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ABBREVIATION

ACH+ = Acetylcholine

ac = alternating current

ASV = anodic stripping voltammetry

CVTPB= Crystal violet tetraphenylborate

ITIES= Interfaces between two immiscible electrolyte
solution

PSA = Potentiometric stripping analysis

U? = Standard chemical potential for ion i

AG?* .= Standard Gibbs energies of transfer for ion itllT / 1

TBATPB= Tetrabutylammonium tetraphenylborate

TBA(p-ClTPB) = Tetrabutyl ammonium parachloro-tetra-
phenylborate

= Tetraphenylarsonium dicarbollyl cobaltate(III)

= Tetraphenylarsonium tetraphenylborate

= Tetraphenylarsonium dipicrylaminate

= p-nitrido-bis (triphenylphosphorus) 3,3-como-
bis (undecahydro-1,2-dicarba-3-cobalta closodo

decarbor)ate.
Standard deviation

current at any point of the current-potential
polaroaraphic wave
diffusion limiting current in polarography

Polyvinylchloride-nitrobenzene

TPAsDCC

TPAsTPB

TPAsDPA

PNPDCC

s.d. =

i -

xd
PVC-nb=
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ABSTRACT

Potentiometric stripping analysis (PSA) was applied

to the interface between two immiscible electrolyte solu-
tions (ITIES). The analysis was done on anions of thio-
cyanate, perchlorate and nitrate.

Polyvinylchloride-nitrobenzene (PVC-nb) gel was

prepared following the procedure introduced by Senda et al
jBunseki Kagaku, 33 (.1984) E 371] and the PVC-nb gel elect-
rode was constructed using polytetrafluoroethylene (PTFE)

tubing as a main cell body.

The behaviour of the cell was characterized by ac and

dc cyclic voltammetry and reproducible voltammograms were
obtained showing that the ion transport processes in both

phases is diffusion controlled. The reversibility of the

system was also tested using current reversal techniques.

The dependence of transition time (T) on deposition

time and deposition Cor enrichment) potentials was quali-
tatively studied. From this preliminary study the method
(PSA) was found to be quite applicable for the electroly-
sis of ions across the ITIES,
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1. INTRODUCTION

Electrolysis at the interface of two immiscible electro-
lyte solutions (ITIES) is relatively recently developed as a

new electroanalytical method [ 1, 2]. Particularly * since the

first review by Koryta [1] in 1979 on electrolysis at the

interface between two immiscible electrolyte solutions, this

topic has been characterized by an increase in the number of

groups working in this field and a rapid growth of publica-
tions concerned with both experimental, as well as theoreti-
cal aspects [3], Even thouqh the investigation of the polari-
zation of the interface between two immiscible electrolyte

solutions has been comparatively small in scope as compared

to metal/electrolyte solution interface, there is a wide-
spread interest on ITIES since it gives an insight on the

processes taking place in biological systems, liquid-liquid
extraction, phase transfer catalysis and in liquid state

ion-selective electrodes.

The first paper describing the electrical properties

of the interface between two immiscible liquid electrolyte

phases is the regularly quoted work by Nernst and Riesenfeld

[4] which dates back to 1902, They theoretically predicted

and experimentally proved the effect of accumulation and

depletion of the transported salt at ITIES depending on the

direction of the current and on the values of transport

numbers.
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For about eight decades investigations of ITIES were,

more or less, restricted to the study of equilibrium poten-
tial differences between aqueous and organic phases in

contact in the presence of various electrolytes [5],

As mentioned in reference [6] Guastalla and Gavach, in

1968, showed that the water-nitrobenzene interface could be

polarized. Since then a number of publications have been

dedicated to the study of polarization phenomena and charge

transfer reactions at the ITIES. Thus, the amount of infor-

mation gathered has permitted the elaboration of a rather

well-defined model of the interface. Surface tension [7]

and capacitance measurements [8, 9] have given access to the

important interfacial quantities such as surface excess

concentrations. The use of the Gouy-Chaoman theory has

indeed confirmed [ 10] that the Galvani potential difference

between two phases was spread entirely within the two

back-to-back double layers, while the interface can be

regarded as a mixed solvent layer no more than two or three

molecular diameter thick with a negligible contribution for

the Galvani potential gradient [ 11], All the chemical
0 l-*-2 0 0potential gradient [AGt ' =^"^l 3 i-s exPecte<3 to take

place within this thin mixed solvent layer.

Although both ion and electron transfer can occur across

an ITIES, much attention has been given to the study of ion

transfer. Early experimental kinetic studies by Gavach •'
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{as mentioned in Ref. (6) and more recent work by Samec,

et al (12) and Senda, et al (13), have clearly shown that

-2 -iion transfer reactions are fast k > 10 cm s ). Onapp
the other hand, the investigation of electron transfer at

the ITIES seems to be particularly important since electron

transfer processes across biological membranes have paramount

importance in living systems (1).

In many works it has been shown that the interface

between two immiscible liquids is, with proper experimental

setup, an analog of the metal electrode/electrolyte solution

interface (1,5,14-18) and that this interface can be studied

by the method, analogous to those used with metallic electro-
des. Experimentally, the most extensively used techniques

for the investigation of ITIES and ion transfers across the

interface .have been chronopotentiometry by Gavach and his

co-workers (15,19-24), polarography with electrolyte dropping

electrode (16,25-28),cyclic voltammetry (29-33) and impend-
ance measurements (34-39).

The three most important criteria to choose an organic

phase for the investiaation of ITIES are very low mutual

solubility with water large difference in density as

compared to water in order to have a stable interface,

and high permitivity to ensure the dissociation of the

supporting electrolyte (40). Based on this, nitrobenzene

has been the most frequently used organic solvent. Besides the

well-established oil-phase solvents like nitrobenzene and
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1,2-dichloroethane, acetophenone [ 41], O-nitrophenyloctylether
[ 42], 0-nitrotc luene[8 3], dichloromethane [8 4], aniline,

O-dichlorobenzene, O-chloroaniline, nitropropane and benzo-
, ' - • •

'

•• •' V-i -iy. -v.yyy
nitrile [43], chloroform [44] and solvent mixtures like nitro-
benzene + chlorobenzene [45], nitrobenzene + benzonitrile and

nitrobenzene + benzene [46] have also been used. For the

solvent systems studied the kinetic parameters and Gibbs

energies of transfer of ions have been successfully evaluated.
Transfer of quaternary ammonium ions 126], picrate [3 1, 47]

thiocyanate (SCN),dodecylsulphate [27],cations of choline and

acetylcholine [47, 48 ], cesium [30] and iodide, nitrate, thio-
;

cyanate and perchlorate [51, 53] ions transfer across the

interface of water/nitrobenzene has been investigated using

different electroanalytical techniques. In most cases the

supporting electrolytes employed in the organic phase were

TBATPB, TPAsTPB, TPAsDCC, TPAsDPA, PNPDCC, PNPTPB, TBAtP-ClTPB)
and CVTPB while the sulphates, fluorides, chlorides or bromi~

des of lithium, sodium and magnesium have been widely used

in the aqueous phase. In general, a highly hydrophobic

(lipophilic) salt in the oil phase and a highly hydrophilic

one in the aqueous phase would provide a wider working poten-
tial range or "potential window" for the investigation of

individual ion transfer without interference of the transfer

of the ions of the base electrolytes, In order to extend

the potential window towards negative potentials the tetra-
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phenylarsonium [49] and Crystal Violet [50] cations have

been used. The system with which an extremely negative poten-

tial can be reached contains NaF in the aqueous phase and

Crystal Violet in nitrobenzene [51, 52],

The standard Galvani potential differences across the

water-oil interface for some cations such as alkali, alkaline

earth metal ions and proton are so positive that they cannot

be determined in simple ion transfer processes across the

ITIES. They can, however, be investigated if their trans-
fer is facilitated by the presence of an ionoohore (complex

former) in the organic phase.

An ionophore is a hydrophobic (lipophilic) substance

that possesses acceptor properties for cations; the result-
ing ionophore-ion associate must also be hydrophobic. For

the lower concentration of ionoohore as compared to the

concentration of the transferred ion, the current is cont-

rolled by the diffusion of ionophore to ITIES and of the

complex formed from the ITIES to the organic bulk solution.

The current is controlled by the diffusion of metal from

the aqueous to the ITIES and the diffusion of the complex

formed from the ITIES to the bulk of the organic phase for

low concentrations of metal ion 152],

In the investigation of ITIES, a very important improve-
ment of the analytical instrumentation has been the intro-

duction of polymer-electrode gel in 1984 by Senda, et al [54]
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(see Ref. [3, 55, 57] in order to avoid mechanical instability

of the interfaces between two immiscible electrolyte solu-
tions. Marecek and Colombini [55] and Janata, Marecek,

Gratzl and Pungor [56] tried to investigate the properties

of polyvinylchloride-nitrobenzene gel/water interface using

dc cyclic voltammetry and fluctuation analysis employing a

four-electrode arrangements with positive feedback.

Besides the intensive research of electrolysis at the

interface between *two immiscible electrolyte solutions, there

is a well established method in trace analysis-the potentio-

metric stripping analysis (PSA) - which was introduced and

described by Jagner and Graneli [68 ] in 1976. The basic

principles of PSA are, the deposition of the ions to be

determined on a suitable working electrode which is kept at

a fixed potential and the dissolution (stripping) of the

metals from the deposit. The stripping is either realized

by an appropriate oxidizing agent such as oxygen and mercuric

ion [69 -73] or by a constant current applied to the electrode.
The determination of ions is based on the evaluation of the

potential-time curves monitoring the course of the dissolu-
tion process. The transition times obtained at a certain

4

potential (which is related to the standard redox potential

of the respective ion) is proportional to the concentration

of the reactive ion.
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Jagner & Graneli [68] used mercury-film coated glassy

carbon (MFGCE) as the working electrode, SCE and olatinum

foil as reference and counter electrodes, respectively.
The working electrodes generally used in PSA are MFGCE

[68,74] noble metals and graphite electrodes [69, 75], and

the carbon fiber electrodes (CFE) [76-79]. The CFE have

recently been used for ASV and PSA and its incredible pro-
perties, uses, applications and advantages is reviewed by

Edmonds [79].

PSA has got an important position for trace metal anal-
ysis over the other electroanalytical techniques because of

its unique properties [70,8 0,8 1] such as sensitivity, simpli-
city, cost and above all its accuracy and precision.

But this electroanalytical techniques (PSA) has not

been applied yet to the interface between two immiscible

electrolyte solutions. Thus, in order to investigate the

possibility whether the potential stripping analysis tech-
nique could be applied for the determination of anions employ-
ing the interface between two immiscible electrolyte solution

(ITIES) as working electrode, the organic phase has, in the

present work, been "solidified" as PVC-gel.
The organic phase (nitrobenzene) was "solidified" as

PVC-gel and the respective anions were transferred to the
organic phase by applying a potential difference sufficiently
negative to work in the limiting current region of the ion
under investigation. Stripping out the anions from the orga-r
nic phase was done galvanostatically.
























































