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Abstract: In this review, the results of the electrochemical investigations made on the trans-
fer of ionizable drugs at the interface between two immiscible electrolyte solutions (ITIES)
in the last decade have been presented. In many of the studies, cyclic voltammetry has been
used to investigate the transfer characteristics of the charged species and deduce their parti-
tion coefficients, which are very important parameters to infer the lipophilicity of drugs in bi-
ological systems. The electrochemical technique allows the precise determination of the dis-
tribution of ionic species between two phases in a wider pH range. Such studies point out the
complexity of the distribution of ionizable compounds and offer a new approach to relate the
structure of such compounds to their passive transport across biological membranes.

INTRODUCTION

The interface between two immiscible electrolyte solutions (ITIES) has been studied extensively, espe-
cially with the help of electrochemical techniques [1–3]. Electrochemical experiments at polarizable
ITIES enable one to measure precisely the Galvani potential difference. This potential difference in turn
determines the partition of ionic species between the two electrolyte solutions. The transfer of charged
species across the interface is illustrated as a current response under potentiostatic conditions. As a re-
sult, the Gibbs energy of ion transfer, which is directly related to the partition coefficient, can be ob-
tained from voltammetry measurements. 

One of the interests in these studies among others is the transfer of ionizable drugs across liq-
uid/liquid interfaces and the determination of their partition coefficients. Measurement of the partition
coefficient of an ion yields its lipophilicity (hydrophobicity). Lipophilicity represents the affinity of a
compound for a lipidic environment. It is a very significant molecular parameter used in different areas
of chemistry, medicine, and pharmacology for predicting the transport through membranes, interactions
with biological receptors and enzymes, toxicity, and biological effects in general [4–6]. Lipophilicity is
the most widely used parameter to design drugs, relate the structures and physicochemical properties of
drugs to their biological activities, and assess their performances, mainly through the establishment of
quantitative structure–activity relationships (QSARs) [7–9]. QSARs are mathematical relationships
linking chemical structure and pharmacological activity in a quantitative manner for a series of com-
pounds [10]. 

In a biphasic system, lipophilicity of a solute is commonly measured by its partition coefficient,
P. The partition coefficient of an ion, lnPi, depends on the Galvani potential difference across the in-
terface as shown by the following equations [11]. 
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voltammetric experiments [12]. Voltammetry at ITIES is particularly well suited for the experimental
determination of lnPi

o, because it allows for the control of the interfacial potential and hence of the
ionic distribution between the two adjacent phases, and affords a direct measure of lnPi

o. 
For a long time, the understanding of the lipophilicity of ionizable drugs was limited by a lack of

reliable methods to determine the partition coefficients of ions. It has been traditionally accepted that
ionizable compounds cross membranes only in their neutral form or as ion pairs. Recent studies, how-
ever, have shown a significant passive partition of ionic organic compounds into the organic phase
[13–15]. Therefore, studies on the lipophilicity of ionizable drugs give better understanding of drug ac-
tivity and distribution and help to develop new drugs. 

Numerous other techniques have been used to obtain lipophilicity parameters. These include the
shake-flask method [16,17], chromatographic methods [18–20], filter probe method [21], flow-injection
extraction [22], microscale partitioning method [23], the generator column method [24], potentiometric
method [25], and theoretical computation based on the molecular structure of a drug [26]. However, all
of these methods have their disadvantages. For example, if the partition coefficient of a drug is very low
or very high, it is difficult to measure the equilibrium concentrations accurately, and changes in the par-
tial molar volumes of the solutions must often be taken into account. Furthermore, carrying out parti-
tion experiments with care is slow and tedious. The problem associated with theoretical computing is
that it is difficult to evaluate all the factors that affect solvent–solute interactions [27].

Electrochemistry provides a convenient, fast, and accurate method for studying the equilibrium
and transport properties of ionic solutes [28]. In recent years, cyclic voltammetry (CV) has been intro-
duced in medicinal chemistry for the determination of the lipophilicity of ionic drugs and study of their
mechanism of transfer at ITIES. This method requires the use of a polarizable interface. The system
usually used is 1,2-dichlorethane/water. The main advantage of CV at ITIES is that, in contrast to all
other techniques that do not control the Galvani potential difference, the potentials are here monitored.
This provides standard log P independent of experimental conditions. It is believed that the voltam-
metric lipophilicity determination of drugs at ITIES could become an important competitor to the
potentiometric titration, which is the most popular technique to date [9]. 

The purpose of this paper is to give brief accounts of the drugs that have been studied at ITIES to
determine their partition coefficients using voltammetric methods for nitrobenzene/water, o-nitrophenyl
octyl ether/water, and 1,2-dichlorethane/water systems. 

LOCAL ANESTHETICS 

The pharmacological activity of local anesthetic agents in biological systems is proportional to the
lipophilicity [29]. Thus, lipophilicity has generally been used to evaluate pharmacological activity.
Different investigators have studied the electrochemical transfer behavior of local anesthetics at ITIES.
Arai et al. [30] studied the electrochemical transfer of several drug ions, including local anesthetics,
such as lidocaine, tetracaine, benzocaine, procaine, and dibucaine across the water/nitrobenzene inter-
face using polarography with a dropping electrolyte electrode. A linear relationship between the half-
wave transfer potentials of the anesthetic agents and the pharmacological activity was established with
good correlation. The half-wave potential becomes more negative with higher pharmacological activity.
Since these drugs transfer across the nitrobenzene/water interface as protonated cations, the half-wave
potentials become more negative with higher drug hydrophobicity. This indicated that an increase in
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hydrophobicity causes increased pharmacological activity. It is known that an increase in the hydro-
phobicity of local anesthetic agent causes increased anesthetic activity or toxicity [29]. Very recently,
the voltammetric behavior of eight local anesthetics: three ester-linked local anesthetics (procaine, tetra-
caine, and oxybuprocaine) and five amide-linked, local anesthetics (prilocaine, mepivacaine, lidocaine,
and dibucaine and bupivacaine) was investigated using CV with a stationary nitrobenzene/water inter-
face in a wider pH range [31]. The partition coefficients of both neutral and ionic forms of local anaes-
thetic between the organic and aqueous phases were determined from the reversible half-wave poten-
tials vs. pH curves. A high correlation coefficient between the pharmacological activity and the partition
coefficient of the ionic form of the amide-linked local anaesthetics has been shown. In another investi-
gation, Samec et al. [32] studied the voltammetric and AC-impedance behavior of the protonated ion of
several local anaesthetics at the o-nitrophenyl octyl ether/water interface, and determined the apparent
rate constants of transfer of the ions at the interface. It was observed that the pharmacological activity
of local anesthetic increases with a decrease in their ion-transfer standard potential, which is consistent
with the data obtained at the nitrobenzene/water interface [30,31]. These authors suggested that the ac-
tivity could be related to the ion partition between the body fluid and the membrane, or to the rate of
membrane ion transfer at a constant potential difference. The Galvani potential differences of the local
anesthetics at the nitrobenzene/water (NB/W) and o-nitrophenyl octyl ether/water (o-NPOE/W) inter-
faces are shown in Table 1. The ∆φo

BH
+ values in Table 1 represent the hydrophobicity or lipophilicity

of the drugs in their ionic form and are related to the partition coefficient of the drugs in their ionic form.

Table 1 Galvani potential differences of local anesthetics at the
nitrobenzene/water and o-nitrophenyl octyl ether/water interfaces. 

Drug ∆w
oφo

BH
+/ V ∆w

oφ1/2 BH
+/V ∆w

oφo
BH

+/ V
(NB/W)a (NB/W)b (o-NPOE/W)c

Procaine –0.068 –0.025 0.053
Tetracaine –0.165 –0.057 –0.032
Oxybuprocaine –0.187
Prilocaine 0.002 0.102
Mepivacaine –0.050
Lidocaine –0.057 –0.005 0.063
Bupivacaine –0.123 –0.022
Dibucaine –0.169 –0.065 –0.093
Benzocaine –0.30
Cocaine –0.047

aFrom ref. [31]. 
bFrom ref. [30]. 
cFrom ref. [32].

�-BLOCKERS

β-blockers are widely used in the treatment of various cardiovascular diseases such as hypertension,
angina pectoris, and cardiac arrhythmias [33,34]. The electrochemical transfer behaviors of β-blocking
drugs were studied at the nitrobenzene/water [30] and 1,2-dichloroethane/water interfaces [27,35]. Arai
et al. investigated four β-blocking agents at the nitrobenzene/water interface and obtained a linear rela-
tionship between the pharmacological activity and the half-wave potential with a negative slope [30].
The half-wave potential becomes negative with higher pharmacological activity, showing that an in-
crease in hydrophobicity may cause a decrease in pharmacological activity. The study indicated that
hydrophobicity could be used to determine the activities of these drugs. CV was used to study the trans-
fer of seven β-blocking agents (Table 2) along with other drugs at the 1,2-dichloroethane/water inter-
face [27]. The study was made with the objective of showing that electrochemical methods can be used
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in a straightforward manner to determine the partition coefficients of drugs that can exist as ions in
aqueous solutions. In another study, the lipophilicity parameters of a number of β-blockers were meas-
ured using different methods and different solvent systems in order to validate new experimental tech-
niques used to measure the log P of protonated drugs [35]. CV was applied for the transfer of β-block-
ers at the 1,2-dichloroethane/water interface. Table 2 compares the partition coefficients of cations and
neutral molecules of β-blockers obtained by CV and centrifugal partition chromatograph (CPC) for
1,2-dichloroethane/water system. The results demonstrated that CV is an informative technique to
measure partition coefficients of ionized compounds. 

Table 2 Partition coefficients of β-blockers for the
1,2-dichloroethane/water system. 

Drug log Pc (CV)a log Pc (CPC)a log PN (CV)b

(DCE/W) (DCE/W) (DCE/W)

Acebutolol –2.22
Alprenolol –1.84
Atenolol –5.45
Bisoprolol –2.38 –2.40
Carazolol –2.03 –2.09
Carteolol 1.52
Carvedilol –0.47 –0.99
Clonidine 2.78
Metipranolol –1.87 –1.87
Metoprolol –2.20 –2.54 2.23
Oxprenolol –1.30 –2.51
Papaverine 4.10
Penbutolol –0.65 0.12
Pindolol –3.26 <–3.0
Propranolol –2.08 –1.93 2.70
Sotalol 1.05
Timolol –2.89

aPartition coefficients of cations from ref. [35].
bPartition coefficients of neutral molecules from ref. [27].

QUATERNARY AMMONIUM DRUGS

Quaternary ammonium drugs are generally applied as antiseptics, disinfectants, preservatives, and san-
itizers and for environmental purposes and for water treatment [33]. The transfer of four cholinergic
agents (acetylcholine, acetyl-β-methylcholine, carbamylcholine, and carbamyl-β-methylcholine) and
five anticholinergic agents (tetramethylammonium, tetraethylammonium, hexamethonium, succinyl-
choline, and tubocurarine) was studied at the nitrobenzene/water interface [30]. The half-wave poten-
tials of the drugs in each group were found to be similar, indicating that the hydrophobicity of the drug
ions within a group is the same. A linear relationship between the transfer half-wave potential and the
pharmacological activity was obtained for each agent. This study exhibited that ion-transfer voltam-
metry is a promising method in assessing the hydrophobicity of quaternary ammonium drugs. Recently,
Testa et al. made a comprehensive study on the lipophilicity of 18 quaternary ammonium drugs and
model compounds using CV at the 1,2-dichloroethane/water interface [36]. Table 3 summarizes the
standard transfer potentials and the standard partition coefficients for the cations and neutral molecules
of the quaternary ammonium drugs investigated. The results of this study evidenced that the partition
of such ions is not influenced by the formation of ion pairs. The increase in lipophilicity of quaternary
ammonium ions observed when a lipophilic anion is added in excess is only governed by the Galvani
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potential difference and does not depend on any ion pair formation. These investigators proved that CV
yields a standard value of the partition coefficient, which does not depend on experimental conditions
(unlike, e.g., the shake-flask method) and must be considered as an intrinsic value that can be used as
reference.

Table 3 Standard transfer potential of cation c, standard partition coefficient
of cation c, and estimated partition coefficient of the corresponding neutral
form of the quaternary ammonium cation at the 1,2-dichloroethane/water in-
terface. (Reprinted with permission from ref. [36] © 2001 Plenum
Publishing.)

Drug ∆w
oφo 

c (V) log Po,
c log PN (est.)

Acetylcholine 0.210 –2.0 1.88
S-Butyrylthiocholine 0.025 –0.4 3.31
Carbamoylcholine 0.210 –3.5 0.90
1-Ethylquinoline 0.005 –0.1 4.58
Homidium –0.192 3.2 7.11
N-Methylderamciclane –0.225 3.8 7.76
Methylhomatropine 0.042 –0.7 3.18
Methylquinidine –0.115 1.9 4.89
14-Methylrutecarpine –0.012 0.2 4.47
Neostigmine 0.036 –0.6 3.50
Propantheline –0.218 3.7 7.50
Pyridostigmine 0.055 –0.9 2.01
Tetra-N-butylammonium –0.225 3.8 9.01
Tetra-N-ethylammonium 0.019 –0.3 3.87
Tetra-N-methylammonium 0.160 –2.7 1.57
Tetra-N-penthylammonium –0.361 6.1 11.58
Tetra-N-propylammonium –0.091 1.5 6.44
Trantheline –0.163 2.8 5.97

ANIONIC DRUGS

The lipophilicity of 28 acidic compounds with various functional groups was studied very recently by
CV and potentiometry in the 1,2-dichlorethane/water system and by potentiometry in the
n-octanol/water system. The study was made in order to understand the lipophilicity of neutral and ion-
ized acids and to clarify the solvation mechanisms responsible for their partition [37]. The results were
used to calculate the compounds’ ∆log PN

oct-dce parameter that is the difference between log P of n-oc-
tanol/water and log P of 1,2-dichlorethane/water systems for neutral molecules (see Table 4). This para-
meter is of interest in pharmacokinetics (which is defined as the collection of effects exerted by a bio-
logical system upon a drug) since it describes the H-bond donor capacity of drugs and is negatively
correlated to membrane permeability [38,39]. The study of these compounds containing different acidic
groups has shown the variable lipophilic behavior of anions. The parameter diff(logPdec

N-A) (i.e., log P
of the neutral acid minus standard log P of the conjugated anion in 1,2-dichloroethane/water) was
shown to depend not only on intermolecular interactions and conformational effects in the neutral and
anionic forms, but also on the delocalization of the negative charge on the anion. The value of this para-
meter decreases when the delocalization of negative charge increases, due to the increased stabilization
of the anion in the organic phase. The lipophilicity of a series of nitrophenols was studied in the
1,2-dichloroethane/water system using CV at ITIES [40]. The effects of charge and intramolecular
structure on the lipophilicity of the phenolic compounds were investigated. The study illustrated the in-
fluence of intramolecular interactions on the partition of ionizable compounds. Moreover, it showed
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that the 1,2-dichlorethane/water system is a promising means to identify intermolecular H-bonds acting
on the lipophilicity of neutral species and the charge delocalization diminishing the polarity of ions. 

Table 4 Physicochemical parameters of acidic compounds. (Reprinted with permission
from ref. [37] © 2001 Wiley-VCH Verlag GmbH.)

Drug pKa
a ∆logPN

oct-dce
b logPo,N

dce
c diff(logPdce

N-A)d

Phenol 9.99 0.85 –2.3 2.9
2-Nitrophenol 6.92 –1.04 –2.0 4.8
3-Nitrophenol 8.10 1.08 –2.4 3.3
4-Nitrophenol 6.90 1.24 –2.5 3.3
2,4-Dinitrophenol 3.96 –0.79 –1.7 4.2
2,5-Dinitrophenol 4.97 –0.74 –2.3 4.8
7-Isoxicam 3.93 –1.06 –1.0 4.9
4-Bromobenzoic acid 4.15 1.82 –5.0 6.0
4-Chlorobenzoic acid 3.93 1.60 –4.8 5.9
3-Chlorobenzoic acid 3.82 1.74 –5.0 6.0
4-Iodobenzoic acid 3.87 1.54 –4.7 6.3
1-Naphtoic acid 3.64 1.26 –4.9 6.7
Ketoprofen 4.25 0.39 –4.0 6.4
Suprofen 4.05 0.47 –4.3 6.7
Naproxen 4.18 0.49 –4.2 6.8
Piroprofen 4.01 0.80 –4.2 7.0
Flurbiprofen 4.21 0.90 –3.2 6.1
Ibuprofen 4.31 1.00 –3.7 6.6
Carprofen 4.45 1.46 –3.6 6.2
Indomethacin 4.42 1.40 –2.8 5.7
Sulindac sulfide 4.88 0.50 –2.2 6.5
Sulindac 4.03 0.47 –4.8 7.6
Sulindac sulfone 4.16 –0.35 –4.4 8.0
Phenylbutazone 4.61 –1.62 –1.6 6.3
Sulfinpyrazone 
Sulfide 2.55 –2.39 0.9 6.8
Sulfinepyrazone 2.37 –1.13 –1.6 6.3
Sulfinepyrazone 
Sulfone 2.09 –2.02 –0.1 6.1

aMeasured by potentiometry. 
b∆logPN

oct-dce= logPN
oct – logPN

dce. 
cMeasured by cyclic voltammetry. 
ddiff(logPdce

N-A)d standard partition coefficient of cation c, and estimated partition coefficient of the
corresponding neutral form of the quaternary ammonium cation at the 1,2-dichloroethane/water
interface.

ZWITTERIONIC, MONOBASIC, AND DIBASIC DRUGS

Zwitterions have a positive and a negative charge at neutral pH by virtue of the strength of their ioniz-
able groups [41]. Zwitterions in drug research occur in various therapeutic classes, such as nonsteroidal
anti-inflammatory drugs, antihistaminic drugs, and antibacterial agents, and they may also be produced
as metabolites [42]. The lipophilicity of various zwitterionic drugs was examined by CV and poten-
tiometry at the 1,2-dichloroethane/water interface [43–45]. The drugs whose partition coefficients were
measured by CV consist of cetirzine and hydroxyzine (antihistaminic agent), labetalol (antihyperten-
sive agent), azapropazone, piroxicam, tenoxicam and isoxicam (anti-inflammatory agents), and raclo-
pride and eticlopride (neuroleptic agents). Their physicochemical parameters are shown in Table 5.

H. ALEMU

© 2004 IUPAC, Pure and Applied Chemistry 76, 697–705

702



These studies revealed the very informative nature of CV to examine the lipophilicity of cationic and
anionic forms of zwitterions and enabled us to understand the intermolecular interactions responsible
for the lipophilic behavior of the drugs. In theses studies, theoretical and experimental ionic partition
diagrams have been used to explore the pH-absorption profiles of the drugs. Ionic partition diagrams
are potential-pH diagrams illustrating the predominance area of neutral and ionic species according to
their acid/base character [9,40,46–48]. The ionic partition diagrams have proved to be useful represen-
tation of thermodynamic equilibria involving ionizable species in biphasic liquid systems. The transfer
mechanisms of monobasic drugs and (amfepramone, N-methylephedrine, 3,5,N,N-tetramethylaniline,
and N,N-diethyaniline) dibasic drugs (quinine and trimetazidine) were studied by CV at the
water/1,2-dichlorethane interface [49]. The partition coefficients of the various ions were deduced from
the voltammograms (see Table 5), which were monitored as a function of aqueous pH. The results ob-
tained were displayed in the form of ionic partition diagrams, which define the predominance domains
of each species in both phases. In a similar study the transfer of a series of weak acids, bases and am-
pholytes [lauric acid, N-(p-methylbenzyl)hexylamine, diclofenac, pyridine, nicotine, hydralazine, and
phenylalanine] has been studied by CV at the water/1,2-dichlorethane interface in order to determine
their lipophilicity [50]. Physicochemical parameters of these compounds for the neutral and ionized
forms were measured as a function of aqueous pH and some of the data are presented in Table 5. The
results obtained were presented in the form of ionic partition diagrams. This presentation affords both
a precise description of the mechanisms governing the transfer from one phase to the other, and a re-
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Table 5 Physicochemical parameters of zwitterionic monobasic and dibasic compounds at the
1,2-dichloroethane/water interface. 

Drug ∆w
oφo (mV) logPN logPo, C logPo, A diff(logPdce

N-C) diff(logPdce
N-A)

Azapropazoneb 0.2 –3.0 3.2
Cetirizineb,c 0.7 0.7 –3.1 0.0 –3.8
Labetalolb 1.7 –2.6 –4.8 4.3 6.5
Tenoxicamb 4.0 –1.3 5.3
Isoxicamb 4.0 –1.0 5.0
Racloprideb 1.0 –3.9
Eticloprideb 4.7 2.4 2.3
Piroxicama –0.3
Hydroxyzinec 3.6 1.3 2.3
Amferpramoned 36 3.7 –0.6 4.3
N-methylephedrined 163 1.6 –2.8 4.4
3,5,N,N-tetra-methyl anilined 170 4.0 –2.9 6.9
N,N-diethylanilined 135 4.2 –2.3 6.5
Trimetazidined 163 1.0 –2.8 3.8
Quinined 85 2.4 –1.4 3.8
N-(p-methylbenzyl)hexylaminee 29 4.2 –0.5 4.7
Lauric acide –179 3.6 –3.0 6.6
Pyridinee 266 0.7 –3.8 4.5
Diclofenace –124 3.2 –2.1 5.3
Nicotinee 261 0.7 –4.4 5.1
Hydrazinee 160 –0.0 –2.7 2.7
Phenylalaninee 474 –2.5

aFrom ref. [43].
bFrom ref. [44].
cFrom ref. [45].
dFrom ref. [49].
eFrom ref. [50].



liable assessment of pH lipophilicity profiles. This study also demonstrated that both charged and neu-
tral species can penetrate into the organic phase and showed the importance of the passive transfer of
organic ions for drug disposition and pharmacokinetics. Recently, sildenafil (Viagra) was examined for
its ionization and lipophilicity by electrochemistry at ITIES and two-phase titration in the
1,2-dichloroethane/water system [51]. The dissociation constants (basic pKa = 6.78, acidic pKa = 9.12)
and physicochemical parameters of the various species (for the cation ∆w

oφo
i = –5.5; log Po

i = 0.1;
diff(log PN-I) = 3.65 and for the anion ∆w

oφo
i = –115.7; log Po

i = –2.7; diff(log PN-I) = 6.45), together
with the effects of electrical potential, were used to construct an ionic partition diagram. This allowed
interpreting the transfer mechanism of sildenafil at liquid/liquid interfaces, suggesting in particular that
an intramolecular H-bond influences the lipophilicity of the neutral and cationic species. In a very re-
cent work, a novel method to readily determine the lipophilicity of electrogenerated charged species has
been reported [52]. This is achieved by local electrolysis at a Pt-coated micropipette and subsequently
driving the electrogenerated species to transfer across the liquid–liquid interface under potential con-
trol. The method proposed is facile and enables of potentially unstable charged products of electron-
transfer reactions.

In conclusion, the present review shows the extent of the usefulness of ion-transfer voltammetry
in assessing the distribution of drug ions in biphasic systems. The employment of the method to gain
information about lipophilicity parameters is progressing rapidly and may facilitate the development of
screening methods for producing new drugs. Thus, it is likely that this method becomes widely used by
the pharmaceutical companies.

REFERENCES

1. H. H. Girault and D. J. Schiffrin. In Electroanalytical Chemistry, Vol. 15 A, J. Bard (Ed.), p. 1,
Marcel Dekker, New York (1989).

2. J. Koryta and P. Vanysek. In Advances in Electrochemistry and Electrochemical Engineering, Vol.
12, H. Gerisher and C. W. Tobias (Eds.), p. 113, Wiley, New York (1996).

3. P. Vanysek. Modern Techniques in Electroanalysis, p. 337, Wiley, New York (1996).
4. A. G. Volkov. Liquid Interfaces in Chemical, Biological and Pharmaceutical Applications, p. 1,

Marcel Dekker, New York (2001).
5. Handbook of Chemcial Property Estimation, American Chemical Society, Washington, DC

(1990).
6. C. Hansch, J. E. Quinlan, G. L. Lawrence. J. Org. Chem. 33, 347 (1968).
7. S. L. Price, J. S. Andrews, C. W. Murray, R. D. Amos. J. Am. Chem. Soc. 114, 8268 (1992).
8. H. van de Waterbeemd. Quant. Struct.–Act. Relat. 11, 200 (1992).
9. F. Reymond, D. Fermin, H. Lee, H. Girault. Electrochim. Acta 45, 2647 (2000).

10. C. Hansch and A. Leo. Exploring QSAR: Fundamentals and Applications in Chemistry and
Biology, ACS Professional Book, American Chemical Society, Washington, DC (1995).

11. F. Reymond, G. Steyaert, P. A. Carrupt, B. Testa, H. H. Girault. Helv. Chim. Acta 79, 101 (1996).
12. K. Kontturi and L. Murtomaki. J. Pharm. Sci. 81, 970 (1992).
13. M. G. Davis, C. N. Manners, D. W. Payling, D. A. Smith, C. A. Wilson. J. Pharm. Sci. 73, 949

(1984).
14. D. A. Smith, K. Brown, M. G. Neale. Drug Metab. Rev. 16, 365 (1986).
15. C. J. Alcorn, R. J. Simpson, D. E. Leahy, T. J. Peters. Biochem. Pharmacol. 45, 1775 (1993).
16. A. Leo, C. Hansch, D. Elkins. Chem. Rev. 21, 525 (1971).
17. J. C. Dearden and J. H. O’Hara. Eur. J. Med. Chem. 13, 415 (1978).
18. W. J. Lambert. J. Chromatogr. 656, 469 (1993). 
19. E. Tomlinson. J. Chromatogr. 113, 1 (1975).
20. P. Vallat, N. E. Tayar, B. Testa, I. Slacanin, A. Marston, K. Hostettmann. J. Chromatogr. 504, 411

(1990).

H. ALEMU

© 2004 IUPAC, Pure and Applied Chemistry 76, 697–705

704



21. E. Tomlinson. J. Pharm. Sci. 71, 602 (1982).
22. V. Kuban. Anal. Chim. Acta 248, 493 (1991).
23. H. J. Ford, C. L. Merski, J. A. Kelly. J. Liq. Chromatogr. 14, 3365 (1991).
24. M. M. Miller, S. Ghodbane, S. P. Wasik, Y. B. Tewari, D. E. Martire. J. Chem. Eng. Data. 29, 184

(1988).
25. F. H. Clarke. J. Pharm. Sci. 73, 226 (1984).
26. C. Hansch and C. J. Drayton. Comprehensive Medicinal Chemistry, p. 275, Pergamon, Oxford

(1990).
27. K. Kontturi and L. Murtomaki. J. Pharm. Sci. 81, 970 (1992).
28. A. J. Bard and L. R. Faulkner. Electrochemical Methods, pp. 213–242. Wiley, New York (1980).
29. S. C. Harvey. In The Pharmacological Basis of Therapeutics, A. G. Gilman and L. S. Goodman

(Eds.), 6th ed., Macmillan, New York (1980).
30. K. Arai, M. Ohsawa, F. Kusu, K. Takamura. Bioelectrochem. Bioenerg. 31, 65 (1993).
31. Y. Kubota, H. Katano, M. Senda. Anal. Sci. 17, 65 (2001).
32. Z. Samec, J. Langmaier, A. Trojanek, E. Samcova, J. Malek. Anal. Sci. 14, 35 (1998).
33. Martindale. The Complete Drug Reference. S. C. Sweetman (Ed.), p. 844, 33rd ed.,

Pharmaceutical Press, London (2002).
34. B. G. Main and H. Tucker. In Medicinal Chemistry, Vol. 4, C. R. Ganellin and S. M. Roberts

(Eds.), pp. 187–208, Academic Press, London (1993).
35. G. Caron, G. Steyaert, A. Pagliara, F. Reymond, P. Crivori, P. Gaillard, P. A. Carrupt, A. Avdeef,

J. Comer, K. Box, H. H. Girault, B. Testa. Helv. Chim. Acta 82, 1211 (1999).
36. G. Bouchard, P. A. Carrupt, B. Teseta, V. Gobry, H. H. Girault. Pharm. Res. 18, 702 (2001).
37. G. Bouchard, P. A. Carrupt, B. Teseta, V. Gobry, H. H. Girault. Chem. Eur. J. 8, 3478 (2002).
38. G. Caron, F. Reymond, P. A. Carrupt, H. H. Girault, B. Testa. Pharm. Sci. Technol. Today 2, 327

(1999).
39. N. El Tayar, R. S. Tsai, B. Testa, P. A. Carrupt, C. Hansch, A. Leo. J. Pharm. Sci. 80, 744 (1991).
40. V. C. Courtois, F. Reymond, G. Bouchard, P.-A. Carrupt, B. Testa, H. H. Girault. J. Am. Chem.

Soc. 121, 1743 (1999).
41. I. Tinoco, K. Sauer, J. Wang, J. Puglisi. Physical Chemistry, Principles and Applications in

Biological Sciences, pp. 213–215, Prentice Hall, New Jersy (2002).
42. A. Pagliara, P.-A Carrupt, G. Caron, P. Gaillard, B. Testa. Chem. Rev. 97, 3385 (1997).
43. F. Reymond, H. H. Girault, P.-A. Carrupt, G. Steyaert, B. Testa. Helv. Chim. Acta 79, 1651

(1996).
44. G. Bouchard, A. Pagliara, P.-A. Carrupt, B. Teseta, V. Gobry, H. H. Girault. Pharm. Res. 19, 1150

(2002).
45. G. Bouchard, A. Pagliara, G. Plemper van Balen, P.-A. Carrupt, B. Teseta, V. Gobry, H. H.

Girault, G. Caron, G. Ermondi, R. Fruttero. Helv. Chim. Act. 84, 1375 (2001).
46. F. Reymond, G. Steyaert, P.-A. Carrupt, B. Testa, H. H. Girault. J. Am. Chem. Soc. 118, 235

(1996).
47. F. Reymond, G. Steyaert, P.-A. Carrupt, B. Testa, H. H. Girault. Helv. Chim. Act. 79, 101 (1996).
48. V. Gobry, S. Ulmeanu, F. Reymond, G. Bouchard, P.-A. Carrupt, B. Testa, H. H. Girault. J. Am.

Chem. Soc. 123, 10684 (2001).
49. F. Reymond, P. A. Carrupt, B. Teseta, H. H. Girault. Chem. Eur. J. 5, 39 (1999).
50. F. Reymond, V. C. Courtois, G. Steyaert, G. Bouchard, P. A. Carrupt, B. Teseta, H. H. Girault. J.

Electroanal. Chem. 462, 235 (1999).
51. V. Gobry, G. Bouchard, P. A. Carrupt, B. Teseta, H. H. Girault. Helv. Chim. Acta 83, 1465 (2000).
52. P. Liljeroth, B. M. Quinn, K. Kontturi. Electrochem. Commun. 4, 255 (2002).

© 2004 IUPAC, Pure and Applied Chemistry 76, 697–705

Interface between two immiscible electrolyte solutions 705


