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LIQUID-LIQUID INTERFACE between two immiscible liquids
Crucial part for ionic transfer across membranes
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Voltammetry at LIQUID LIQUID INTERFACE gives insight
Into the mechanism of ION TRANSFER
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Is a SIMPLE CONCEPT for studying coupled electron-ion transfer reactions
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Importance of the partition coefficient

Measure of the lipophilicity

of the compounds

Prediction of the transport 

through membranes
Toxicity

QSA-Relationships and

QSP-Relationships
Drug design
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Square-wave voltammograms 

representing the redox reaction of dmfc at 

WE|NB|w three-phase electrode followed 

by transfer of common inogranic anions 

across the w|nitrobenzene interface
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– I. Inorganic anions

– II. Organic anions-Monoanionic forms of:

–A. Phenols

–B. Cyclo-, Mono, Di-, and halogen 

substituted carboxylic acids

–C. Amino acids

–D. Peptides

–E. Medicaments

13

A. Transfer of Ions across

the water|nitrobenzene Interface

V. Mirceski, R. Gulaboski, F. Scholz;Electrochem. Commun. 4 (2002) 813-818 

Š. Komorsky-Lovric, K. Riedl, R. Gulaboski, V. Mirceski and 
F. Scholz, Langmuir 18 (2002) 8000-8005, 

R. Gulaboski, K. Riedl, F. Scholz,Phys. Chem. Chem. Phys. 5 (2003) 1284-1289 

R. Gulaboski, K. Caban, Z. Stojek, F. Scholz;Electrochem. Commun. 6 (2004) 215

V. Mirceski, R. Gulaboski, F. Scholz,J. Electroanal. Chem. 566 (2004) 351 
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R. Gulaboski, V. Mirceski, F. Scholz;Amino Acids 24 (2003) 149–154 
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16➢ among the organic solvents used for 

studying the lipophilicity of solutes, 

n-OCTANOL is certainly the most important 

one

➢It is an ideal mimic for the biological membranes

(amphipathic nature similar to those of the lipides in 

biological membranes, long alkyl side chain and OH 

group) 

➢No data in the literature about the 

standard ion potentials of transfer across 

the interface water|n-octanol: 

Reason: non-polarizability of the 

interface water|n-Octanol 

H

G. Bouchard, A. Galland, P.-A. Carrupt, R. Gulaboski, V. Mirceski, 
F. Scholz, H. H. Girault, Phys. Chem. Chem. Phys. 5 (2003) 3748-3751 

R. Gulaboski, V. Mirceski, F. Scholz;Electrochem. Commun. 4 (2002) 277-283 
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Transfer of anions of medicaments and model 

compounds across w|n-octanol interface
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2-Nitrophenyl octyl ether-used as an 
alternative solvent for n-octanol

It shares the structures of 
Nitrobenzene and n-octanol

11. R. Gulaboski, A. Galland, G. Bouchard, K. Caban, A. Kretschmer, 
P.-A. Carrupt, Z. Stojek, H. H. Girault, F. Scholz,J. Phys. Chem. B, 108 (2004) 4565 
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Comparison between partition coefficients in w|NB and 
w|NPOE, and w|n-oct and w|NPOE

F. Scholz, R. Gulaboski, ChemPhysChem 2005, 6, 16–28 (Review) 
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chiral solvent dmfc dmfc+

graphite electrode

aqueous electrolyte

(Cat+, chiral-)
chiral-(aq)

chiral-(org)

e-

3. Quantification of the enantiomeric anion transfer

energies across water|chiral liquid interface

F. Scholz, R. Gulaboski, Faraday Discuss., 2005, 129, 169–177 

F. Scholz, R. Gulaboski, V. Mirceski, P. Langer;Electrochem. Commun. 4 (2002) 
659-662 

(Racemic mixtures can be separated)
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EXPLORING THE THREE-PHASE ELECTRODE FOR 
MEASURING THE KINETICS OF ION TRANSFER 
ACROSS L|L INTERFACE

Considering theoretically the reaction occuring at 
the Three-Phase Electrode:

the apparent reversibility depends on dimensionless kinetic parameter

Experimental (A) and theoretical (B) quasireversible maxima for
the reaction of anion transfer at Three-phase electrode
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aqueous electrolyte 
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dmfc
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Ag-nanoparticles at 
the L|L interface
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Gulaboski R, Mirceski V, J Phys Chem B 2005
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Energy of making a cavity 
in the solvent 

to accomodate the solute

Energy of reorganization 
of solvent molecules

Short-term interactions
(H-bonds, van der Walls interactions, electrostatic interactions)
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Major 
weaknesses:

Neglects the 
charge 

delocalization 
effects

Neglects the 
energy

of cavity 
formation
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Ecav. = 4sw
o Ai NA
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Summary:

Ion transfer processes studied by three-phase 

electrodes:

-common three-electrode setup

-simple, precise and fast determinations of 

thermodynamic and kinetic parameters

-the approach applicable to different 

organic solvents (octanol(s), menthol, nitrobenzene, 
dichlorethan, nitrophenyl    octyl ether, …)

-a huge data base of new determined standard 

Gibbs energies of transfer of  various ions as well 

as of ks values

-Potential applications as a sensor 

and by the ion separation processes

-MD Simulations needed for molecular 

understanding 
(N. Cordeiro, J. Miguel)
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Figure: blank voltammograms obtained by 

four-electrode measurements

Transfer of perchlorate across water/NB interface

Limitations of the 4-electrode voltammetry at ITIES:
➢Narrow potential windows

➢Applicable to few organic solvents only, 
mainly to 1,2 dichlorethan and Nitrobenzene
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SW voltammograms showing transfer of some monocations
across the w|nitrobenzene interface
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-Once the reaction in the organic phase starts, then 
significant ammount of ions is being created 

in the organic phase

The Ionic content in organic solvent
at potential that is 250 mV more negative 

than the formal potential of the redox system 
(i.e. at E(<0) –Eo = -250 mV):

c(dmfc+X-)o = c(Salt)w*e/2 [-1+(1+(4*c(dmfc)o/e*c(salt)w)0.5]

e= exp(F(E(<0) – Eo)/RT)

c(dmfc+X-)org. phase = 5 mM!!!

(for c(dmfc)o = 0.05 M, and c(salt)w = 0.5 M)

➢Expanding of the active organic layer
(through diffusion of the ions) :

L =k (Dt)0.5

−−+− +++ 1e(o)A(o)dmfc(w)Admfc(o)
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Comparison between experimentally determined              
and the estimated values by using the

electrostatic Born theory



36

1. R. Gulaboski, V. Mirceski, R. Kappl, M. Hoth, M. Bozem, "Quantification of

Hydrogen Peroxide by Electrochemical Methods and Electron Spin Resonance

Spectroscopy" Journal of Electrochemical Society, 166 (2019) G82-G101.

2. Rubin Gulaboski, Valentin Mirceski, Milivoj Lovric, Square-wave protein-film

voltammetry: new insights in the enzymatic electrode processes coupled with

chemical reactions, Journal of Solid State Electrochemistry, 23 (2019)

2493-2506.

3. Milkica Janeva, Pavlinka Kokoskarova, Viktorija Maksimova, Rubin

Gulaboski, Square-wave voltammetry of two-step surface redox mechanisms

coupled with chemical reactions-a theoretical overview, Electroanalysis, 2019

https://onlinelibrary.wiley.com/doi/10.1002/elan.201900416

4. Gulaboski Rubin, Milkica Janeva, Viktorija Maksimova, "New Aspects of

Protein‐film Voltammetry of Redox Enzymes Coupled to Follow‐up Reversible

Chemical Reaction in Square‐wave Voltammetry", Electroanalysis, 31

(2019) 946-956 .

5. P. Kokoskarova, M. Janeva, V. Maksimova, R. Gulaboski, "Protein-film

Voltammetry of Two-step Electrode Enzymatic Reactions Coupled with an

Irreversible Chemical Reaction of a Final Product-a Theoretical Study in

Square-wave Voltammetry", Electroanalysis 31 (2019) 1454-1464, DOI:

10.1002/elan.201900225

6. P. Kokoskarova, R. Gulaboski, Theoretical Aspects of a Surface Electrode

Reaction Coupled with Preceding and Regenerative Chemical Steps:

Square‐wave Voltammetry of a Surface CEC’ Mechanism, Electroanalysis

(2019)doi.org/10.1002/elan.201900491

https://onlinelibrary.wiley.com/doi/10.1002/elan.201900491

7. R. Gulaboski, Theoretical contribution towards understanding specific behaviour
of “simple” protein-film reactions in square-wave voltammetry”, Electroanalysis,
30. pp. 1-10 (2019) ISSN 1040-0397

8. R. Gulaboski, P. Kokoskarova, S. Petkovska, Time independent methodology to
assess Michaelis Menten constant by exploring electrochemical-catalytic
mechanism in protein-film cyclic staircase voltammetry, Croat. Chem. Acta, 91
(2018) 377-382.

9. V. Mirceski, D. Guziejewski, L. Stojanov, R. Gulaboski, Differential Square-Wave
Voltammetry, Analytical Chemistry (2019)
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.9b03035.

REFERENCES

https://doi.org/10.1002/elan.201900491
https://onlinelibrary.wiley.com/doi/10.1002/elan.201900491


37

10. R. Gulaboski, I. Bogeski, P. Kokoskarova, H. H. Haeri, S. Mitrev, M.
Stefova, Marina, J. Stanoeva-Petreska, V. Markovski, V. Mirceski, M. Hoth, and
R. Kappl, New insights into the chemistry of Coenzyme Q-0: A voltammetric
and spectroscopic study. Bioelectrochem. 111 (2016) 100-108.

11. R. Gulaboski, V. Markovski, and Z. Jihe, Redox chemistry of coenzyme
Q—a short overview of the voltammetric features, J. Solid State
Electrochem. 20 (2016) 3229-3238.

12. Haeri, Haleh H. I. Bogeski, R. Gulaboski, V. Mirceski, M. Hoth, and R.
Kappl, An EPR and DFT study on the primary radical formed in hydroxylation
reactions of 2,6-dimethoxy-1,4-benzoquinone. Mol. Phys. 114 (2016) 1856-
1866.

13. V. Maksimova, V. Mirceski, R. Gulaboski, L. Koleva Gudeva and Z.
Arsova Sarafinovska, Electrochemical Evaluation of the Synergistic Effect of
the Antioxidant Activity of Capsaicin and Other Bioactive Compounds I
n Capsicum sp. Extracts, Int. J. Electrochem. Sci., 11 (2016) 6673 – 6687
14. V. Mirceski, D. Guzijewski and R. Gulaboski, Electrode kinetics from a
single square-wave voltammograms, Maced. J. Chem. Chem. Eng. 34 (2015)
1-12.

15. R.  Gulaboski and V. Mirceski, New aspects of the electrochemical-

catalytic (EC’) mechanism in square-wave voltammetry, Electrochim. Acta, 

167 (2015) 219-225.

16. V. Mirceski, A. Aleksovska, B. Pejova, V. Ivanovski, B. Mitrova, N.
Mitreska and R. Gulaboski, Thiol anchoring and catalysis of Gold
nanoparticles at the liquid-liquid interface of thin-organic film modified
electrodes", Electrochem Commun. 39 (2014) 5-8

17. V. Mirceski, Valentin and R. Gulaboski, Recent achievements in square-
wave voltammetry (a review). Maced. J. Chem. Chem. Eng. 33 (2014). 1-12.

18. V. Mirceski, R. Gulaboski, M. Lovric, I. Bogeski, R. Kappl and M.
Hoth, Square-Wave Voltammetry: A Review on the Recent
Progress, Electroanal. 25 (2013) 2411–2422.

19. R. Gulaboski, I. Bogeski, V. Mirčeski, S. Saul, B. Pasieka, H. H. Haeri, M.
Stefova, J. Petreska Stanoeva, S. Mitrev, M. Hoth and R. Kappl, "Hydroxylated
derivatives of dimethoxy-1,4-benzoquinone as redox switchable earth-alkaline
metal ligands and radical scavengers" Sci. Reports, 3 (2013) 1-8.

http://eprints.ugd.edu.mk/15914/
http://eprints.ugd.edu.mk/15913/
http://eprints.ugd.edu.mk/15641/
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22
http://link.springer.com/search?facet-creator=%22Rubin+Gulaboski%22
http://www.sciencedirect.com/science/article/pii/S1388248113004499
http://www.sciencedirect.com/science/article/pii/S1388248113004499
http://www.sciencedirect.com/science/article/pii/S1388248113004499
http://www.sciencedirect.com/science/article/pii/S1388248113004499
http://www.sciencedirect.com/science/article/pii/S1388248113004499
http://www.sciencedirect.com/science/article/pii/S1388248113004499
http://eprints.ugd.edu.mk/9978/
http://onlinelibrary.wiley.com/doi/10.1002/elan.201300369/abstract
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-1
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-2
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-3
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-4
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-5
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-6
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-7
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-8
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-9
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-10
http://www.nature.com/srep/2013/130521/srep01865/full/srep01865.html#auth-11


38

21. R. Gulaboski, V. Mirceski, I. Bogeski and M. Hoth, „Protein
filmvoltammetry: electrochemical enzymatic spectroscopy. A review
1. on recent progress„ J. Solid State Electrochem. 16 (2012)

2315-2328.

22 . B. Sefer, R. Gulaboski and V. Mirceski, Electrochemical
deposition ofgold at liquid–liquid interfaces studied by thin organic fi
lm-modified electrodes, J. Solid State Electrochem 16
(2012) 2373-2381.

23. R. Gulaboski, P. Kokoskarova and S. Mitrev, "Theoretical
aspects of several successive two-step redox mechanisms in
protein-
film cyclic staircase voltammetry" Electrochim. Acta 69 (2012) 86-
96.

24. V. Mirceski, S. Hocevar, B. Ogorevc, R. Gulaboski and I.
Drangov, "Diagnostics of Anodic Stripping Mechanisms under
Square-Wave Voltammetry Conditions Using Bismuth Film
Substrates" Anal. Chem. 84 (2012) 4429-4436.

25. Bogeski, R. Gulaboski*, R. Kappl, V. Mirceski, M. Stefova, J.
Petreska and M. Hoth, „Calcium Binding and Transport by
Coenzyme Q„ J. Am. Chem. Soc. 133 (2011) 9293-9303.

26. Bogeski, R. Kappl, C. Kumerow, R. Gulaboski, M. Hoth and B.
A. Niemeyer "Redox regulation of calcium ion channels: Chemical
and physiological aspects, Cell Calcium 50 (2011) 407-423.

27. R. Gulaboski and L. Mihajlov, "Catalytic mechanism in
successive two-step protein-film voltammetry—heoretical study in
square-wave voltammetry", Biophys. Chem.155 (2011) 1-9.

28. R. Gulaboski, M. Lovric, V. Mirceski, I. Bogeski and M. Hoth,
Protein-film voltammetry: a theoretical study of the temperature
effect using are-wave voltammetry., Biophys. Chem. 137 (2008) 49-
55.

29.
R. Gulaboski, Surface ECE mechanism in protein film
voltammetry—a theoretical study under conditions of square-wave
voltammetry, J. Solid State Electrochem. 13 (2009) 1015-1024.

http://www.sciencedirect.com/science/article/pii/S0143416011001503?_rdoc=2&_fmt=high&_origin=browse&_srch=hubEid%281-s2.0-S0143416011X0012X%29&_docanchor=&_ct=9&_refLink=Y&_zone=rslt_list_item&md5=b95339f7415ad6d4e11ff5cfede75d13
http://www.sciencedirect.com/science/article/pii/S0301462211000202?_rdoc=2&_fmt=high&_origin=browse&_srch=doc-info(%23toc%235222%232011%23998449998%233041779%23FLA%23display%23Volume)&_docanchor=&_ct=7&_refLink=Y&_zone=rslt_list_item&md5=07259b5c407c134bf98ad9b4aff16972
http://www.ncbi.nlm.nih.gov/pubmed/18657347?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.springerlink.com/content/v713x2764254v863/?p=37e7333ed0d445e8bdead9dafc92548f&pi=4


39

30. F. Scholz and R. Gulaboski “Determining the Gibbs energy of ion transfer
across water-organic liquid interfaces with three-phase electrodes.” Chem.
Phys. Chem., 6 (2005) 1-13.

31. F. Scholz and R. Gulaboski “Gibbs energies of transfer of chiral anions
across the interface water/chiral organic solvent determined with the help of
three-phase electrodes.” Faraday Discuss., 129 (2005) 169-177.

32. R. Gulaboski, A. Galland, G. Bouchard, K. Caban, A. Kretschmer, P.–A.
Carrupt, H. H. Girault and F. Scholz, A Comparison of the Solvation
Properties of 2-Nitrophenyloctyl Ether, Nitrobenzene, and n-Octanol as
Assessed by Ion Transfer Experiments” J. Phys. Chem. B. 108 (2004) 4565-
4572

33. R. Gulaboski and F. Scholz, “Lipophilicity of Peptide Anions: An
Experimental Data Set for Lipophilicity Calculations”, J. Phys. Chem. B. 107
(2003) 5650-5657.

34. R. Gulaboski, K. Caban, Z. Stojek and F. Scholz, “The determination of
the standard Gibbs energies of ion transfer between water and heavy water
by using the three-phase electrode approach”, Electrochem. Commun. 6
(2004) 215-218.

35. V. Mirčeski, R. Gulaboski and F. Scholz, “Square-wave thin-film
voltammetry: influence of uncompensated resistance and charge transfer
kinetics”, J. Electroanal. Chem. 566 (2004) 351-360.

36. Scholz, F, Schroeder U, Gulaboski R, A Domenech-Carbo, 

Electrochemistry of Immobilized Particles and Droplets, 

Experiments with Three-phase Electrode, Springer Verlag, New 

York, pp. 2nd Edition, 2015 

http://www.ncbi.nlm.nih.gov/pubmed/15688639?ordinalpos=12&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15715306?ordinalpos=11&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://pubs.acs.org/doi/abs/10.1021/jp037670m?prevSearch=gulaboski&searchHistoryKey=
http://pubs.acs.org/doi/abs/10.1021/jp034387e?prevSearch=gulaboski&searchHistoryKey=
http://www.scirus.com/srsapp/sciruslink?src=sd&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%3F_ob%3DGatewayURL%26_origin%3DScienceSearch%26_method%3DcitationSearch%26_piikey%3DS0022072803007563%26_version%3D1%26_returnURL%3Dhttp%253A%252F%252Fwww.scirus.com%252Fsrsapp%252Fsearch%253Fq%253D%2528au%25253Agulaboski%2529%252B%252BAND%252B%2528issn%25253A00220728%2529%2526ds%253Dbls%2526ds%253Dsd%2526ds%253Dmps%2526ds%253Dcps%2526ds%253Dcpp%2526p%253D0%2526drill%253Dyes%26md5%3Dc3985550e7c9ca870be483ede909619e

