltammogram for 20 umol/L DOPAC
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