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ABSTRACT

STUDIES ON PERCHLORATE AND HYDROGEN PHTHALATE LIQUID

MEMBRANE ELECTRODES BASED ON CRYSTAL VIOLET AND
BRILLIANT GREEN

BY

Negussie Negash

Research Advisors: Dr. B.S. Chandravanshi and

Ato Ghirma Moges

Liquid membrane holders were designed from concentric pyrex tubes
by glass blowing and employed to design perchlorate and hydrogen phthalate
electrodes based on Crystal Violet perchlorate and Brilliant Green hydrogen
phthalate salts. Polyviny chloride discs, with 1-chloronaphthalene as
plasticizer, were used to support the liquid membranes which consisted of
nitrobenzene, 1,2-dichloroethane or 1,2-dichlorobenzene in the case of
Crystal Violet perchlorate and nitrobenzene in the case of the other.
Several electroanalytical parameters have been evaluated and both perchlorate
and hydrogen phthalate electrodes respond to perchlorate, periodate, Iodide,
saccharin, and hydrogen phthalate, with selectivity in that order. The
electrodes were found to respond to these anions within 60 seconds , in wide
concentration ranges ( slopes 52-60 mv/decade ) with detection limit of
6.7x10“ ^ to 4.7xlO~ ^M. The perchlorate electrode was employed to determine
perchlorate in artificial samples with three potentiometric methods and
results were found to have reasonable accuracy and precision.
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1. INTRODUCTION

Ion-selective electrodes have been the subject of rapidly increasing

interest over the past twenty years and their development has opened up
a new field of potentiometry. The speed at which this field developed
is a measure of the degree to which the electrodes meet the requirements

pf an analyst for rapid, accurate and low cost analysis.
Any phase that separates two other phases to prevent mass movement

between them but allows passage with various degrees of restriction of
one or several species of the external phases may be defined as a membrane

which when used as an electrode in an electrochemical cell constitutes
a membrane electrode. At the membrane solution interface, rapid exchange
takes place between the free ions in the aqueous phase and the same or
different ion bound to large groups in the membrane phase.

The behaviour of a membrane electrode will be determined by the
properties of the membrane electroactive material which 1s a solid or
a liquid containing ionized or inonizablo groups. Generally such groups,
used for membrane preparation, have the ability of binding certain ions
selectively either at a charged site of opposite sign or at a neutral
site of organic nature.

Most of the membranes used as electrodes possess some capacity of
undergoing ion exchange. Consequently, they are ion-selective 1n that
a cation exchanger is selective to cations and an anion exchanger is selective
to anions. The selectivity of membrane electrodes depends on the selectivity
of the ion-exchange process and on the mobility of the dissociated or
associated species in the membrane phase.
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1•1 Historical Development of Ion-Sclactivc: Electrodes (1-4)

The study of the electrochemistry of the membrane was initiated
by Ostwald ( 5) who introduced the concept of semi permeable membranes as
membranes impermeable to certain ionic species but permeable to others.
The electric potential difference on such a membrane is a limiting case
of the potential difference on the membrane-solution interface when the
mobility of one kind of ion approaches zero. A small number of permeating
ions penentrates through the interface and forms an electrical double
layer there which is the source of the electrical potential difference.

The history of the discovery of membrane electrode starts with the
observation by Cremer ( 6 ) in 1906 and the more detailed investigation
by Haber ( 7 ) , which showed that a hydrogen ion-sensing glass electrode
responds to the activity of hydrogen ion according to the Nernst equation.
It is remarkable that this is, perhaps, still one of the best such electrodes
at present. In the twenties and thirties Michelles (8) and Sollner ( 9)
were particularly notable for their work in the field of porous membranes.
The theory of porous membranes, which are easily permeable for some kinds
of Ions with the opposite charge , has since been developed by Teorell
(10) and by Meyer and Sievers (11). Moreover, Nikolskii and Tolmacheva
(12) Introduced the concept of ion-exchange in their study of glass membranes
around the end of 1930 ' s.

After numerous attempts to design a membrane electrode based on
various crystalline materials , Pungor and Hallos-Rokos1y (13) eventually

succeeded in preparing the first workable ion-selective electrode with
a precipitate-based hetrogeneous membrane. However , real success in this
area stems from the development of the first fluoride ion-selective membrane
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electrode composed of a single crystal of lanthanum fluoride by Frant

and Ross (14). Their fluoride electrode to date is the most successful

product employed for fluoride determination.
Liquid membrane ion-selective electrodes containing dissolved organic

ion-exchangers were first used by Sollner and Shean (15,16), but these

sensors showed only perm-selectivity, that is, selectivity toward the

sign of the ionic charge rather than the kind of ion. Since then, liquid

membrane ion-selective electrodes containing an ion-exchanger of anionic

type, selective to divalent cation ( 17), containing electrically neutral

antibiotics (18,19) and macro-cyclic compounds ( 20-23), selective to alkali

metals cations have been developed. Membrane electrodes employing ion-
association and chelation systems, incorporating organic solvents have

been explored and applied for the analysis of anions and cations ( 24-30).
Also sensors have been developed for the analysis of aminoacids (31-33).

A promising trend in the development of ion-selective electrodes

is represented by the so-called enzyme electrodes, in which the sensor

is covered with a polymeric matrix containing a suitable enzyme (34).
The idea was first introduced Into electro-analytical chemistry by Clark

and Lyons ( 35) who designed a glucose electrode by immoblllizing glucose

oxidase between cuprophane membranes and determined amperometrlcally the

hydrogen peroxide formed.
Subsequently, Guilbault and co-workers (34,36) devised enzyme electrodes

for the potentiometrlc determination of various substances of biological

importantace, which are converted into species monitored by ion-selectivc

electrodes. The substance to be determined reacts in the enzyme layer

and yields a product which is capable of giving a suitable sensor signal.
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Beside these, conventional glass (37,38), homogenous solid state ( 39),
liquid ion-exchanger ( 4S) and neutral carrier complex (41) electrodes
are some of the ion-selective electrodes used in tnzymology.

In addition to accounts of the construction, assessment and application
of ion-selective electrodes for individual ions or groups of ions, there
are many specialized reviews, with many references, on the theory of,
and recent progress with, such electrodes ( 42-46).
1*2 Classification of Ion-Selective Electrodes (3,4)

Too~selective electrodes are classified in different ways, of which
the most important are based on the physical state of the substances that
form the electrode membrane and based on the type of active material used
to makefile membrane. In the former case, they are classified as ion-selective
electrodes (i) with solid membranes and (ii) with liquid membranes. This
classification is probably useful, especially from the theoretical point
of view.

The most logical classification, from both practical and theoretical
points of view, is based on the type of active material used to make the
membrane. If this classification is used the majority of Ion-selective
electrodes fall easily into three main classes. These classes of electrodes
are as follows.

i) Glass Electrodes. The most familiar gloss membrane electrodes
1s the pH type. Its potentiometric behavior can be described and it is
the most thoroughly investigated and highly developed of all ion-selective
electrodes; because of the extreme properties of hydrogen ions, in particular
their very high mobility, this electrode is extraordinarily well-behaved
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having very high selectivity and a . long response range (pH 0 to 14). Sub-
sequently, glass electrodes for the measurements of Na+, K+, NH^

+ and
some other cations activities have been developed.

The electrode potential is made up of a number of constant and variable
terms ( 3). The constant terms include a time dependent diffusion potential,
due to the flux of monovalent cations from the dry glass; the potential
across the hydrated layer due to the charge separation produced by the
opposing fluxes of the sensed ion and ions from the glass; diffusion and
phase boundary potentials on the inner surface of the glass. The variable
term which contributes to the potential of the glass membrane electrode
is the activity of the ion giving rise to Nernstlan response.

i1) Electrodes based on inorganic salts. Electrodes based on inorganic
salts were the first of the new generation of ion-selective electrodes
which succeeded the glass electrodes. They are constructed in various
forms. Such membranes are usually termed as either homogeneous or hetrogeneous
depending on the composition of the membrane matrix.

Into this class fall the electrodes based on the silver halides,
silver sulfides, lanthanum fluoride, and heavy metal sulfides, and Ions
measured hy this class of electrodes Includes, F~, Cl", Br", I”, ClC,
S2”, Ag+, Cu2+ and Pb2+.

i1i) Electrodes based on organic 1on-exchangers. Organic ion-exchangers
are used to make electrodes with liquid or polymer membranes which are
selective to anions or cations. Generally ion-exchanger membranes contain
ionogenic groups fixed to the resin or glass frits or polymer matrix with
negative groups such -S03", -COO", etc., in the case of cation exchange
membranes, and with positive groups such as ~NH3

+, -NH2
+, -NH +

etc., in t;.a case of anion exchange membranes. Organic ion-exchange membranes,
















































































































































