
© C
OPYRIG

HT U
PMUNIVERSITI PUTRA MALAYSIA 

ELECTROCHEMICAL CHARACTERISATION AND SENSING OF
DICLOFENAC ANION AND DIBUCAINE CATION BY ION TRANSFER

ACROSS WATER AND DICHLOROHEXANE INTERFACE

EISSA MOHAMED ALMBROK ABDULLA

FS 2022 29



© C
OPYRIG

HT U
PMELECTROCHEMICAL CHARACTERISATION AND SENSING OF 

DICLOFENAC ANION AND DIBUCAINE CATION BY ION TRANSFER 
ACROSS WATER AND DICHLOROHEXANE INTERFACE 

By 

EISSA MOHAMED ALMBROK ABDULLA 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Doctor of 

Philosophy 

November 2021 



© C
OPYRIG

HT U
PM

 
 

COPYRIGHT 
 

All material contained within the thesis, including without limitation text, logos, 
icons, photographs, and all other artwork, is copyright material of Universiti 
Putra Malaysia unless otherwise stated. Use may be made of any material 
contained within the thesis for non-commercial purposes from the copyright 
holder. Commercial use of material may only be made with the express, prior, 
written permission of Universiti Putra Malaysia.  
 
Copyright © Universiti Putra Malaysia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

i 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

 
 

ELECTROCHEMICAL CHARACTERISATION AND SENSING OF 
DICLOFENAC ANION AND DIBUCAINE CATION BY ION TRANSFER 

ACROSS WATER AND DICHLOROHEXANE INTERFACE 
 
 

By 
 
 

EISSA MOHAMED ALMBROK ABDULLA 
 
 

November 2021 
 
 

Chair  : Ruzniza Mohd Zawawi, PhD 
Faculty  : Science 
 
 
Ion sensing is a significant challenge in both clinical diagnosis and 
environmental monitoring. Ion transfer reactions at liquid | liquid interfaces 
allow detection of substances that are not easy to oxidise/reduce or that 
undergo significant interference in these reactions. In addition, it offers the 
advantages of simplicity of instrumentation, easily of miniaturisation and 
portability. However, very few sensing applications have been reported for the 
quantitative analysis of organic molecules, including drugs. This study 
discussed the characterisation, and application of ion transfer at the interface 
between two immiscible electrolyte solutions (ITIES) using cyclic voltammetry 
(CV) and differential pulse voltammetry (DPV). Early studies have relied on the 
exploration of the electrochemical behaviour of diclofenac anion (DCF-) and 
dibucaine cation (DIC+) via water|1,6-dichlorohexane (1,6-DCH) at such regular 
ITIES and in particular examination of the pH of the aqueous phase. Both ions 
were found to undergo ion-transfer voltammetry at the liquid | liquid interface. 
Some of the analytical parameters, such as standard transfer potential, the 
Gibbs energy of transfer and the partition coefficient, for DCF- and DIC+ were 
determined. Subsequently, essential modifications to the ITIES by micropores 
silicon nitride membrane were brought to enhance the analytical performance 
and lower the detection limits. The micro-ITIES array formed with 2500 
micropores arranged in a cubic close-packed (CCP) arrangement, with a 
diameter of 2.5±0.09 μm, a pore centre-to-centre separation of 12.65±0.13 μm 
and 100 nm membrane thickness, was electrochemically characterised by ion 
transfer of the model analyte, tetramethylammonium cation (TMA+), across the 
water | 1,6-DCH interface. The resulting voltammogram has showed the linear 
diffusion dominance within the arrays, suppressing the radial diffusion at the 
edge of the arrays, due to overlapping diffusion profiles at adjacent micro-ITIES 
resulted in lower experimental current. The analytical performance of micro-
ITIES to drug molecules (DCF- and DIC+) detection in the aqueous phase was 
investigated, with the limits of detection (LODs) in the ranges of 8–56 μM and 
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4–24 μM were calculated to be 1.5±0.05 μM and 0.9±0.06 μM for DCF- and 
DIC+, respectively. In addition, the influence of possible interfering substances 
(ascorbic acid, sugar, amino acid, urea, and metal ions) on the detection of 
DCF- and DIC+ was investigated. Finally, the ability to use electrochemistry at 
liquid | liquid micro-interface for direct determination of the targeted drugs in 
bio-mimic fluids (serum and saliva) and in a realistic mixture (human urine) 
were assessed. Both drugs could be detected in biological matrices, despite of 
deproteinisation of samples is required for detecting DCF in artificial serum. 
The LODs were 12.9±.5 μM and 1.4±0.02 μM in artificial serum, 1.8±0.2 μM 
and 1.5±0.14 μM in artificial saliva and 2.6±0.2 μM and 1.2±0.12 μM in human 
urine sample for DCF- and DIC+, respectively. 
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Penderiaan ion adalah cabaran penting dalam diagnosis klinikal dan 
pemantauan alam sekitar. Tindak balas pemindahan ion pada antara muka 
cecair | cecair membolehkan pengesanan bahan yang tidak mudah teroksida 
/ terturun atau yang mengalami gangguan yang ketara dalam tindak balas ini. 
Di samping itu, ia menawarkan kelebihan instrumentasi yang ringkas, mudah 
dikecilkan dan dialih. Walau bagaimanapun, sangat sedikit aplikasi 
penderiaan telah dilaporkan untuk analisis kuantitatif molekul organik, 
termasuk ubat-ubatan. Kajian ini membincangkan pencirian dan aplikasi 
pemindahan ion pada antara muka di antara dua larutan elektrolit tak terlarut 
(ITIES) menggunakan voltametri berkitar (CV) dan voltametri pembezaan 
denyutan (DPV). Kajian awal telah bergantung kepada penerokaan tingkah 
laku elektrokimia bagi anion diklofenak (DCF-) dan kation dibukain (DIC+) 
melalui air|1,6-diklorohexana (1,6-DCH) pada ITIES biasa tersebut dan 
khususnya pemeriksaan pH bagi fasa akueus. Kedua-dua ion itu didapati 
menjalani voltametri pemindahan ion pada antara muka cecair | cecair. 
Beberapa parameter analisis, seperti keupayaan pemindahan piawai, tenaga 
pemindahan Gibbs dan pekali pembahagian untuk DCF- dan DIC+ telah 
ditentukan. Seterusnya, pengubahsuaian penting pada ITIES oleh membran 
silikon nitrid mikroliang telah dilakukan untuk meningkatkan prestasi analisis 
dan menurunkan had pengesanan. Tatasusunan mikro-ITIES yang terbentuk 
dengan 2500 mikroliang yang diatur dalam susunan kiub tertutup padat 
(CCP), dengan diameter 2.5±0.09 μm, pemisahan pusat ke pusat liang 
12.65±0.13 μm dan ketebalan membran 100 nm telah dicirikan secara 
elektrokimia oleh pemindahan ion bagi analit model, kation 
tetramethylammonium (TMA+), pada antara muka air | 6-DCH. Voltamogram 
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yang terhasil menunjukkan penyebaran linear yang dominan, mengurangkan 
penyebaran jejaripada hujung jajaran disebabkan oleh pertindihanprofil 
penyebaran bersebelahan dengan mikro-ITIES yang menghasilkan arus 
eksperimen yang rendah. Prestasi analisis mikro-ITIES kepada pengesanan 
molekul ubat (DCF- dan DIC+) dalam fasa akueus telah disiasat, dengan had 
pengesanan (LOD) dalam julat 8–56 μM dan 4–24 μM dikira sebagai 1.5±0.05 
μM dan 0.9±0.06 μM untuk DCF- dan DIC+, masing-masing. Sebagai 
tambahan, pengaruh bahan gangguan yang mungkin (asid askorbik, gula, 
asid amino, urea, dan ion logam) pada pengesanan DCF- dan DIC+ telah 
disiasat. Akhirnya, keupayaan untuk menggunakan elektrokimia pada antara 
muka mikro cecair | cecair untuk penentuan langsung ubat yang disasarkan 
dalam cecair bio-mimik (serum dan air liur) dan dalam campuran realistik (air 
kencing manusia) telah dinilai. Kedua-dua ubat boleh dikesan dalam matriks 
biologi, walaupun penyahproteinan sampel diperlukan untuk mengesan DCF 
dalam serum tiruan. Nilai LOD adalah 12.9±1.5 μM dan 1.4±0.02 μM dalam 
serum tiruan, 1.8±0.2 μM dan 1.5±0.14 μM dalam air liur tiruan dan 2.6 ±0.2 
μM dan 1.2±0.12 μM dalam sampel air kencing manusia untuk DCF- dan 
DIC+, masing-masing. 
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CHAPTER 1 
 

INTRODUCTION 
 

1.1. Liquid | Liquid Interface Electrochemistry 
 

1.1.1. Background of the Study 
 

Liquid surfaces and liquid | liquid interfaces have great significance in the real 
world, especially in the biological system. The interfaces between two 
immiscible liquid electrolyte solutions (ITIES) are present in cells and tissues 
of all living organisms. The primary reason for the study of the electrochemical 
nature of ITIES is the use of aqueous electrolyte solution as one of phase of 
such interfaces (Koczorowski, 2001). 
 

The ITIES is formed when two liquid solvents of a low (or ideally zero) mutual 
miscibility, usually less than 1% in weight, are brought into contact, each 
behaving as an electrolyte. Typically, water is one of these solvents that 
behave as the aqueous phase, the other phase is a polar organic solvent, 
such as 1,2-dichloroethane (1,2-DCE), 1,6-dichlorohexane (1,6-DCH) or 
nitrobenzene (NB), which allows for at least partial dissociation of dissolved 
electrolyte(s) into ions (Samec, 2004). For an aqueous |organic interface 
system, the aqueous phase solvent usually contains a hydrophilic electrolyte 
salt (typically LiCl or Li2SO4), while the polar organic phase solvent contains a 
hydrophobic electrolyte salt (commonly bis(triphenylphosphoranylidene) 
ammonium tetrakis(4-chlorophenyl) borate, (BTPPA+TPBCl-). This study 
employed the BTPPA+TPBCl-, a hydrophobic cation and anion pair, both of 
which are difficult to transfer into the aqueous phaseThe presence of 
electrolytes in both phases to cause the potential difference between them, 
which is the force that drives the ions to move from one phase to another 
when the transition energy is available (Molina et al. 2012; Arrigan, 2008; 
Vanýsek & Ramírez, 2008; Samec, 2004). 
 

1.1.2. The Electrical Double Layer of the Liquid | Liquid 
Interface 

 

The structure of the liquid | liquid interface was proposed for the first time by 
Verwey and Niessen (1939) based on Gouy-Chapman theory, which 
described an electric double layer as two back-to-back electric double layers 
with opposite charges separated by a continuous geometric boundary (Figure 
1.1 (a)). However, the first experimental report dealing with the interfacial 
structure was given by Gavach et al. (1977) almost 40 years later, that proved 
the presence of specific adsorption, which was explained in terms of ion pair 
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formation at the liquid | liquid interface by measuring the interfacial tension 
versus the concentration of different tetraalkylammonium ions. 
 

One year later, Gros et al. (1978) proposed what is known today as the 
'modified Verwey-Niessen' model (MVN) (Figure 1.1 (b)). The experimental 
approach consisted of control of interfacial Galvani potential difference 
between a sodium bromide aqueous solution and a tetraalkylammonium 
tetraphenylborate organic solution tetraalkylammonium bromide to the 
aqueous phase and subsequent interfacial tension measurement, giving the 
electrocapillary curve. The electric double layers at the ITIES contain an 
organic-phase diffusion layer, an aqueous-phase diffusion layer, and an ion-
free inner layer between two phases. The distribution of the potential drop 
across the interface when the latter is electrified can be separated into three 
major contributions: the potential drop across the aqueous diffuse layer (∅௪), 
the potential drop across the organic diffuse layer (∅௢),  and the potential drop 
across the inner layer for aqueous and organic phases (∅௜௡௡

௪  and ∅௜௡௡
ை ). 

Furthermore, Girault & Schiffrin (1983 & 1984) demonstrated the formation of 
a mixed solvent layer at the interface through excess water surface at the 
interface between organic solvents of different polarity, which in turn has 
suggested that the surface excess of water at the liquid | liquid interface was 
not enough to form a monolayer and these ions penetrate the interfacial 
region (Figure 1.1 c) (Poltorak, 2015). 
 
 
 
 

 
 
Figure 1.1: Different models for the ITIES structure. a) Verwey-Niessen 
model, b) modified Verwey-Niessen and c) mixed solvent layer model. 
Black solid lines correspond to potential distribution across the 
polarised liquid | liquid interface (Source: Poltorak, 2015). 
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1.1.3. The Applications and Limitations at Liquid | Liquid 
Interfaces 

 

The application of ion transfer voltammetry at the ITIES overcomes the 
drawbacks of the solid  | liquid (electrode  | electrolyte) interface, where non-
redox-active species may not be detected via conventional electroanalytical 
methods (Arrigan, 2008). Electrochemistry of liquid | liquid interfaces have 
developed significantly in its applications during the last quarter of the 20th 
century (Volkov, 2001), where its studies have covered charge transfer 
(Amemiya et al. 2003; Senthilkumar et al. 2007), ion-pairing (Kontturi et al. 
1995), the voltammetric and amperometric detection of ions (Arrigan et al. 
2004; Wilke et al.1992; Lee et al. 2000), adsorption-desorption (Amemiya et 
al. 2003; (Alvarez and Arrigan, 2012), extractions and separation (Berduque 
et al. 2005; Berduque & Arrigan, 2006), phase-transfer catalysis (Liu et al. 
2011; Tan et al. 1994) and drug release and delivery in pharmacology (Ortuno 
et al. 2007; Ribeiro et al. 2013; Collins & Arrigan, 2009; Collins et al., 2008).   
 

Electrochemical processes at ITIES have aroused the interest of many 
researchers for two reasons. First, the electrochemical reaction at ITIES 
represents a significant aspect of diverse practical applications in chemistry. 
Second, the biomimetic features of these processes have been a concern for 
over one century. (Samec, 2004). Electrochemistry at the ITIES has 
developed from the transfer of small ions such as model ions to the detection 
of biologically important species such as proteins (Alvarez & Arrigan, 2012; 
Herzog et al., 2009), peptides (Yuan & Amemiya, 2004; Scanlon et al., 2008), 
amino acids (Chen et al.,2004), ionised drugs (Ortuño et al., 2007; Collins et 
al., 2008 &2009; Ribeiro et al., 2013; Alemu, 2004; Ulmeanu et al., 2003; 
Ortuño et al., 2007), neurotransmitters (Beni et al., 2005; Berduque et al., 
2008; Zhan et al., 2004), food additives (Herzog et al., 2008), carbohydrates 
(Guo et al., 2005) and deoxyribonucleic acid (DNA) (Osakai et al., 2007). In 
addition, electrochemical sensing built on ion transfer via the ITIES has 
examined the detection of a wide range of inorganic species such as alkali, 
alkaline earth, heavy metals and anions (Lee et al., 1998; Hossain et al., 
2012; Samec et al., 1988; Lagger et al., 1998). Thus, it plays a vital role in 
pharmaceutical chemistry, medicine, pharmacology. 
 

The conventional experimental studies with ITIES have limitations, so several 
strategies have been developed to overcome these limitations and broaden 
their scope of application. Firstly, the issue of the volatility of the organic 
phase was solved by replacing the conventionally used solvents 
(nitrobenzene and 1,2-dichloroethane) with 2-nitrophenyl octyl ether (NPOE), 
which encompasses excellent properties such as low vapour pressure, low 
mutual miscibility with water and medium permittivity (Molina et al., 2012). 
Recently, ionic liquids are being used as organic phase solvents to 
demonstrate low vapour pressure and high electrical conductivity (Silvester & 
Arrigan, 2011). Secondly, the problem of mechanical    instability of the liquid | 
liquid interface is solved by partial solidification of the organic phase 
(dissolving a polymer such as poly (vinyl chloride) (PVC) in it (Scanlon et al., 
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2010; Ortuño et al., 2007) and supporting the organic solution within micro- or 
nanopore arrays (Zazpe et al., 2007; Scanlon et al., 2010). Finally, the issue 
of the reduced width of the potential window is solved through proper 
selection of the electrolytes dissolved in both phases (for example, highly 
hydrophobic organic ions and highly hydrophilic aqueous ions), and an 
organic phase constituted by mixed solvents (for example 1:1 mixture of 1,2-
DCE: cyclohexane), which can lead to a broader potential window of up to 1.3 
V (Cousens & Kucernak, 2011). 
 

1.1.4. Miniaturisation of Liquid | Liquid Interface 
 

Similar to conventional electrochemical methods, miniaturisation of the ITIES 
offers some benefits over their macro counterparts, such as smaller size and 
portability, increased mass transport rates, reduced ohmic drop and charging 
currents, ease of data analysis and integration into complementary techniques 
(Scanlon & Arrigan, 2011; Compton et al., 2008; Davies & Compton, 2005; 
Arrigan, 2004). The feature lies in the interfacial surface area, which 
decreases as the system decreases, lowering the capacitance current and 
improves detection limits (Arrigan et al., 2013; Liu et al., 2011; Shao & Mirkin, 
1997). Moreover, reducing the size of the ITIES improves the sensitivity as a 
reason of increased mass transfer to a solid | liquid or the liquid | liquid 
interface arising from radial diffusion zone geometry (Henstridge & Compton, 
2012; Scanlon & Arrigan, 2011; Scanlon et al., 2010; Shao & Mirkin, 1997). 
Utilizing a single micro- and nano- ITIES has significantly enabled 
voltammetric measurements in media without supporting electrolytes or low 
polarity media (Laforge et al., 2006; Sun et al., 2005 & 2007).  
 

The miniaturisation of the ITIES also offers prospects for measurements in 
microenvironments (e.g., the study of living cells) and as a probe for scanning 
electrochemical microscopy (SECM) (Shao & Mirkin, 1997; Solomon & Bard, 
1995). In addition, it assists in simplifying the electrochemical measurement 
instrumentation on the introduction of a two-electrode potentiostat set up to 
replace the conventional four-electrode setup (Liu et al., 2011). To date, two 
approaches for establishing micro-ITIES have been reported (Arrigan et 
al.,2013; Strutwolf et al.,2008; Zazpe et al., 2007). The first is based on the 
use of micropipettes in which the liquid | liquid interface is created at the tip of 
a pulled glass pipette (Tong et al., 2001; Shao & Mirkin, 1998). These 
micropipettes suffer from a high electric resistance but also from being highly 
asymmetric, which strongly influences the diffusion of species at the interface. 
The second is based on placement of the aqueous and organic phases on 
either side of membranes containing arrays of micron-sized pores or holes 
(Zazpe et al., 2007). Furthermore, preparing several miniaturised ITIES in 
parallel as arrays creates micro or nano-ITIES arrays, which are beneficial to 
amplify the electroanalytical current signal and improve the mechanical 
stability (Arrigan et al., 2013; Scanlon & Arrigan, 2011; Scanlon et al., 2010). 
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1.1.5. Fabrication of Solid-State Membranes 
 

Membrane science and technology has evolved from basic applications in the 
laboratory to high impact industrial utilisation. Membrane processes offer a 
diverse range of applications in modern society, including in the areas of 
chemical sensor, biosensor, food and pharmaceutical industries processing, 
desalination, gas separation and so on (Strathmann, 1981). Currently, various 
approaches have been investigated in the challenge to fabricate solid-state 
micro and nano pores with real dimensions. On the other hand, these 
techniques involve more complex and lengthy procedures, requiring several 
additives, subtractive, and reactive ion etching (RIE) through a template 
structure processes to accomplish pore transfer (Desormeaux et al.,2014). 
The fabrication materials generally used in the creation of the solid-state 
micropore membranes have been well characterised voltammetry at the ITIES 
such as polymers (polyimide, polyester, polyethylene terephthalate (PET) and 
cellulose) ((Lee et al., 1997; Kralj & Dryfe, 2001; Wilke et al.,1997&1998; 
Sladkov et al., 2004; Josserand et al.,1999; Dryfe, 2006) and silicon ((Scanlon 
et al., 2008; Zazpe et al., 2007; Lhotsky et al., 1996). Cellulose was observed 
to be unsuitable as it became swollen when in contact with the aqueous 
phase, while polyester, which is chemically inert in the aqueous and organic 
phases, is suitable (Peulon et al., 2001). Although silicon nitride (Si3N4) and 
silicon oxide (SiO) are the most widely used materials of solid-state 
nanopores structures generated by focused ion beam (FIB) and electron-
beam lithography (EBL) (Sairi, 2014). However, no information on these 
engineered microporous Si3N4 membranes that are commercially available for 
utilising as platforms for micro-ITIES and electrochemical drug sensing, which 
provide the platform for this study. The advantages of using porous silicon 
nitride membrane for ITIES-based sensor system include commercially 
availability in pore sizes appropriate micro and nanoscale and its ready 
preparation by established methods from micromachining technologies, 
providing the time for complicated procedures and the cost of fabrication 
technologies (Desormeaux et al.,2014). 
 

1.2. Problem Statement  
 

Based on literature review, the problem statement of this study is defined as 
following: 
  
The fabrication of solid-state micro and nano pores with the techniques 
currently established involves more complex, lengthy procedures and high 
cost of materials, requiring several additives, subtractive, and RIE through a 
template structure processes to accomplish pore transfer. Furthermore, no 
information on electrochemical characterisation for microporous Si3N4 
membranes that are commercially available in pore sizes appropriate for 
utilising micro-ITIES array. Therefore, the application of an electrochemical 
sensor at microporous Si3N4 membrane provides a new platform for forming 
liquid | liquid micro-interface arrays as a basis for electrochemical sensing. 
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In both clinical diagnosis and environmental monitoring, ion sensing is a 
significant challenge. There are several works reported for studying transfer 
reactions of various ionisable drugs via the ITIES. However, very few reports 
demonstrated the design of ITIES as a sensing platform for the quantitative 
analysis of drugs, in particularly, drug anion sensing compared to drug cations 
sensing. 
 

Due to clinically common use of diclofenac and dibucaine drugs and the 
complexity of the biological matrices such as blood and plasma, application to 
develop simple, sensitive, and economical methods to improve the precision 
and efficiency of these frequently used procedures in various biological 
matrices is still a challenging task. 
 
 
1.3. Scope and Objectives of the Study 
 
 
The core work is based on utilising liquid | liquid electrochemistry to 
investigate the behaviour of diclofenac anion (DCF-) and dibucaine cation 
(DIC+) molecules at such regular ITIES, and in particular examination of the 
pH ranges of the aqueous phase in which the targeted drugs are ionised and 
thus amenable to study at the interface (Chapter 4). Subsequently, important 
modifications to the ITIES are brought in in order to enhance the analytical 
performance and lead to lower detection limits and better sensitivities. This 
miniaturisation of the interface to micrometer scale (Chapter 5) will lead to 
enhanced diffusion rates for molecules in the aqueous phase, yielding better 
sensitivity and detection limits (Chapter 6). Finally, the ability to use 
electrochemistry at ITIES for direct determination of the targeted 
benzodiazepines in bio-mimetic (artificial serum and saliva) and biological 
fluid (human urine) will be assessed (Chapter 7). This will entail study of the 
influence of individual components of biological fluids on micro-interfaces as 
well as the concerted influence of realistic mixtures. Together, all of these 
studies will lead to new data and knowledge on the analytical chemistry of 
pharmaceutical substances. The study presented in this thesis aims to 
explore the electrochemical performance of microporous membranes at the 
liquid | liquid interface as a basis for sensor technologies.  
 
 
The specific objectives of this research are:  
 

a) To characterise the fundamental behaviour of ion transfer of 
diclofenac anion and dibucaine cation at liquid | liquid interfaces. 

b) To characterise the microporous membrane supported-ITIES arrays 
by morphological and electrochemical methods. 

c) To evaluate the electrochemical performance of miniaturised liquid | 
liquid interface towards its sensitivity for drug detection. 

d) To assess the direct detection of targeted drugs in bio-mimic fluids 
and biological samples at micro-interfaces. 
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1.4. The limitations of the Study 
 

The handling of the electrochemical cell requires special attention, skill, and 
experience, especially, keeping the interface in a stable position for the two 
Luggin capillaries approaching the interface from both sides.  
 
 
The detection of ions across the ITIES is limited by Gibbs energies of their 
transfer within the available potential window, which is defined by transferring 
background electrolyte species from one phase to the other at the limits of the 
potential window. Therefore, hydrophilic anionic species usually require high 
Gibbs energies of transfer and makes it difficult to implement the ITIES as a 
sensing tool. The disadvantage of this system is that the chloride ions limiting 
the potential window interfere with diclofenac transfer and could distort the 
measured limiting current. For this reason, another drug molecule, dibucaine, 
was studied using the modified interface to confirm the methodology used 
here is valid. 
 
 
Although the Si3N4 membrane surface has been proven to be hydrophobic, 
the organic phase could not permeate the micropore walls, thus no contact 
with the aqueous phase occurs. Accordingly, the aqueous phase was 
assumed to fill the pores, resulting in a recessed interface.  

 
The mathematical treatment is complicated in the case recessed interface 
with the possibility of overlap between the individual diffusion layers 
established at each pore on the aqueous side and/or the organic side of the 
membrane. As result, ion transfer at micro-and nano-ITIES are usually treated 
via numerical simulations and including simplified hypotheses (Molina et al., 
2017). 
 
 
1.5. Novelty and Motivation of Research 
 
 
For first time, the objective work is to present the kinetic methodology for 
studying charge transfer reactions at the liquid | liquid interface via 
experimental facilities at Universiti Putra Malaysia. Initially, this involved 
applying some of the classical methodologies mentioned above to the simple 
ion transfer case and later using a microscale interface. Current changes 
associated with target drug ion transfer processes across a polarized ITIES, 
also being a linear function of the drug concentration, can be powerfully used 
for developing drug sensitive or selective sensors. Similarly, the application of 
an electrochemical sensor using microporous Si3N4 membrane provides a 
new platform for forming liquid | liquid micro-interface arrays as a basis for 
drugs sensing. Additionally, this electrochemical sensor could be used as an 
alternative way to the solid | electrolyte interface method to avoid 
interferences and secondary products from redox reactions. 
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The quantification of ionisable drugs transfer processes across ITIES can be 
an important alternative for understanding drug lipophilicity and sensing 
purposes (Kim et al., 2015; Goh & Lee, 2016). The efforts of using supportive 
membranes or substrates with micro-interface features, as well as gelating 
one of the liquid phases, have enabled great advances in transforming ITIES 
to a field potentially applicable for instrument incorporated sensing devices for 
determining a wide range of charged inorganic, organic, drug and even 
protein species. However, there are still many challenges including selectivity 
and sensitivity to tackle when using ITIES for developing drug ion sensors. 
 
 
The investigations to be undertaken here will provide new knowledge on the 
behaviour of the targeted drug molecules at electrified liquid | liquid interfaces, 
on the behaviour of such drugs at micro-scale interfaces and the direct 
detection of these drugs in bio-mimetic and biological fluids. These results will 
pave the path to future sensing technologies, which will be aimed toward 
monitoring of therapy while bringing on board some of the advantages of 
electrochemistry at the microscale to achieve desirable detection limits. 
Therefore, liquid | liquid electrochemistry can play an important role in the areas of 
pharmaceutical chemistry, medicine, and pharmacology (Collins & Arrigan, 2009).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

120 
 

REFERENCES 
 

Abdel-Ghani, N. T., Youssef, A. F., & Awady, M. A. (2005). Cinchocaine 
hydrochloride determination by atomic absorption spectrometry and 
spectrophotometry. Il Farmaco, 60(5), 419-424. 

Aguilar-Lira, G. Y., Álvarez-Romero, G. A., Zamora-Suárez, A., Palomar-
Pardavé, M., Rojas-Hernández, A., Rodríguez-Ávila, J. A., & Páez-
Hernández, M. E. (2017). New insights on diclofenac 
electrochemistry using graphite as working electrode. Journal of 
Electroanalytical Chemistry, 794, 182-188. 

Alemu, H. (2004). Voltammetry of drugs at the interface between two 
immiscible electrolyte solutions. Pure and Applied Chemistry, 76(4), 
697-705. 

Alipour, E., Majidi, M. R., Saadatirad, A., & Golabi, S. M. (2012). Determination 
of uric acid in biological samples on the pretreated pencil graphite 
electrode. Analytical Methods, 4(8), 2288-2295. 

Alvarez de Eulate, E., & Arrigan, D. W. (2012). Adsorptive stripping 
voltammetry of hen-egg-white-lysozyme via adsorption–desorption at 
an array of liquid–liquid microinterfaces. Analytical chemistry, 84(5), 
2505-2511. 

Alvarez de Eulate, E., Strutwolf, J., Liu, Y., O’Donnell, K., & Arrigan, D. W. 
(2016). An electrochemical sensing platform based on liquid–liquid 
microinterface arrays formed in laser-ablated glass 
membranes. Analytical Chemistry, 88(5), 2596-2604. 

Ambrosi, A., Antiochia, R., Campanella, L., Dragone, R., & Lavagnini, I. (2005). 
Electrochemical determination of pharmaceuticals in spiked water 
samples. Journal of hazardous materials, 122(3), 219-225. 

Amemiya, S., Yang, X., & Wazenegger, T. L. (2003). Voltammetry of the phase 
transfer of polypeptide protamines across polarized liquid/liquid 
interfaces. Journal of the American Chemical Society, 125(39), 
11832-11833. 

Arai, K., Ohsawa, M., Kusu, F., & Takamura, K. (1993). Drug ion transfer 
across an oil—water interface and pharmacological 
activity. Bioelectrochemistry and Bioenergetics, 31(1), 65-76. 

Arrigan D. W. M. Herzog, G., Scanlon M. D., Strutwolf J. (2013) 
"Electroanalytical Chemistry: A Series of Advances", Bard, A. J.; 
Zoski, C. G., Eds., Vol. 25, p 105, CRC Press, New York. 



© C
OPYRIG

HT U
PM

121 
 

Arrigan, D. W. (2004). Nanoelectrodes, nanoelectrode arrays and their 
applications. Analyst, 129(12), 1157-1165. 

Arrigan, D. W. (2008). Bioanalytical detection based on electrochemistry at 
interfaces between immiscible liquids. Analytical letters, 41(18), 3233-
3252. 

Arrigan, D. W., Ghita, M., & Beni, V. (2004). Selective voltammetric detection of 
dopamine in the presence of ascorbate. Chemical Communications, 
(6), 732-733. 

Arrigan, D., Herzog, G., Scanlon, M., & Strutwolf, J. (2013). Bioanalytical 
applications of electrochemistry at liquid-liquid microinterfaces. 
In Electroanalytical Chemistry: A Series of Advances: Volume 25 (pp. 
105-178). CRC Press. 

Arvand, M., & Hassannezhad, M. (2015). Square wave voltammetric 
determination of uric acid and diclofenac on multi-walled carbon 
nanotubes decorated with magnetic core-shell Fe 3 O 4@ SiO 2 
nanoparticles as an enhanced sensing interface. Ionics, 21(12), 
3245-3256. 

Avdeef, A. (2005). The rise of PAMPA. Expert opinion on drug metabolism & 
toxicology, 1(2), 325-342. 

Bard, A. J, & Faukner, L. R. (2001). Electrochemical methods fundamentals 
and applications. John Wiley & Sons. 

Barhoumi, H., Maaref, A., & Jaffrezic-Renault, N. (2010). Experimental study of 
thermodynamic surface characteristics and pH sensitivity of silicon 
dioxide and silicon nitride. Langmuir, 26(10), 7165-7173. 

Barhoumi, L., Baraket, A., Nooredeen, N. M., Ali, M. B., Abbas, M. N., Bausells, 
J., & Errachid, A. (2017). Silicon Nitride Capacitive Chemical Sensor 
for Phosphate Ion Detection Based on Copper Phthalocyanine–
Acrylate‐polymer. Electroanalysis, 29(6), 1586-1595. 

Beattie, P. D., Delay, A., & Girault, H. H. (1995). Investigation of the kinetics of 
assisted potassium ion transfer by dibenzo-18-crown-6 at the micro-
ITIES by means of steady-state voltammetry. Journal of 
Electroanalytical Chemistry, 380(1-2), 167-175. 

Beni, V., Ghita, M., & Arrigan, D. W. (2005). Cyclic and pulse voltammetric 
study of dopamine at the interface between two immiscible electrolyte 
solutions. Biosensors and Bioelectronics, 20(10), 2097-2103. 



© C
OPYRIG

HT U
PM

122 

Berduque, A., & Arrigan, D. W. (2006). Selectivity in the coextraction of cation 
and anion by electrochemically modulated liquid− liquid 
extraction. Analytical chemistry, 78(8), 2717-2725. 

Berduque, A., Sherburn, A., Ghita, M., Dryfe, R. A., & Arrigan, D. W. (2005). 
Electrochemically modulated liquid− liquid extraction of 
ions. Analytical chemistry, 77(22), 7310-7318. 

Berduque, A., Zazpe, R., & Arrigan, D. W. (2008). Electrochemical detection of 
dopamine using arrays of liquid–liquid micro-interfaces created within 
micromachined silicon membranes. Analytica chimica acta, 611(2), 
156-162. 

Blanco-López, M. C., Lobo-Castañón, M. J., Miranda-Ordieres, A. J., & Tuñón-
Blanco, P. (2003). Voltammetric response of diclofenac-molecularly 
imprinted film modified carbon electrodes. Analytical and bioanalytical 
chemistry, 377(2), 257-261. 

Bojko, A. Z. I. (2014). Functional and Responsive Nanoporous Silicon Nitride 
Membranes (No. THESIS). EPFL. 

Bond, A. M., Luscombe, D., Oldham, K. B., & Zoski, C. G. (1988). A 
comparison of the chronoamperometric response at inlaid and 
recessed disc microelectrodes. Journal of electroanalytical chemistry 
and interfacial electrochemistry, 249(1-2), 1-14. 

Bou-Abdallah, F., Sprague, S. E., Smith, B. M., & Giffune, T. R. (2016). Binding 
thermodynamics of Diclofenac and Naproxen with human and bovine 
serum albumins: A calorimetric and spectroscopic study. The Journal 
of Chemical Thermodynamics, 103, 299-309. 

Bouchard, G., Pagliara, A., Carrupt, P. A., Testa, B., Gobry, V., & Girault, H. H. 
(2002). Theoretical and experimental exploration of the lipophilicity of 
zwitterionic drugs in the 1, 2-dichloroethane/water 
system. Pharmaceutical research, 19(8), 1150-1159. 

Bouchard, G., Pagliara, A., van Balen, G. P., Carrupt, P. A., Testa, B., Gobry, 
V., & Fruttero, R. (2001). Ionic partition diagram of the zwitterionic 
antihistamine cetirizine. Helvetica Chimica Acta, 84(2), 375-387. 

Brennan, E., Futvoie, P., Cassidy, J., & Schazmann, B. (2017). An ionic liquid-
based sensor for diclofenac determination in water. International 
Journal of Environmental Analytical Chemistry, 97(6), 588-596. 

Campbell, J. A., Stewart, A. A., & Girault, H. H. (1989). Determination of the 
kinetics of facilitated ion transfer reactions across the micro interface 
between two immiscible electrolyte solutions. Journal of the Chemical 



© C
OPYRIG

HT U
PM

123 
 

Society, Faraday Transactions 1: Physical Chemistry in Condensed 
Phases, 85(4), 843-853. 

Carter, D. C., Chang, B., Ho, J. X., Keeling, K., & Krishnasami, Z. (1994). 
Preliminary crystallographic studies of four crystal forms of serum 
albumin. European Journal of Biochemistry, 226(3), 1049-1052. 

Chen, Y., Yuan, Y., Zhang, M., Li, F., Sun, P., Gao, Z., & Shao, Y. (2004). 
Systematic study of the transfer of amino acids across the water/l, 2-
dichloroethane interface facilitated by dibenzo-18-crown-6. Science in 
China Series B: Chemistry, 47(1), 24-33. 

Cherkaoui, S., & Veuthey, J. L. (2002). Micellar and microemulsion 
electrokinetic chromatography of selected anesthetic drugs. Journal 
of separation science, 25(15‐17), 1073-1078. 

Chethana, B. K., Basavanna, S., & Arthoba Naik, Y. (2012). Voltammetric 
determination of diclofenac sodium using tyrosine-modified carbon 
paste electrode. Industrial & engineering chemistry research, 51(31), 
10287-10295. 

Chiniforoshan, H., Tabrizi, L., & Pourrahim, N. (2015). A new Ag-nanoparticle 
with 4-nitro phenylcyanamide ligand: synthesis characterization and 
application to the detection of dibucaine, naphazoline, dopamine, and 
acetaminophen. Journal of Applied Electrochemistry, 45(2), 197-207. 

Ciltas, U., Yilmaz, B., Kaban, S., Akcay, B. K., & Nazik, G. (2015). Square 
wave voltammetric determination of diclofenac in pharmaceutical 
preparations and human serum. Iranian journal of pharmaceutical 
research: IJPR, 14(3), 715. 

Collins, C. J., & Arrigan, D. W. (2009). Ion-transfer voltammetric determination 
of the β-blocker propranolol in a physiological matrix at silicon 
membrane-based liquid| liquid microinterface arrays. Analytical 
chemistry, 81(6), 2344-2349. 

Collins, C. J., Berduque, A., & Arrigan, D. W. (2008). Electrochemically 
modulated liquid− liquid extraction of ionized drugs under 
physiological conditions. Analytical chemistry, 80(21), 8102-8108. 

Collins, C. J., Lyons, C., Strutwolf, J., & Arrigan, D. W. (2010). Serum-protein 
effects on the detection of the β-blocker propranolol by ion-transfer 
voltammetry at a micro-ITIES array. Talanta, 80(5), 1993-1998. 

Compton, R. G., Wildgoose, G. G., Rees, N. V., Streeter, I., & Baron, R. 
(2008). Design, fabrication, characterisation and application of 
nanoelectrode arrays. Chemical Physics Letters, 459(1-6), 1-17. 



© C
OPYRIG

HT U
PM

124 
 

Cousens, N. E., & Kucernak, A. R. (2011). Increasing the potential window of 
the interface between two immiscible electrolyte solutions to more 
than 1.2 V. Electrochemistry communications, 13(12), 1539-1541. 

Culea, M., Palibroda, N., Moldovan, Z., Abraham, A. D., & Frangopol, P. T. 
(1989). Gas chromatographic study of some local 
anesthetics. Chromatographia, 28(1-2), 24-26. 

Cunnane, V. J., Schiffrin, D. J., & Williams, D. E. (1995). Micro-cavity electrode: 
A new type of liquid-liquid microelectrode. Electrochimica 
acta, 40(18), 2943-2946. 

Daikhin, L. I., & Urbakh, M. (2003). Double layer capacitance and a 
microscopic structure of electrified liquid–liquid interfaces. Journal of 
Electroanalytical Chemistry, 560(1), 59-67. 

Dale, S. E., & Unwin, P. R. (2008). Polarised liquid/liquid micro-interfaces move 
during charge transfer. Electrochemistry communications, 10(5), 723-
726. 

Davies, T. J., & Compton, R. G. (2005). The cyclic and linear sweep 
voltammetry of regular and random arrays of microdisc electrodes: 
Theory. Journal of Electroanalytical Chemistry, 585(1), 63-82. 

Dayan, Peter S., Toby L. Litovitz, Barbara Insley Crouch, Anthony J. Scalzo, 
and Bruce L. Klein. (1996). "Fatal accidental dibucaine poisoning in 
children." Annals of emergency medicine 28, no. 4: 442-445. 

Deng, H. (2014). Oxygen Reduction at Soft Interfaces (No. THESIS). EPFL. 

DesOrmeaux, J. P. S., Winans, J. D., Wayson, S. E., Gaborski, T. R., Khire, T. 
S., Striemer, C. C., & McGrath, J. L. (2014). Nanoporous silicon 
nitride membranes fabricated from porous nanocrystalline silicon 
templates. Nanoscale, 6(18), 10798-10805. 

Dryfe, R. A. (2006). Modifying the liquid/liquid interface: pores, particles and 
deposition. Physical Chemistry Chemical Physics, 8(16), 1869-1883. 

Dryfe, Robert AW, and Brett Kralj. (1999). "Voltammetric ion transfer in the 
presence of a nanoporous material." Electrochemistry 
communications 1, no. 3-4: 128-130. 

Duprat, F., Lesage, F., Fink, M., Reyes, R., Heurteaux, C., & Lazdunski, M. 
(1997). TASK, a human background K+ channel to sense external pH 
variations near physiological pH. The EMBO journal, 16(17), 5464-
5471. 



© C
OPYRIG

HT U
PM

125 
 

Dutta, S. K., Basu, S. K., & Sen, K. K. (2006). Binding of diclofenac sodium 
with bovine serum albumin at different temperatures, pH and ionic 
strengths. Indian Journal of Experimental Biology. 44(02), 123-127. 

Elashery, S. E., Frag, E. Y., & Sleim, A. A. (2021). Novel and selective 
potentiometric sensors for Cinchocaine HCl determination in its pure 
and Co-formulated dosage form: A comparative study of in situ 
carbon sensors based on different ion pairing 
agents. Measurement, 173, 108549. 

Elqudaby, H. M., Hendawy, H. A., Souaya, E. R., Mohamed, G. G., & Eldin, G. 
M. (2015). Sensitive electrochemical behavior of cinchocaine 
hydrochloride at activated glassy carbon and graphite pencil 
electrodes. International Journal of Pharmaceutical Analysis, 40(2), 
1269-1284. 

Elsayed, M. M. (2007). Rapid determination of cinchocaine in skin by high‐
performance liquid chromatography. Biomedical 
Chromatography, 21(5), 491-496. 

Ensafi, A. A., Izadi, M., & Karimi-Maleh, H. (2013). Sensitive voltammetric 
determination of diclofenac using room-temperature ionic liquid-
modified carbon nanotubes paste electrode. Ionics, 19(1), 137-144. 

Essig, S., & Kovar, K. A. (2001). Fluorimetric determination of cinchocaine in a 
pharmaceutical drug by scanning and video 
densitometry. Chromatographia, 53(5-6), 321-322. 

Fernandez-Marcote, M. S. M., Mochón, M. C., Sánchez, J. J., & Pérez, A. G. 
(1996). Electrochemical reduction at a mercury electrode and 
differential-pulse polarographic determination of dibucaine in 
pharmaceutical ointments. Analyst, 121(5), 681-685. 

Foster, A. H., & Carlson, B. M. (1980). Myotoxicity of local anesthetics and 
regeneration of the damaged muscle fibers. Anesthesia and 
Analgesia, 59(10), 727-736. 

Gavach, C., Seta, P., & D'epenoux, B. (1977). The double layer and ion 
adsorption at the interface between two non-miscible 
solutions. Journal of Electroanalytical Chemistry and Interfacial 
Electrochemistry, 83(2), 225-235. 

Gimenes, D. T., Cunha, R. R., de Carvalho Ribeiro, M. M. A., Pereira, P. F., 
Muñoz, R. A. A., & Richter, E. M. (2013). Two new electrochemical 
methods for fast and simultaneous determination of codeine and 
diclofenac. Talanta, 116, 1026-1032. 



© C
OPYRIG

HT U
PM

126 
 

Girault, H. H. (1987). Electrochemistry at the interface between two immiscible 
electrolyte solutions. Electrochimica acta, 32(3), 383-385. 

Girault, H. H. (1993). Charge Transfer across Liquid—Liquid Interfaces. 
In Modern Aspects of Electrochemistry (pp. 1-62). Springer, Boston, 
MA.; Vol. 25, pp 1-62. 

Girault, H. H. (2010), Electrochemistry at liquid-liquid interfaces. In 
Electroanalytical Chemistry: A Series of Advances, Bard, A. J.; Zoski, 
C. G., Eds. CRC Press: Boca Raton FL; Vol. 23, pp 1-104. 

Girault, H. H. J., & Schiffrin, D. J. (1984). Thermodynamics of a polarised 
interface between two immiscible electrolyte solutions. Journal of 
electroanalytical chemistry and interfacial electrochemistry, 170(1-2), 
127-141. 

Girault, H. H., & Schiffrin, D. J. (1983). Thermodynamic surface excess of 
water and ionic solvation at the interface between immiscible 
liquids. Journal of Electroanalytical Chemistry and Interfacial 
Electrochemistry, 150(1-2), 43-49. 

Godino, N., Borrise, X., Munoz, F. X., Del Campo, F. J., & Compton, R. G. 
(2009). Mass transport to nanoelectrode arrays and limitations of the 
diffusion domain approach: theory and experiment. The Journal of 
Physical Chemistry C, 113(25), 11119-11125. 

Goh, E., & Lee, H. J. (2016). Applications of electrochemistry at liquid/liquid 
interfaces for ionizable drug molecule sensing. Review of 
Polarography, 62(2+ 3), 77-84. 

Goodarzian, M., Khalilzade, M. A., Karimi, F., Gupta, V. K., Keyvanfard, M., 
Bagheri, H., & Fouladgar, M. (2014). Square wave voltammetric 
determination of diclofenac in liquid phase using a novel ionic liquid 
multiwall carbon nanotube paste electrode. Journal of Molecular 
Liquids, 197, 114-119. 

Goyal, R. N., Chatterjee, S., & Rana, A. R. S. (2010). The effect of modifying 
an edge-plane pyrolytic graphite electrode with single-wall carbon 
nanotubes on its use for sensing diclofenac. Carbon, 48(14), 4136-
4144. 

Gros, M., Gromb, S., & Gavach, C. (1978). The double layer and ion adsorption 
at the interface between two non-miscible solutions: Part II. 
Electrocapillary behaviour of some water-nitrobenzene systems. 
Journal of Electroanalytical Chemistry and Interfacial 
Electrochemistry, 89(1), 29-36. 



© C
OPYRIG

HT U
PM

127 
 

Guo, J., Yuan, Y., & Amemiya, S. (2005). Voltammetric detection of heparin at 
polarized blood plasma/1,2-dichloroethane interfaces. Analytical 
chemistry, 77(17), 5711-5719. 

Hajjizadeh, M., Jabbari, A., Heli, H., Moosavi-Movahedi, A. A., & Haghgoo, S. 
(2007). Electrocatalytic oxidation of some anti-inflammatory drugs on 
a nickel hydroxide-modified nickel electrode. Electrochimica 
acta, 53(4), 1766-1774. 

Hamid, S. H. I. (2014). Liquid-liquid interface ion-transfer amperometric 
sensors for tenofovir as a model nucleoside/nucleotide anti-retroviral 
drug (Doctoral dissertation), University of the Western Cape. 

Henstridge, M. C., & Compton, R. G. (2012). Mass Transport to micro‐and 
nanoelectrodes and their arrays: a review. The Chemical 
Record, 12(1), 63-71. 

Herzog, G. (2015). Recent developments in electrochemistry at the interface 
between two immiscible electrolyte solutions for ion sensing. Analyst, 
140(12), 3888-3896. 

Herzog, G., Kam, V., Berduque, A., & Arrigan, D. W. (2008). Detection of food 
additives by voltammetry at the liquid− liquid interface. Journal of 
agricultural and food chemistry, 56(12), 4304-4310. 

Herzog, G., Moujahid, W., Strutwolf, J., & Arrigan, D. W. (2009). Interactions of 
proteins with small, ionised molecules: electrochemical adsorption 
and facilitated ion transfer voltammetry of haemoglobin at the liquid| 
liquid interface. Analyst, 134(8), 1608-1613. 

Hossain, M. M., Lee, S. H., Girault, H. H., Devaud, V., & Lee, H. J. (2012). 
Voltammetric studies of hexachromic anion transfer reactions across 
micro-water/polyvinylchloride-2-nitrophenyloctylether gel interfaces 
for sensing applications. Electrochimica Acta, 82, 12-18. 

Hosseinzadeh, R., Maleki, R., & Matin, A. A. (2007). Interaction of Diclofenac 
with Bovine Serum Albumin Investigated by Diclofenac-Selective 
Electrode. Acta Chimica Slovenica, 54(1). 

Hu, Y. J., Liu, Y., Pi, Z. B., & Qu, S. S. (2005). Interaction of cromolyn sodium 
with human serum albumin: a fluorescence quenching 
study. Bioorganic & medicinal chemistry, 13(24), 6609-6614. 

Hu, Yan-Jun, Yi Liu, Ting-Quan Sun, Ai-Min Bai, Jian-Quan Lü, and Zhen-Bang 
Pi. "Binding of anti-inflammatory drug cromolyn sodium to bovine 
serum albumin." International journal of biological 
macromolecules 39, no. 4-5 (2006): 280-285. 



© C
OPYRIG

HT U
PM

128 
 

Huang, X., Xie, L., Lin, X., & Su, B. (2017). Detection of metoprolol in human 
biofluids and pharmaceuticals via ion-transfer voltammetry at the 
nanoscopic liquid/liquid interface array. Analytical chemistry, 89(1), 
945-951. 

Izumoto, S. I., Machida, Y., Nishi, H., Nakamura, K., Nakai, H., & Sato, T. 
(1997). Chromatography of crotamiton and its application to the 
determination of active ingredients in ointments. Journal of 
pharmaceutical and biomedical analysis, 15(9-10), 1457-1466. 

Jeshycka, S., Han, H. Y., & Lee, H. J. (2017). Voltammetric understanding of 
ionizable doxorubicin transfer reactions across liquid/liquid interfaces 
and sensor development. Electrochimica Acta, 245, 211-218. 

Jeshycka, S., Kim, E. M., & Lee, H. J. (2018). Electrochemical investigation on 
ionizable levofloxacin transfer reaction across liquid/liquid interfaces 
and potential applications to milk analysis. Electrochimica Acta, 282, 
964-972. 

Jiang, X., Gao, K., Hu, D., Wang, H., Bian, S., & Chen, Y. (2015). Ion-transfer 
voltammetric determination of folic acid at meso-liquid–liquid interface 
arrays. Analyst, 140(8), 2823-2833. 

Josserand, J., Morandini, J., Lee, H. J., Ferrigno, R., & Girault, H. H. (1999). 
Finite element simulation of ion transfer reactions at a single micro-
liquid∣ liquid interface supported on a thin polymer film. Journal of 
Electroanalytical Chemistry, 468(1), 42-52. 

Kaphalia, L., Kaphalia, B. S., Kumar, S., Kanz, M. F., & Treinen-Moslen, M. 
(2006). Efficient high performance liquid chromatograph/ultraviolet 
method for determination of diclofenac and 4′-hydroxydiclofenac in rat 
serum. Journal of Chromatography B, 830(2), 231-237. 

Katano, H., & Senda, M. (2001). Voltammetry at 1, 6-dichlorohexane¦ water 
interface. Analytical sciences, 17(9), 1027-1029. 

Katano, H., Tatsumi, H., & Senda, M. (2004). Ion-transfer voltammetry at 1, 6-
dichlorohexane| water and 1, 4-dichlorobutane| water 
interfaces. Talanta, 63(1), 185-193. 

Kim, H. R., Pereira, C. M., Han, H. Y., & Lee, H. J. (2015). Voltammetric 
studies of topotecan transfer across liquid/liquid interfaces and 
sensing applications. Analytical chemistry, 87(10), 5356-5362. 

Koczorowski, Z. (2001). Interfacial Potentials and Cells in Volkov, A.G (Ed.), 
Liquid Interfaces in Chemical, Biological, and Pharmaceutical 
Applications. Surfactant Science Series. Volume 95. Marcel Dekker, 
Inc.: New York and Basel. 



© C
OPYRIG

HT U
PM

129 
 

Komorsky‐Lovrić, Š., Vukašinović, N., & Penovski, R. (2003). Voltammetric 
determination of microparticles of some local anesthetics and 
antithusics immobilized on the graphite electrode. Electroanalysis: An 
International Journal Devoted to Fundamental and Practical Aspects 
of Electroanalysis, 15(5‐6), 544-547. 

Kontturi, A. K., Kontturi, K., Manzanares, J. A., Mafe, S., & Murtomäki, L. 
(1995). Ion Pairing in the Analysis of Voltammetric Data at the ITIES: 
RbTPB and RbTPBCl in 1, 2‐dichloroethane. Berichte der 
Bunsengesellschaft für physikalische Chemie, 99(9), 1131-1136. 

Kontturi, K., & Murtomäki, L. (1992). Electrochemical determination of partition 
coefficients of drugs. Journal of pharmaceutical sciences, 81(10), 
970-975. 

Kralj, B., & Dryfe, R. A. (2001). Membrane voltammetry: The interface between 
two immiscible electrolyte solutions. Physical Chemistry Chemical 
Physics, 3(23), 5274-5282. 

Kubota, Y., Katano, H., & Senda, M. (2001). Ion-transfer voltammetry of local 
anesthetics at an organic solvent/water interface and 
pharmacological activity vs. Ion partition coefficient 
relationship. Analytical sciences, 17(1), 65-70. 

Laforge, F. O., Sun, P., & Mirkin, M. V. (2006). Shuttling mechanism of ion 
transfer at the interface between two immiscible liquids. Journal of the 
American Chemical Society, 128(46), 15019-15025. 

Lagger, G., Tomaszewski, L., Osborne, M. D., Seddon, B. J., & Girault, H. H. 
(1998). Electrochemical extraction of heavy metal ions assisted by 
cyclic thioether ligands. Journal of Electroanalytical Chemistry, 451(1-
2), 29-37. 

Lam, H. T., Pereira, C. M., Roussel, C., Carrupt, P. A., & Girault, H. H. (2006). 
Immobilized pH gradient gel cell to study the pH dependence of drug 
lipophilicity. Analytical chemistry, 78(5), 1503-1508. 

Lee H. J., Arrigan D. W. M., Karim M. N., Kim H. R. Chapter 9. (2015). in 
"Electrochemical Strategies in Detection Science", ed. D. W. M. 
Arrigan, Royal Society of Chemistry. 

Lee, H. J., Beattie, P. D., Seddon, B. J., Osborne, M. D., & Girault, H. H. 
(1997). Amperometric ion sensors based on laser-patterned 
composite polymer membranes. Journal of Electroanalytical 
Chemistry, 440(1-2), 73-82. 

Lee, H. J., Beriet, C., & Girault, H. H. (1998). Amperometric detection of alkali 
metal ions on micro-fabricated composite polymer 



© C
OPYRIG

HT U
PM

130 
 

membranes. Journal of Electroanalytical Chemistry, 453(1-2), 211-
219. 

Lee, H. J., Pereira, C. M., Silva, A. F., & Girault, H. H. (2000). Pulse 
amperometric detection of salt concentrations by flow injection 
analysis using ionodes. Analytical chemistry, 72(22), 5562-5566. 

Lhotsky, A., Holub, K., Neužil, P., & Mareček, V. (1996). Ac impedance 
analysis of tetraethylammonium ion transfer at liquid/liquid 
microinterfaces. Journal of the Chemical Society, Faraday 
Transactions, 92(20), 3851-3857. 

Lipinski, C. A., Lombardo, F., Dominy, B. W., & Feeney, P. J. (1997). 
Experimental and computational approaches to estimate solubility 
and permeability in drug discovery and development 
settings. Advanced drug delivery reviews, 23(1-3), 3-25. 

Liu, S., Li, Q., & Shao, Y. (2011). Electrochemistry at micro-and nanoscopic 
liquid/liquid interfaces. Chemical Society Reviews, 40(5), 2236-2253. 

Liu, Y., Strutwolf, J., & Arrigan, D. W. (2015). Ion-transfer voltammetric 
behavior of propranolol at nanoscale liquid–liquid interface 
arrays. Analytical chemistry, 87(8), 4487-4494.  

Lopes, P. (2012). Chiral Interactions and Sensing at Liquid | liquid Interface 
(Doctoral dissertation). Durham University. 

Lopes, P., & Kataky, R. (2012). Chiral interactions of the drug propranolol and 
α1-acid-glycoprotein at a micro liquid–liquid interface. Analytical 
chemistry, 84(5), 2299-2304. 

Makarychev-Mikhailov, S., Shvarev, A., & Bakker, E. (2006). Calcium 
pulstrodes with 10-fold enhanced sensitivity for measurements in the 
physiological concentration range. Analytical chemistry, 78(8), 2744-
2751. 

Malá, Z., Gebauer, P., & Boček, P. (2016). Capillary isotachophoresis with ESI-
MS detection: methodology for highly sensitive analysis of ibuprofen 
and diclofenac in waters. Analytica chimica acta, 907, 1-6. 

Mälkiä, A., Murtomäki, L., Urtti, A., & Kontturi, K. (2004). Drug permeation in 
biomembranes: in vitro and in silico prediction and influence of 
physicochemical properties. European Journal of Pharmaceutical 
Sciences, 23(1), 13-47. 

Mallik, R., Yoo, M. J., Chen, S., & Hage, D. S. (2008). Studies of verapamil 
binding to human serum albumin by high-performance affinity 
chromatography. Journal of Chromatography B, 876(1), 69-75. 



© C
OPYRIG

HT U
PM

131 
 

Manzo, V., Ulisse, K., Rodríguez, I., Pereira, E., & Richter, P. (2015). A 
molecularly imprinted polymer as the sorptive phase immobilized in a 
rotating disk extraction device for the determination of diclofenac and 
mefenamic acid in wastewater. Analytica chimica acta, 889, 130-137. 

Masuda, Y., Inami, W., Miyakawa, A., & Kawata, Y. (2015). Cell culture on 
hydrophilicity-controlled silicon nitride surfaces. World Journal of 
Microbiology and Biotechnology, 31(12), 1977-1982. 

Miller, J. N. (1985). Statistics for analytical chemistry, second ed., Ellis 
Horwood Limited, England. Analytica Chimica Acta, 177, 291-292. 

Mofidi, Z., Norouzi, P., Seidi, S., & Ganjali, M. R. (2017). Determination of 
diclofenac using electromembrane extraction coupled with stripping 
FFT continuous cyclic voltammetry. Analytica chimica acta, 972, 38-
45. 

Moghaddam, H. M., Beitollahi, H., Tajik, S., Sheikhshoaie, I., & Biparva, P. 
(2015). Fabrication of novel TiO 2 nanoparticles/Mn (III) salen doped 
carbon paste electrode: application as electrochemical sensor for the 
determination of hydrazine in the presence of phenol. Environmental 
monitoring and assessment, 187(7), 1-12. 

Mohammad, A., & Zehra, A. (2007). Surfactants modified silica phase for 
sorption studies of essential amino acids by thin layer 
chromatography. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 301(1-3), 404-411. 

Mokhtari, A., Karimi-Maleh, H., Ensafi, A. A., & Beitollahi, H. (2012). Application 
of modified multiwall carbon nanotubes paste electrode for 
simultaneous voltammetric determination of morphine and diclofenac 
in biological and pharmaceutical samples. Sensors and Actuators B: 
Chemical, 169, 96-105. 

Molina, Á., Olmos, J. M., & Laborda, E. (2017). General theoretical treatment of 
simple and facilitated ion transfer processes at the most common 
liquid/liquid microinterfaces. Sensors and Actuators B: Chemical, 253, 
326-334. 

Molina, Á., Serna, C., Ortuño, J. A., & Torralba, E. (2012). Studies of ion 
transfer across liquid membranes by electrochemical 
techniques. Annual Reports Section" C"(Physical Chemistry), 108, 
126-176. 

Naddeo, V., Belgiorno, V., Kassinos, D., Mantzavinos, D., & Meric, S. (2010). 
Ultrasonic degradation, mineralization and detoxification of diclofenac 
in water: optimization of operating parameters. Ultrasonics 
sonochemistry, 17(1), 179-185. 



© C
OPYRIG

HT U
PM

132 
 

O’Sullivan, S. (2014). Electrochemical detection of biomolecules at liquid-liquid 
interfaces (Doctoral dissertation). Curtin University. 

Ohshima, T., & Takayasu, T. (1999). Simultaneous determination of local 
anesthetics including ester-type anesthetics in human plasma and 
urine by gas chromatography–mass spectrometry with solid-phase 
extraction. Journal of Chromatography B: Biomedical Sciences and 
Applications, 726(1-2), 185-194. 

Ortuno, J. A., Gil, A., & Sanchez-Pedreno, C. (2007). Flow-injection pulse 
amperometric detection based on ion transfer across a water-
plasticized polymeric membrane interface for the determination of 
imipramine. Sensors and Actuators B: Chemical, 122(2), 369-374. 

Ortuno, J. A., Gil, A., Serna, C., & Molina, A. (2007). Voltammetry of some 
catamphiphilic drugs with solvent polymeric membrane ion 
sensors. Journal of Electroanalytical Chemistry, 605(2), 157-161. 

Ortuno, J. A., Sanchez-Pedreno, C., & Gil, A. (2005). Flow-injection pulse 
amperometric detection based on ion transfer across a water-
plasticized polymeric membrane interface for the determination of 
verapamil. Analytica chimica acta, 554(1-2), 172-176. 

Osakai, T., Komatsu, H., & Goto, M. (2007). Cationic-surfactant transfer 
facilitated by DNA adsorbed on a polarized 1, 2-dichloroethane/water 
interface. Journal of Physics: Condensed Matter, 19(37), 375103. 

Osborne, M. C., Shao, Y., Pereira, C. M., & Girault, H. H. (1994). Micro-hole 
interface for the amperometric determination of ionic species in 
aqueous solutions. Journal of Electroanalytical Chemistry, 364(1-2), 
155-161. 

Ozkan, S. A. (2009). Principles and techniques of electroanalytical stripping 
methods for pharmaceutically active compounds in dosage forms and 
biological samples. Current Pharmaceutical Analysis, 5(2), 127-143. 

Parvizi‐Fard, G., Alipour, E., Yardani Sefidi, P., & Emamali Sabzi, R. (2018). 
Pretreated pencil graphite electrode as a versatile platform for easy 
measurement of diclofenac sodium in a number of biological and 
pharmaceutical samples. Journal of the Chinese Chemical 
Society, 65(4), 472-484. 

Peulon, S., Guillou, V., & l'Her, M. (2001). Liquid∣ liquid microinterface. 
Localization of the phase boundary by voltammetry and 
chronoamperometry; influence of the microchannel dimensions on 
diffusion. Journal of Electroanalytical Chemistry, 514(1-2), 94-102. 



© C
OPYRIG

HT U
PM

133 
 

Platt, M., Dryfe, R. A., & Roberts, E. P. (2003). Voltammetry with liquid/liquid 
microarrays: characterization of membrane 
materials. Langmuir, 19(19), 8019-8025. 

Pochivalov, A., Vakh, C., Andruch, V., Moskvin, L., & Bulatov, A. (2017). 
Automated alkaline-induced salting-out homogeneous liquid-liquid 
extraction coupled with in-line organic-phase detection by an optical 
probe for the determination of diclofenac. Talanta, 169, 156-162. 

Poltorak, L. (2015). Electrochemical modification of the liquid–liquid interface 
with mesoporous silica (Doctoral dissertation). Université de Lorraine. 

Puri, S. R., & Kim, J. (2019). Kinetics of antimicrobial drug ion transfer at a 
water/oil interface studied by nanopipet voltammetry. Analytical 
chemistry, 91(3), 1873-1879.  

Ramos-Payan, M., Maspoch, S., & Llobera, A. (2016). An effective microfluidic 
based liquid-phase microextraction device (μLPME) for extraction of 
non-steroidal anti-inflammatory drugs from biological and 
environmental samples. Analytica chimica acta, 946, 56-63. 

Ran, Y., Jain, N., & Yalkowsky, S. H. (2001). Prediction of aqueous solubility of 
organic compounds by the general solubility equation (GSE). Journal 
of chemical information and computer sciences, 41(5), 1208-1217. 

Reymond, F., Carrupt, P. A., Testa, B., & Girault, H. H. (1999). Charge and 
delocalisation effects on the lipophilicity of protonable 
drugs. Chemistry-Weinheim-European Journal-, 5, 39-47. 

Reymond, F., Fermın, D., Lee, H. J., & Girault, H. H. (2000). Electrochemistry 
at liquid/liquid interfaces: methodology and potential 
applications. Electrochimica acta, 45(15-16), 2647-2662. 

Ribeiro, J. A., Silva, F., & Pereira, C. M. (2013). Electrochemical study of the 
anticancer drug daunorubicin at a water/oil interface: drug lipophilicity 
and quantification. Analytical chemistry, 85(3), 1582-1590. 

Rimboud, M., Charreteur, K., Sladkov, V., Elleouet, C., Quentel, F., & L’Her, M. 
(2009). Effect of the supporting electrolytes on voltammetry at 
liquid/liquid microinterfaces between water and nitrobenzene, 1, 2-
dichloroethane or 1, 6-dichlorohexane. Journal of Electroanalytical 
Chemistry, 636(1-2), 53-59. 

Rimboud, M., Hart, R. D., Becker, T., & Arrigan, D. W. (2011). Electrochemical 
behaviour and voltammetric sensitivity at arrays of nanoscale 
interfaces between immiscible liquids. Analyst, 136(22), 4674-4681. 



© C
OPYRIG

HT U
PM

134 
 

Rudnicki, K., Poltorak, L., Skrzypek, S., & Sudhölter, E. J. (2019). Ion transfer 
voltammetry for analytical screening of fluoroquinolone antibiotics at 
the water–1.2-dichloroethane interface. Analytica chimica acta, 1085, 
75-84. 

Ruiz-Garcia, A., Bermejo, M., Moss, A., & Casabo, V. G. (2008). 
Pharmacokinetics in drug discovery. Journal of pharmaceutical 
sciences, 97(2), 654-690. 

Ryan, E. M. (2010). The Incorporation and Controlled Release of Anionic Drugs 
from a Polypyrrole Membrane Film (Doctoral dissertation). National 
University of Ireland Maynooth. 

Sairi, M. B. (2014). The preparation and electrochemical characterization of 
nanopore array membranes (Doctoral dissertation). Curtin University. 

Sairi, M., & Arrigan, D. W. (2015). Electrochemical detection of ractopamine at 
arrays of micro-liquid| liquid interfaces. Talanta, 132, 205-214. 

Sairi, M., Chen‐Tan, N., Neusser, G., Kranz, C., & Arrigan, D. W. (2015). 
Electrochemical Characterisation of Nanoscale Liquid| Liquid 
Interfaces Located at Focused Ion Beam‐Milled Silicon Nitride 
Membranes. ChemElectroChem, 2(1), 98-105. 

Sairi, M., Strutwolf, J., Mitchell, R. A., Silvester, D. S., & Arrigan, D. W. (2013). 
Chronoamperometric response at nanoscale liquid–liquid interface 
arrays. Electrochimica Acta, 101, 177-185. 

Saito, Y. (1968). A theoretical study on the diffusion current at the stationary 
electrodes of circular and narrow band types. Review of 
Polarography, 15(6), 177-187. 

Sakai, T. (1982). Simultaneous spectrophotometric determination of dibucaine 
and chlorpheniramine maleate in pharmaceuticals using 
thermochromism of ion associates. Analyst, 107(1275), 640-646. 

Samec, Z. (2004). Electrochemistry at the interface between two immiscible 
electrolyte solutions. Pure Appl. Chem, 76(12), 2147-2180. 

Samec, Z., Langmaier, J., Trojanek, A., Samcová, E., & Málek, J. (1998). 
Transfer of Protonated Anesthetics across the Water¦ o-Nitrophenyl 
Octyl Ether Interface: Effect of the Ion Structure on the Transfer 
Kinetics and Pharmacological Activity. Analytical sciences, 14(1), 35-
41. 

Samec, Z., Mareček, V., & Colombini, M. P. (1988). Standard Gibbs energies 
of transfer of alkali metal cations from water to 1, 2-dichloroethane: A 



© C
OPYRIG

HT U
PM

135 
 

critique. Journal of electroanalytical chemistry and interfacial 
electrochemistry, 257(1-2), 147-154. 

Samec, Z., Mareček, V., Koryta, J., & Khalil, M. W. (1977). Investigation of ion 
transfer across the interface between two immiscible electrolyte 
solutions by cyclic voltammetry. Journal of Electroanalytical 
Chemistry and Interfacial Electrochemistry, 83(2), 393-397. 

Sarhangzadeh, K., Khatami, A. A., Jabbari, M., & Bahari, S. (2013). 
Simultaneous determination of diclofenac and indomethacin using a 
sensitive electrochemical sensor based on multiwalled carbon 
nanotube and ionic liquid nanocomposite. Journal of Applied 
Electrochemistry, 43(12), 1217-1224. 

Šatínský, D., Chocholouš, P., Válová, O., Hanusová, L., & Solich, P. (2013). 
Two-column sequential injection chromatography for fast isocratic 
separation of two analytes of greatly differing chemical 
properties. Talanta, 114, 311-317. 

Scanlon, M. D., & Arrigan, D. W. (2011). Enhanced Electroanalytical Sensitivity 
via Interface Miniaturisation: Ion Transfer Voltammetry at an Array of 
Nanometre Liquid–Liquid Interfaces. Electroanalysis, 23(4), 1023-
1028. 

Scanlon, M. D., Herzog, G., & Arrigan, D. W. (2008). Electrochemical Detection 
of Oligopeptides at Silicon-Fabricated Micro-Liquid∣ Liquid 
Interfaces. Analytical chemistry, 80(15), 5743-5749. 

Scanlon, M. D., Strutwolf, J., Blake, A., Iacopino, D., Quinn, A. J., & Arrigan, D. 
W. (2010). Ion-transfer electrochemistry at arrays of nanointerfaces 
between immiscible electrolyte solutions confined within silicon nitride 
nanopore membranes. Analytical chemistry, 82(14), 6115-6123. 

Scanlon, M. D.; Strutwolf, J.; Arrigan, D. W. M. (2010). Voltammetric behaviour 
of biological macromolecules at arrays of aqueous|organogel micro-
interfaces. Phys. Chem. Chem. Phys., 12, (34), 10040-10047. 

Scheytt, T., Mersmann, P., Lindstädt, R., & Heberer, T. (2005). 1-Octanol/water 
partition coefficients of 5 pharmaceuticals from human medical care: 
carbamazepine, clofibric acid, diclofenac, ibuprofen, and 
propyphenazone. Water, Air, and Soil Pollution, 165(1), 3-11. 

Scholz, F., & Gulaboski, R. (2005). Determining the Gibbs Energy of Ion 
Transfer Across Water–Organic Liquid Interfaces with Three‐Phase 
Electrodes. ChemPhysChem, 6(1), 16-28. 



© C
OPYRIG

HT U
PM

136 
 

Senthilkumar, S., Dryfe, R. A., & Saraswathi, R. (2007). Size-selective 
voltammetry: modification of the interface between two immiscible 
electrolyte solutions by zeolite Y. Langmuir, 23(6), 3455-3461. 

Shamsipur, M., Jalali, F., & Ershad, S. (2005). Preparation of a diclofenac 
potentiometric sensor and its application to pharmaceutical analysis 
and to drug recovery from biological fluids. Journal of pharmaceutical 
and biomedical analysis, 37(5), 943-947. 

Shao, Y., & Mirkin, M. V. (1997). Fast kinetic measurements with nanometer-
sized pipets. Transfer of potassium ion from water into dichloroethane 
facilitated by dibenzo-18-crown-6. Journal of the American Chemical 
Society, 119(34), 8103-8104. 

Shao, Y., & Mirkin, M. V. (1997). Scanning electrochemical microscopy 
(SECM) of facilitated ion transfer at the liquid| liquid interface. Journal 
of Electroanalytical Chemistry, 439(1), 137-143. 

Shao, Y., & Mirkin, M. V. (1998). Voltammetry at micropipet 
electrodes. Analytical chemistry, 70(15), 3155-3161. 

Shao, Y., Osborne, M. D., & Girault, H. H. (1991). Assisted ion transfer at 
micro-ITIES supported at the tip of micropipettes. Journal of 
electroanalytical chemistry and interfacial electrochemistry, 318(1-2), 
101-109. 

Silvester, D. S.; Arrigan, D. W. M. (2011). Array of water|room temperature 
ionic liquid micro-interfaces. Electrochem. Commun., 13, (5), 477-
479. 

Skalová, Š., Langmaier, J., Barek, J., Vyskočil, V., & Navrátil, T. (2020). 
Doxorubicin determination using two novel voltammetric approaches: 
A comparative study. Electrochimica Acta, 330, 135180. 

Sladkov, V., Guillou, V., Peulon, S., & L’Her, M. (2004). Voltammetry of 
tetraalkylammonium picrates at water∣ nitrobenzene and water∣ 
dichloroethane microinterfaces; influence of partition 
phenomena. Journal of Electroanalytical Chemistry, 573(1), 129-138. 

Solomon, T., & Bard, A. J. (1995). Scanning electrochemical microscopy. 30. 
Application of glass micropipet tips and electron transfer at the 
interface between two immiscible electrolyte solutions for SECM 
imaging. Analytical Chemistry, 67(17), 2787-2790. 

Souza, R. L. D., & Tubino, M. (2005). Spectrophotometric determination of 
diclofenac in pharmaceutical preparations. Journal of the Brazilian 
Chemical Society, 16(5), 1068-1073. 



© C
OPYRIG

HT U
PM

137 
 

Strathmann, H. (1981). Membrane separation processes. Journal of membrane 
science, 9(1-2), 121-189. 

Strutwolf, J., Scanlon, M. D., & Arrigan, D. W. (2009). Electrochemical ion 
transfer across liquid/liquid interfaces confined within solid-state 
micropore arrays–simulations and experiments. Analyst, 134(1), 148-
158. 

Sun, P., Laforge, F. O., & Mirkin, M. V. (2005). Ion transfer at nanointerfaces 
between water and neat organic solvents. Journal of the American 
Chemical Society, 127(24), 8596-8597. 

Sun, P., Laforge, F. O., & Mirkin, M. V. (2007). Role of trace amounts of water 
in transfers of hydrophilic and hydrophobic ions to low-polarity 
organic solvents. Journal of the American Chemical Society, 129(41), 
12410-12411. 

Tan, S. N., Dryfe, R. A., & Girault, H. H. (1994). Electrochemical Study of 
Phase‐Transfer Catalysis Reactions: The Williamson ether 
synthesis. Helvetica chimica acta, 77(1), 231-242. 

Taylor, G., & Girault, H. H. J. (1986). Ion transfer reactions across a liquid—
liquid interface supported on a micropipette tip. Journal of 
electroanalytical chemistry and interfacial electrochemistry, 208(1), 
179-183. 

Todd, P. A., & Sorkin, E. M. (1988). Diclofenac sodium. Drugs, 35(3), 244-285. 

Tong, Y., Sun, P., Zhang, Z., & Shao, Y. (2001). Fabrication of agar-gel 
microelectrodes and their application in the study of ion transfer 
across the agar–water∣ 1, 2-dichloroethane interface. Journal of 
Electroanalytical Chemistry, 504(1), 52-58. 

Toth, P. S., & Dryfe, R. A. (2015). Novel organic solvents for electrochemistry 
at the liquid/liquid interface. Analyst, 140(6), 1947-1954. 

Townsend, S., Fanning, L., & O'Kennedy, R. (2008). Salivary analysis of 
drugs—potential and difficulties. Analytical letters, 41(6), 925-948. 

Ulmeanu, S. M., Jensen, H., Bouchard, G., Carrupt, P. A., & Girault, H. H. 
(2003). Water-oil partition profiling of ionized drug molecules using 
cyclic voltammetry and a 96-well microfilter plate 
system. Pharmaceutical research, 20(8), 1317-1322. 

Vahed, A., Lachman, N., & Knutsen, R. D. (2007). Failure investigation of 
soldered stainless steel orthodontic appliances exposed to artificial 
saliva. Dental materials, 23(7), 855-861. 



© C
OPYRIG

HT U
PM

138 
 

Valentini, F., Amine, A., Orlanducci, S., Terranova, M. L., & Palleschi, G. 
(2003). Carbon nanotube purification: preparation and 
characterization of carbon nanotube paste electrodes. Analytical 
chemistry, 75(20), 5413-5421. 

Vanýsek, P. (1985). Phase Transfer Catalysis. In Electrochemistry on 
Liquid/Liquid Interfaces (pp. 88-89). Springer, Berlin, Heidelberg. 

Vanýsek, P. (1993). Analytical applications of electrified interfaces between two 
immiscible solutions. TrAC Trends in Analytical Chemistry, 12(9), 
363-373. 

Vanysek, P. (2013). Equivalent conductivity of electrolytes in aqueous 
solution. CRC handbook of chemistry and physics, 96, 2015-2016. 

Vanýsek, P., & Basáez Ramírez, L. U. I. S. (2008). Interface between two 
immiscible liquid electrolytes: a review. Journal of the Chilean 
Chemical Society, 53(2), 1455-1463. 

Vanýsek, P., & Sun, Z. (1990). Bovine serum albumin adsorption on a 
water/nitrobenzene interface. Journal of electroanalytical chemistry 
and interfacial electrochemistry, 298(2), 177-194. 

Vazquez, P., Herzog, G., O’Mahony, C., O’Brien, J., Scully, J., Blake, A., ... & 
Galvin, P. (2014). Microscopic gel–liquid interfaces supported by 
hollow microneedle array for voltammetric drug detection. Sensors 
and Actuators B: Chemical, 201, 572-578. 

Velicky, M., Rodgers, A. N., Dryfe, R. A., & Tam, K. (2014). Use of voltammetry 
for in vitro equilibrium and transport studies of ionisable 
drugs. ADMET and DMPK, 2(3), 143-156. 

Velický, M., Tam, K. Y., & Dryfe, R. A. (2012). Hydrodynamic voltammetry at 
the liquid–liquid interface: Application to the transfer of ionised drug 
molecules. Journal of Electroanalytical Chemistry, 683, 94-102. 

Verwey, E. J. W., & Niessen, K. F. (1939). XL. The electrical double layer at the 
interface of two liquids. The London, Edinburgh, and Dublin 
Philosophical Magazine and Journal of Science, 28(189), 435-446. 

Volkov, A. G. (2001). Liquid interfaces in chemical, biological and 
pharmaceutical applications. CRC Press. 

Wandlowski, T., Mareček, V., & Samec, Z. (1990). Galvani potential scales for 
water—nitrobenzene and water-1, 2-dichloroethane 
interfaces. Electrochimica acta, 35(7), 1173-1175. 



© C
OPYRIG

HT U
PM

139 
 

Wang, J., Analytical Electrochemistry. Second ed.; Wiley-VCH: New York, 
2001; pp 1-209. 

Wilke, S., & Zerihun, T. (1998). Diffusion effects at microhole supported 
liquid/liquid interfaces. Electrochimica acta, 44(1), 15-22. 

Wilke, S., Franzke, H., & Müller, H. (1992). Simultaneous determination of 
nitrate and chloride by means of flow-injection amperometry at the 
membrane-stabilized water/nitrobenzene interface. Analytica chimica 
acta, 268(2), 285-292. 

Wilke, S., Osborne, M. D., & Girault, H. H. (1997). Electrochemical 
characterisation of liquid| liquid microinterface arrays. Journal of 
Electroanalytical Chemistry, 436(1-2), 53-64. 

Yilmaz, B. (2010). GC–MS determination of diclofenac in human 
plasma. Chromatographia, 71(5), 549-551. 

Yuan, Y., & Amemiya, S. (2004). Facilitated protamine transfer at polarized 
water/1, 2-dichloroethane interfaces studied by cyclic voltammetry 
and chronoamperometry at micropipet electrodes. Analytical 
chemistry, 76(23), 6877-6886. 

Yuan, Y., Wang, L., & Amemiya, S. (2004). Chronoamperometry at micropipet 
electrodes for determination of diffusion coefficients and transferred 
charges at liquid/liquid interfaces. Analytical chemistry, 76(18), 5570-
5578. 

Zazpe, R., Hibert, C., O'Brien, J., Lanyon, Y. H., & Arrigan, D. W. (2007). Ion-
transfer voltammetry at silicon membrane-based arrays of micro-
liquid–liquid interfaces. Lab on a Chip, 7(12), 1732-1737. 

Zhan, D., Mao, S., Zhao, Q., Chen, Z., Hu, H., Jing, P. & Shao, Y. (2004). 
Electrochemical investigation of dopamine at the water/1, 2-
dichloroethane interface. Analytical chemistry, 76(14), 4128-4136. 

Zhao, P., Zhu, G., Zhang, W., Zhang, L., Liang, Z., & Zhang, Y. (2009). Study 
of multiple binding constants of dexamethasone with human serum 
albumin by capillary electrophoresis–frontal analysis and multivariate 
regression. Analytical and bioanalytical chemistry, 393(1), 257-261. 

Zoest, A. R., Wanwimolruk, S., & Hung, C. T. (1990). Simple high-performance 
liquid chromatographic method for the analysis of quinine in human 
plasma without extraction. Journal of liquid chromatography, 13(17), 
3481-3491. 


	Blank Page



