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Chapter -1

INTRODUCTION

Analytical Chemistry

Anayticd chemistry is concerned with the theory and pradice of methods used to determine the
compasition d matter. In developing methods of analysis, the analytical chemist feels free to draw upon
principles from any field of science - chemistry, physics, biology, engineering, computer science, etc.
For example, instruments developed by physicists guch as the mass pectrometer, the X-ray dispersive
spectrometer and the infrared spectrophdometer have found wide gplications in solving analytical
problems.

Today, there are many new techniques available for application to analytical problems, and for this
reason the analyticd chemist needs to have agood knavledge of a number of scientific fields. The
explosion of techndogical developments in recent years has created analytical problems, which demand
increasingly sophsticated instrumentation and knavledge for their solution. Typical examples of such
problems are trace level determination d metal ions. The solutions to a host of problems such as these
have been developed by research workers with the most diverse badkgrounds. Workers in many fields
are constantly confronted by analytical problems, and in many cases they work out their own solutions.

What distingushes the anaytical chemist from other workers is an interest in the methods and
techniques in their own right. Workersin ather fields often need to develop rew analytical methods for
their own puposes. Analytical chemists, developing methods is the challenging part of the research.
Analyticd chemists ded with real, practical systems and much of their effort is expended in an attempt
to apply soundtheory to actual chemical situations.

Sensors

These are devices, which sense the target species present in the system. We have at least five of these
i.e., ncse, tongle, ear, eye and skin. They represent main types of a sensor. In alaboratory, ore of the
best types of sensor is the litmus paper test for acids and alkalies, which gves a qualitative indication,
by means of a colour reaction, d the presence or absence of an acid. A more precise method d
indicating the degree of acidity is measurement of pH, either by the extended use of colour reactions in
specia indicatior solutions, or even by simple pH papers. However, the best method d measuring
addity is the use of the pH meter, which is an electrochemical device giving an eledrical resporse,
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which can be read by a needle moving on a scale or on a digital read-out device or inpu to a
MIiCroprocesor.

In such methods, the sensor that responds to the degree of acidity is either a dhemical, the dye in litmus
or amore complex mixture of chemical dyesin pH indicator solutions or the glassmembrane electrode
in the pH meter. The diemical or the dedrical response then, has to be mnwverted into a signal that we
can olserve. In the @ase of the pH meter, the electrical resporse (a voltage diange) has to be converted
i.e., transduced (= led through), into an observable respornse-movement of a meter needle or a digital
display. The part of the device that carries out this conversionis cdled a transducer.

We can dvide sensorsinto three types, namely:

(@) Physical sensorsfor measuring dstance, mass temperature, presaure, etc.,

(b) chemical sensors which measure chemical substances by chemical or physicd resporses, and

(c) biosensors, which measure diemical substances by using a biological sensing element. All of
these devices have to be @mnreded to a transducer of some sort, so that a visibly observable
resporse occurs. Chemical sensors and kosensors are generally concerned with sensing and
measuring particular chemicals which may (or many na) be biological themselves. Biosensors
are really a sub-set of chemical sensors, bu are often treated as a topic in their own right. A
biosensor can be defined as a device incorporating a biological sensing element conneded to a
transducer. The analyte that this snsor detects and measures may be purely chemical (even
inorganic), athough ologica comporents may be the target analyte. The key difference is that
the recognition element isbiological in nature.

Aspedsof Sensors

Reagnition Elements

Recogntion elements are the key comporent of any sensor device. They impart the selectivity that
enables the sensor to respord selectively to a particular analyte or group d analytes, thus avoiding
interferences from other substances. Methods of analysis for specific ions have been available for along
time using ion-seledive electrodes, which usualy contain a membrane selective for the analyte of
choice

Transducers- the Detedor Device

Anayticd methods in chemistry have mainly been based on phdometric transducers, as in
spectroscopic and colorimetric methods. However, most sensors have been developed arourd
eledrochemical transducers, because of simplicity of construction and cost. With electron-driven
microprocesors, the directnessof an electricd device will tend to have a maximum appeal. In addition,
the use of micro-masscontrolled devices, based mainly on piezo-eledric aystals, may become
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competitive in the near future.
Transducers can be subdvided into the following four main types.

A. Electrochemical Transducers

1. Potentiometric: These invalve the measurement of the emf (patential) of a cdl at zero current. The
emf is propartiona to the logarithm of the concentration d the substance being determined.

2. Conduwtometric: Most reactions involve a dange in the composition d the solution. This wil |
normally result in a change in the electricd conductivity of the solution, which can be measured
eledrically.

3. Voltammetric: An increasing (decreasing) potential is applied to the el until oxidation
(reduction) of the substance to be analyzed occurs and there is a sharp rise (fal) in the current to
give ape&k current. The height of the peak current is diredly propartional to the concentration of
the electroadive materia. If the appropriate oxidation (reduction) potential is known, ore may
step the potential diredly to that value and olserve the current. This mode is known as
amperometric.

4. FET-based sensors. Miniaturisation can sometimes be achieved by constructing ore of the above
types of electrochemical transducers on a silicon chip-based field-effect transistor. This has
mainly been used with pdentiometric sensors, bu could also be used with vdtammetric or
condwctometric sensors.

B. Optical Transducers

These have taken a new lease of life with the development of the fibre optics, thus alowing geater
flexibity and miniaturisation. The techniques used include absorption spectroscopy, fluorescence
spectroscopy, luminescence spectroscopy, internal reflection spectroscopy, surface plasma spectroscopy
and light scattering.

C. Piem-Electric Devices

These devices invalve the generation d eledric currents from a vibrating crystal. The frequency of
vibration is affected by the massof material adsorbed onits surface, which could be related to changes
in areaction. Surface acoustic wave (SAW) devices are arelated system.

D. Thermal Sensors
All chemical and bhochemica processes invave the production a absorption o heat. This can be

measured by sensitive thermistors and hence, be related to the anourt of substanceto be analysed.

Supra-moleaular Chemistry
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To adiieve aligand ‘tailored’ for a particular metal-ion kinding application, the system needs to be
designed such that it is able to read the information encoded in the metal ion d interest and dff erentiate
it from that for other metals that might be also present (1-3). Clearly, nature has leant to do this
superbly in a wide range of biochemicd systems. In contrast, the success achieved with synthetic
systems has tended to be somewhat more modest. This is perhaps surprising in view of the fact that we
are now around a century on from Alfred Werner's time. Thus, although metal ion recogntion is
inherent to many processes in nature, the factors influencing such behavior are often dfficult to
elucidate. This is especially the case when mixed donag sets are present and a heavy metal ions are
invalved.

For a particular polydenate ligand, metal ion recognition may involve contributions from some or al of
the foll owing:

(@ The number and type of dona atoms available.

(b) Their relative pasitionsin terms of both their spacing and sequencewithin the ligand.

(c) The dectronic and structural nature of the ligand' s backbore.

(d) The forma charge and or the presence or absence of dipades (both permanent and induced) on

the boundligand.

(e) Thenumber and sizeof the dhelate rings formed onmetal binding.

(f) The dhangesin salvation d the ligand and metal ion oncomplex formation.
Further, for transition metal ions, crystal field effects may also contribute to adeaease in free aergy for
complex formation. In the case of macrocyclic ligand systems, macrocyclic ring size is ancther fador
that will influence complex stability.

The aility of agiven ligand to recognze a metal in the presence of others will normally refled a subtle
mix of fadors onthe type just mentioned (althoughiit is noted that, in some cases one factor, such as the
dona set type, may appear to daminate the process. The situationis further complicated by the fact that
several of the factors listed above are not independent of each ather. However, in general terms,
recogntion for a particular metal ion d interest will occur when the properties of the ligand best match
the steric and electronic nature of the metal ions, relative to thase of the other metal ions present.

It needs to be kept in mind that metal ion selectivity depends on adhieving a difference in the binding
constants for the respective cations. That is the difference in the constants rather than their absolute
magnitude, which is usually of prime @ncern. Of course, high absolute values may also be desirable
since, for example, the latter may commonly be associated with enhanced kinetic stabilities.

In atypical metal-ion recogntion investigation, the procedure has been to choase a gyclic or an acyclic

ligand which, based onanalogy with knavn systems, might be expected to show preference for the ion
of interest. After synthesis of the ligand, an investigation d its metal coordination chemistry is then
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caried ou. Such a study has always incorporated the determination d stability constants for the
respective 1:1 complexes couded with a range of other studies. An assessnent of the possble fadors
influencing any observed metal-ion recognition behavior is then made and, onthis basis, a deasionis
taken as to what structural modification might be carried ou to tune up this behavior. The required
ligand modification is then made and the cycle is repeated. In this manner, it is usualy possble to
modify a ligand type progressvely, using a trial and error approach, such that enhanced metal ion
discriminationisinduced.

Since the antibiotic nigericin was isolated in 1951as the first representative, natural ionophaes have
attracted wide dtention and been the subject of numerous investigations. They are known to specifically
transport biological guest species aaoss a bio-membrane. For example, valinomycin transports the K*
ion with much greater efficiency than the Na* ion, whereas monensin selectively transports the Na* ion
against its concentration gradient. Their molecular structures, cation kbnding, transport properties,
physiological activities, and aher biochemical adions have been extensively investigated and their
molecular reagnition and transport functions are important topics of current chemistry.

Numerous dructuraly diverse compounds have been found to ad as ionophaes in many hiological
membrane systems. Althoughthey have various moleaular skeletons, dona atoms, chain lengths and
ligand topdogies, a distinction is made between the acyclic podands, the macrocyclic aown ethers and
the armed macrocycles. The minimum number of dona atoms and chain segments of each class of
natural and synthetic ionophaes is $1own in Table 1.1. This topdogca classification is widely
acacepted for the synthetic aown ether compound and can also be gplied with some discretion to the
natural ionophaes.

Table 1.1 Clasdfication and topology of ionophores

Classification Podand (Acyclic) Crown Ether Armed M acrocycle
(Cyclic) (Acyclic + Cyclic)
Lariat ethers

Topdogy

Natural Monensin Vainomycin Enterobactin

lonophae Nigericin Enniatinand Ferrichrome

Synthetic Polyglyme 18-Crown-6 Double-Armed
lonophaoe Dipod,Tripod, and| Cyclam Crown Ether

Tetrapod
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There ae severa important diff erencesin coordination chemistry of synthetic and retural ionophaes. In
particular, natura ionophaes form three-dimensional complexes with cations. Typically, valinomycin is
the most famous ionophae spedfic for the K* ion, which has a 32-member ring o the aown ether type.
Monensin is a more flexible podand-type natural ionophae, bu shows gredaer stability constants for
several metal cations than synthetic aown ethers and podinds. Crystallographic studies of the Ag*
complex clearly reveal that a stable complexation comes from the characteristic pseudo-cyclic
conformation. The ends of the chain are linked by intramoleaular head-to-tail hydrogen bond invalving
the carboxylate anion and suitably placed —OH groups. Thus, the guest cation is located at the centre of
pseudo-cavity andtightly coordinated by six oxygen atoms.

Rapid development in the synthesis of neutral macrocyclic ligands capable of complexing with anions
and cations has gimulated research efforts in many fields of chemistry. The pioneering work of
Pedersen on macrocyclic payethers or crown ethers (4-6) was chiefly concerned with oxygen-
containing ring systems and produced a series of powerful complexing agents for alkali and alkaline
eath caions. Subsequent investigations led to macrocycles with nitrogen and sulfur atoms as binding
dtesin additionto oxygen and dten as part of a subheterocyclic structure such as a pyridine, thiophene,
and furan ring. More powerful cation complexing ligands, naably pdyazapoyoxa macropdycycles or
cryptands were developed by Lehn and his co-workers (7-9). Some of these ligands have been designed
to form binuclear cation inclusion complexes sich as the glindrical macro tricycles in which two
macrocyclic rings are linked by two bridges. Further, Lehn et a. developed the bis-tren maaobicyclic
ligands, in which two caions are held inside a large intra-molecular cavity. With the proper design such
a binuclear cryptate may be used to activate substrates by inserting them between the two cations. An
interesting class of neutral acgyclic ligands coined “podands’” and developed recently by Vogtle and
Weber (10-15) have properties similar to thase of crown ethers and cryptands and can also form
crystalli ne alkali i on complexes or extract alkali salts from an aqueous into an organic phase. In addition
to cariersfor group 1A and 2A cations, ionophaes for transition metals and for their enantiometric salts
have dso been developed. Electricdly neutral, lipophlic ion-complexing agents of rather small relative
molar mass are known to behave as ionophaes or ion cariers, having the cgability to selectively
extract ions from agueous lutions into a hydrophobc membrane phase and to transport these ions
aaoss such barriers by carrier translocation.

Structural Features

Thousands of different macrocycles (16-17) that fall under the general description “crown ether” are

now known. It is, therefore, impossble to define the structural features beyond the presence of a

macrocyclic ring (generaly, bu not always, considered to be = 12 members), in which heteroatoms
(generdly = 4) are separated by a arbon-containing wit of two ar more @aoms. Oxygen is probably the

predominant heteroatom in macrocycles intended to hind alkali metals. Nitrogen is often incorporated
into these structures and may predominate when hbinding to transition metals is the object. Likewise,
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crowns-containing sulfur atoms in the dona array favor transition ower alkali metal ions.

The two-cabon unt that separates heteroatoms may be part of an aromatic system (e.g., kenzene,
naphthalene and pyridine). In the case of a heteroaromatic comporent such as furan o pyridine, the
subcyclic unit may contribute aheteroatom to the dona array. In adiphatic aown ethers, the preference
for ethyleneoxy unts (OCH,CH,) results from chemicd and pacticd considerations. Repeating
ethyleneoxy unts are realily avail able by polymerizaion d ethylene oxide (oxirane). Construction d a
crown from such a simple and readily avail able starting material is econamicd. Use of the ethyleneoxy

unit also means that every third atom is a dona, so the maaocycle's interior void is electron rich. A
higher concentration d donors would be passble if methyleneoxy (OCH,) chains were used, bu the

actal (OCH,0) linkage is hydrolyticaly unstable. Fewer donas would be available in the same size of
macroring if propyleneoxy (OCH,CH,CH,) units were used for construction d the macrocycle. A
problem in the latter case is that unfavorable conformational interactions would occur. Rotation abou
the ethylene linkage is facile when oxygens occupy the 1,2-positions (i.e., O-CH,CH,-O). The
correspondng O-CH,CH,CH,, interaction is energetically less favorable. The conformation problem
increases with the number of carbors between the heteroatoms.

A ligand that behaves as an ionophae must med the following requirements:

1. The arrier molecule shoud be compased of paar and nonpdear groups.

2. The carier shoud be ale to assume astable cmnformation that provides a @vity, surrounded by
the pdar groups, suitable for the uptake of a cation, while the nonpdar groups form a lipophlic
shell aroundthe co-ordination sphere. These groups must ensure sufficiently large lipid solubility
for ligand and complex.

3. Amongthe pdar groups of the ligand sphere, there shoud be preferbly 5to 8, ut not more than
12, co-ordinating sites such as oxygen atoms.

4. High selectivites are achevied by locking the coordinating sites into a rigid arrangement arounc
the avity. Such rigidity can be enhanced by the presence of bridged structures, e.g. hydogen
bonds. Within ore group d the periodic sytem, the cdion that fits into the offered cavity is
preferred. ldeally, all cations $oud be forced into accepting the same given number of
coordinating gougs.

5. Notwithstanding requirement 4, the ligand shoud be flexible enoughto allow a suffcienctly fast
ion exchange. This is possible only with a stepwise substitution d the solvent molecules by the
ligand groups. Thus a compromise between stabili ty (4) and exchange rate (5) hasto be found.

6. To guarantee adequate mohility, the overall dimensions of a carier shoud be rather small but still
compatible with highlipid solubility.
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Analytical Techniques

Quantitative measurement of an analyte will depend ona number of factors. Many avail able techniques
possessvarying degrees of selectivity, sensitivity, accuracy and redsion, cost and rapidity. Gravimetric
analysis usually invalves the selective separation d the analyte by precipitation, followed by the very
nonseledive measurement of mass In vadumetric analysis, the analyte reads with a measured vaume
of reaggent of known concentration, in a processcdled titration. A change in some physicd or chemical
property signals the completion d the readion. Gravimetric and vdumetric analyses can provide results
accurate and precise to afew parts per thousand a better. But they require relatively large quantiti es of
analyte and are well suited for the measurement of major constituents.

Instrumental techniques are used for many analyses (Table 1.2) and condtitute the discipline of
instrumental analysis. They are based on the measurement of a physical property of the sample, for
example, an eledrica property or the @sorption o eledromagnetic radiation. Examples are
spectrophdometry (ultraviolet, visible, or infrared), fluorimetry, atomic spectroscopy (absorption,
emisson), mass pedrometry, nuclea magnetic resonance spectrometry (NMR), X-ray spedroscopy,
eledroanalytical chemistry (potentiometric, voltammetric, electrolytic), chromatography (gas, liquid),
and radiochemistry. Instrumental techniques are generally more sensitive and seledive than the dasscal
techniques but are less precise, onthe order of 1 to 5% or so. These techniques are usually much more
expensive. But depending onthe numbers of anlyses, they may be less expensive when the analysis is
dorein buk. They are usually more rapid, may be aitomated, and may be cpable of measuring more
than ore analyte & atime. Chromatographic techniques are particularly powerful for analyzing complex
mixtures. They perform the separation and measurement step simultaneously. Constituents are separated
as they are washed davn a mlumn o appropriate material that interads with the analytes to varying
degrees, and the analytes are sensed with an appropriate detector as they emerge from the @lumn, to
give atransient pe&k signal, in propartion to the amourt of analyte.

Table 1.2 Variousanalytical methodswith resped to sensitivity, precision, selectivity,
speed and cost
Method Approx. Approx. Seledivity | Sped Cost Applications
Range Precision
(mol/L) (%)
Gravimetry 101102 0.1 Poor- Slow Low Inorg.
moderate
Titrimetry 101-104 0.1-1 Poor- Moderate Low Inorg., org
moderate
Potentiometry 101-10° 2 Good Fast Low Inorg.
Eledrogravimetry 101-104 0.01-2 Moderate Slow- Moderate | Inorg., org.
moderate
Volammetry 103-1010 | 2-5 Good Moderate | Moderate | Inorg. ,org
Spedrophotmetry 103-106 2 Good Fast Low- Inorg., org
moderate moderate | moderate
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Fluorometry 106-10° 2-5 Moderate Moderate | Moderate | Org.
Atomic 103-10° 2-10 Good Fast Moderate- | Inorg.
spedroscopy high multi el ement
Chromatorgaphy 103-10° 2-5 Good Fast Moderate | Inorg.,
moderate high multi component
Kinetic methods 1021010 | 2-10 Good- Fast Moderate | Inorg. enzymes
moderate moderate

In drect determinations, the ion-seledive electrode (ISE) and a reference dectrode are immersed in a
stirred sample and the resultant cell potential related to the determinand adivity or concentration by
means of a clibration graph: the expected accuracy and precision for such a straightforward method
should be comparable to those of a pH measurement. The ‘glasselectrode’ is the best-behaved of all ion-
seledive dectrodes, yet measurements of pH to better than + 0.001 H is equivalent to £0.6 mV or in
terms of hydrogen ion activity, + 2% is not known. Thus, using aher eledrodes an urcertainty of £ 2%
or even down to + 0.5% may only be obtained with care; this may be goodin comparison with ather
techniques at the 10° M level but is often poa at 102 M. The acuracy and precision may be improved
by resorting to a more elaborate technique invalving several potential measurements. Consequently, a
balance must be struck between accuracy and convenience in the dhoice of technique. A corollary of this
is that the sensors are more suited to the relatively impredse analysis of samples containing the
determinand in a wide range of adivity than to precise analysis of samples containing the determinand
in anarrow range.

One of the most attractive features of the dectrodes and probes is the speed with which they permit a
sample to be analyzed, and the ease with which the methods may be made semi-automatic or fully
automatic. If samples are measured by a dired method, all that has to be doreisto pre-trea the sample
by addition d an pretreatment reagent, stir the sample and pu the ISE and reference dectrode into it;
the equili brium cell potential may be read usually within abou a minute and the answer is obtained.

Other advantages of analyses by electrodes are that the methods may be nondestructive and are
adaptable to very small sample volumes. Fluoride samples have been analyzed with vaumes down to 10
pL. Also analyses may be made withou difficulty of highly colored, viscous smples containing a high
concentration d suspended solids. However, problems do arise in the analysis of some nonagueous and
partially nonagueous samples.

There are three basic electrochemicd processes that are useful in transducers for sensor applications:
(1) Potentiometry, the measurement of acell patential at zero current.
(2) Conduwtometry, where the conductance of the cell is measured by an alternating current bridge
method.
(3) Voltammetry, in which an oxidizing (or reducing) potential is applied between the cll
eledrodes and the cdl current is measured.
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The potential benefits of electrochemica monitoring, wsing the potentiometric measurement in an
environmental context, are:

1. The choice of electrode material can lead to selectivity, particularly in ion-seledive
eledrodes.

2.  Thereisthe posshility of furnishing nd only the results but also treated datain real time or
close to real time, using computerized control and particularly in flow systems for on-line
monitoring.

3. Portable sensors with dedicated instrumentation, pssbly battery-powered, that can be used
outside the laboratory.

4.  Miniaturized sensors, for application in situations where other probes may nat be usable.

General Sensor Design Criteria
A useful eectrochemical sensor (based on paentiometry) must obey a number of experimental design
criteria, many of which are linked to its potential benefits. Amongthe most important are:
1. For potentiometric sensors, there is an adequate electrode material, free from interferences.
2. The concentration d eledroadive spedes can be determined with sufficient accuracy and
precision.
3. The measurements are sufficiently reliable and repeatable.
4. Theresporsetime of the sensor is sufficiently fast.
5. Thedrift or diminution d sensor response with time owing to electrode degradation a surface
foulingis sufficiently small.
6. Cdlibrationis smple and easy to perform, or not necessary.
The detection limit is sufficiently low for the purpose envisaged.

~

The relative importance of these factors depends on the monitoring neaessties as well as on the
technique employed and the eledrode and cell configuration.

Recent tendencies in development of potentiometric sensors for monitoring have been the production o
sensors that are more robust, more reliable (i.e., needing less calibration with small er patential drift) and
can be used in an ever-wider range of situations with low maintenance. Potentiometric sensors based or
plasticized PV C membranes doped with neutra carriers have been extensively developed for many ions
(18-22). For example, crown and bis-crown ether ionophaes can be incorporated into pdymer
membranes, the recogntion coming from the size of the haost cavity or through specific metal-igand
interactions; an aternative with similar properties is calixarenes derivatized to hind metal ions. Thereis
much effort in improving selectivity relative to interfering species through chemical recogntion
principles.
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lon-seledive electrodes ideall y respondto spedes according to the Nernst equation. For example for an
X- seledive eledrode the Nernst equation may be written as:

E=E°+RTInay (1.1
ZF
Here,

E isthe patential,

EQ isthe standard patential of cell,

R isthe gas constant,

T isthe absolute temperature,

F isthe Faraday constant,

ay istheactivity of ion X, and

zisthe number of charges on X.

The signin the equationis positive when X isacation and regative when it isan anion.

lon-Selective Eledrodes

An ISE is an electrode, designed to respond to ore particular ion more than ahers. This is a
potentiometric device, i.e. the potential of the electrode, measured against an appropriate reference
eledrode, is propational to the logarithm of the activity of the ion keing tested. Such a device usually
responds rapidly, with alinear range of abou 100 to 101 M for most ISEs. It operates on the principle
of a concentration cell (23-28), in that it contains a selective membrane, which develops a potential if
thereis a concentration dff erence acrossthe membrane of theion being tested.

Components of the PV C-based Polymeric | on-Selective Electrode
The ion-sensitive paymeric membrane is ideally a water-immiscible liquid of high viscosity containing
the comporents listed below.

Polymeric Matrix

The paymeric matrix provides mechanicd stability to the membrane. Inideal casesitisinert and has no
chemical interaction with the sensed ions. Polymeric | SE-membranes are ammmonly prepared with poly
(vinyl chloride).

Membr ane Solvent

The membrane solvent reduces the viscosity and ensures a relatively high mobility of the membrane
constituents. In order to provide ahomogeneity of the organic phase it must be cmpatible with the
other membrane @mporents and acts as a plasticizer characteristics of the membrane and, as a
consequence, the selectivity. The plasticizers that are usualy used in ISE-membranes are ortho-
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nitrophenyloctyl ether (o-NPOE, pdar) or bis(2-ethylhexyl)sebacate (2BS, apdlar).

Lipophilic lon

The prerequisite for a theoretical Nernstian resporse of the I SE is that no significant amourt of primary
ions may be co-extracted together with counter ions (ions with opposite dharge sign d the measuring
ion) from the sample into the membrane phase. This means that the membrane is permeable only for
ions with the same charge sign d the measuring ion. This membrane characteristic is called
permselectivity or Donran exclusion. The presence in the membrane phase of non-exchangeable
lipophli c ions guarantees the operation d the ISE by keeping the total concentration d measuring ions
in the membrane much higher than the co extracted amourt, i.e. constant. Cation-seledive |ISE-
membranes contain namally a tetraphenylborate derivative as a lipophli ¢ site, whereas anion-seledive
membranes, atetraalklylammonium salt for this purpose.

lonophore

Theionophae or ion carrier or ligand, has the main influence on the selectivity of the ISE membrane. It
ideally forms relatively strong, selective and reversible complexes only with the target ion, so that in the
membrane no ion-exchange occurs between primary and interfering ions, i.e. no interference occurs.
Additionally, the ionophae structure must contain numerous lipophlic groups in ader to keep its
leaching rate from the membrane to the sample phase & low as possble.

Lipophilic Salt
The addition d alipophlc salt withou ion-exchanger properties reduces the electricd resistance of the
membrane.

Response Mechanism

An electrochemical-measuring cell consists of two galvanic half-cdls: the ion-seledive electrode and
the reference dectrode. The total potential difference (electromotive force, EMF) measured under zero-
current condtions between the two electrodes is the sum of locd potentia differences, arising at each
eledrochemical interface. Membranes of ionophae-based ISEs normally consist of a plasticized
poymeric phase, typicdly with pdy vinylchloride a paymeric matrix, lipophlic ion-exchanger sites,
and alipophlic or covalently immohili zed ionophae. Such membranes are placed between two agueous
solutions, ore being the sample and the other, the so-cdled inner electrolyte. The resporse of |1SEs has
been described by using three models; the kinetic model, the phase boundry paential model and the
membrane surface model (29-33).

Acoording to the kinetic model, ion-transport through the membrane is essntial, and seledivities are

related to mobilities. The phase-boundry paential model describes the potential emerging at the
interface of the agueous and aganic membrane phases by using thermodyramic equili bria and the
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eledroneutrality condtion within each phese and byasauming kinetic processes being fast between the
two phases. It directly relates the spontaneous equilibrium partitioning d ions across the sample
membrane interface to the phase-boundry paential. The third model assumes that only the membrane
surface processes are relevant for the potential, emphasizing that the phase-boundiry patentia acrossthe
sample-membrane interface is the result of ion-seledive darge separation at that interface. In most

cases of practicd significance, the resporse of 1SEs can be described by the phase-boundxry patential,
Epg, because dl other contributions of the emf of the potentiometric cell are sufficiently constant:

Oiﬂh'lﬂ

E.- = E
Pe ZF  a,(org)

1.2
with R, T, and F having wsua meaning, z being the dharge, and,

o = 1°(aq) - p°(org)
Vi

1° and a; being the standard pdentials and the ion activity in the respective phases.

The phase-boundary potential model has been used for many dfferent cases to cdculate the activity of
the uncomplexed ion, a,(org), in the membrane based on mass and charge balances and complex

formation equilibria. If a; (org) does not depend ona,(aq), the ISE resporse has a Nernstian slope of
59x mV/decade. Apparent deviations from this dope can be described by changes of a,(org) with a,(aq)
or by dfferences between a, (ag) at the membrane surface andin buk of the sample. The influence of an

interfering ion was first described with the still widely used empirical Nicolskii-Eisenman equation,
which is an extension of the Nernst equation:

£= £+ ina, (ag) + K a, (aq) *)
4k (1.3

Selectivity and Interference
It is well established now that for z, #z; the Nicolskii-Eisenman equation is not valid in the activity

range where the primary and the interfering ion significantly contribute to the potential. However, it is
vaid in the linear ranges of the response curve, g < and

q > . Despite this deficiency of the Nicolskii-Eisenman equation, the potentiometric seledivity
factor  is the best possble measure to quantify interferences because it corresponds to the ion-
exchange selectivity of the membrane.

Resear ch Work
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Podal ionophares and macrocyclic compound are gaining increasing interest as tods for the analysis
and separation d metal ions as well as for many biological and aher applications. To monitor these
neutral carriers we have prepared PV C-membrane electrodes as anayticd todls for the monitoring o a
variety of different metal ionsin various sSmple ways.

Some commercially avail able crown ethers and some novel synthetic podands synthesized by our groups
(35,39 were used asionophaesin preparing liquid membrane eledrodes.

Crown Ethers:
* Dibenzo-18-Crown-6,
* Dicyclohexano-18-Crown-6,
* Dibenzo-24-Crown-8.
8-Hydroxyquinoline-based | onophores:
o 1,3,5Trig(8-quindinoxymethyl)-2,4,6trimethylbenzene,
e 1,3,5Tris(5-chloro-8-quinadinoxymethyl)-2,4,6trimethylbenzene,
* 1,3,5Tris(5-benzoyl-8-quindinoxymethyl)-2,4,6trimethylbenzene,
o 1,3,5Trig(5-phenylhydroxymethyl ene)-8-quinali noxymethyl]-2,4,6trimethylbenzene,
1,2, 4, 5Tetrakig 8-hydroxyquindinoxymethyl]benzene.
2-Aminothiophenol-based 1 onophores:
* 9,10-Bis(2-aminophenylthiomethyl)anthracene,
* 1,3,5Tris(2-aminophenylthiomethyl)-2,4,6trimethylbenzene.
Ethylenediaminotetraacetic acid

*kkk
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Literature Survey

The thermodynamics of any two species that combine to form one species in a reversible equili brium:
add + base, metal + ligand, Lewis acid + Lewis base one needs to study the Lewis octet theory. A Lewis
base was originally described as a species with an avail able (readive) pair of electrons and a Lewis acid
as an eledron pair acceptor spedes. In the 196G Klopman updited this idea and suggested that a Lewis
base is a species which reacts viaits highest occupied molecular orbital or HOMO, andaLewisacidisa
species which reacts viaits lowest unaccupied moleaular orbital or LUMO (see Fig. 2.]).

Electron Pair Acceptor + Donor (LUMOIHOMO) Processes

+ t,-""'-_—_h-"\._\ _
A + B — — A—B
Lewis Acid Lewis Base Lewis AcidBase
Complex
Yacart Orkital Electran Fair T Electron Covalert
LUK HChC Bond Bonding MO

Lewis Acid Lewis Base
LUMO HOMO
Complex Bonding MO

Figure 2.1 Lewisacid/base MO interaction diagram

lonophaes are organic molecules that form specific complexes with metal cations and certain
hydrophilic organic cations, rendering them lipophlic and providing a means for their transport aaoss
poar barriers. lonophaes are structuraly diverse molecules with certain common characteristics. They
have alarge hydrocarbon kackbonre incorporating functional groups (e.g., oxygn-containing moieties)
with eledron-doneting ability. The neutral oxygens complex with cations through ion-dipoe
interactions and perturb the ionophaoe cnformation. The ation is centrally located, and the polar
nucleophilic moieties are oriented towards the interior of the resulting complex, creating a hydrophilic,
eledronrich environment; the hydrocarbon is exposed to the exterior. Complexation appeas to take
place by concerted exchange of the hydration shell of the cdion with the ionophaic nucleophilic
system.
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lonophaes can be dassfied on the basis of structural features, which in turn determine the
mechanism by which they facilitate ion condiwctanceas:

(@ neutra,

(b) charged, and

(c) channel-formingionophaes.

Neutral ionophaes contain noionizable groups. The complex that forms between such compound
and metal ions results from ion-dipde interactions when the cation encounters an apolar medium
containing the ionophae. The water of solvation about the cation is replaced by oxygens (six
cabonyl ester oxygens in valinomycin) of the ionophae in a wncerted reaction. The resulting
complex assumes the dharge of the ction. When the complex encourters a hydrophilic environment
(e.g., a the other side of the membrane), decomplexation accurs as the reverse readion o
complexation. Among the ionophaes included in this group are valinomycin, macrotetralide,
nadins, synthetic payethers and certain cyclic polypeptides.

The darged ionophaes are open chain compounds that have oxygen-containing heterocyclic aromatic
rings incorporated in their structure with a termina charged head group and a tal capable of
participating in hydogen bonding. These moleaules also contain additional functional groups for cation
complexation, including ether, carbonyl, and hydroxyl moieties. The carboxylic acid group must be
ionized for ionophaic ectivities. In the protonated form the ionophae conducts hydrogen ions aaoss
apolar barriers. Complexation with caions requires ionophae ¢yclizaion invoving heal-to-tail
interaction, through hydogen bondng. The gyclic structures are stabilized by the rigidity of the
heterocyclic rings. In most cases ion-pair formation appeas to accourt for initiation of complexation
followed by cyclization d the ionophae. In some instances, however, eledrostatic interaction d the
metal ionwith the carobxylate anion does not appear to contribute to complexation. The structures of the
complexes are such that there is an internal compensation d the charge.

Channel forming ionophaes differ from other ionophaesin that they only complex with metal ions
in the presence of a membrane. This class of ionophaes is most notably represented by the
gramicidins. These moleaules dimerize in the lipid membrane to form a channel 25-30 A long and
abou 4 A in dameter, which ad as ion-conducting channels throughthe membrane. The interior of
these channels is lined with a series of oxygen-containing functionalities that form an electron-rich
field that stabilizes cations.

The neutral ionophaes based on their structura features have been further classfied into different

caegoriesviz:
Podands . The ayclic and multil igating and multiarmed moleaules.
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Coronands : Monacyclic moleculeswith O, N, S, etc. and their combinations as
ligating sites.
Lariats : Coronands with ore or more gopendages which can participatein
itding with the guest.
Cryptands . Bicyclic and pdycyclic heteromaaocycles with three-dimensional
cavities.
Spherands : The monacyclic receptors with spherical cavities.

The common thing in all these mmpounds is that they have a @vity (or hole) in their structure. Further,
if the hale is matched with the ionic size of the ation then it is capable of forming complexes. The
chemistry of such complexation is cdled as “haost-guest” chemistry (1, 2). lonophae ats like host to
receive guest-like metals to form complexes cdled “host-guest” compounds.

The most important property of crown ethers is their selective complexing ability. They bind cationsin
their cavity through ion-dipde interactions between cation and doror atoms in ring structure. Such
seledivity depends upon cation size—cavity size- relationship, nunber of dona atoms in crown ring,
etc. The seledive formation d a molecular complex wih one of the analyte amongst a number of them
is called moleaular recogntion (3).

Development of |on-Selective Eledrodes

lon-seledive dectrodes are only a small part of the much broader eledroanalytical technique termed
patentiometry. As its name implies, the method is based onthe measurement of an electrode potential
that is formed at the interface between a solution and an eledrode surface, the am of the potentiometric
technique being to assay the quantity or activity of an analyte in that solution. The need to quantify the
degree of addity became more pressing as chemistry, physiology, and krewing gew in scope during the
ealy years of 20t century. In thirtees, the formula for successful introduction of ISE techndogy was
worked out through:

() Cooperation between academe and indwstry aiming at the development of a new
techndogy.
(i) Integration o concepts of solution chemistry (pH buffers), electrochemistry (the dectrode),

and electronics (the meter).

The era of ISEs was initiated through the theoreticd work of Nikolski and Schultz (4), which was
further expanded by Eisenman (5). Indeed, the Eisenman-Nikolski equation is the basis of 1SE theory
and d the selectivity concept. Eisenman demonstrated the link between the (troutdesome) sodium error
of the pH eledrode andthe cantral role of the ion exchange mechanism, thus focusing onthe mechanism
of the charge transfer processacrossthe membrane surface (6). This work opened the field to a rational
search for new electrode materials, and its importance can be appreciated against the background d
previous largely unsuccessul attempts to create potentiometric devices that would measure ionic spedes
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seledively.

The pioneering work of Tendeloo (7) and Kolthoff (8) and even later attempts by Pungor (9) to produce
hali de-seledive electrodes are often quded as examples of early attempts to make ISEs work. Yet, in
this context it is only fair to pdnt out that silver wires covered by AgCl, AgBr, Agl, or Ag,S had been
used routinely as bath indicaor and reference eledrodes snce the early *30s. Also, silver wires covered
with sulfur-containing aganic compound were & that time used as indicator eledrodes in
patentiometric titrations (10) and for direct potential measurements to estimate solubility products (11).

The breakthrough came in the '60s when Ross working for the newly founded Orion Company (12),
invented an entirely new concept of the liquid membrane electrode, and the calcium electrode (13, 19
attracted immediate dtention. Rossand Frant’s work onthe fluoride dectrode (15), shortly followed by
other liguid membrane | SEs and avariety of gas snsors, had an electrifying effed on bdh academe and
industry, albeit for different. The opening d an urexpeded new avenue of research attracted immediate
attention. Indeed, in following decades, academic centers of electrochemical research such as the
schods founded by Heyrovsky (Czedhoslovakia), Shikata (Japan), Kemula (Poland) and Punga
(Hungary) yielded a considerable output on the theme of ISE, comprising a large number of papers and
meetings dealing with bah theory and pactice The combined intellectual and econamic challenge
provided an impetus that created a vigorous, exciting research field, in which major advances were
achieved during the '60s. It blossomed further in the *70s, when the largest numbers of papers were
pulished, numerous national and international meetings were held, and major monogaphs were
authored by leading workers from the field (16—19.

During the '70s, two very important developments take place Moody and and Thomas invented a
practical suppat for liqguid membrane dectrodes of the PV C membrane (20). This advancement alone
made dl li quid membranes pradical and demonstrated that polymerizable materials can indeed serve &
a reliable backbore for ISE membranes. Prior to their work, the only pdymerizable material of some
utility was sli cone rubber (21), which never quite fulfill ed the expected function. The continuing work
of Thomas (22) led to a wide use of home-made & well industridly produced ISEs, thus allowing
extensive use of these devices worldwide. In this way, ISE techndogy and research became widely
practiced, an important aspect of training and education in instrumental analysis. Introduction d PVC as
amembrane material led to further simplifiy the ISE construction.

H. Freiser proposed the “coated-wire dectrode” (CWE) comprising a Pt wire coated by a PV C layer that
served as a membrane. This bod approach disposed of bath the inner reference solution and the
reference dectrode and was consequently subjected to criticism because CWEs were subject to drift.
Further development of the CWE, howvever, led to the introduction d inner redox solid.
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The secondimportant development took dace in Switzerland, where Simon dscovered the suitabili ty of
paypeptides as eledroactive materials and successully pursued research onthis entirely new group of
eledroadive ligands, the so-cdled neutra cariers. His initia work with Stefanec (23, 24 was focused
on returally occurring materials, noractins that were known to facilitate the transport of alkali metal
ions acrossthe lipid membranes. This work led to dscovery of the valinomycin eledrode for patassum,
the ISE of unprecedented selectivity.

The topic of | SE seledivity was discussed and pubished by [IUPAC commissons twice in 1976and in
1995(25). Initialy, a view was taken that the entire problem of selectivity can be neatly described by
applying a strictly theoretical approach using Nikolski— Eisenman (N-E). The first complication
occurred when ions of different charges had to be considered. At that stage Buck proposed a more
complex equation (26, 27), which, however, assumes a Nernstian resporse for both primary and
interfering ions. At that point, the [IUPAC commisson adoped a pragmatic goproach, concluding that a
method for establi shing selectivity was needed that would be independent of the N-E equation. It finally
adapted the so-cdled “matched paential” method, originally suggested by Gadzekpo and Christian (28).
In this method, the seledivity coefficient is defined as the activity (concentration) ratio of the primary
ion and the interfering ion, which gves the same potentia change in a reference solution. Thus, the
value of the seledivity coefficient is not based onthe Nernstian slope, and the charges of ions involved
need na be considered. Although 100 years old, many aspeds of membrane-based pdentiometry,
especially its resporse-seledivity function, are still not fully understood. It is therefore, encouraging
that novel theoretical insights are being advanced (29) and that new neutral carriers are being
synthesized and wsed by the research team led by Buck (30) and Janata (31). Table 2.1 gves a summary

of neutral carier-based ion-seledive eledrodes.

Table 2.1 Important Contributionsto the Development, Applications and
Response Mechanism of Neutral Carrier-based | on-seledive Electrodes

Moore and | 1964 | Discovery that the antiobiotic valinomycin inducesion-

Pressman seledive eff ects in metabadli ¢ studiesin liver mitochondia

(32

Stefanac 1966 | First report onthe action d antibiotics as neutral complexing agents, as carriers
and Simon

(33-35)

Pedersen | 1967 | Discovery of cation-complexing maaocyclic polyether

(36) (crown compound)

Piodaet | 1969| K*-seledive eledrode based on \alinomycin in dphenyl

al. (37) ether

Simon 1969/ First patents on valinomycin and aher antiobiotics as

(38 comporents for ISEsissue

Eisenman | 1969| Theory of membrane potentials and condictances of neutral carrier membranes
et a. (39
Moody et | 1970| Standard procedure for the preparation d the ISE-PVC
a. (40) membranes
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Morf and | 1971| Analysis of moleaular aspects of cation seledivity of neutral

Simon cariers

(41)

Ammann | 1972| Ca(ll)-seledive eledrode based onthe first tail ored synthetic

et al. (42 neutral carrier

Morf et al. | 1972| Reports on PV C-membrane electrodes based on \alinomycin

(43

aydr?a etal. | 1973| K*-seledive eledrode based oncrown ethers

Morf et al. | 1973 | Analysis of the parameters affecting the monovalent/ divalent

(45) ion selectivity of neutral carriersin membrane electrodes

Morf et al. | 1974 | Studies of the anion interferencein cation-seledive neutral

(46) carier-based electrodes

Freiser 1974 First coated-wire electrode based onvalinomycin

(47)

Simonet | 1975| Recent developmentsin thefield of ion-seledive eledrodes

al. (48

Simon 1976 | Microelectrode for potassum ions based ona neutral carrier and comparison o

(49

Pretschet | 1977 Lipophli c complexing agents designed for useinion-

a. (50) seledive liqguid membrane dectrodes

Takamatsu | 1978 | Determination d stability constants of metal-humic aad

eta. (51 complexes by paentiometric titration andion-seledive
eledrodes

Koryta 1979| Theory and appli cations of ion-seledive eledrodes

(52)

Horvai 1980| Comparative study onthe predsion d potentiometric

(53 techniques applied with ion-seledive eledrodes. 111.
Potentiometric titrations

Lindrer 1981 | Dynamic characteristics of ion-seledive eledrodes

(54)

Punga 1982| Limits of applicability of ion-seledive eledrodes

(55

Covington | 1983 | Reference electrodes and liquid-junction effectsin ion-

(56) seledive-eledrode potentiometry

Pretsch 1984 | Design and application d neutral-carrier-based ion-seledive

(57) eledrodes

Morf (58) | 1985| Neutral carriersfor anions

Koryta 1986 | Theory and appli cations of ion-seledive eledrodes

(59

Zhang 1987 | Developments of ion-seledive eledrodesin rare-eath

(60) anaysis

Pretsch 1988 | Designfeatures of ionophaesfor ion-seledive eledrodes

(61)

Moody 1989| Studies on ks(crown ether)-based ion-seledive eledrodes for

(62 the potentiometric determination of sodium and pdassum in
serum

Aomi (63) | 1990| lon-seledive eledrodes and their applicaionto analytical
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Ma (64) 1991 lon-seledive micro-eledrodes and their applicaionin
biomedicine

Nikolskii | 1992| Development of the theory and practice of ionometry

(65

Punga 1993| lon-seledive eledrodes: Surface studies

(66)

Buck (67) | 1994 | Selectivity coefficients for ion-seledive eledrodes
IUPAC commisgon to establi sh standard procedure

Buhlmann | 1995| Studies onthe phase boundiries and the significance of ionic

(68) sites of liguid membrane ion-seledive eledrodes

Bakker 1996 Origin o anion resporse of solvent palymeric membrane

(69) based sil ver ion-seledive eledrodes

Pretsch 1997| Chemical sensors and computer-aided analytical chemistry

(70)

Pretsch 1998 | lon-seledive eledrodes based ontwo competitative

(7 ionophaes for determining effective stability constants of
ion-carier complexesin solvent polymeric membranes

Pretsch 1999 | Lowering the detection limit of solvent polymericion-

(72 seledive membrane eledrodes. 2. Influence of compasition
of sample and internal electrolyte solution

Pretsch 2000 | Improved detedion limits and unbased selectivity

(73 coefficients obtained by usingion-exchange resinsin the
inner reference solution d ion-seledive poymeric membrane
eledrodes

Bakker 2001 | Highly improved detection limits and sensitiviti es of

(79 patentiometric titrations

Bakker 2002 | New design and wse of ion-seledive eledrodesin two

(75) important areas: Asesament of the true selectivity of an
eledrode, and the design and measurement technique to
lower the limits of detection

Pretsch 2003 | Influence of incorporated lipophilic particles onion fluxes

(76) through pdymeric ion-seledive membranes

Bakker 2004 | The phase-boundary patential model

(77)

Toth (78) | 2005| Covalent attachment of the ionophae to the paymeric
badkbore has been expected to improve the detection limit of
the respective ion-seledive sensors

Bakker 2006 | Approaches to improve the lower detedion limit of poymeric membrane ion-s

(79

Pederson’s synthesis of 18-crown-6 and its derivatives and their ability to dsolve the meta ions in
organic solvents and subsequent rational design d variety of receptors for alkali metal ions, akaline
eath metal ions and aganic cations of biologica significance by D.J. Cram and J.M. Lehn hes lead to
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the new era of “Host-Guest” chemistry. Their area has developed by legs and bound to be termed as
supramolecular chemistry.

Carrier-based PVC-membrane sensors are well-established analytical tods, routinely used for the
measurement of a wide variety of different ions slectively and drectly in complex biologicd and
environmental samples (80-83). The key ingredient of such plastisized PVC-membrane is the
incorporated carier that defines the seledivity of the dectrodes via seledive complex formation with
cdion d interest. Due to their eectrical neutrality, lipophli c character and capabili ty to selectively and
reversibly bind metal ions (84), these compound have attracted the atention d analyticd scientists.

lonophore-based | SEsfor some alkali metal ions

Zhukov et al. (85) prepared a lithium ion-seledive electrode based on lipoptilic diamide, N,NI,N,N1-
tetraisobutylcyclohexane—cis-1,2-dicarboxylic diamide, while, Sugihara et al. (86) reported a lithium-
seledive electrode based on noncyclic payether diamides. These dedrodes are reported to exhibit
excellent selectivities over other alkali and alkaline earth metal ions. Suzuki et al. (87) obtained new
lithium-seledive ionophaes by introducing a bulky “block” subunit into the @hano-bridge section o
the base crown ring d dichlorophenyl amide ionophaes. This modificaion in the structure could
effectively prevent the formation o a 2:1 o 3:1 sandwich type complex consisting d the crown ether

and cations larger than Li*. Saleh (88) has reported a pyrimidine based neutral carrier as arubidium ion-
seledive eledrode.

S. Chander (89) reported 1-methyl-1-vinyl-14-crown-5 as Na*-seledive eledrode with a slope of 55.C
mV/decade over a mncentration range of 3.16x10°6 to 1.0x<10"1 M and a detection limit of 2.81x10°©
M, and the dectrode is suitable for use within the pH range of 6.5-9.5. The selectivity relative to akali,
akaline eath and transition heavy metal ions is good.S. Peper (90) reported a Cs*-seledive dectrode
which was developed by dopng ethylene glycol-functionali zed crosslinked pdystyrene microspheres
(PEG) into a plasticized pdy(vinylchloride)(PVC) matrix containing sodium tetrakis-[3,5-bis
(trifluoromethyl) phenyl]borate (TFPB) as the ion exchanger. ISEs containing PEG and TFPB show a
linear range from 10° lto 10°M Cs, aslope of 55.4mV/decade and alower detection limit (loga.,) of
*5.3. JS. Kim (91) described thiacalix[4]biscrown ethers with 1,3aternate wnformation that were
examined for cesium over potassum. The dectrode exhibited a linea resporse with a nea Nernstian
dope of 57.6 mV/decade in the mncentration range of 1.0x10° 6 to 3.2x10°2 M and wide range of pH
2.5-12.5. S. Jeon (92) reported that new lipophilic tetraesters of calix[6]arene and calix[6]diquinore
were studied as Cs™ ion-seledive ionophaes. For ISE based on calix[6]arene tetraester, the linear

resporseis 1x10° to 1x101M of Cs* concentration. The selectivity coefficients for Cs* ion ower alkali,
akaline erth and ammonium ions are determined. The detection limit, log a., is -6.3, the seledivity

coefficient IogK(CS+,Rb+) is -1.88 and was obtained for a paymeric membrane dedrode configuration
cdix[6]arene tetraester. Xing et a. (93) has reported that two new pendant-armed calix[4]arene
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derivatives that showed excellent seledivity to Cs* ions and exhibited linear, near-Nernstian resporse
charaderistics with a slope of 56.4 mV/decade in the @mncentration range of 10% - 101 mol/L, and a
seledivity coefficient logKZ\, of -3.39. RK. Mahgjan (94) used calix[4]crown ether-ester as an

ionophae for Cs" ions and the dectrode exhibited a linear resporse for cesium ion ower a wide
concentration range of 5.0x10° ©-1.0<10'1 M with a Nernstian slope of 59 mV/decade. The detection
limit of the dectrodeis5.0x10' ¥ M. The resporse time of the electrode islessthan 20s.

lonophor e-based | SEsfor some Alkaline Earth Metal lons

The most important ionophaes are the ones that are selective for biologically important metal ions. A
lot of interest is sen in the development of alkaline earth metal ion- sensitive dedrodes. The selective
ionophaic properties of calix[4]arene-diamide have been very well investigated for the recogntion
Ca? ions (95). A latest addition in this classof ionophaes is that of calix[4]arene-diamide frame-work
having kenzothiozolium ion moieties (96). Thisionophae shows a significant selectivity for calcium in
the presence of other physiologicaly important ions, like Na*, K*, Mg?*, etc. Other latest additions in
the category of calcium-seledive eledrodes include the work of A.K. Covington et a. (97) (based or
polyimide polymeric matrix). Some of the work dore in the 90's include the reported references of
Bouklouze & a. (98), Kataky et al. (99), Donell et a. (100), Vander wal et al. (101), Shamsipur et al.
(102 and Suzuki et a. (103).

A K. Singh (104 used 5,7,12,14dibenzo-2,3,9,10tetraoxa-1,4,8,1 ktetraazacyclotetra decane & an ion

carier for Sr2* over a wide mncentration range from 3.98<10°% to 1.0x10'1 M with a slope of 29
mV/decade of concentration and a detection limit of 2.82x10" ® M. The electrode can be used in the pH
range of 2.5-10.5.Also, he has (105) reported 2,3,4pyridine-1,3,5,7,12pentaazacyclo pentadeca-3-ene
as a Ba(ll)-seledive dectrode which worked well over awide mncentration range 1.41x10° 6_1.0¢10'1
molL* 1 with a Nernstian slope of 30.0 mV/decade of activity between pH 2.5and 7.0.The selectivity
coefficient for mono-, di- and trivalent cation indicates an excellent selectivity for BaZ* ions over alarge
number of caions. V.K. Gupta (106) reported benzo-15-crown-5 as an ionophae for Mg2+ ions. This

membrane worked well over a wide mncentration range from1.0x10° 5t0 1.0<10 1 M of Mg2+ with a
Nernstian slope and can be used ower a period d 4 months. The propased el ectrode works well in awide

pH range 2.2-9.8 and demonstrates a good dscriminating pover over a number of mono-, di-, and
trivalent cations. S.K. Mittal et al. (107) reported a PV C-based membrane using dbenzo-18-crown-6 for
an ionoptore & a alcium ion-seledive dectrode. The dectrode shows a linear dynamic resporse in the
concentration range from 1x10'®> M to 1x10°1 M with a Nernstian slope of 28.0 mV/decade and a

detedtion limit of 4x10'® M. It has a resporse time of <30 s and can be used for at least 5 months
withou any significant divergence in pdentials. The proposed sensor shows a reasonably godd

seledivity with respect to alkali, alkaline earth and transition metal ions. It can be used in the pH range
3-11.
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lonophore-based | SEsfor some Transition Metal 1ons

Amongst the transition metals most of the literature avail able is regarding copper- seledive electrodes.
Abbaspou (108 has reported a PV C-membrane electrode for copper ion based on 1,3dithane, 2-(4-
methoxy phenyl) as an ionophae. The electrode exhibits a Nernstian slope of 29 mV/decade in a linear
range from 3.0x10° to 5.0x102 M for Cu?* ions. The detection limit of this electrode is 1x10 mol/L
and can be used in a pH-range of 4.0to 7.0.M. Shamsipur et a (109 has reported three different mixed
aza-thioether crowns containing 1,10 plenanthroline as a sub urit. The electrode based onthe ionophae
exhibited a Nernstian resporse for Cu?* ions over awide mncentration range (2x101 to 1x10°M) with
a limit of detection 8x10°M and a reporse time of 15 s. M.R. Ganjali (110) reported 2-(1'-(4’-(1"-
hydroxy-2'- naphthyl)methyleneamino)butylimino methyl)-1-napthd as copper sensor. The dectrode
exhibited a Nernstian resporse for Cu?* ions over a wide concentration range (10° 1 to 106 M). The
resporse time of the sensor is 15 s, and the membrane can be used for more than 3 months withou
observing any deviation. The electrode revealed comparatively good selectivities with resped to many
alkali, akaline eath, transition and heavy metal ions and could be used in a pH range of 3.5-7.0.S. Park
et al. (111) hasreported that five novel 1,3 alternate calix (4) aza aown ether having 2picolyl, 3-picolyl
and benzyl unit on the nitrogen atom were used as ionophaes for transition metal-seledive polymeric
membrane electrodes. The electrodes based on 2picolyl aamed 1,3 dternate cdix (4) azacrown ether
exhibited a Nernstian resporse toward Cu?* ion ower a mncentration range of 1042 M to 102> M, and
seledivity coefficients for possble interfering cations are reported. Ganjai (112 has reported that a
PV C-membrane electrode based on hs-2-thiophend propanediamine (TPDA) was coated drectly on
graphite. The electrode exhibited Nernstian resporse for Cu?* over a very wide range of concentration
(1.0x101 to 6.0x108 M) with a detection limit of 3x108 M. M. Ghdlivand et al. (113 has reported that
a PVC-membrane eledrode that is highly selective and sensitive to Cu2* ions, was developed by using
2,2' dithiodianiline & a arrier and dbutyl phthalate & a plasticizer. The electrode exhibits a goad
potentiometric resporse for Cu?* over a wide mncentration range 5.0x102 to 107 mol/L with a
Nernstian slope of 30 mV/decade. It exhibits good selectivity towards Cu?* in comparison to alkali,
alkaine erth, transition and heavy metal ions with no interference caused by Pb%*, Cd?* and Fe?,
which are known to interfere with many ather copper electrodes. K.C. Gupta (114) has reported a copper
ion-seledive dedrode based on Cu?* salicylaniline Schiff's base complex in a styrene-co-aaylonitrile
co-polymer. The SAN-based membrane electrode containing Cu?*-Schiff's base complex, exhibited a
linear resporse with a Nerstaian slope of 30 mV/decade within the @ncentration range of 10°6-102
mol/L. M. Jesus Gismera et al. (115) has reported that carbon aste ion-seledive dedrodes based or
complexes of copper with macrocycle 3,4,10,11 tetraphenyl 1,2,5,8,9,12,1dctaaza-cyclo-tera-decca
7,14:dithi-zone-2,4,9,11 tetrane and benzil bis thio semicabazone were constructed for copper
determination. The alibration gaphs were linear for a wide wncentration range from 1x107 to 1x1072
mol/L. Wygladucz et a. (116) has reported that 13-membered azothia and azoxy thiacrown ethers were
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applied as ion carriers in ion-seledive membrane dectrodes. The membrane doped with the aoxy
thiacrown ether shows a higher affinity towards Pb2* than Cu?* (log Kenpois 1.7), whereas membranes

with the aothiacrown ether are more selective towards Cu?* than Pb?* (logK{wyis -2.4). The
discrimination d alkali and alkaline earth cations is greater for first than for second. Electrodes with
both ionophaes siffered from astronginterference by Ag*™ and Hg2+ ions.

V K. Gupta (117) reported Cu?*-sdledive dectrodes based on bis(acetylacetone) propylenediimine. The
eledrode had a Nernstian resporse of 30.0 mV/decade to Cu?* within the concentration range from
1.0x10 ° to 1.0x101 M and a detection limit of 0.5 ppm. The operational pH range of the electrode was
3.3-7.0.V.K. Gupta (118 reported a Cu?*-seledtive sensor usi ng reutral carrier porphyrin ionophaes.
The sensor shows a linear potential response for Cu?* over awide mncentration range from 4.4x10 6to
1.0x10 1 M with a Nernstian compliance of 29.3mV/decade of activity between pH 2.8 and 7.9and a
fast resporse time of 8 s. A.K. Jain (119 reported that bis[acetylaoetonato]-Cu2+ big ethylacetoacetate]-
Cu?* and hg[salicyldehyde]-Cu?* have been investigated as Cu?*-seledive sensors. The sensor showed

alinea potential resporse to Cu?* over awide @mncentration range from 2.0x10° 610 1.0<10' 1 M with a
Nernstian compliance (29.3mV/decade of adivity) between pH 2.6 and 6.0with a fast resporse time of

9 s and excellent patentiometric seledivity coefficient values. M.J. Gismera (120 reported that
Tetraethyl thiuram disulfide was chosen as a chemical modifier in a cabon paste dectrode for the
patentiometric determination o Cu?* and Hg2+ ions. The eledrode has wide linear response ranges and
rapid resporse times. The pH influence on the patentiometric resporse is dudied. The limits of detection
are 10°"* and 10 7® M for Cu?* and Hg?* adivity, respectively. L.P. Singh (121) used Schiff base
complexes, derived from 2,3-diaminopyridine and ovanilin as Cu(ll)-seledive sensors. The sensor
worked satisfactorily in the concentration range from 5.0x10° 6t0 1.0x10° 1 M (detedion limit 0.3 ppm)
with a Nernstian slope of 296 mV per decade of adivity over a wide pH range (1.9-5.3 and fast
resporse time (<30 s). S.J. Park (122 reported that five novel 1,3-aternate cdix[4]azacrown ethers
having 2picolyl, 3-picolyl, and a benzyl unit on the nitrogen atom were synthesized and wed as
ionophaes for transition metal-seledive paymeric membrane dectrodes. The electrode based on 2-
picolyl armed 1,3alternate clix [4] azacrown ether exhibited a Nernstian resporse toward copper (I1)
ions over a oncentration range 10" 4° M to10 2° M. The detection limit was determined as 10°° M in
pH 7 and the selectivity coefficients for possble interfering cations were evaluated. Anions in the
sample solution strondy affeded the dedrode resporse. M.B. Ghdlivand (123) reported a paly(vinyl
chloride) membrane dectrode, that is highly selective and sensitive to Cu?* jons. It was developed by
using 2,2-dithiodianili ne. The electrode exhibits a good paentiometric resporse for Cu(ll) over awide
concentration range (5.0x10° 2~7.0x10° 7 mol/L) with Nernstian slope of 30.0 mV per decade. The
resporse time of the electrode is 10 s and exhibited a good selectivity towards Cu?* in comparison to
alkali, alkaline earth, transition and heavy metal ions, with nointerference caused by Pb2*, Cd?* and
Fe?*. K.C. Gupta (124) reported a Cu?* ion-seledive dectrode based on Cu?*-salicylaniline Schiff's
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base complex in styrene-co-aaylonitrile copdymer (SAN) that has been developed, it exhibits a linear
resporse with a Nerstian slope of 30 mV/decade within the concentration range 10° 6 t010 2 mol/L of
Cu?* ions. The electrode has shown a detection limit of 10"/ M of Cu?* ionwith an average lifetime of

6 months. The dectrode was suitable for use within the pH range of 2.0-7.0at 1.0x10 3 mol/L of Cu?*
ion.

K. Toth et a. reported that a range of acyclic compounds based on 1,3-dithiole-2-thione-4,5-dithiolate
(DMIT)(125 have shown an excellent selectivity for Ag* ions with Nernstian resporse in the range
from 10 to 101 M. Selectivity coefficients were in the range of 104 M. Amini (126) reported that 2-
quinalyl-2-phenylglyoxal-2-oxime was directly coated on the surface of a platinum-wire dectrode & a
neutral carrier for Cu?* ions. The resporse of the electrode was linear with a near-Nernstian slope of

28.2mV/decade in a mncentration range 1x100-1x101 mol/L. The resporse time of the dectrode was
between 10and 50s, and the dectrode worked in the pH range of 3 to 6.5.Selectivity relative to several

akali, akaline erth, transition, and heavy metal ions was good and the dectrode could be used for at
least two months.

Calix[4]arene derivatives (127) are dso reported to be selective for Ag* ions with a linear slope of 50
mV/decade, in the mncentration range from 10° to 101 mol/L. R.K. Mahagjan (128 has reported a
PV C-membrane electrode for silver(l) ions based on Schiff's base-tert-butyl cdix[4]arene. The dectrode
worked well over awide range of concentration (1.0x10° to 1.0x10* moles/litre) with a Nernstian slope
of 59.7mV/decade. The dectrode showed a fast resporse time of 20 s and worked well in pH range 1.0-
5.6. Z.Z. Zhang et a. (129 has reported that 25,27;bis(6-hydroxymethyl-2-pyridylmethoxyl)-26,28
dispropoxy-5,11,17,23tetra-tert-butyl cali x[4]arene-6 has $own an excellent seledivity for Ag* ions
against other alkali metal, alkaline eath-metal, Pb*2, NH4+ ions and some transition metal ions using
the mixed solutions method. C.L.Xing et al. (130) have reported that thioether-substituting cali x[4]arene
derivatives show an excdlent selectivity and a linear resporse of 50 mV/decade for Ag* ions in the
range of 10 to 101 mol/L. M. Mazlouma (131) reported a membrane dectrode based on 2¢-8,c-14¢c-
20-tetrabutyl-4,6,10,12,16,18,22,2dctaacetyl-resorc[4]arene, as a neutral carier for detedion o Ag(l)
in aqueous solution. The eledrode exhibited a linear response with a Nernstian slope of 58 mV/decade
within the concentration range 1x10° -1x101 M silver ion. The limit of detection was 3x10° M. The
eledrode exhibited goodseledivities for Ag(l) with respect to akali, alkaline earth and several heavy
metal ions. The resporse time of the dectrode was 20 s over the entire @mncentration range and could be
used for at least two months withou a cnsiderable divergence in its potential. The dectrode is suitable

for use in agqueous solutions in a wide pH range of 1.5 - 6.0. K. Kimura (132 reported cdix[4]arene
derivatives incorporating =-coordinate substituents such as allyl, benzyl, and propyl groups as ft
neutral carriers for silver ion sensors. Most of all, tert-butylcali x[4] arenetetra(all ylether) is an excell ent

neutral carrier for plasticized pdy(vinyl chloride) membrane silver ion-seledive electrodes. A. Ceresa
(133 reported that submicromolar to picomolar lower detection limits were obtained with various
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poymer membrane ion-seledive electrodes by minimizing hbases due to ion fluxes through the
membrane. As an application of the proposed genera redpe, a sil ver-seledive dectrode is developed on
the basis of the ionophae O,0'-big[2-(methylthio)ethyl]-tert-butylcalix[4]arene. With the predicted
optimal composition d the inner electrolyte, its lower detedion limit is foundto be 10° M or 100 pp
Ag* with an ionic background d 10°°M LiNO,, which is very close to the expeded value. S.M. Golabi
(134 reported that a new wire-coated silver ion-seledive dectrode with a wider concentration range
(10'M-101M) was developed wsing 2mercaptobenzothiazole (MBT). M.M.Ardakani (135 reported
that the performance of silver metal complexes with meso-tetraphenylporphyrin as ionophaes for ion-
seledive eledrodes was gudied. The electrode exhibited a Nernstian slope of 59.2 mV/decade within
the ncentration range of 1.0x1077 - 1.0x10°1 M silver ions with the response time of <10's. The silver-
seledive eledrode exhibited a goodselectivity for Ag(l) with respect to alkali, alkaline earth and heavy
metal ion andaworking H rangeof 3.0- 9.0.

T. Shinohara (136) reported that the performance of an octahydroxycalix[4]arene derivative was used as
aneutral carrier for a silver-paymeric membrane electrode. The sensor gave agoodNernstian response
of 58 mV/decade for silver ions in the adivity range 3.3x10° to 3.3x102M. The limit of detection

reached 2.1x10° M Ag* and exhibited a high selectivity for silver ion against the alkali, akaline earth
and transition metal ions. The sensor can be used in a wide pH range from 1.5to 6.5.H.R. Zare (137)

reported a novel membrane-coated patinum-wire eledrode (MCPWE) based on N,Nebis(2-
thienylmethylene)-1,2-diaminobenzene (BTMD) for a highly seledive determination d Ag* ions over
the cncentration range from 1.0x10° to 1.0x101 M with a lower detection limit of 6.0x10° M. These
eledrodes worked in the pH range of 5.0-9.0. The electrode possesss a Nernstian slope of 59.7
mV/decade. R.K. Mahgan (138 reported a silver ionseledive electrode incorporating 2,6bis-
methylsulfanyl-[1,3,9thiadiazne-4-thione as an ionophae. The electrode exhibited a slope of 52
mV/decade over alinea concentration range of 1.0x10°-1.0x101 M with a lower detedion limit of

9.77%10%M and apH range 1.77- 7.13.The resporse time of the electrode was lessthan 20s. M. Ueda
(139 examined three kinds of tridentate ligands and compared them with the similar quadridentate

ligand as the silver ionophaoe. Among the Schiff base derivatives tested, 3-(2-pyridylethylimino)-2-
butanoreoxime, having ore oxime and a pyridine substituent, was foundto be the best ionophae for a
slver-ion electrode. The eledrode based onthis derivative exhibited a good silver-ion selectivity, -log
K AgK = 3.8, comparable to that of a quadridentate Schiff base, N,Nebis(2=hydroxyimino-1«
phenylpropyleden)-1,3-propanediamine, reported previously, except for a pseudo-Nernstian resporse
(35.6mV per decade) over awide ativity range from 5.0x10°7 to 7.%102M A. Sl (140 reported a
coated-wire ion-seledive dectrode (1SE) based oncyclam (1,4,8,11tetraaza g/clotetradecane) that was
studied as a neutral carrier and exhibited a linear Nernstian resporse over the range 1x101 to 1x10°7 M
with a slope of 59 £ 2 mV per decade dhange and a detection limit of 5 x 108 M. The selectivity

coefficients of these cations are in the range of 107 to 102 RK. Mahgjan (141) preapared a membrane
using Schiff base p-tert-butyl calix[4]arene derivatives containing N and O as binding sites. These
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eledrodes worked well over a concentration from 1.0x10°° to 1.0x10°' 1 M with a Nernstian slope. The
eledrodes have afast resporse time of 20 s and operate in a wide pH range. These @lix[4]arene

derivatives howed excdlent selectivities in | SE-membrane dectrodes with log K Ag+* 4.5 against some

of the alkali, akaline and transition metals. Even against the strongest interferent, ng+ ions, the value
was around  3.0. Kimura et a. (142 reported that calixarene derivatives incorporating w-unsaturated
alkenyl groups or saturated alkyl groups and their monameric analogues were used as Te-cordinate
neutral cariers for 1SEs of soft metals (silver and thallium(l)] ions. Chen (143) prepared electrode
based oncalixarene derivatives containing ntrogen atoms used as a neutral carrier for asilver-polymeric
membrane electrode. The faster transport rates were found bythe soft heavy metal ions sich as Ag™,
ng+ in the bulk liguid membrane system. The silver ion-seledive dectrode based on calixarene
derivative gave a goodNernstian resporse of 57 mV per decade for silver in the ativity range 5x10° 6.
10"2 M, the limit of detection reached 1023, Y. Liu (144 reported a novel cdix[4]arene derivative
(5,11,17,23tetra-tert-butyl-25,27bis(3-pyridinecarboxylate)-26,28 dihydroxycalix[4] arene) bearing
two nicotinic moieties which show excellent cation selectivities for Ag* and ng+ ions over other
akali, akaline erth, transition metals, and amnmonium ions. The higher cation selectivity is attributed
mainly to the host-guest interaction which occurs between the ctions and the derivatives of calix[4]
arene. D. Liu (1495 reported a pay(vinyl chloride) (PVC) membrane dectrodes based on hs
(dialkyldithiophosphates) cariers for the selective detection of silver ions. This electrode exhibited a
linear resporse over a cncentration range of 10° 6.10"1m Ag* with a slope of 57.3mV/decade. Silver
ion-seledive dectrodes were prepared with pdymeric membranes (146) based on ntrogen-containing
cdixarene derivatives. The electrodes gave agoodNernstian response of 49-53 mV per decade for sil ver
in the activity range 5%x10° 6-5x10' 2 M, with alimit of detection 10 6. A PV C-membrane based onbis-
pyridine tetramide macrocycle (147) exhibited a goodresporse for silver ions over a wide concentration
range (4.0x10°°-1.0x10"Imol L°1). Two sym-dibenzo-16-crown-5 ethers with sidearms were
synthesized and fabricated as ion-seledive (PVC) membrane dectrodes by Chia-Ching Su (148).
Amongthese two ion-seledive eledrodes (ISEs), 3-butenyl sym-dibenzo-16-crown-5 ether gave the best
Ag" selectivity and 2-methoxyethoxyl sym-dibenzo-16-crown-5 ether the best selectivity for Pb2* jons.
These two membrane dedrodes $iow Nernstain resporse toward silver and lead ovwer a wide
concentration range from 5x10°° to 5x10°1 M. The detection limit for Ag* and Pb2* ions were
estimated as 1x10°® M. The resporse time was lessthan 30s and agoodreproducibility over aperiod o
3 months was observed. 0O,0,0-tris(2-ethylhexyl) phosphaothioate and O,0,0-tributyl
phosphaothioate with a thiophasphayl (P=S) (149 group are reported as smple and effective
ionophaes to make Ag*-seledive membrane electrodes. The electrode based on O,0,0-tris(2-
ethylhexyl) phospharothioate exhibited a near-Nernstian resporse to Ag* in the concentration range

from 5x10° 6 to 1x10°2 M with a slope of 56 mV per decade and could be used over a pH range of 3-
8.5. The performance of calix[2]furano[2]pyrrole and related compounds used as neutral carriers for a

slver-seledive paymeric membrane dectrode was investigated by Seon Mook Lim (150). The silver
ion-seledive dectrode based on calix[2]furano[2]pyrroles gave a good Nernstian resporse of 57.1 mV
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per decade for silver ions in the adivity range 1x10°6® to 1x10°2 M. A series of
benzothiazolylthiaalkoxy functionali zed calix[4]arenes showed excellent Ag* seledivities, log KAg,,\,I .
* 4.0, against most of the interfering cations examined, except for ng+ having a very weak interference
(157). A. JménezMoraes (152 reported a new electrode based on a seledive complexing agent for
Ag" ions, the 6-oxa-3, 9dithiabicycle[9.31]pentadeca-1(15),11,13triene (MAO). Novel polymeric
membrane (PME) and coated gaphite (CGE) silver-seledive dectrodes based on two recently
synthesized mixed azathioether crowns containing a 1, 10phenanthroline sub-unit were reported (153).
The dectrodes reved a Nernstian behavior over quite wide Ag* ion concentration ranges with a very
low limit of detedion dawn to 1.0<10' 8 M. The paotentiometric responses are independent of the pH of
the test solution in the pH range 3.0—7.0.M.K. Amini (154) reported sil ver ion-seledive electrode based
on methyl-2-pyridyl ketone oxime (MPKO), phenyl-2-pyridyl ketone oxime (PPKO) and kbs[2-(o-
caboxythiophenoxy)methyl]-4-bromo-1-methoxybenzene (CMBMB) carriers. The dectrodes exhibited
linear resporses with Nernstian slopes of 59.8—60.5mV/decade within the range of 1x10°® M to 1x10°1
M silver ion. The resporse times of the electrodes were <10 s and dd nd show a @nsiderable
divergence in their potential resporse over a period d 3 months. The dectrodes exhibited godl
seledivities toward silver ions with respect to alkali, alkaline earth and several transition and heavy
metal ions. A new silver solid-state ion-seledive electrode has been prepared by directly coating the
surface of a glassy carbon electrode with a tetrahydrofuran solution containing PV C, 25, 27-dihydroxy-
26, 28big5-(4-methyl-6-hydroxypuimidine) thiaamyloxy] calix[4]arene, with a good Nernstian slope
of 61.4mV/decade over an Ag* ion concentration range of 5x10° 8.1x10 1 M and a detection limit of
1x10'8 M (155). The resporse time was between 5and 10s, and the dectrode is suitable for use within
the pH range of 3-7. The seledivity relative to severa alkali, akaline erth, transition and heavy metal
ionswas good.The dectrode could be used for at least one month without a considerable aterationinits
potential. The utility of carbon as a new component in a highly selective and sensitive coated-wire
eledrode (CWE) for silver ions using 2-[(2- 2-[(2-carboxyphenyl)sulfanyl]ethoxy ethyl)sulfanyl]benzoic
add as ionophae is demonstrated (156). This CWE exhibited a good Nernstian slope of 59 mV/decade
in awide linea concentration range from 2.0x10" 8 to 1.0x10°2 M for AgNO,. This nsor had a short
resporse time of abou 10 s and could be used in a pH range of 2.5-8.7.H. Nam (157) reported tweezer-
type and nontweezer-type ionophaes containing dthiocarbamoyl groups on a 7-deoxychalic amide or
cholane derivatives used in the potentiometric evaluation d pay(vinyl chloride) (PVC) membranes
containing those deoxychalic amides/chalanes linked with tweezer-type dithiocarbamoyl moieties that
showed excellent affinity and selectivity to Ag* ions over akali, alkaline earth and aher transition metal
cdions.

It has been panted ou that molecules contining three heteroatoms (N, S & O), like hexathia-18-crown-
6-tetraone (158 dithiazone (159), 2-mercaptobenzimidazole (160, were used as potential-seledive
agents for ng+-PVC-membrane eledrodes having a good Nernstian resporse and hgh seledivity. L.P.
Marin (161) hasreported 1,3diphenylthiourea & aneutral carier for ng+ ions. The dectrode exhibited
58.6 mV/decade over a @ncentration range from 6x10° to 5x10% mol/L. Javanbakht et al. [162 has

mhtml:file://D:\Theses\For%20Dspace\Thesis Ashok_1mht 11/20/06



Chapter —1 Page 44 d 21<

reported that a PVC-based membrane of dibenzo-diazo thia-18-crown-6-dione reveals a Nernstian
patentiometric resporse for ng+ over a wide concentration range from 100 to 102 mol/L. It has a
resporse time of 10 s and can be used for at least 3 months withou any dvergence. The proposed
eledrode reveded avery goodseledivity of ng+ over awide variety of alkali, alkaline eath, transition
and heavy metal ions. V.K. Gupta (163) reported (H,NCHMeCH,NH.)(H,0)2HgCl,, as potentiometric
sensor for ng+ metal ions showing a linear resporse to ng+ ions in a @ncentration range from
1.25¢10" °® to 1.0x10' 1 M having a detedtion limit of 8.9x10° ® with a slope of 25 mV/decade over the
pH range 6.6-9.3. The electrode was highly selective for ng+ ions over a large number of monao-, bi-
and trivalent cations. Normal interferents, like Ag* and Cd?*, do nat interfere. R.K. Mahgjan (164)
reported a membrane dectrode based on sali cylaldehyde thiosemicarbazone a an ionophae devel oped
successfully as a sensor for mercury(11) ions. The electrode showed an excellent potentiometric resporse
charaderistic and dsplayed a linear Iog[HgZ+] versus EMF response over a wide concentration range
from 1.77810°6 to 1.0x10°1 M with a Nernstian slope of 29 mV/decade and a detection limit of
1.0x10°6 M. The resporse time of the dectrode is lessthan 30s and the membrane dectrode operated
well in the pH range of 1.0-3.0. The lifetime of the sensor was abou 2 months. The dectrode showed a
better selectivity towards ng+ ions in comparison with the dkali, alkaline and some heavy metal ions;
most of these metal ions did na show a significant interference. X. He (165) reported a mercury ion-
seledive dectrode based on a calixarene derivative containing a thiazole ao group as the ionophaoe.
The ISE gave two kinds of slope for ng+ at different pH values of 6.5 and 4, respectively. The slopes
of these electrodes are reported to be 61.1mV/decade and 28.7mV/decade, respectively. A paystyrene-
based membrane of 2,3,4,9,10,14dipyridine-3,10-diaza1,5,8,12tetrathiacyclotetradeca-2,9-diene ¢
showed Nernstian slope and adequate stability with a response time of 18 s and was used ower a period
of 120 days. The potentiometric selectivity coefficient values indicate that the membrane sensor was
highly selective for Hg(ll) ions over a number of monowalent, divalent and trivalent cations (166). A
new palyvinyl chloride (PVC) membrane eledrode that is highly seledive to Hg(ll) ions was prepared
by using b9 5-((4-nitrophenyl)azo salicylaldehyde)] (BNAS) as a suitable neutral carier (167). The
sensor exhibited a Nernstian response for mercury ions over a wide cncentration range (7.0x10° /-
5.0x10" 2 M) with a slope of 30 mV/decade. It had a resporse time of <10 s and could be used in the pH
range 1 to 3.5,and for at least 3 months withou any measurable divergence in pdential. The propcsed

sensor showed a fairly good dscriminating ability towards ng+ ions in comparison with some hard and
soft metals.

Pb2* is another heavy metal ion that has attraded attention d analytical chemists. A number of groups
are working for the development of lead-seledive eledrodes e.g., Ohki et al. (168) have reported acyclic

dibenzopdyether diamide selective for Pb2* with a measuring range 1x10 6.3x102 M. The electrode

showed a good seledivity with resped to Cu?*, Fe?*, Ni2*, etc. Oh et al. (169) have reported that bis-
crown ethers containing 18crown-6 moiety showed excellent seledivity for lead ions with a detedion

limit of <10® M. Malinowska ¢ al. (170) prepared a series of ionophaes based on daza 18-crown-6

mhtml:file://D:\Theses\For%20Dspace\Thesis Ashok_1mht 11/20/06



Chapter —1 Page 45 d 21<

units possessng amide and sulfonamide functional groups sledive for lead ions. Their complexing
properties were investigated in solvent poymeric membrane dedrodes. Hassan et a. (171 have
reported a new Pb*2-seledive  membrane potentiometric sensor based on chira 2,6-bs-
pyridinecarboximide derivatives. The sensor exhibited significantly enhanced resporse towards Pp2*
ions over the concentration range 4x10°-1x102 molL 1 with a lower detection limit of 0.4-3.7 pg mL”
1 Shamsipur [177 reported a PV C-based membrane electrode for Pb2* ions based on hexa thia-18-
crown-6 tetraone as neutral carrier. The dectrode showed a Nernstian response over alead concentration
range from 1x10% M to 8.0x10% M at 25 °C. Jabar et 4. (173 have introduced liquid-ion-exchange
membranes incorporating tetraphenylborate salts of non-ionic surfadant polyoxylates for the preparation
of a Pb?-ISE. AK. Jain (174 reported that two nreutral ionophaes, 2,12dimethyl-7,17
diphenyltetrapyrazole and 5,1tdibromo-25,27dipropoxycalix[4]arene were used as membrane sensors
for Pb2* ions. The sensors exhibited Nernstian resporse in the concentration range from 2.5x10'% to
5.0<10" 2M. It performed satisfactorily over awide pH range (1.6—6.Q with a fast resporse time (10 s)
and could be used ower a period d 5 months. Potentiometric selectivity coefficients indicated excellent
seledivity for Pb2* jons. A.K. Srivastava (175) reported a mated-wire lead ion-seledive electrode (1SE)
constructed using 5,11,1723,29,35hexa-tert-butyl-37,38,39,40,41,4Bexahydroxycalix [6]arene as a
neutral carrier in apaly(vinyl chloride) matrix. The sensor exhibited alinear Nernstian resporse over the
range 1x10°6 to 1x10°1 M with a slope of 30 mV/decade and a detection limit of 6x10°/ M. The
working pH range of the sensor was 1.5-6.0 and it showed goodselectivity for Pb (11) ions over other
mono-, bi- and trivalent cations. The selectivity coefficients for these ions being in the range of 10" %
102 M. Ardakany (176) reported a sensor based ona dispersion d N, Nebis(5-methyl salicylidene)-p-
diphenylene methane diamine particles into a paymeric membrane using a coated-wire configuration.
The resporse time of <15 s was displayed. The sensor could be used for more than 3 months and the
eledrode showed a very good selectivity for Pb(I1) over a wide variety of metal ions and the signal was
constant in the pH range 1.7-6.0. R. Ganjali (177) reported the determination d an utra-trace amourt
of lead using N,Nedimethylcyanodaza-18-crown-6 coated on a graphite electrode, exhibiting a
Nernstian resporse for Pb2* ions over a very wide concentration range (from 1.0x10" / to 1.0x10° 2 M)

with alimit of detedtion o 7.0x10' 8 M (14.5 ppo). It had afast resporse time of 10 s and could be used
for at least 2 months withou any mgjor deviation in the potential. The dectrode revealed a very goal

seledivity with respect to al common alkali, alkaline earth, transition and heavy metal ions. Susan (178
described an ion-seledive electrode (ISE) for lead based on proxicam as a suitable ionophae. The
eledrode responckd to Pb2* in a linea range from 1.0x10°° to 1.0x10° 1 mol/L with a slope of 30

mV/decade and a detection limit of 4.0x10'® mol/L. The propacsed electrode could be used in a pH
range of 4.0-8.0.

V.K. Gupta (179 reported some znc-based ion-seledive dectrodes. N,Nebis (acetylacetone)

ethylenediimine was used as a neutral carrier for Zn?* and the electrode showed Nernstian resporse.
The pH range of the dectrode was 3.2—7.1. Selectivity characteristics of the proposed electrode were
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also asessed by the fixed interference method. He has also reported (180) 4-tert-butylcalix[4]aren asa
zinc-seledive sensor. The sensor worked well in a concentration range from 9.8x10'% to 1.0x10'1
mol/L with a nea-Nernstian slope of 28.0t1.0 mV/decade of adivity and a detection limit down to
5.0¢<10" ’ mol/L. The working (H range of this ®nsor was 2.5-4.3. It exhibited a fast resporse time of
30 s and could be used for more than four months withou any considerable change in the resporse
charaderistics. It showed an excellent seledivity for Zn(ll) over other mono-, bi- and trivalent cations.
Further, same group described (181) dibenzo-24-crown-8 as an ionadive material in a poy
(vinylchloride) PVC-based matrix for zinc (Il)-seledive sensors working with a concentration range
from 9.2x10°° to 1.0x10° 1 M, a Nernstian slope of 29.0+ 0.5mV/decade of activity fast resporse time
of 12 s and a good seledivity over a number of mono-, bi-, and trivalent cations. The sensor worked
well in a pH range 4.8-6.2. A PVC-based membrane wntaining dmethyl-8,13-divinyl-3,7,12,17
tetramethyl-21H, 23H-porphine-2,18-dipropionate & active material along with sodium tetraphenyl
borate (NaTPB) as anion excluder exhibited a working concentration range from 1.5x10°° to 1.0<10" 1
M, with a slope of 29.0t1.0 mV/decade of adivity and a fast resporse time (10 s) (182). The working
pH range of the sensor was 2.1-4.0 and the sensor had a life time of more than 5 months. It exhibited a
good selectivity over a number of cations. A zinc complex of the organic ion exchanger, bis(2,4,4
trimethyl pentyl) dithiophasphinic acid, was used as an electroadive material for the preparation d PV C-
based Zn?*-seledive dectrodes (183 and aworking concentration range from 2.8x10" °to 1.0x10° 1 M,
with aslope of 30.1mV per decade of activity and a fast resporse time of 15s. The valid pH range for
the membrane sensor was 2.1-6.9 A.R. Fakhari (184) showed tetra (2-aminophenyl) porphyrin (TAPP)
as membrane arrier for Zn?* ions. The sensor exhibited a linear stable resporse over a wide
concentration range (5.0x10°° to 1.0x10° 1 M) with a slope of 26.5mV/decade and a limit of detection
3.0x10°° M. It had a resporse time of about 10 s and could be used for at least 8 months without any
divergence in pdentia. The membrane revealed a goodselectivity for Zn?* over awide variety of other
metal ions and could be used in a pH range of 3.0-6.0. Shamsipur (185 reported a benzo-substituted
macrocyclic diamide (1,13diaza2,3,11,12,15,1&ribenzo-4,7,10trioxacyclonanaoctane-14,13dione)
as a membrane carrier for Zn?* jons. The sensor exhibited a Nernstian resporse for Zn?* over a wide
concentration range (1.0x10° 1 to 90x10"® M). It had a response time of about 20 s and could be used
for at least 3 months withou any dvergence The proposed membrane sensor revealed goodselectivities

for Zn%* over awide variety of other metal ions and could be used in apH range of 3.0-7.0.

V.K. Gupta (186 reported dcyclohexano-18-crown-6 as active material for Cd%*and a working

concentration range from 2.1x10°° to 1.0<10°1 M with a Nernstian resporse of 29 mV/decade of
adivity. The working pH range of the sensor is 1.9-7.0. It exhibited a fast resporse time asfast as 17 s
and hed a lifetime of abou 6 months. The propcsed sensor had a good selectivity for cadmium over
akali, akaline erth, some transition and heavy metal ions. Also, the same group described (187)
dibenzo-24-crown-8 as ionophare for Cd?* ions. The working concentration range is 3.9x10°° to
1.0x10'1 M with a Nernstian slope of 30.01.0 mV/decade between pH 3.2 and 7.5.1t had a fast
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resporse time of 25 s. The membrane could be used ower a period d five months with a goad
reproducibility. It is sledive over a number of mono, b- and trivalent cations. M. Shamsipur (188
explored tetrathia-12-crown-4 as an ionophae for Cd2* ions. The sensor exhibited a Nernstian resporse
for cadmium ions over a wide @ncentration range (4.0x10° 7 to 1.0x<10° 1 M) with a slope of 29+1 mV

per decade. The limit of detectionis 1.0x10° 7 M (0.01 ppn). It had a fast resporse time of <10 s and
could be used for at least 6 weeks withou any divergence in pdential. K.C. Gupta (189 worked on
cyanocopdymer matrices and 8hydroxygunadline as ionophae for Cd?* and showed a Nernstian slope
of 29 mV/decade activities of Cd?* ions with a resporse time of 12 s. Eledrodes have shown an
appreciable selectivity for Cd?* ionsin the presence of alkali and alkaline earth metal ions and could be
used in a pH range of 2.56.5. The oyano goups of the cmpdymers contributed significantly to enhance
the selectivity of the dectrode. The dectrode had an appreciable average life of 6 months. A new PV C-
membrane electrode for Cd?* ions based on [1,1s-bicyclohexyl]-1,1s, 2,2stetrol as membrane carrier was
prepared by Ganjali (190). The dectrode exhibited a Nernstian resporse for Cd?* over a wide
concentration range (1.0x10° °-1.0x 10" IM) with a slope of 27.8 mV/decade. The limit of detection is
9.0x10"® M. The dectrode had a resporse time of <15 s and a useful working pH range of 4.0-7.0. The
propacsed membrane sensor showed an excell ent discriminating ability towards Cd2* ions with regard to
severa akali, alkaline eath, transition and heavy metal ions. H. Freiser (191) prepared a mated-wire
ion-seledive dectrode (CWE) based on the bidentate neutral carier 4,4sdi(5-nonyl)-2,2sbipyridine
(DNBP) for the determination of cadmium ions. The CWE exhibited a Nernstian response, and a

detedion limit of 1x10° M.

Nickle is another industrialy important metal and monitoring of Ni2* ions is very important. A.Y ari
(192 reported the suitability of a dioxime derivative, (2E, 3E)-2H-1,4-benzothiazine-2,3(4H)-dione
dioxime & a neutral ionophae for the preparation d a PVC-membrane electrode for Ni(ll) ions. It
could be used for at least 4 months withou any considerable divergence in pdentials and it had a
relatively fast resporse of <10 s. The prepared membrane exhibited a nea-Nernstian resporse for NiZ*
ions over a wide concentration range (1.0x10° 6 to 1x101 M) with a detedtion limit of 1.6x10°® M. At a
working fH range of 2.0-6.5the proposed membrane dedrode revealed a very goodselectivity for Ni2*
ions over a wide variety of other caions. Mashhadizadeh (193) reported N,Nebis-(4-dimethylamino-
benzylidene)-benzene-1,2-diamine as a suitable neutral carrier for Ni(ll). The sensor exhibited a
Nernstian resporse for nickel ions over a wide mncentration range (2.0x10" 7 to 1.0<10° 2 M) with a
dope of 30t1 mV per decade. It had a resporse time of <10 s and could be used in the pH range from
4.5t0 9.0for at least 2 months withou any measurable divergence in pdential. The propased sensor
showed a fairly good discriminating ability towards NiZ* jons in comparison to some hard and soft
metals. M.K. Amini (194 reported 1,3,7,9,13,15,19,2Gctaazapenta- cyclooctacosane as a neutral
ionophae for Ni(ll). The dectrode exhibited a near-Nernstian resporse in the cncentration range from
1x10' % to 1x10" 1 M Ni(l1). It had a resporse time between 5 and 40s for nickel concentrations ranging
1x10"6-1x10" M. The electrode revealed moderate selectivities over a number of alkali, alkaline erth
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and several transition and heavy metal ions. The dedrode is suitable for use in agqueous solutionsin a
wide pH range of 3-6. A PVC-membrane nickel(l1) ion-seledive electrode was constructed using 1,10
dibenzyl-1,10diaza-18-crown-6 (DBzDA18C6) as a neutral carrier (195. The sensor exhibited a
Nernstian resporse for Ni(ll) ions over a wide concentration range (2.0x10° 5.5.5x10"3 M). It had a
relatively fast resporse time and could be used for at least 6 weeks withou any considerable divergence
in pdentials. The propcsed sensor revealed relatively goad selectivity for Ni(ll) over a wide variety of
other metal ions, and could be used in a pH range of 4.0-8.0.

Chromium is ancther transition metal ion for which a number of ISEs are reported. To monitor these
ions many techniques are available and the ion-seledive dectrode is one of the most econamica modes
of determination. V.K. Gupta (196) reported tri-o-thymotide @& an electroactive material for the
fabrication d a dhromium(l11)-seledive sensor, exhibiting aworking concentration range from 4.0x10° 6
to 1.0x10° 1 M with a Nernstian slope of 20+0.1 mV/decade of adivity in the pH range of 2.8-5.1. The
detedtion limit of this ®nsor was 2.0x10° / M. The dectrode exhibited a fast resporse time of 15 s,
showed a goad selectivity towards Cr3* over anumber of mono-, bi- and trivalent cations. M.R. Ganjali
(197 reported 4-amino-3-hydrazino-6-methyl-1,2,4triazin-5-one (AHMTO) as a neutral ionophae for
Cr(V1). The sensor had a linear dynamic range from 1.0x10° 6 to 1.0<10° 1 M, with a Nernstian slope of

19.7+0.3mV per decade, and a detection limit of 5.8x10" / M. It had a fast response time of <10 s and
could be used for at least 3 months in a pH range of 2.7-6.6. Moon (198 described that N,N,N,N-

tetrakis(3-aminopropyl)-1,4-butane- diamine exhibited the highest Cr(VI) ion selectivity in bah
extraction and pdentiometry experiments. A reprodwcible resporse of Cr(VI) was attained within a
resporse time of 1 s in the range from 2.16x10°® to 0.1 M. Ghdlivand (199 used dgyoxal bis(2-
hydroxyanil) as as a Cr(ll 1)-seledtive dectrode. The eledrode had alinear dynamic range of 3.0x10" © to

1.0x10°2 mol/L with a Nernstian slope of 19.8:0.5 mV per decade and a detection limit of 6.3x10° 7
mol/L. It had a fast resporse time of <20 s and could be used for at least 3 months withou any

considerable divergence in pdential. The propaosed electrode reveded goodsensitivities for Cr(111) over
awide variety of metal ions and could be used in apH range of 2.7-6.5.

A K. Srivastava (200) described an iron-cyclam complex as an ion-adive material for Fe(lll). It

exhibited a Nernstian resporse over a concentration range of 1x10' 6-1x10° 2. The working pH range of
the dedrode was foundto be 1.3-3.5. Selectivity coefficients of some mono- and dvalent metal ions
were also determined.

lonophore-based | SEsfor some Rare Earth Metal lons

A cerium (111) sensor was reported by Shamsipur et a. (201) using 1,3,5trithiane as an ionophae. It

showed a linear resporse in the range 5.0x10° M-1.0x101 M with a Nernstian Sope of ~19.4
mV/decade. It was used as an indicator eledrode in paentiometric titration o oxalate and fluoride ions
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and in the determination d F ions in some mouthwash preparations. Another coated graphite dectrode
(202 for cerium (111) ions was reported by Shamsipur using 1,3,5trithiane as an ionophae. It showed a
detedtion limit of 2.0x108 M. Karami et al. (203 reported a cerium-seledive dectrode based onN-[(Z)-
2-chloro-2-(1-hydroxy-1,1,triphenyl phospharanyl)-1-ethenyl]-4-ethyl-1-benzene sulfonamide which
had a detection limit of 2.3x10°" M. This sensor was used for measurement of the cerium content in
stainless steel samples. Recently, a new PV C-membrane dedrode based on 2-aminobenzothiazole has
been reported by Akhondet a. (204 for Ce(l11) ions. Ogata d al. (205,206 reported a samarium (111)-
seledive electrode constructed using ks (alkylxanthato) alkanes and ks (thiaalkylxanthato) alkanes as
ion carriers. Acceptable selectivity was obtained for Sm (11l) determination against many of the
transition, alkali, akaline-eath and some lighter rare-eath metal ions. Ganjali et a. (207) prepared a
samarium (I11)-seledive membrane sensor based onglipizid. The dedrode had an average lifetime of
only two months and was successfully used as an indicator electrode in pdentiometric titration d Sm
(I11) ions with EDTA. An ytterbium(lll )-seledive membrane dectrode based on cefixime had been
reported by Ganjali et al. (208). It had a detection limit of 7.0x10"” M. A new SN Schiff' s base, 2-[{3-
[(2-sulfanylphenyl) imino)-1-methylbutylidene} amino] Phenyl hydrosulfide was reported as a
gaddinium(lll) sensor (209. It had a detection limit of 3.0x10% M and hed been used for the
determination d Gd(l11) in a urine sample. Recently, a PVC-membrane containing zirconium (1V)
selenomolybdate inorganic ion exchanger as dysprosium (Ill) ion-seledive dectrode has been reported
by Gupta et al. (210). It had a detection limit of 3.8x10° M. The eledrode could be used in a mixed
solvent medium and for the direct determination d Dy (l11) in metaborate rock with an experimental
error 2-4%.

Mohamed B. Saleh (211) reported [4-(4=nitrobenzyl)-1-phenyl-3,5-pyrazolidinedion)] as a cerium
sensor. This eledrode had awide linear dynamic range from 2.5x10 6to 1x10 1 mol/L with aNernstian

dope of 19.5£0.2 mV per decade and a low detection limit of 1.6x10°6 mol/L. It had a fast resporse
time (<10 s) and goodselectivity with resped to dfferent metal ions. The NBPP-based e ectrode was

suitable for agueous lutions of pH range from 4.0to 8.0.1t could be used for abou 3 months withou
any considerable divergence in pdential. M.R. Ganjai (212 describing a novel Pr(ll1)-seledive
membrane sensor based on Ne(pyridin-2-ylmethylene) benzohydazide (PBA), exhibiting a Nernstian
resporse for Pr(I11) ions over arelatively wide concentration range (1.0x10° 6.1.0x10°2 M) with a limit

of detection of 8.0x10" / M (115 ppb. It had afast resporse time of 20 s and could be used for at least 6
weeks withou observing any major deviation. The sensor reveded a very goodselectivity with respect

to common alkali, alkaline earth, and especialy lanthanide metal ions. The resporse of the proposed
sensor was independent on H in the range 3.58. M.R. Ganjali (213 showed 4-methyl-2-
hydrazinobenzothiazole (MHBT) as an ionophae for La(ll1) in the working range 1.0x10° / to 1.0<10"
M of La3". The sensor exhibited a Nernstian slope of 19.8 mV per decade in La3* activity. The

detedtion limit of the sensor was 2.5x10°8 M. Ganjali (214 reported a highly sensitive ytterbium(l11)
sensor based on 3hydroxy-Ne[(2-hydroxyphenyl)methylene]-2-naphtho- hydrazide (HPMN). This
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sensor responckd to the Yb(l11) activity in alinear range from 1.0x10° 7 to 1.0<10° 2 M, with a slope of

19.2t0.2mV per decade and a detection limit of 4.0x10° SMata pH range of 3.0-8.5.1t had avery fast
resporse time of <6 sin the whole concentration range, and can be used for at least 6 weeks withou any

considerable divergences in its patentials. Ganjai (215 reported a Tb(lll)-seledive sensor based or
N,N,-bis(pyrrolidene) benzene-1,2-diamine in a pH range of 3.57.7. This snsor responced to
dysprosium in a linear concetration range from 1.0x10°° to 1.0x10°1 M, with a slope of 19.8 mV per
decade and a detection limit of 7.0 x 10'® M. It had a fast resporse time of <20 s and a comparatively
goodseledivity with resped to common alkali, alkaline eath, transition and heavy metal ions. Morteza
Akhond (216) studied a PV C-membrane sensor for La3* ions based on 2,2-dithiod pyridine & an ion
carier. The eledrode ehibited a Nernstian slope of 20.0t1.0 mV per decade of La3" over a
concentration range from 7.1x10'0 to 2.2x10°2 M of La®>" in the pH range 3.3-8.0. The response time
was about 7 s and the detection limit was 3.1x10" © M. The dectrode muld be used for at least 2 months
withou a considerable divergence in paential. Morteza Akhond (217) developed eledrode based on 2
aminobenzothiazole, which was highly seledive for the determination o Ce3* jon. The electrode
exhibited a Nernstian slope of 19.6t1.0 mV per decade over a wide Ce3* ion concentration range from
2.0x10"% to 2.0<10°2 M and a low detection limit of 1.8x10'® M. The eectrode posessd a fast
resporse time of 13 s and a lifetime of at least 3 months. The proposed electrode revealed an excellent
seledivity for Ce3* over awide variety of alkali, alkaline erth, some transitions, and heavy metal ions.
The dectrode could be used in a pH range of 4.1-7.3. SK. Mittal (218 reported dicyclohexano-18-
crown-6 (DC18C6) as a neutral carrier for lanthanum (111) ions. The electrode showed a linea dynamic
resporse in the cncentration range from 10° 6t0 101 M with a Nernstian slope of 19 mV per decade
and a detection limit as 5x10°/ M. It had a resporse time of <30 s and could be used for at least 5
months withou any significant divergence in pdentials. Selectivity coefficients for mono-, di-, and
trivalent cations indicated a goodselectivity for La(lll) ions over alarge number of interfering cations. It
could be used in the pH range 4-9. Mohammad Reza Ganjali (219 described S-N Schiff,s base (2-[{3-
[(2-sulfanylphenyl) imino)-1-methylbutylidene} amino]phenyl hydrosulfide (SMPH) as gaddinium
sensor. The sensor displays alinear dynamic range between 1.0<10" ® and 1.0x10" 1 M, with a Nernstian
dope of 19.8:0.3 mV per decade and a detection limit of 3.0x10' ® M. The sensor was independent of
the pH in a range of 4.0-8.0, hed a very fast resporse time and very good selectivity towards a large
number of cations such as Sm(Il1), Ce(lll), La(lll), Cu(ll), Pb(Il) and Hg(ll). The electrode auld be
used for at least 9 weeks withou any considerable divergence in the potentias. V.K. Gupta (220
reported monacaza-12-crown-4 as an ionophaoe for alanthanum(ll ) sensor that works well over awide
concentration range from 3.16x10° ® to 1.00x10" 1 M of La3* with a Nernstian dopeof 20.5£1.0mV per
decade of La3* activity. The resporse time of the sensor is <15 s and the membrane can be used ower a
period d 5 months with a good reproducibility. The proposed electrode could be used in a wide pH
range from 3.0to 7.0and demonstrated a good dscriminating paver over a number of monovalent,
divalent, and trivalent cations. Shamsipur (221) described a poymeric membrane (PME) and coated
graphite (CGE) samarium(lil)-seledive dectrode based on isopropyl 2-[(isopropoxycarbaothioyl)
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disulfanyl] ethanethioate. The dectrodes exhibited Nernstian slopes for Sm3* jons over a wide
concentration range (1.0x10°° to 1.0x10°1 M for PME and 1.0x10 6 to 1.0x10°1 M for CGE). The

PME and CGE have limits of detection of 3.1x10' ® and 5.0¢10° / M, respectively, and response times
of abou 20 s. The potentiometric responses are independent of the pH of the test solution in the pH

range 4.0-7.0. Ganjali (222) prepared a sensor for La(lll) ions based on N-[hexahydrocyclo- pentapyrol-
2((1H)yl)amino]carbonyl]-4-methyl benzene sulfonamide (gliclazide) as a novel carrier. The dectrode
exhibited a Nernstian response for La(ll1) over a wide @ncentration range (1.0x10° 1 to 1.0x10°6 M)
with a slope of 20.1 mV/decade. The limit of detection is 8.0x10° 7 M. The sensor had a very short
resporse time (<15 s) and a useful working pH range of 4.0-8.0. Ganjali (223 discovered that the
antibiotic cefixime (CFI) could be used as a suitable ionophae in PVC membranes having interesting
resporse dharacteristics for Yb(Ill) ions. The selective complexation kehavior of cefixime with Yb3*
over different metal ions was gudied in DM SO solution. The negligible water solubility of cefixime and
the increased stability and selectivity of its Yb(I11) complex made the antibiotic an attractive ionophaoe
for use in potentiometric paly (vinyl chloride) membrane dectrodes for Yb(I11). The results revealed a
Nernstian response to Yb(I11) over a mncentration range 1.0x10° 2.1.0x10°5 M aswell asan improved
seledivity against a wide range of common interferences. The sensor possessd a detection limit of

7.0x10" ’ M and could be used in apH range 3.0-8.0for at least 8 weeks.

*kkk
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Chapter -3

METHODOLOGY

lon-seledive Electrodes (ISE) are probes that respond seledively to certain ions in the presence of
others. These include probes that measure spedfic ionsin solution. The most commonly used ISE isthe
pH probe. Other ions that can be measured include fluoride, bromide, cadmium, etc., in solution.

lon-seledive Eledrodes work onthe basic principle of the galvanic cell (1-3). By measuring the eledric
patential generated across a membrane by "selected” ions, and comparing it to a reference dectrode, a
net charge is determined. The strength of this charge is directly propational to the concentration d the
seleded ion.

The use of lonseledive Eledrodes in environmental analysis offers sveral advantages over other
methods of analysis. First, the cost of the initial setup to make analysisis relatively low. The basic ISE
setup includes a meter (cgpable of reading milli volts up to an aacuracy of £0.1 mV), a probe (seledive
for each analyte of interest) and various consumables used for pH or ionic strength adjustments. The
expense is considerably less than ather methods such as Atomic Adsorption Spectrophdometry or lon
Chromatography. ISE determinations are not subjeded to interferences such as color in the sample.
There ae few matrix modifications needed to condwct these analyses. A large number of indicator
eledrodes with good selectivity for spedfic ions are based on the measurement of the potential
generated aaoss a membrane. Electrodes of this type ae referred to as ion-seledive dectrodes. The
membrane is usually attached to the end d a tube that contains an interna reference dedrode. This
membrane dectrode and an external reference dedrode ae then immersed in the solution d interest.
Since the potentials of the two reference dedrodes are @nstant, any change in the cell potential is due
to achangein pdential acrossthe membrane.

Calibration

Direct - The eledric patentials are determined for a series of standards and a standard curve is
developed. Additional analyses are fit to the standard curve in arder to determine their concentration.
Direct calibration is the most common and easiest way to measure concentrations.

Titrations - ISEs have dso been used as indicaor eectrodes for titrations. Titration methods use ¢
titrant which will complex or read with the ionto be analyzed. Concentration d the ion in the sampleis
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bad calculated from the volume of the titrant used.

Membranes - Nature of the membrane determines the selectivity of the dectrode. A membrane is
considered to be any material that separates two solutions. It is acrossthis membrane that the dharge
develops.

Polymer membrane dectrodes consist of various ion-exchange materials incorporated into an inert
matrix such as PV C, pdyethylene or silicone rubber. After amembraneisformed, it is sealed to ore end
of a PVC-tube. The patential developed at the membrane surface is related to the cncentration d the
species of interest.

Preparation of the Electrode and EM F Measurements

Membranes of ~ 0.2 mm thickness were obtained (4) by pouing a solution d the membrane
comporents of PVC 33%, ligand 26%, and onitro phenyl octyl ether 63% dissolved in 2-3 mL of
tetrahydrofurane (THF). The viscous lution d poymer thus, obtained was poued in a glass ring o
30mm diameter placed ona dust free Pyrex glassplate. The solvent was all owed to evaporate slowly for
abou 24 hat room temperature. To obtain membranes with similar charaderistics, viscosity of the
casting solution and the rate of solvent evaporation were controll ed so that thicknessand morphdogy o
membranes remained almost unchanged. Membranes were then removed from the glass ring and circular
pieces of 1.25cm diameter were aut and mourted onthe groundend d a Pyrex glasstube with araldite
and condtioned with the metal ion solutionfor 24 h.

EMF Measurements
All the emf measurements were carried ou using the following cell assembly:

SCE0.1IM M "OmembranelM " test soln[OOSCE

Salt bridges containing KNOg were used to provide dectrical links between KCI and Ag* solutions on
baoth sides of the membrane. A digital potentiometer having a sensitivity of 0.1 mV (Equiptronics

EQ602, India) was used for the potential measurements at 25+0.1 °C. Activities were calculated
according to the Debye-Huickle equation (5). Standard metal nitrates solutions were obtained by gradual

dilution d a0.1 M metal salt solution, and their emf measurements were performed.

Temperature - It isimportant that temperature be controlled as variation in this parameter can lead to
significant measurement errors. A single degree (C) change in sample temperature can lead to
measurement errors greater than 4%. The experimental set up was placed in an thermostata temperature
of which was maintained upto £0.1°C.
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Agitation - When carrying ou seledive ion measurements, it isimportant to have agoodagitation. This
alows afresh supdy of ionsto be exposed to the sensing pation o the ISE. An agitation d the solution
was dore by stirring it using a telfon-coated magnetic bead and a magnetic stirrer at a moderate speed.

Response Time - I1SEs require a much longer time for the reading to stabilize. Sufficient time was
alowed for equili brium to be established while measuring standard solutions. The resporse time was
measured when the mV reading remained stable for about 30 seconds.

Rinsing - It is necessary to rinse the ISE between measurements to insure accurate readings. A steady
strean of deionized or distilled water was used. The dectrode was wiped dff the excess water by
shakingit gently.

Conditioning - The I SE needs to remain moist at al times even when na in use. It was kept immersed
in standard solution d primary ionwhen nd in use.

Slope - It isthe linear part of the cdibration curve of the dectrode. The theoretical value according to
the Nernst equation is: 59.16[mV/log(a )]lat 298 K for a singe charged ion a 59.162 = 29.58[mV
perdecade] for adoule charged ion.

Range of Linear Response - At high and very low target ion activities there are deviations from
linearity. Typically, the electrode alibration curve exhibits linear resporse in a range between 10°M
and 10M.

Detection Limit - According the l[UPAC recommendations (6-7) the detedion limit is defined by the
crosssection d the two extrapolated linea parts of the ion-seledive cdibration curve. Detection limit of
the order of 10°°-10°%M was measured for most of ion-seledive eledrodes.

Selectivity

Selectivity is one of the most important characteristics of an electrode, as it often determines whether a
reliable measurement in the sample is possble or not. The seledivity coefficient (ny) has been

introduced in the Nikolski-Eisenman equation. Negative values indicate apreference for the target ion
relative to the interfering ion. Positive values of log ny indicate a preference of the dectrode for an
interfering ion. The experimental seledivity coefficients depend onthe activity and the method d their
determination. Different methods of the seledivity determination can be foundin the literature. The
IUPAC suggests two methods (6-7): separate solution method (SSM) and fixed interference methoc
(FIM). There is aso an alternative method d the selectivity determination called matched potential
method (MPM). Each o them has gat advantages and dawbacks, and there are not genera rules
pointing, which method gves the true result. Selectivity coefficients were determined by wsing SSM,
FIM & MPM methodks.

Separ ate Solution Method - In this method, calibration curves are prepared for each ion being tested.
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Parallel curves hodd result, with the potentials for the primary ion (if a ation) being more positive.
The seledivity ratio can be related to the difference in paential between the two curves (3.1). The more
seledive the eledrode is for ion A, the larger will be the potentials difference (the smaller will be the
potential for ion B). For two monowaent ions:

(3.9 £, -
—logK s = S
Mixed Solution Method - There are various measurement methods using mixed solutions of the two

ions. The fixed interference method is commonly used. The emf of a cell comprising an ion-seledive
eledrode and areference dectrode is measured with solutions of constant activity of interferingion, ag ,

and varying activity of the primary ion. The enf values obtained are plotted against the logarithm of the
adivity of the primary ion a,. The intersection d the extrapolation d the linear portions of this plot

indicates the value of a, which isto be used to calculate K, 5 from the Nikolski- Eisenman equation
(3.2.

K = —2B—
3 (3.2
B

Matched Potential Method - This method involves measuring pdentials of a pure solution d the
primary ion, E, and d a mixed solution containing the primary and interfering ions, E , , 5. Activities

of the primary ion are the same in bah solutions. And the seledivity co-efficient is calculated by
inserting the values of potentia difference, AE= (E, 5 —E,), 8, and &g into the following equation
(3.3:

a, (1OAEZAF/2.303) _

aZ%B

B

. (3.3

pot _—
I<AB -

In this method, pimary ions (A) of a spedfied activity (concentration) are added into a reference
solution, and the potential is measured. In a separate experiment, interfering ions (B) are successively

added to an identical reference solution urtil the measured paential matches with that obtained before
adding the primary ions. In the matched paential method, the seledivity coefficient K, 5 isthen gven

by the ratio o the resulting activities (concentrations) of primary ions versus interfering ions. The
seledivity coefficient, K , 5, is determined as (3.4):

Kag= AAlag (3.9
Here AA=as, ¢ a,; a, isthe initia activity of primary ions A and as is the activity of A in the
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presenceof interferingions at ag.

Limitation in Interpretation of Selectivity Coefficients

There ae several IUPAC approved methods that are used concurrently by researchers. Selectivities for
agiven ionophae ae only valid for the matrix and dasticizer compaosition in which they are tested. In
addition, each method will generate different selectivity coefficients. Due to many limitations and
dependencies on the empirical determination d seledivity coefficients, orly the ratios of seledivity
coefficients can be used to evaluate (compare) ionophaes from different reseach groups. The fixed
interference method is amongst the most commonly employed for its good mix of redism and
smplicity. One @n consider the interference oefficient (as determined by the fixed interference
method) to mean the & which the uncertainty of the measurement of the analyte matches the deviation
due to the interfering ion. In this way, the interference paint is not only dependent uponthe ionophae
seledivity to aher ions, bu also the uncertainty of the measurement for a given concentration. The
fixed interference mncentrationis commonly set to 0.1or 0.01M, for systems with goodseledivity and
lower concentrations (0.001 @ 0.0001M) for systems that demonstrate poarer selectivity.

The alvantages and drawbadks of the three described methods (SSM, FIM, MPM) are summerised
subsequently.

Separ ate Solution Method
Advantages:
* gpeed and ease of determination,
* can determine alarge array of interferingion-seledivity coefficients very quickly,
* is used for smple flow-injection pdentiometry applications (simple and well defined
systems).

Disadvantages:
* doesnat accourt for any error due to multiple ioninteraction,
» overly smplistic methodfor real solutions, often giving very diff erent
coefficients than other methods.

Fixed (Constant) Interference Mehod

Advantages:
e accurate for alarger variety of systems than separate solutions,
» relatively smpleto perform for areasonable set of potential interferingions of interest,
* more a&curate than separate solutions,
* method gves good(reasonable) datafor most real world systems,
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» coefficients trandate fairly well to many olserved appli cation selectivity performance.

Disadvantages:
e does not accourt for al multiple ion-ion interactions, only interfering ion analyte
interference.

Mixed Solutions Method
Advantages.
* accurate for aimost all stable systems, even if complex,
* more acurate than fixed interference solutions,
* method gvesvery good chtafor complex systems.

Disadvantages:
* very cumbersome to perform if the system has any variance of the ionic background,
» laboratory technique and urcertainties of measurement are of great importance
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Chapter -4

CYCLIC PODANDSAS ENSING MATERIALS

(4a) PV C-based Dicyclohexano-18-Crown-6 Sensor for La(lll) lons

Introduction

Lanthanum is found in rare-eath minerals such as cerite, monazite, allanite, and bestnasite. Pure
lanthanum has very few applications being amost limited to the scientific research. In spite of this, the
metallurgicd industry is the only commercial domain where the metal finds application (1). Some rare-
eath chlorides, such as lanthanum chloride (LaCl,), are known by their anticoagulant properties
althoughthey should be used with very care. Lanthanum salts are generally considered to have low or
moderate toxicity (2). Attempts were made to promote germination d neutral rice seed by treating them
with lanthanum nitrate (3). Thus, because of the increasing industrial use of lanthanum compound as
well as their enhanced dscharge and its useful and harmful biological activity, the determination of
lanthanum has been o arecent increasing concern.

Available methods for low-level determination d rare-eath ions in solution include spectrophdometry
(5), ICP-AES (6), isotope dilution mass gectrometry (7), neutron adivation anaysis (8), X-ray
fluorescence spedrometry (9), etc. These methods are ather time @nsuming, invaving multiple
analysis or too expensive for most analytical |aboratories.

Trivalent lanthanides are expeded to form stable amwmplexes with various macrocyclic ligands smilarly

to alkali and alkaline erth metals because of the similarity of radii between lanthanides and Na* or

Ca2* ions. In fact, it was mentioned in the first report on crown ethers by Pedersen (1967 (10) that
some aown ethers formed complexes with La(lll) and Ce(lll) in solution. The formation d La(lll)

complexes with DC18C6 was reported in the original paper of Pedersen (1967 but details are not
avail able. However, some detailed studies are available in the following references (11-13).

Potentiometric sensors can offer an inexpensive and convenient method for the analysis of rare-eath
metal ions in solution; provided acceptable sensitivity and selectivity are achieved. In spite of successful
progress in the design d highly selective ionophaes for various meta ions, there ae only a limited

number of reports on the development of selective ionophaesfor lanthanum (14-18)

Bis (2-mercaptoanil) diacetyl (BMDA) by M.R. Ganjdi et a. (19), Moncaza-12-crown-4 , by V .K.

mhtml:file://D:\Theses\For%20Dspace\Thesis Ashok_1mht 11/20/06



Chapter —1 Page 66 d 215

Guptaet a. (20) , 1,3,5trithiacyclohexane by M. Shamsipur (21), 4-methyl-2- hydrazinobenzothiazole
(MHBT) by M.R. Ganjdi et a. (22), 2, 2dithiodipyridine, by M. Akhond, et a. (23), N-
[hexahydrocyclopentapyrol-2((1H)yl)amino]carbonyl]-4-methyl benzene sulfonamide (gliclazde), by
M.R. Ganjdi et a. (24), N,N" -adipylbis(5-phenylazo sali cylaldehyde hydrazone), by M. Shamsipur et a.
(25) group d ionophaes for La(lll) determination showed good peference for La(lll) over other ions,
However, lifetime of some of electrodes is very poor. The detalled performances of the dectrodes are

consolidated in Table 4.4(a).

The main oljective this work is to introduce aseledive and sensitive electrode for lanthanum ions for
the potentiometric monitoring d trace amourts of La(lll) by using DC18C6.

Experimental

Reagents

Reagents, like dicyclohexano-18-crown-6 (DC18C6), o-nitro plenyl octyl ether (o-NPOE),
dibutylpthalate (DBP), his-2-ethylsebacate(2BES) were procured from Sigma-Aldrich. All other
chemicals were of analytical reagent grade. Doule distill ed deionized water was used throughou the
experiments.

Electrode Preparation

Membranes of [10.2 mm thickness were obtained by pouing a solution d the membrane wmporents:
PVC, 33%; DC18C6, 6%; 2-nitro phenyl octyl ether, 61% disolved in 223 mL of THF at room
temperature & per procedure of JDR Thomas (26). The viscous lution d paymer, thus obtained was
poued in aglassring d 30mm diameter placed ona dust free Pyrex glassplate. Solvent was all owed to
evaporate slowly for abou 24 hous at room temperature. To oltain membranes with similar
charaderistics, viscosity of the cating solution and the rate of solvent evaporation were controlled so
that thicknessand morphdogy of the membranes remain aimost unchanged. The prepared membranes
were removed from the glassplate and circular pieces of 1.25mm diameter were aut and mournted on
the ground end d the Pyrex glass tube with araldite. Membranes were conditioned with La(NO;),

solution of (1x101M) for 24 hous.

EMF Measurements
All the emf measurements were carried ou using the following cell assembly:

SCE[0.1M La(lll )OO membrane [ktest solutiondSCE

A digital potentiometer (Equiptronics EQ-602, India) was used for the patential measurements at 25+0.1
°C. Activities were cal culated according to the Debye-Huckle equation. Standard solutions of La(NO5)4
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were obtained by gradual dilution d 0.1 M La(NO,)4 solution and their potential measurements were
performed in unbufered solutions.

Results and Discussion

The trivalent lanthanide ion hes an ouer shell electronic oonfigurationas4f75525p6. The bonds between
the lanthanum ion and the macrocycle DC18C6 are mainly ion-dipoe and nondirediona, and are
gmilar to those between alkai meta ions and crown ethers, since the 4f eledrons are effectively
shielded. DC18C6 forms a stable complex with lanthanum (La(ll1)) ions as suppated by a high stabili ty
constant value. This means that the stability of the complexes might be unusually sensitive to the size of
the lanthanide ion primarily because of the eledrostatic and steric effects. So, a unique seledivity for La
(111) ionsis expected with a DC18C6 ligand.

Optimization of the Membrane Composition

Membrane compasition and the nature of plasticizer influence the sensitivity and selectivity of an
eledrode (27-29). The dfect of compasition onthe response of the dedrode was investigated. For this
purpcse, the performance characteristics, like slope of the calibration curve, measurement range and
detedion limit were studied [Table 4.1(a)]. The results show that the electrode with the ratio PVC: 2-
NPOE: DC18C6; 33%: 61%: 6%, exhibit the best resporse with a slope of 19 mV per decade. Asit is
obvious from Table 4.1(a), 2-NPOE is a more dfective solvent medium than DBP in preparing the
La3*ion-sdedive electrode. The quantity of ion carrier DC18C6 was also foundto affect the sensitivity
of the membrane dedrode. The sensitivity of the dectrode resporse increases with increasing ionophae
content until a value of 6% (w/w) is reached. Further addition d ionophae results in a deaeased slope
of the dectrode.

Effect of Internal Solution Concentration
The influence of concentration d the internal solution onthe resporse of the La (l11) ion-seledive
eledrode was gudied (18). Results shown in Table 4.2(a) indicate that the variation in the concentration

(1x10% M-1x101 M) of the internal solution changes the slope. A 1x104 M concentration d internal
solutionis quite appropriate for a smooth functioning d the eledrode system.

Effect of pH

The influence of pH of the test solution onthe electrode response of the electrode was dudied at 3
different concentrations; 1x102 M, 1x10% M and 1x10* M over the pH range 2-12. The pH was
adjusted by introdwing small drops of HNO4 (0.1 M) or NaOH (0.1 M) as per requirement and the
results are shown in Figure 4.1 (8). The EMF is independent of pH in the range 4-9. Therefore, this

range @n be dosen asthe working pH range for the dectrode asembly. However, variations above and
below this pH range may be due to a formation d La (OH)5 and protonation o oxygen atoms of the

DC18C6, respectively.
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Detection Limit, Response Time, Reproducibility and Lifetime

Working concentration ranges and slopes for all the membrane electrodes are given in Table 4.1(a). The
eledrode composition PV C:DC18C6:2-NPOE, 33:6:61 (wt%) shows linearity in the concentration range
1x10%M to 1x101M with aslope of 19 mV/decade. However, the addition d KTpCIB did nd lead to a
significant improvement in the working concentration range. Hence, this membrane was dudied in detall
as a La(lll)-seledive dectrode and all further studies were carried ou on this membrane. Repeated
monitoring d patentials (five identical measurements) on the same portion d the @ncentration range
gave a standard deviation d +1 mV. To oltain better electrode properties, solvent mediators such as 2-
NPOE, DBP and ZBES were tested. The membrane based on 2NPOE exhibits a Nernstian slope of 19
mV/decade over a wide @ncentration range from 1x10% M to 1x101 M, while in the same
concentration range, the plasticisers DBP and ZBES showed dlopes as 17 mV/decade and 14
mV/decade, respectively. Further, the dectrode based on 2-NPOE had a better electrode resporse than
the other two mediators. The limit of detedion (1x10 6M) was cdculated according to IUPAC
recommendation (30,31 from the intersedion d the two extrapdated linea portions of the aurve Figure
4.2(a). The resporse time of the electrode is at least for the eledrode No.7,i.e. 25 seconds, and for all
other electrodes it is greaer than 30semnds. The sensing kehavior of the membrane remains unchanged
when the patentials are recorded either from low to high a high to low concentrations. This membrane
eledrode could be used for at least five months withou any measurable divergence. The dectrodes were
stored in 0.1M La(NOg)3 when na in use to avoid any change in the lanthanum ion concentration in

the membrane phase.

Selectivity Coefficientsand Analytical Properties of Lanthanum-seledive Electrode

Selectivity is perhaps the single most important characteristic of any electrode, which defines the nature
of the device and the extent to which it may be employed in the determination d a particular ion in
presence of other interfering ions. Potentiometric selectivity coefficients of the lanthanum membrane
eledrodes were evaluated by Fixed Interference Method (FIM) (30,31 at 1x10 3 M concentration d the
interfering ions and Matched Potential Method (MPM) (30,31). MPM is recommended by IUPAC to
overcome the difficulties associated with the methods based on the Nicolski-Eisensenman equation.
Acoording to this method, the specified activity of the primary ion (A) is added to a reference solution,
and the potential is measured. In a separate experiment, the interfering ion (B) is successvely added to
an identical reference (containing primary ion) solution urtil the measured pdential matches to that
obtained orly with the primary ions. Table 4.3(@) shows the potentiometric selectivity coefficients of a

DB18C6-based onlanthanum-seledive dectrode. The selectivity data indicate that KE;}M values are of
the order 10°2 for trivalent metal ions. Therefore, the el ectrode can be used for the determination o La
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(I11) ionsin the presence of certain interferingions.

Effect of Mixed Solvent M edia on the Working of La(lll ) Electrode

The proposed sensor was investigated in partially nonaqueous media using methanal, ethand and
acetone mixtures with water. Table 4.5a) indicates that the slope is deaeased with the addition d non
aqueous lvents from 19 mV/decade to 17 mV/decade. An increase beyond 3@6 in nontagueous
content causes a significant interference in slope. In a water-acetone medium, a significant change in
patential, stable slope, measuring range, detection limit is observed Figure 4.3(a). This may be due the
dynamic complex formation and decomplexation between DC18C6 and La(lll) in the water-acetone
mixture.

Potentiometric Titration

Potentiometric titrations were performed by wing the propased electrode as an indicator eledrode for
the titration o 25 mL of 1x104 M La(lll) ions against 1x10° M EDTA. The pH of the solution was
adjusted to 7-8 using dlute anmonia solution. The titration curve is siown in Figure 4.4(a). The arve
shows a sharp inflexion pant at the titrant volume correspondng to the formation d an 1:1 complex of
lanthanum ionswith EDTA.

Table4.1(a): Optimization of membraneingredientsin La(lll )-seledive electrode

No. PVC, Plasticizer, DC18C6, | KTpCIB, | Slope, mV/ | Linear Detedion
W1t% (Wt%) (Wt%) W1t% decade range, (M) limit, (M)
1 33 67 (NPOE) | -- - 5.0 1x10%4- 5x10°
1x101
2 33 65 (NPOE) | -- 2 8.0 1x10%- 5x10°
1x101
3 33 65 (NPOE) | 2 - 10.0 1x10%- 1x10°
1x101
4 33 64 (NPOE) | 3 - 12.0 1x10% 1x103
1x101
5 33 63(NPOE) | 4 - 15.0 1x10%4- 1x10%
1x101
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6 33 62 (NPOE) |5 - 17.0 1x10°- 3x10°
1x101
7 33 61 (NPOE) | 6 - 19.0 1x106- 1x10°
1x101
8 33 60 (NPOE) | 7 - 18.5 1x10°- 1x10°
1x101
9 33 59 (NPOE) | 8 - 14.0 1x106- 1x10°
1x101
10 |33 61DBP) |6 - 17.0 1x10°- 1x10°
1x101
11 |33 61(2-BES) |6 - 14.0 1x104 1x103
1x101
12 |33 58 (NPOE) | 6 2 18.0 1x10°6- 1x10°
1x101
13 |33 57 (NPOE) |6 3 18.0 1x10°- 1x10°
1x101
Table 4.2 (a): Effect of internal solution concentration on the membrane electrode
Electrode Internal solution Slope Detection
Composition concentration, M (mV/decade) limit, M
1x101 16 6.3x10°
Electrode No. 7 1x102 17 1.0x10°
1x10° 19 1.0x10°
1x104 19 1.0x10°
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Table4.3(a): Selectivity co-efficient valuesof La(lll )-seledive electrode by fixed

interference method and matched potential method

: Pot i Pot
il;t}(;r(fBe;mQ logK %, o ilgrgg(fBe;mg logK 2%, 0.
FIM MPM FIM MPM

cedt -1.6 -1.9 Fe3* 2.3 2.7
Nd3* -1.5 -1.8 Mg?* 2.5 -2.8
Sm3* -1.6 -1.8 cat 2.3 2.7
Eus* -1.5 -1.9 cu?t 2.3 -2.5
pr3* -1.6 -1.7 = -2.0 2.7
Th3* -1.7 -1.9 Hg?t -2.6 -2.8
Dy3* -1.7 -1.8 K* -1.9 -2.5
Yb3* -1.8 -1.9 Ag' 2.3 2.8

Page 71 d 21<

Experimental conditions for matched potential method: Primary ion lanthanum nitrate solution (1x107 to 1x10-1M),
Reference solutions lanthanum nitrate of 1x10°M and interfering ion concentrations (1x10° to 102 M)
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Table4.4(a): Comparison of various La(lll )-seledive electrodeswith the proposed
electrode
S Type of theionophore Slope, Measuring | pH Lifetime
No mV/ range (M) range (months)
decade
1 M.R. Ganjali et a. (19) Nernstian 10%-101 4-8 -
2 V.K. Guptaet al. (20) 20.5 10°°-10'1 3-7 5
3 M. Shamsipur (21) Nernstian | 10%- 102 5-8 5
4 M.R. Ganjdi et al. (22 19.8 10 7-10°1 3-10 2
5 M. Akhond,et a. (23) 20.1 10°6-102 3.38 2
6 M.R. Ganjali et a.(24) 20.1 101-106 4-8 -
7 M. Shamsipur et al.(25) 194 106 -102 4-8 3
Table4.5(a): Effect of mixed solvent medium on theworking of La (lll ) electrode
Solvent Mixture Contents Slope, Working range,
% viv mV/decade 1x101 (M) to
10:90 18 3.16x108
20.80 18 3.16x108
Ethanol 0:100 19 1.0x10°
10:90 18 1.99x10°
20:80 18 1.99x10°
30:70 17 4.3x10°
Acetone 0:100 19 1.0x10°
20:80 19 5.0x107
30:70 19 2.3x10°
mhtml:file://D:\Theses\For%20Dspace\Thesis Ashok_1mht 11/20/06



Chapter —1 Page 73 d 215

60 4 1x10™Mm

E (mV)

0 2 4 6 8 10 12 14

Figure 4.1(a): Effect of pH on theresponse of La(lll) ion-seledive electr ode at
different La(l11) ion concentrations.
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Figure4.2(a): Calibration curvefor theLa(lll ) ion-seledive electrode
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Figure 4.3(a): Effect of mixed solvent medium on EMF of the eledrode
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Figure4.4(a): Titration curveof La(lll ) solution with EDTA solution using La(lll )-
selective electrode
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(4b) PVC-based Dibenzo-24-Crown-8 Sensor for Ce(l11) lons

Introduction

The alvantages of ion-seledive dectrodes (ISE) over many other methods (1-9) for caion and anion
detedion are their easy handling, nondestructive analysis and inexpensive sample preparation. The
function d a crown ether as an electro-adive material for ion-seledive electrodes is based on such
diverse parameters as the structure and cavity size of the ligand, the stability and selectivity of its metal
ion complex, its slubili ty and the aility to extract the metal ioninto the membrane phase.

Cerium is a member of the lanthanum group of elements and the most abundant of them. It isfoundin
monazite, ceric bastnaesite and silicate rocks. It is widely used in production d ductile iron, cast iron
and some stainless seels (10). The use of cerium is gill growing die to the fact that it is siited to
produce catalysts and to pdish gasses.

Cerium is mostly dangerous in the working environment due to the fact that damps and gases can be
inhaled with air. This can cause lungembadlisms, espedally during long-term exposure. Cerium can be a
thred to liver when it accumulates in body. It is noteworthy that despite the urgent need for a cerium
(I1'1) sensor for the potentiometric monitoring o cerium in many industrial, geological and chemical
samples (11,129, there are only afew reports (13-15) of cerium (I11)-seledive eledrodesin literature.

Lanthanides are expected to form stable complexes with various macrocyclic ligands, similar to alkali
and alkaline earth metals, because of the simil arity of radii between lanthanides and Na* or ca?* ions.
In fact, it was mentioned in the first report on crown ethers by Pedersen (1967 (16) that some aown
ethers formed complexes with La(lll) and Ce(lll) in solution. However, attention hes been focused,

mainly on complexes of alkali and alkaline earth metal ions.

In this chapter, we report the determination d Ce(lll) ions based ondibenzo-24-crown-8 (DB24C8) as a
neutral carrier to construct a PV C-based membrane eledrode.

Experimental

Reagents

Reagents, like dibenzo-24-crown-8 (DB24C8) and 2nitro phenyl octyl ether (2-NPOE), were procured
from Sigma-Aldrich. Cerium chloride and aher rare earth chlorides were purchased from Indian Rare
Earth Chemicals Ltd., India. Since al the chemicals were of analyticd grade, these were used as sich.

All stock solutions of rare earth metal ions were standardized with EDTA using xylend orange as an
indicator. Doule distilled deionized water was used throughou the experiments.
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Instruments Used

ISFET 701 paket pH meter (Delta TRAK, INC., USA Mode 24003 was used to measure pH of the
solutions. Emf measurements were made using a digital potentiometer (Equiptronics EQ-602, Mumbai,
India) with an accuracy of £0.1mV.

Preparation of PVC-membrane

A homogenized mixture of about 1 g with components. PVC, 33%; DB24C8, 4.9%; 2-NPOE, 62.%%
was dissolved in 2-3 mL of THF at room temperature. The viscous lution, thus obtained was poured in
aglassring of 30 mm diameter placed ona dust free Pyrex glassplate (17). The solvent was all owed to
evaporate slowly for abou 24 hous a room temperature. To oltain membranes with similar
charaderistics, viscosity of the cating solution and the rate of solvent evaporation were cntrolled so
that the thicknessand morphdogy o membranes remain aimost unchanged. The prepared membranes
were removed from the glass plate and circular pieces of 2.0 cm diameter were cut.

EMF Measurements
Membranes were fixed to ore end d the glass tube of 1.8 cm (internal diameter) using an epoxy resin as
adhesive. These were then equilibrated with a Ce3* solution (0.1 M) for 12 hous. The tube was fill ed
1/4th with cerium (111) chloride solution (0.1 M) and immersed in a beaker containing the test solution
of varying concentration o Ce3* keeping the level of inner filli ng solution higher than the level of the
test solution to avoid any reverse diffusion o the dectrolyte. All the emf measurements were caried
out using the following cell assembly:

SCE [0Ce®* (0.1M) Membrane Ce3* (test solution) OSCE
Potentiometric measurements were made using a digital potentiometer (Equiptronics EQ-602, India), at
25+0.1 °C. Activities were cdculated aacording to Debye-Huckel equation (18). Test solutions were
obtained by gradual dilution d the stock solution. Potential measurements were made in unbufered
solutions to avoid interferencefrom any foreignion.

Storage of Electrodes

DB24C8-based eledrodes were stored in distill ed water when not in use for more than ore day. These
were activated with Ce(l11) solution (0.1 M) by keeping immersed in the solution for two hous, before
use, to compensate for any lossof metal ions in the membrane phase that might have taken place due to
alongstorage in dstilled water. Electrodes were then washed thorougHy with dstilled water before use.

Result and Discussion

lon-seledive dectrodes work on the principle of measurements at zero current. The membranes are
fixed in the dectrode asmbly and all measurements are made in a concentration cell. Concentration o
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the eledrolyte onthe inner side of the membraneisfixed at 0.1 M of Ce(lll) ions while on the other side
of the membrane it varies from 108 M to 101 M. The patential difference @n be measured between two
identical reference electrodes placed in the two phases. No ionic strength adjustment buffer was used to
avoid any urwanted foreign ions from the buffer. Moreover, the ionic strength dces not change much
during the study as experiments are dore in dlute solutions only in the magjor part of the measuring
range of the electrode (i.e., 10° M -101 m).

Optimization of Membrane Ingredients

The dfed of membrane composition on the resporse of the dectrode was investigated. For this purpaose,
performance characteristics, like slope of the calibration curve, measurement range and detection limit,
were studied. The results are shown in Table 4.1(b). It is evident from this table that the electrode 6 with
the ratio PVC:2-NPOE: DB24C8 as 33%:62.36:4.5%, shows the best performance with a near-
Nernstian slope of 19.0mV per decade. This eledrode is used for the subsequent studies.

Calibration Curve

Experiments were condicted a number of times to check the reproducibility of the results. EMFs were
plotted against log d activities of cerium ions and calibration curves were drawn for five sets of
experiments. A standard deviation d +0.9 mV was observed. A representative cdibration curve using
the dedrode 6 is shown in Figure 4.1(b). The limit of detection (3x10° M) was cdculated according to
I[UPAC recommendations from the intersection d the two extrapolated linea portions of the aurve (19,
20).

The eledrode resporse was quite reproducible over the lifetime of the eledrode. The sensing behavior
of the membrane remains unchanged when pdentials are measured from low to high a high to low
concentrations. The dectrode could be used for at least four months withou any significant divergence

The dectrode was kept in water, when nd in use, and was equilibrated with 0.1M Ce3* solution for 2
hours before use.

Influence of the Concentration of Internal Solution

Electrode resporses were measured by changing the internal filling solution from ~ 1x101 M to 1x10°
M, Figure 4.2(b). It was foundthat the variation in the concentration d the internal solution daes nat
cause any significant difference in the potential response, except for an expected change in the intercept
of the resulting curve. The mncentration o the internal solution as 1x101 M is quite gpropriate for the
functioning d the electrode system.

pH dependence of the Electrode

It is very important to find ou the pH range where the dectrode can work withou interference from
hydrogen ions present in aqueous lutions. The pH dependence of the sensor was tested by using 1.0x
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102 M and 1.0x 102 M Ce3* solutions over a pH range of 2.0to 11.0,Figure 4.3(b). The pH was
adjusted by the adition d small drops of hydrochloric acid (0.1 M) or sodium hydroxide (0.1 M), as
required. It is clear from the Fig. that the enf remains constant from pH 4.0 to 8.0and 3.5to 7.5for
1x102 M and 1x103 M Ce3* ion concentrations, respedively. Beyond this pH, a drift in emf is
observed which may be due to the formation d hydroxy complexes of Cedt at higher pH and dwe to
protonation d oxygen atoms of DB24C8 at lower pH.

Effect of Mixed Solvent Media

Functioning d the electrode was also investigated in mixed solvent media using methanol-water,
acetone-water and DM SO-water mixtures. It was foundthat the sssembly works well up to 2% non
agueous content withou showing any appreciable dange in the working concentration range or slope,
Figure 4.4(b). In acetone medium, a significant change in emf, slope, measuring range and cetection
limit is observed. This may be due to the dynamic complex formation and decomplexation ketween
DB24C8 and Ce (111) in the water-acestone mixture.

Potentiometric Selectivity
One of the most important characteristics of a membrane sensor is its respornse for the primary ion in
presence of other ions, which is measured in terms of the potentiometric selectivity coefficient (KAB).
The fixed interference method (FIM) at the interfering ion concentration 1x10% M is adopted in the
present case to determine the seledivity coefficient data. According to this method,a cdibration curveis
drawn for the varying primary ion concentration in a constant background d the interfering ion. The
linear (i.e., Nernstian) resporse aurve of the dectrode is a function d the primary ion activity and is
extrapolated urtil at the lower detection limit, it interseds with the observed pdential for the
badgroundaone. The selectivity coefficient is calculated from these two extrapolated linear segments
of the cibration curve. Following expresson (4.1) is used for this purpose:
= Y

(ag) 7% (4.
Here, a, is the activity of the primary ion and ag the attivity of the interfering ion. z, and z5 are their

Pot
K A,B

respective charges.

The resulting Iog(K:,oé) values for the propaosed Ce(l11)- seledive eledrode ae summarized in Table 4.2
(b). Selectivity coefficients for the previously reported cerium-seledive dectrodes (4-7) are dso
included in Table 4.2(b). It can be seen from that, the electrode has a reasonably good seledivity for

Ce3* ionsin the presence of other rare eath metal ions, some dkali, alkaline earth and transition metal
ions, which are present with cerium (111) in its ores. The selectivity is goodin the sense that al the rare
eath metal ions have identical sizes and properties. Moreover, a comparison between the selectivity
coefficients of the proposed electrode with those previoudy reported for the cerium (111) reveals that the
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proposed electrode shows almost comparabl e selectivity, in some cases, to foreignions.

Potentiometric Titration
The anaytical applicability of the sensor was tested by using it as an indicator electrode in the
potentiometric titration o Ce3* ion solution. 50.0mL of Ce3* solution (1x10°3 M) was titrated against

oxalic acid solution (1x102 M). The curve is not a standard sigmoid shaped Figure 4.5b). However, a
very goodinflection pant correspondng to Ce-oxalate stoichiometry is observed which shows that this

sensor can be used for the determination o Ce3* ions potentiometrically.

Lifetime of Electrode
The propased sensor can be used for at least four months withou any significant divergencein results.

*kkk

Table 4.1(b): Optimization of membrane ingredientsin Ce(lll )-seledive electrode

Sl. | PVC | Plasticizer | lonophore Slope Working | Detection
No. | Wt% W1t% W1t% mV/decade | range, M Limit, M
1 33 67 0 10 1x10%- 8x104
1x101

2 33 66 1 17 1x10%- 3x10%4
1x101

3 33 65 2 20 1x104- ox104
1x101

4 33 64 3 20 1x10% 8x10°
1x101

5 33 63 4 20 1x10%- 5x10°
1x101

6 33 62.5 45 21 1x10%- 3x10°
1x101

7 33 62 5 39 5x104- 5x10°
1x101

8 33 61 6 34 5x104- 5x10°
1x101
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9 33 63 35 5x10%- 5x10°
1x101

10 | 33 63 36 5x104- 8x10°
1x101

Table4.2(b): Selectivity coefficient valuesfor Ce(l1l)-seledive electrode by fixed

inter ference method
Interfering . o (K Pot
ion (B) Selectivity Coefficient valueslog\"™ AB
Present Previous reports
study [4] [5] [6]
Ndg3* -0.4 - - _
Sm3* -0.6 - - -
Eust -0.6 - - -
pr3+ -0.7 - - -
Th3* -0.8 - - -
Dy3+ -0.7 - - -
Yp3* -1.2 - - -
L a3t -0.3 -1.3 -2.4 -1.4 -2.5
Fe3* -0.3 - - R
Mg?* -0.4 -2.5 ] 24 6.0
ca?t -0.6 -1.6 - 2.3 -6.0
cu? -0.6 -1.4 -4.2 -2.3 2.4
Pb2* -0.7 -1.9 -2.0 -2.3 -2.6
Hg? -0.8 -4.0 -4.1 2.3 2.7
K* -0.7 - - R
Ag* -1.2 -1.5 -3.9 -4.0 2.8
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Figure 4.1(b): Calibration curvefor Ce(lll ) ion selective eledrode

EMF (v}

Figure 4.2(b): Effect of internal solution on potential response of the Ce(lll )-
selective electrode
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Figure 4.3(b): Effed of pH on theresponse of Ce(lll )-seledive electrode
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Figure 4.4(b): Effect of mixed solvent medium on EMF of the electrode.
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Figure 4.5b): Titration curve of Ce(lll ) solutionswith oxalic acid solution using Ce

(Il1")-seledive electrode
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(4c) PVC-based Dibenzo-18-Crown-6 Eledrodefor Ca(ll) lons

Introduction

Since the investigations relating to ionophae-based ISEs in 197, an increasing number of papers are
being pubished because of the simple operation and goodselectivity characteristics. Ca?*-sensitive
eledrodes were anong the first commercialy available ISEs (1-4). Clinical situations in which the in-

vivo monitoring o Ca?* are of interest include, for example, organo-transplantations, heme-dialysis or

exchange transfusion, duing which rapid changes in the concentration d the ionized cdcium may
occur. Such applications have made Ca?* ions one of the analyst’s top interests in ion-seledive

patentiometry. Important industrial applications are: Ca?*-ion measurements in bdler water, soils and
fertili zers.

Electrically neutral lipophlic ligands containing an appropriate number of binding sites of high
solvating ability can behave as ionophaes for alkali and alkaline earth cations. The maaocyclic
polyethers have cavities that can take up alkali and alkaline eath cations (5-6). Complexation accurs
between cation and the @hereal oxygen of the aown ether, and the resulting complexes are highly stable
and selective. These lipophilic ehers when incorporated into membranes behave & ionophae-based
ion-seledive dectrodes for alkali and alkaline erth cdions. Very few studies are available in literature
on the old crown ethers that were used as ion-seledive dectrodes. Gahan and co-workers have
investigated the interaction d monceza-polyoxa-crown ethers with Pb%*, Hg?*, Cd?* and zn?* by
patentiometry (7-9). Nakamura and Redhnitz prepared a Ba?*-seledive dectrode using dbenzo-18
crown-6 as the neutral carrier. But this electrode had very poa selectivity and suffered from
interferences from Na*, K, Mg2" and Ca2*. Dibenzo-10-crown-4 has been used for a Lit*-seledive
eledrode (10). Benzo-18-crown—6 tes been reported as a neutral carrier in K *-seledive eledrodes (11).

Reviews on macrocyclic ehers (12-14) provide a goodcomprehensive survey of the literature. It shows
that DB18C6 has not been used as an ionophae in making aCa?-seledive eledrode

Experimental

Reagents

Reagents, like dibenzo-18-crown-6 (DB18C6), dibutyl pthalate (DBP), bis-2-ethyl sebacte (2-BES)
were procured from Sigma-Aldrich. All other chemicals were of anayticd reagent grade. Double
distilled deionized water was used throughou the experiments.

Electrode Preparation

120 mg of powdered PVC, 10 mg of plasticizer, 10 mg of DB18C6 were mixed thorougHy and
dislved in abou 5 mL of THF. The mixture was put in a glassring d 30 mm diameter. The solvent
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was allowed to evaporate dowly at room temperature. The resulting membrane was attached to a glass
tube (4 mm, i.d) with an epoxy resin adhesive (Araldite) used as a binder. The membrane was
condtioned for 72 hoursin a0.1M solution o Ca" ions.

EMF Measurements
All emf measurements were carried ou with the following cdl assembly:

SCEID.1M Ca?*00membraneldkest solution[0ISCE
Equiptronics(India) potentiometer (+0.1mv) was used for the potential measurements at 27+0.1 Oc.

pH Adjustment

pH of the test solution was adjusted by wtsing 0.1N HCI or 0.1 N NaOH, as per requirement, added in
small increments to make the desired pH. Buffer solutions were not used to avoid the unrecessary
increase in ionic strength and the presence of metal ions from buffer.

Selectivity Coefficient M easurements

Selectivity coefficients for seventeen metal ions were determined by the fixed interference method
(FIM) (15-16). Appropriate volumes of afixed concentration d the interferingion (10'2 M) were added
to all the solutions of the primary ion and dotted calibration curves. Extrapolated calibration curves
were used to find the detection limits, which were further applied in Nikolski-Eisenmann equation (17)
to find the Kag values.

an

ZA

—_ ZB
= aB

(4.2)

KA,B

Here, a, isthe activity of the primary ion A and ag isthe activity of theinterferingion, B.

Results and Discussion

DB18C6 is a coplanar, symmetrica, pdyether with a strong charged cavity (18) with a diameter of 4 A
and can accommodate only the norsolvated metal cation. If calcium is being solvated in agueous
medium, the diameter (7 A) istoo large to be accommodated in the cvity. A high charge on the oxygen
atoms of DB18C6 makes the oxygen atoms as hard donas. Calcium ions are dso hard acids. So, thereis
a reasonably god interaction (ion-dipae) (19-22) between six oxygen atoms and the caZt ion. This
much o interadion is sufficient to make the complex of metal ion with the crown ether. The
complexationis not in the cavity but alittle ébove or below the cavity. Moreover, for a complex to be
eledroadive in an ion-seledive membrane, it is esentia for the complexing spedes to have reasonable
flexibility for decomplexation as well. This property is very much required for the applicaion d crown
ether as an ion-seledive dectrode. The process of complexation d cadcium ion with DB18C6 is
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supported by the work of Kim et a. (19), who determined K, values for DB18C6 with alkaline earth

metal ions and fourd the values to be in the order Ca?*< Sr2*<Ba?* in any solvent. These results
indicate that DB18C6 dces form the complex with the ca?t iors.

Selection of Plasticizer

Commonly used plasticisers are dibutyl pthalate (DBP) and kbs-2-ethyl sebacte (BES). All of these
were used in preparation d the membranes. Results with BES were very poar, so these are not reported.
DBP was used in membranes for detail ed studies.

Membrane Composition
The recommended composition (23) (by weight ratio) isionophae:PVC:plasticiser as 1:12:1.

Calibration Curvesfor the Electrode

A PVC-based membrane cntaining DB18C6 was equilibrated with 0.1 M cacium salt (Ca(NO,)

:4H20?] solutions for 3 days  as to completely saturate the cvities in the aown ether with cdcium
fons.>These calcium ions orming a reversible’complex with DB18C6 develop a potential with the

cdcium ion solution onthe other side of the membrane. The potentiometric resporse of the electrode

was gudied owver a mncentration range from 1x107 M to 1x101 M of Ca2* ions. The ISE exhibits a

linear resporee for Ca2* ions in the concentration range from 1x10° M to 1x101 M with a Nernstian
dope of 28.0 mV/decade shown in Figure 4.1(c). At concentrations lower than this, the resporse

deviates from the linear behaviour. Experiments were repeated 5 times to check the reproducibility of
the electrode system. Standard deviation d the calibrationis observed as £0.5mV.

Effect of pH

The effect of pH on the resporse of the sensor was studied over two different concentrations (1x10 M

and 1x10% M) of Ca?tions. Studies were caried out over a pH range of 1-12. Introducing HCl or
NaOH drop wise aljusted the pH, and the results are shown in Figure 4.2(c). The paotential difference is

independent of pH in the range 3 to 11. Therefore, this can be taken as the working H range for the
propased electrode system. Since at pH value lower than 4,adeaease in pdential is observed, probably

the electrode starts respondng to H* ions. At pH greaer than 12, the deviation can be assigned to the
formation o Ca(OH),, precipitates.

Interference Studies
Selectivity coefficients for the membrane dectrode were measured by the fixed interference ion method

(FIM) with a fixed concentration d the interferingion (1x102 M, 1x103 M and 1x10% M) and varying
the amourts of primary ions (Ca2+). The anf values are plotted against the logarithm of the primary ion
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adivity. Calcium ion concentrations correspondng to the intersection d the extrapolated linear portions

of the plots are used to cdculate Kas from the equation (4.2). K A5 valuesindicae that the eledrode is
quite selective for Ca2* ions in the presence of a large number of interfering ions particularly, Al3*,
Fe3*, Ni2* and Cu?*. The eledrode shows a better selectivity at the fixed interfering ion concentration
of 102 M. It is observed from the Table 4.1(c) that the degree of seledivity decreases with a decrease in
concentration d the interfering ion. The dectrode is highly useful for Ca?* ion cetermination when the

interfering ions are present in an approximate concentration 1072 M.

Potentiometric Titration

Potentiometric titrations were performed by wsing the propased electrode as an indicator eledrode for

the titration d 25 mL of 1x102 M Ca2+ ions against 1x101. M EDTA. The pH of the solution was
adjusted to 9-10 by wsing an appropriate volume of ammonium chloride and ammonia buffer. The
titration curve is shown in Figure 4.3(c). The airve shows a sharp inflexion point at the titrant volume

correspondng to the formation o an 1:1 complex of cacium ionswith EDTA.
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Table 4.1(c): Selectivity coefficients valuesfor Ca(ll )-seledive electrode by fixed
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interference method
Interfering log Kcap
ions (B)
Reference 24 25 26 27 28 Thiswork
Method SSM SSM FIM FIM FIM FIM
Lit -0.3 -1.3 -1.7 -0.8 -0.4
Nat +0.5 -0.8 -1.1 -1.2 -0.2 -0.2
Kt +1.4 +0.2 +0.6 -2.1 -0.2 -0.1
Mg?* - -0.4 -0.5 -1.5 -1.3 -0.4
g2t - +0.1 +0.2 - -0.8 -0.2
BaZt - +0.4 +0.5 - -1.0 -0.2
Pb2* - - - - - -0.4
Ag* - - - - - -0.1
Co?* - - - - - -0.6
Ni2* - - - - - -1.5
Zn?* - - - - - -0.4
Ccd?* - - - - - -0.1
ng"' - - - - - -1.8
Al3* - - - - - -1.9
Fe3* - - - - - -1.6
Rb* +1.9 +0.7 -0.4 - - -
H* +2.1 - - - - -
Cs' +2.0 +1.4 -0.2 - - -
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Figure 4.2(c): Effect of pH on theresponse of Ca(ll )-seledive electrode
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Figure4.3(c): Titration curve of Ca(ll ) solution with EDTA solution using Ca(ll)-
seledive electrode
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Chapter -5

ACY CLIC PODANDSAS ENSING MATERIALS

5(a) Potentiometric Performance of 2-Aminothiophenol-based Dipodal
lonophore asa Silver Sensing Material

Introduction

One of the greatest applications of neutral cariers in analytical chemistry is their use for separations,
enrichment and analyses of ionic spedes (1-3). In particular, ion-seledive electrodes are the most
important analytical toodls for detection d the target ions. Concentrations of certain ionic species can be
determined selectively in solutions containing various gedes by ion-seledive dectrode methods. lon-
seledive dectrodes are smple, handy and inexpensive as compared with ather analytical instruments.
Neutral carrier type ion-seledive dectrodes have been extensively studied and reutral ionophores like
thiacrown ethers (4, 5, agyclic dithioethers (6) and cdixarenes-containing sulfur binding sites (7, 8),
podand-type (9), dithiocarbamoyl moieties on steroid backbores (10) are being used as active
comporents in e ectrode membranes (11-18).

9,10Bis-(2-aminophenylthiomethyl)anthracene was chosen as a ligand in the membrane eledrode. It
was designed to exhibit complexation properties with Ag* and Cu?* ions and synthesized by ou co-
workers (19). This property of the ionophae made it suitable for making a dhemical sensor for Ag* and
Cu?* ions. However, the present report deals with its characteristics as a Ag(l)-seledive ionophae.

In moleaules, like rusticyanin having two N and two S bording sites, aromatic rings provide an
additional stability. With these structural feaures in mind, an acyclic fluroionophae-3) having 2
aminothiophend units as ligating sites placed on 9,10bis (methylene) anthracene was g/nthesized.
Here, the anthrancene moiety is a part of the main skeleton d theionophaoe, andis placed perpendicular
to the ligating site. So, the anthrancene unit would face the cavity of the ionophaee and is expected to
provide amuch-neaded hydrophobic environment and high complex stability. The possble ation-n
interactions in the cavity provide sensiti vity towards the metal ions:
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Preliminary studies (19) show that the ionophae is fluoresence active and show fluorescence quenching
with Cu?* and Ag* ions only in the presence of 500mM of these metal ions. Other metal ions, like Ni2*
Cd?*, zn?*, Hg?*, Pb?*, adkali and alkaline earth metal ions do nd affect the fluorescence of (3).

Therefore, (see abowve figure, 3) shows selective fluorescence quenching with Cu?* and Ag" and may be
used for their quantitative estimation.

Moreover, the eguilibrium constant of complex (3)-Ag* gives logK = 3.7+0.1, whil e the values for other
metal ions are very less (19). The ionophae (3) was studied by UV-visible spectroscopy to see the eff ect
of other transition metal ions and to understand the role of Te-cation interactions. A 20 uM amourt of
cations, like Ni2*, Cd?*, Hg?* and Pb2* do nd affect the asorption spectrum of the ionophae taken at
the same concentration (20 uM).

Sensitive qualitative assesament of binding strengths in a metal-ionophee complex is necessary for
useful comparisons of binding ligands. A chemosensor is a moleaular device that senses and reports its
binding towards the moleaular target. The chemosensor device that we describe here is containing a
binding packet comprised of two 2-aminothiophend arms attached to 9, 10 pasitions of the anthrancene
core which changes its configuration uponanayte binding. Complexation accurs between the cations
and ntrogen atoms and sulphur atoms of thioether of the ligand, and the resulting complexes are highly
stable and seledive for silver ions. These lipophli ¢ ligands, when incorporated into membranes, behave
as neutral carrier membranes.

Recent reviews on ionophae-based chemical sensors and research papers (20-32) provide an intensive
survey of literature. It shows that 9,10,bs-(2-aminophenylthio)methylene anthracene has not been used

as an ionophae in making Ag*-seledive eledrodes.

Experimental

Reagents

Reagents, like dibutyl pthalate (DBP), 2-nitrophenyloctyl ether (2-NPOE), bis-2-ethyl sebacate (BES)

and potassum salt of tetrachlorophenyl borate (KTCIPB) were procuded from Sigma-Aldrich. All other
chemicals were of analytical reagent grade. Double distilled deionized water was used throughou the
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experiments.

Electrode Preparation

Membranes of ~ 0.2 mm thicknesswere obtained by pouing a solution d the membrane comporents of
PVC 33%, ligand 26%, and 2nitro phenyl octyl ether 63% disslved in 2-3 mL of tetrahydrofurane
(THF). The viscous solution d paymer, thus obtained was poued in a glassring d 30 mm diameter
placed ona dust free Pyrex glassplate. The solvent was allowed to evaporate slowly for abou 24 hat
room temperature. To dbtain membranes with similar characteristics, viscosity of the casting solution
and the rate of solvent evaporation were controlled so that the thickness and morphdogy d the
membranes remained almost unchanged and the gpearance of the film looked like pale yellow color.
The membranes were then, removed from the glass ring and circular pieces of 1.25cm diameter were
cut and mounted onthe groundend d a pyrex glass tube with araldite and condtioned with a AQNO4

solution (0.1 M) for 24 h.

EMF Measurements
All the emf measurements were carried ou using the following cell assembly:

SCEON0.1M Ag*OmembranelAg™ test solnOOSCE

Salt bridges containing KNOg were used to provide dectrical links between KCI and Ag* solutions on
bath sides of the membrane. A digital potentiometer having a sensitivity of 0.1 mV (Equiptronics

EQ602, India) was used for the potential measurements at 25+0.1 °C. Activities were calculated
according to the Debye-Hickel equation (33). Standard AgNO4 solutions were obtained by gadua

dilution d 2a0.1M AgNO; solution and their potential measurements were performed.

Results and Discussion

The membrane material is a plastic, pdyvinyl chloride (PVC) that is highly hydrophobc and
impermedble to any ions. It is plasticized (softened) by addition d a similarly hydrophohc solvent, e.g.
0-NPOE (ortho ntrophenyl octyl ether). In order to reduce the resistance, it is usua to add a lipophilic
salt, e.g. K-TCIPB. So far, the membrane is just a flexible piece of plastic, which acts as a nea perfect
barrier to ions. To make it ion-seledive, a neutral ligand, which is s=ledive for the anayte and is
lipophlicin neture, isadded.

Optimization of the Membrane Composition

The sensitivity and selectivity of an electrode ae significantly affeded by the nature of plasticizer, the
composition d ionophae, interna solution (34-37), etc. So, for optimization of the membrane, the
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eff ect of the compaosition onthe resporse tharacteristics of the dectrode, like the slope of the clibration
curve, measurement range and detection limit were studied The electrode with the ratio PVC:2-
NPOE:DIANTH =33%:62%:5%, exhibits the best response with a slope of 60 mV per decade. Table 5.1
(a) shows that 2-NPOE is a more effective solvent medium than BES and DBP in preparing the Ag* ion-
seledive dectrode. The anourt of ion carrier DIANTH (figure 3) affects the sensitivity. Sensitivity of
the dectrode increases with increasingionophae content until avalue of 6% (w/w) isreached. A further
increase in percentage of ionophae results in a deaease in slope of the dectrode. This may be due to
the reason that equili bration d the ionophae with the metal ions is maximum at this compaosition.

Addition d potassum salt of tetrakis(4-chloro-phenyl) borate (KTPCIB) is known to increase the
sensitivity of the membrane & it reduces the anionic interference It is observed that the addition o this
lipophli c cation dces not affed the working electrode resporse.

Effect of pH

The pH was gudied in the range of 2 to 12 using 2x102 M and 2103 M Ag™ concentration. The pH
was adjusted by addition d dilute nitric acid or sodium hydroxide, as appropriate. It was observed that

the electrode responses were independent of pH over a range 3.3-8.0 as siown in Figure 5.1(a). The
variation above and below this range is due to the interference from excessH™ ions and hydolysis of
Ag" to form silver hydroxide.

Calibration Curve, Response Time and Detection Limit

The dectrode shows alinear resporse towards Ag* ions over a wide concentration range from 104 M to
101 M. The cdlibration curve has a slope 60 mV/decade with a detection limit of 3x10° M, which was
obtained from the intersection d two straight-line portions of the arrve in Figure 5.2(@). The slow
deaease in emf beyond 10° M is due to the release of silver nitrate, which was continuowsly co-
extracted from the inner eledrolyte and transported acrossthe membrane, and hence, leads to deviations
from the norma eledrode resporse. The increase in emf may aso be due to the passhility of
interference from the anions due to fail ure of Donnan exclusion prenomenonat very low concentrations.
The resporse time is measured by recording the emf of the electrode as a function d time, when it is
immersed in the solution to be studied. The estimated time to get a stable potential was 10 s.

The influence of concentration d the internal solution onthe dectrode potential was also studied. The

Ag* ion concentration was varied from 1.0x10* M to 1.0<10° 1 M and an emf vs. -log [Ag*] plot was
obtained. It was found that the variation in the concentration d the internal solution dd na cause any

significant differencein the enf, except for an expected change in the intercept of the resulting dots. A
1.0x10"1 M concentration df sil ver nitrate was used for further studies.
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Potentiometric Titrationsto find Detection Limit

Further, the detedion limit was evaluated by another method kased on patentiometric titrations. Figure
5.3(@) of different concentrations of silver ions against the Kl solution. During each titration the
concentration o potassum iodide is about 10-fold to Ag* ions. The plots between emf and vdume of
Kl are aperfect sigmoid curve and exhibit the 1:1 stoichiometry of the metal-ligand complex up to a
concentration d 1x104 M of the metal ion. At 1x10°° M, it shows an 1:2 stoichiometry, probably due to
anion interference. Beyond this (lower than 10° M) concentration, the sgmoid curve becomes parall e
to the X-axis. This shows that the detection limit can be taken as 1x10° M, i.e. the point beyondwhich
the curve beaomes parall € to the abscissa. This methodis better than the conventional method, in which
the detection limit istaken as the point of intersection d two straight-line portions of the airve.

The main advantage is that there is no effect of aliquid junction pdentia in ou proposed method, as
only the relative emf is plotted against the volume of the reagent and adual values of the emf are not
required in the potentiometric titrations. Hence, paentiometric titrations are dways considered more
accurate than direct potentiometry (38).

Potentiometric Selectivity Coefficient

lon-seledive electrodes are rarely ion-specific. The ability of an ion-seledive electrode to dstingush
between dfferent ions in the same solution is expressed as the selectivity coefficient -log KESﬁ,B . The
seledivity coefficient is not aways constant and depends on severa factors including the concentration
of bath ions, the total ionic strength of the solution and the temperature. All electrodes are sensitive to
some or the other ions, to some extent. For many appli cations these interferences are insignificant and
can often be ignaed. In some extreme ases, however, the dectrode is far more sensitive to the
interfering ions than to the primary ions and can orly be used if the interfering ions are only present in
trace quantities.

Selectivity coefficients were evaluated by the fixed interference method (FIM) (39) (interfering ion
concentration was fixed at 1x10°2 M). From the data of Table 5.2(a) it is clea that there ae no serious
interfering ions. In case of the matched pdential method (MPM) (39), a specified amourt of primary
ions is added to a reference solution and the membrane potential is measured. In a separate experiment,
interfering ions are successvely added to an identical reference solution urtil the membrane potential
matches with that one obtained before with the primary ions. The MPM-based seledivity coefficient is
then, defined bythe ratio of the primary to interferingion adivities. From data it is obvious that thereis
no serious interference from common ions. The proposed sensing materia is suitable for preparing
silver-seledive dectrodes and is excellent in its resporse to Ag* ions in the presence of potential
interferants, like Hg2*, Cu?* and Pb%" when compared with ather electrodes (see Table 5.5a)).
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Effect of Mixed Solvent M edium on the Electrode Response

Functioning d the membrane sensor was also investigated in mixed solvent media using methanal-
water, acetone-water and acetonitrile-water (see Table 5.3(a)). The membrane worked satisfactorily in
these media up to a maximum of 30% (v/v) content of methanadl, acetonitrile and acetone. In these
mixtures, the working concentration range and slope ae reported in Figure 5.4(a). However, a 20% norn+
agueous content showed the best resporsein al the media.

Direct Titration and Reverse Titration
A direct titration of AgNO, solution (taken in titration vessel) with the reagent K1 (taken in a burette)

was caried ou and the enf is plotted in Figure 5.5@). A reverse titration was also carried ou by taking
K1 in the vessel and AgNO; is added from a burette. The equivalence point for the reverse titration is
obtained at the same pasition as that in the forward titration. It confirms the 1:1 stoichiometry of the
chemical reaction taking dace in the solution and fast kinetics of the reaction at the dectrode.

Determination of Ag* in Presence of Interfering lons

Mixtures of Ag* with some probable interfering ions, like Hg?*, Cu?* and Pb%* were taken in different
propartions and titrated with KI. The inflection pants of these titration curves were used to estimate the
extent of interferences own, if any. Synthetic samples were prepared by taking into consideration the
aloys of silver with these metals. Solutions of mixtures of Ag* (1><1(T3 M) with each dof the interfering
other ions (1x10°3 M) were titrated separately with KI (1x10°2 M), as shown in Figure 5.6(a). The plots
in this Figure show that there is nointerference from Cu?* and Pb2* ions. Hg?" interferes in such away
that the extent of interference can be easily predicted. However, its presence does not dter the
equivalence paint of Ag*. Hence, Hg?" is a systematic interferingion. Many reports are indicating that it
is a seriously interfering ion (40-44). Even thoughthe proposed electrode shows moderate values of
seledivity coefficient by interference determination methods, like FIM and MPM, the patentiometric
titration method reported here shows that there is no interference from any metal ions. Hence, the
applicaion of a proper experimental procedure brings the dectrode dose to the ion-specific dectrode
for Ag* ionsin the presence of Hg?*.

A very interesting olservation is naticed when HgZ+ is dudied as an interfering ion. Experiments were
caried ou for the potentiometric titration o AgNO5 with KI. In an equimolar mixture of Ag*and Hg2+
ions, the equivalence point corresponds to the 3 equivalents of iodide ions (being 2 equivalents for
divalent mercury and 1 equivalent for univalent silver ion). It is clearly indicated that a third (1
equivalent) of the reagent is used upin precipitating the Ag™ ions and the two-thirds (2 equivalents) are
used up for predpitating the HgZ+ ions. Fortunately, the extent of interference of Hg2+ IS quite
predictable because the equivalence point is obtained a the epected pant at Figure 5.6(a),
correspondng to the 3-equivalents paint, thereby suppating the hypahesis (i.e, 2 unts reagent was
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used for Hg?" ions and ore unit reagent for Ag™ ion) proposed here.

Further, the titrations were carried ou by taking dfferent amourts of ng+ ions. When it wastaken in a
concentration lessthan that of Ag* ions, nointerferences was observed and the titration curve obtained
was exactly the same @ that as if ng+ was not present at al. The similar resporses of the dedrode
towards Ag™ and Hg?" are due to the reason that Ag* and Hg?" are isoelectronic and have the d1°
eledronic configuration in their respective penultimate shells. This was further established from the
titration curve, where the anf remained stable in the pre-equivalence region d the arve and dd na
change even when the stoichiometric anourt of ng+ was completely precipitated and Ag* started
forming precipitation with iodide ions. During this part of titration, first ng+ is predpitated as Hg,l,
because of its lower Kgp, value than that of Agl. After the complete precipitation o ng+ as Hg,l,, the
precipitation o Ag* as Agl begins. This indicaes that the ionophae is not able to distinguish between
Hg?* and Ag" ions when the mncentration of Hg?* is larger than that of Ag®. As the mncentration o
interfering ions deaeases, the inflexion pant of titration is not shifted from the equivalence point of

Ag", indicating clearly that there is nointerference by ng+ ionsin Figure 5.7(a).
Deter mination of Sulphate, Thiocynate, Cynaide, and lodide Contents Present in Spiked Sample
Solution

Silver ions form stable complexes with species, like SCN”, CN” 8042' and S% in a stoichiometric way.
To determine these species, there is hardly any need to find their electrodes. The ation-seledive
eledrode (like that of Ag" ions) can be used for the quantitative determination o anions (that for
insoluble salts with the said cation) as well .

The potentiometric titration for sulphide ions was caried ou by taking a solution d silver ionsin a
vessl and sodium sulphide is added from a burette. The potentiometric titration curve is $own in
Figure 5.8a(i). While, in case of cyanide and thiocynate, the anion solutions were taken in vesels and a
slver ion solution was added from a burette, because of the severely hazardous nature of the CN™ and
SCN™ solution. The results are shown in Figure 5.8a(ii) and Figure 5.84(iii ), respectively. The inflexion
points of the titration curves for S% and SCN" are sigmoidal in nature and that for CN™ is smi-
sigmoidal. All the aurves shown here are sharp enoughto calculate the inflexion pants accurately. So,
the method can be gplied for a quantitative determination d the reported anions.

Simultaneous Deter mination of Halides from a Mixture

To establi sh the applicabili ty of the proposed chemicd sensor for Ag* ions, paentiometric titration d a

mixture of halide ions containing equal concentrations of CI°, Br" and I” ions was caried ou with
AgNOg. The proposed chemical sensor based onthe ionophae was used as an indicator €lectrode. The

titration curve shows three inflexion pants correspondng to the precipitation d 17, Br~ and CI” in the
given sequence in Figure 5.9a). Inflexion pants are well defined for each pert of the arve. A little
deviation rear the end d the titration for ClI” may be due to the relatively high solubility product value of
AgCl (1x1010 M) as compared to AgBr (4x1013 M) and Agl (1x1016 Mm).
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This appli cation establishes that the electrode is a versatil e chemicd sensor for the determination d Ag*
ions aswell as the anions forming stable complexes or predpitates with Ag* ions.

Determination of Chloride Contentsin Tap Water

The proposed eledrode is used for determining the chloride contents present in drinking water, bah in
boiled and retural condtions. The equivalence point is determined by wing Gran’s plots as siown in
Figures 5.1((@) and 5.11a). Chloride contents determined by these methods were comparable with those
measured using an Orionion-seledive dectrode (940016 for Cl™ ions. Theresults shown in Table 5.4(a)

are comparable to each ather, and indicate the satisfactory applicaion d the proposed sensor for Cl™ ion
determination.
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Table5.1(a): Optimization of membrane ingredients

Page 102 d 215

Sl. PVC Plasticizers Ligand KTCIPB | Slope Detedion

No (Wt%) (Wt%) (Wt%) (Wt%) (mV/decade) limit [M]
1 33 | 65 (2-NPOE) 2 - 50 1x104
2 33 | 64 (2-NPOE) 3 - 52 1x104
3 33 | 63 (2-NPOE) 4 - 57 5x104
4 33 | 62 (2-NPOE) 5 - 60 6x10™°
5 33 | 61 (2-NPOE) 6 - 60 6.3x107°
6 33 | 60 (2-NPOE) 7 - 65 5x104
7 33 | 59 (2-NPOE) 8 - 50 1x104
8 33 61 (DBP) 6 - 62 5x107°
9 33 61 (BES) 6 - 51 5x107°
10 33 | 60 (2-NPOE) 6 1 60 5x10°°
11 33 | 59 (2-NPOE) 6 2 52 5x10°°
12 33 | 58 (2-NPOE) 6 3 40 1x10%

Table5.2(a): Potentiometric selectivity coefficientsfor interferingionsby FIM &

MPM

Interferingions (B)

Pot
log Kag+s

FIM

MPM

Na*

-1.9

2.1
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K+ -1.8 2.1
Mg2 -2.5 2.1
calt -2.5 -2.3
o2+ -2.3 -2.5
Pp2* -2.1 -2.7
cu?* -2.2 -1.7
Co?* -3.0 2.4
Ni2* -2.1 -2.6
712+ -2.2 -2.6
Cd2* -3.0 -2.6
Hg?* -2.3 -2.3
Fe3* -2.2 -2.5

Page 103 d 21¢

FIM: Primary ion concentration varied from 1X10°M to 1x101 M, interfering ion concentration is 1X102 M.
MPM: Primary ion concentration is 1X10* M-1x107, reference solution is 1X10* M and interfering ion

concentration added is 1X102 M.

Table5.3(a): Eledrode response in mixed solvent media

Mixed solvent Percentage, Slope, Detection
[VIV] mV/decade limit, [M]

Methanol: Water 10: 90 50 2.5x10°
20: 80 51 4.0x10°

30:70 46 5x10°

Acetonitril e; 10: 90 54 5x107°
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Water 20: 80 58 5x10°

30: 70 50 3.1x107°

Acetone: Water 10: 90 60 3.1x107°
20: 80 60 5x10°
30:70 62 5x10°
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Table5.4(a): Comparison of chloride content in water samples deter mined by

the proposed chemical sensor and Orion (941600 Electrode

Page 105 d 21¢

Sr. No. Sample Chloride contentsin ppm

Proposed electrode Orion Cl™-seledive
eledrode

1. Natural (i 7.1 (i) 6.8
water (ii) 6.9 (ii) 6.8
(iii) 7.1 (iii) 6.8
2. Boil ed water (i) 149 (i) 150
(ii) 147 (ii) 150
(iii) 148 (iii) 151
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Table5.5a): Comparison of various slver-seledive electr odes with the proposed

eledrode
S lonophore Slope Measuring pH Lifetime K Pot Referenc
No. mv/ range [M] range | (months) | log "“Ag+B
decale
1 Polystyrene-based Me6(14) 53 5x106-101 | 25-95 4 -4.5 45
diene:2HCIO,
2 Schiff-base—p-tert butylcdix[4] 58 105-101 1-6 6 -2.0 46
arene derivative
3 Two cdix [4] arene derivatives 58 5x106.101 | 25-6.5 -- -2.6 47
functiona- lized by two hydroxy
and two benzo
thiazolylthioethoxygroups,
4 Schiff base of [bis 5-(4- 56 2 7x10" 2 - 25-7 | Longlife 2.3 48
nitrophenyl azo)salisylaldimine] ' .6 time
1,8-diamino, 3,6-dioxo octan 1.9x10
(BNSAO)
5 Tweeze-type and non-tweeze- 60 10°9-103 -- -- 3.6 49
type ionophores containing
dithiocarbamoyl groupsona7-
deoxy cholic amide or cholane
derivatives
6 2-[(2-{ 2-[(2-Carboxy phenyl) 59 2 0x1078- 25-87 - -1.79 50
sulfanyl] ethoxy} ethyl)sulfanyl] o )
benzoic add 1x10
7 tert-butylcdix[4]arene tetra(all yl 58 104-101 -- -- -2.2 51
ether)
8 25,27-dihydroxy- 26,28-bis[5-(4- 61.4 5x10°8- 3-7 1 -3 52
methyl-6hydroxypurimidine) thia I
amyl oxy] cdlix[4]arene 1x10
9 Methyl-2-pyridyl ketone oxime 59.8 and 10°6-10'? 25-85 3 -35 53
(MPKO), phenyl-2-pyridyl 60.5
ketone oxime (PPKO) and big[2-
(ocarboxythiophenoxy) methyl]-
4-bromo-1-methoxybenzene
10. Schiff base p-tert-butyl cdix[4] 54
arene derivatives containing N 60 10°- 101 1-10 -23-3.3
and O as hinding sites
11. 6-oxa-3,9 dithiabicicle [9.3.1] 43 5x108 -102 -- 6 -- 55
pentadecal(15),11,13-triene
(MAO)
12. | Cdix[2]furano[2]pyrrole 57.1 1x10°6 - 28-12 - -1.7apH>5 56
- -35apH 2.5
1x10
13. | 2,2’-dithiobis(benzo thiazol€) 60.3 8.3x107 - 2-75 - -3.0 57
0.094
14. | 9,10,Bis-(2- 60.0 104 -101 3.3-80 6 23 inpres
aminophenylthiomethyl)
anthracene
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Figure 5.1(a): Effect of pH on the potential response of Ag-ISE based on dipodal

120
1/ ]l B & I 8§ |
oo - m -
|
20 -
|
m
3 .
= 60 -
=
T}
E g
sattl & W sos m ", .
- = -3
ol e 151073
* 1 1072M
ol T T T T T T
2 3 4 5 & 7 = 11
pH

ionophore

P C : plasticizer: ligand
D+ # 33:82:5
*  Weasuring range: 107 -107"M
-20 9 ®  potection limit el M
®*  Siope B0 myidecade
_a0
— _B0 -
=
£
80
=
i -100
120
140
180
-180 T T T T T T T
g 7 B 5 4 3 2 1

loglaag]

Page 107 d 215

Figure5.2(a): Calibration curvefor Ag-1SE based on dipodal ionophore
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Figure5.4(a): Calibration graphsof Ag-1SE in mixed solvent media
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Figure 5.5@a): Potentiometric titration (direct and reverse) on Ag-seledive electrode

Figure 5.6(a):
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Figure5.7(a): Determination of silver contentsin the presence of various
concentrations of Hg2+ ions
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Figure5.1Qa): Gran’splot for the determination of chloride contents present in a
drinking water
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Figureb.11(a): Grans'splot for the determination of chloride contentspresent in a
boil ed water sample
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(5b) Potentiometric Performance of 2-Aminothiophenol-based Tripodal
lonophore asa Silver Sensing Material

Introduction

The need for selective and sensitive sensors able to monitor in real-time and real-space the concentration
of analytes of biological, clinical, and environmental interest is nowadays generally accepted (1-6).
Various kinds of sensors are now avail able but liquid membrane-based eledrodes are stil| standing at the
pe&k pasition d electrode systems, due to its their advantages, like high sensitivity and selectivity. In
this context, specia interest has been devoted to the development of liquid membrane dedrodes for soft
metal ions, since some of them are present in biological systems in trace anounts and, at the same time,
they al can represent an environmental concern when present in urcontrolled amourts. In recent years,
arelatively large number of ion-seledive eledrodes (7—13 including cdix[4]arene derivatives (14-16,
crown ether derivatives (17-19 and tweezer-type compounds (20) have been reported. However, these
eledrodes generaly exhibit a long resporse time, a narrow working concentration range or a moderate
seledivity. Mercury ion interference is the main reason for a continued search for new silver-seledive
sensors for the past few years. Searching for new ionophaes with high seledivity for silver ions with
lessinterference from mercury ionsis still a challenge for the analytical research efforts. To improve the
anayticd seledivity, it is essential to search nowe carrier compounds that would react with silver ions
with high selectivity.

Tripodal ionophaes have a specia structure due to their three flexible dona-atom-containing chains.
Due to this, they can form complexes with many cations from alkali and akaline eath metas to
transition metals (21-25). By chemical modification d the arms (e.g. changing the chain length o the
dona-atom) and undr certain experimental condtions, a tripodad ionophee @an carry metal ions
seledively. In an atempt to find seledive metal ion carriers our coworkers have designed and
synthesized 2,4,6tris(2-aminophenylthio methyl)-1,3,5trimethylbenzene as tripodal ionophae and
examined it for silver meta ions.

Experimental

Reagents

Reagents, like dibutyl phthalate (DBP), 2-nitrophenyl octyl ether (2-NPOE), were procured from
Sigma-Aldrich. All other chemicals were of analyticd reagent grade. Double distilled delonized water
was used throughou the experiments.

Electrode Preparation and EM F Measurements

The procedure for membrane preparation is ssme as in the previous ®dion 5a) with Poly(vinyl
chloride) PVC (33 %), ortho-Nitrophenyloctylether o-NPOE ( 63) and tripodal ionophae (4%). Discs of
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1.25cm in dameter were cut from the PV C-membrane and incorporated into a glasstube tube tip with
adeshive glue (Arddite). The eledrode was condtioned by soaking in 0.1 M aqueous lution o
AgNO4 for 24 h.

All emf measurement were carried ou with the foll owing el ectrochemical cell assembly:

SCE[0.1M Ag* 0O membrane JAg" test solution 0 SCE

A digital patentiometer (Equip-tronics, EQ-602, India) was used for the patential measurements at
25t0.1° C. Activities were alculated according to the Debye-Huckel quation (28). AgNO4 solutions
for calibration d the electrode were obtained by gadual dilution o 0.1 M AgNO, solution. The salt

bridge used here was Agar-Agar-KNO,.

Results and Discussion

The principle of I SE chemistry involves permselective transport of analyte ions from adjacent aqueous
sample solutions into ionoplore-incorporated in the organic liquid membrane. This processleads to an
ion-seledive charge separation at the ajueous/organic interface, and the dhange in boundry paentials
beammes a measure for the analyte ion concentrations (activities). The development of the liquid-
membrane |SEs makes much to the progressof supramolecular chemistry and has played an important
rolein bridging supramolecular chemistry with analytical chemistry.

Optimization of the Membrane Composition

The nature and amourt of membrane ingredients aff ect the sensitivity and selectivity of the ionophae
(29-30). The dharacteristics of several membranes having dfferent compositions are shown in the
Table 5.1(b) as ®e in the table, the increasing ligand concentration improves the performance of the
eledrode in slope and detection limit. At 1-3% of the ionophae the eledrode exhibits a sub-Nernstian
dope. At 4% content of ionophae, the slope becomes Nernstian and a subsequent increase in the
ionophae @ncentration shifts the eledrode resporse to the sub-sub-Nernstian range. Results are
shown in Table 5.1(b). The reason for this trend could not be ascertained easily. Among the three
different plasticizers 2-NPOE, DBP and BES, 2-NPOE is the best plasticizer (due to its high deledric
constant makes the ionophoe in free movement and fast exchange in complexation and
decomplexation between ionophore and silver ions).

On the basis of the resporse tharacteristics of the propased sensing material, following pant is worth
considering: The tripodal iongphore undergoes a series of Nernstian resporses garting with sub-
Nernstian at lower concentration d the ionophae to Nernstian at optimized concentration and then to
sub-sub-Nernstian at higher concentration. This diows at 4% a dynamic complexation between
ionophae and silver ions.
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Calibration Curve and Internal Solution Concentration

The potential resporses of the Ag eledrode at different concentrations of Ag*™ ions ow a linear
resporse to the concentration d Ag* ions in the range from 104 M to 101 M. The slope of calibration
curve is 56 mV/decade while the detedion limit is 3x10° M obtained from the interseion o the two
extra-plotted curves of the calibration gaphin Figure 5.2(b). Further, the detection limited is evaluated
from another method kesed on pdentiometric titration d different concentration of silver ions vs
different concentrations of Kl solution. During each titration, the ancentrations of potassum iodide ae
maintanied 10at afold more concentrated than the Ag™ ions. The graph between emf and vdume of K1
is shown as a perfect sigmoid curve and exhibited an 1:1 complexation upto a cncentration o 1x104
M. At 1x10° M it shows an 1.2 complexation and beyond this concentration, the sigmoid curve
bemmes constant along the X-axis [see Figure 5.3(b)]. This $hows that the detection limit can be taken

as1x10° M. The resporse time is measured by recording the enf of the dectrode & afunction d time,
when it isimmersed in solution to be studied. The estimated time to get stable potential was 10 seconds.

Effect of pH

The pH was studied in the range from 2 to 12 using 1x103 M Ag* concentration. The pH was adjusted
by addition d dilute nitric acid or sodium hydroxide, as appropriate. It was observed that the potential
respornses were independent of pH over the range of 2.5-8.5 in Figure 5.1(b). Below and abowve the
variation, the change in emf is due to interference from excess H* ions and hydolysis of Ag* and
formation d silver hydroxide.

Potentiometric Selectivity Coefficient

In the fixed interference method, a 1x1023 M concentration of interfering ions was used for caculating
the selectivity coefficient values (32). In the matched paential method, a constant initial background d
the primary ion (10 M) was used. The dectrodes arealy reported in literature, generally suffer from
stronginterference by mercury ions (33-35), bu the propased eledrode system shows a goodsel ectivity
for silver ions even in the presence of these ions [see Table 5.2(b)]. Selectivity coefficients were also
determined using the titration method for a binary mixture of all the interfering with Ag* ions. The
results indicate that the equivalence point is observed at the stoichiometric point of an 1:1 complex
formation. It shows that the presence of mercury ions along with silver ions does nat alter the seledivity
coefficient of silver.

Effect of Eledrode Responsein Mixed Solvent Medium

The working rature of the sensor was aso studied in mixed solvents medium using methanol-water,
acetone-water and acetonitrile-water mixtures. The membrane showed a satisfactory resporse in the
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medium upto 30 (V/V) nonagueous content [see Table 5.3(b) and Figure 5.4(b)]. The working

concentration range (10 to 10'1 M) remains the same whil e the slope varies in a narrow range. The best
results are observed at 20% non-aqueous medium.

Potentiometric Titration

Potentiometric titrations are anong the most accurate because the potential follows the actual change in
adivity and therefore, the end pant will often coincide directly with the equivalence point. The
membrane electrodes were immersed in the analyte solution (I", SCN-, CN", 1x103 M etc.) and the
initial EMF was recorded. The titrant (Ag*, 1x102 M) was added in the incremental amourts of 0.5 mL
onthetitration vessd fitted with a magnetic stirrer system. With each addition a new EMF was observed
and it was recorded. The readings of EMF values were plotted as a function d volume of the reagent
added from the burette.

Direct and Reverse Titration of Ag* lons

50mL of Ag*ions, 1x10° M solution, was titrated against K| solution o 1x102 M. The potential brek
was observed at an 1:1 complex formation of the metal-ionophae and metal ion and I” ions interadion,
and the same observation was made during the reverse titration also [seeFigure 5.5b)].

Potentiometric Titrations of Binary, Ternary and Several Mixtures of lons

50 mL of solution containing some binary and some ternary mixtures of Ag* ions (1x10° M) with
interfering ions was titrated against Kl solution d 1x102 M. In each titration orly ore break in EMF
correspondng to the Agl complex formation was observed. The titrations siow an equivalence point
correspondng to the formation d 1:1 and 12 complexes with " ions. No break in titration was observed
correspondng to the complex formation with Hg?* ions. It indicates that the eledrode does not respored

to HgZ+ ions. These results show that mercury is nat interfering in silver determination as shown in
Figure 5.6(b).

Low Level Potentiometric Determinations of CN°, SCN™ and SO42'
The propased sensor can be used as a probe for the determination d anions, like SCN-, 8042‘, CN™ with

which Ag" forms very stable soluble amplexes. The propased electrode was used as an indicator
eledrode for the determination d these ions. The titration curves were plotted and shown in Figure 5.7

(b). The difference of these titrations from those with 1™ ions was that the aurves were half sigmoid in
shape and nd true sigmoid. These airves were, hovever, goodenoughto locate the equivalence point of
the titration. The break in slope was correspondng to an 11 complex formation. All the three

ionophaes $how the similar behavior during the potentiometric titrations. 50 mL of the 1x103 M anion
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solution mixture was titrated against 1x10 2M Ag* solution. The potential break was observed at an 1:1
complex formation d the silver-anion complex.

Potentiometric Determinations of Cl°, Br~ and |~ Contentsin a Mixture
50 mL of the halide mixture of 1x10° M was titrated against AgNO,4 solution (1x102 M) The titration

[Figure 5.8(b)] shows threebreaks correspondng to an 1:1 complex formation o Ag* ions with I, Br,
and CI, respectively. This trend can be explained onthe basis of the solubility product. The Ks|o values

areinthe order I < Br" < Cl". lodide ions precipitate first and then, bromide and chloride ions foll ow.

*kk
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Table5.1(b): Optimization of membrane ingredients
Sl.No | PVC Plasticizers | Ligand | NaTPB | Slope Detection
(Wt%) | (Wt%) (Wt%) | (Wt%) | (mV/ | limit (M)
decade)

1 33 |[66(2NPOE) | 1 - 25 | 5 0x10°
2 33 |[652NPOE)| 2 - 27 | 5.0x10°
3 33 |64(2NPOE)| 3 - 28 | 6.3x10°
4 33 |632NPOE)| 4 - 56 | 3.1x10°
5 33 | 62(2NPOE) 5 - 16 1.0x10%
6 33 | 612NPOE)| 6 - 17 1.0x10%
7 33 | 60(2NPOE) | 7 - 19 1.0x10%
10 33 63(DOP) 4 - 46 | 5.0x10°
11 33 63(BES) 4 - 40 5.0x10°
12 33 |612NPOE)| 4 1 58 | 5.0x10°
13 33 |[592NPOE)| 6 2 52 | 5.0x10°
14 33 |[5802NPOE)| 6 3 40 1.0x10%

11/20/06
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Table5.2b): Potentiometric seledivity coefficient by FIM and MPM
ogky [ etens

FIM MPM

Na' -1.4 -1.7

K+ -1.0 -1.9.

Mg2* 20 -2.2

cazt -1.9 -2.1

Sr2t 2.4 -2.1

Pp2* 2.4 -2.2

cu?t 2.1 -2.2

Co?t -2.4 -2.2

Ni2* 2.5 -2.2

7t 25 -2.4

o 25 -2.3

ng+ 25 -2.2

Fe3* 25 -2.3

(FIM: Primary ion concentration varied from 1X10°° M to 1X10"2 M, interfering ion concentrationis 1X102 M. MPM:
Primary ion concentrationis 1X104 M-1X1072, reference solution is 1X10* M and interfering ion concentration added is

1X102 M)
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Table5.3(b): Electrode responsein mixed solvent medium

Mixed Solvent Mixed Slope, Detection
solvent, (% mV/decade Limit, [M]
VIV)
Methano!: 10:90 48 5x10°
water 20:80 53 2x104
30:70 56 1x104
Aceonitrile: 10:90 54 1x10%
water 20:80 52 4x10°
30:70 52 4x10°
Acetone: 10:90 54 3x10°
water 20:80 55 3x10°
30:70 54 2x10°
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Figure 5.1(b): Effed of pH on the potential response of Ag-1SE based on tripodal

ionophore
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Figure 5.2(b): Calibration curvefor Ag-1SE based on tripodal ionophore
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Figure 5.3(b): Sensitivity of potentiometric titration to predict its detedion limit
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Figure 5.5(b): Potentiometric titration of Ag* ionsagainst |” ions (direct & reverse)

Figure 5.6(b):
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5(c) Potentiometric Perfor mance of 8-hydroxyquiniline-based

Tetrapodal lonophore asa Silver Sensing M aterial

Introduction

A considerable attention has been gven onthe design d the molecular architecture & the dectrode-
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solution interface and the utilization d supramolecular interactions in making chemicd sensors (1-2).
Electrically neutral, lipophli c ion-complexing agents of relatively small molar massare known to ad as
ion cariers having the capabili ty to selectively sense the ions in aqueous phase. Transport of these ions
aaoss the lipophlic membrane barriers by carrier translocation is used in preparing ion-seledive
eledrodes (3-6). In this chapter, the interaction of ions with ligands in water and water-like media ae
focused using tetrapodal ionoplores as chemical sensing material and established that these type of
molecules are excellent in preparing silver ion-seledive eledrodes.

Due to the continuous usage of silver-based salts and their compounds in daily usage, like phaography,
dentistry, electronic industry and medicine, monitoring d silver ions at the site level isthered challenge
in analytical laboratories (7-18). Determination d silver ions in presence of ng+ ionsisadifficult task.
Due to their d1° electronic oconfiguration, the system follows snguar coordination characteristics (19).
Many reports showed that ng+ is a serious interfering ion (20-25), but our report in the determination

of Ag* ions claims that this ion is interfering systematically and its prediction is very aacurate by the
proposed method.

Experimental

Reagents

Reagents, like dibutyl phthalate (DBP), 2-nitrophenyl octyl ether(2-NPOE), were procured from
Sigma-Aldrich. All other chemicals were of analyticad reagent grade. Double distilled deionized water
was used throughou the experiments.

Electrode Preparation and EM F Measurements
Procedure for the membrane preparation (26) is same as in previous fdions of this chapter. The
eledrodes were prepared by taking Poly(vinylchloride) (PVC) (33%), ortho-nitrophenyloctylether, o-
NPOE (61%), tetrapodal ionophae (5%) in 56 mL of THF. The electrodes were condtioned by
soakingin 0.1M aqueous lution d AgNO; for 24 h.
All emf measurements were carried ou with the foll owing el ectrochemical cdl assembly:

SCE0.1M Ag* OOmembranedOAg" test solutiond SCE
A digital potentiometer (accuracy, £0.1 mV, Equip-tronics, EQ-602, India) was used for the potential

measurements at 25+0.1 °C. Activities were clculated according to the Debye-Huckel equation (27).
AgNO; solutions for calibration d the dectrode were obtained by gadual dilution o 0.1 M AgNO,

solution. The salt bridge used here was Agar-Agar-KNO,.
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Results and Discussion

In pradice no ion-seledive dectrode has ided selectivity for one particular ion (28) and undr most
condtions, there is more than ore ion present in the sample solution and the contribution & EMF by
interferingionisalso to be considered.

Optimization of the Membrane Composition

Nature and amount of the membrane ingredients aff ect the sensitivity and seledivity of the dectrode
(29-31). Performance characteristics of several membranes having dff erent compasitions are shown in
Table 5.1(c). Increasing the ligand concentration improves the performance of the dectrode in slope
and detection limit and attained the best resporse & 5% of it. Membrane at Sr. No. 4in Table 5.1(c)
giving Nernstian slope was slected for further studies. Among the three different plasticizers, 2-
NPOE, DBP and BES, 2-NPOE is the best plasticizer. Its high delectric constant helps the ionophae
in free movement and fast exchange in complexation and decomplexation ketween the ionophae and
the silver ions.

Calibration Curve and Effect of |nternal Solution Concentration

The dectrode shows a linear response towards Ag* ions over a wide concentration range from 104 M to

101 M. The cdibration curve has a slope of 60 mV/decade with a detection limit of 3x10°° M obtained
from the intersection d two straight-line portions of the airve in Figure 5.1(c). Further, the detection

limit is evaluated by another method kased onthe potentiometric titration d different concentrations of
slver ions against K1 solution. During each titration, the concentration d potassum iodide is abou 10-
fold to Ag* ions. The plots between emf and vdume of K| are aperfect sigmoid curve and exhibit an
1:1 stoichiometry complexation upto a concentration d 1x10% M. At 1x10° M, it shows an 1:2
stoichiometry complexation. Beyond this concentration, the sigmoid curve becomes parallel to the X-
axis. This shows that the detection limit can be taken as 1x10° M in Figure 5.2(c). This methodis better
than the conventional methodin which the detedion limit is taken as the point of intersection of the two
straight-line portions of the arve.

The resporse time is measured by recording the emf of the electrode as a function d time, when it is
immersed in solution to be studied. The estimated time to get a stable potential was 10 secondks.

The influence of the cncentration d the internal solution onthe dectrode potential was also studied.

The Ag™ ion concentration was varied from 1.0x1074 M to 1.0x10°1 M and emf vs -log[Ag*] plot was
obtained. It was found that the variation in the concentration d the internal solution dd na cause any

significant differencein the enf, except for an expected change in the intercept of the resulting dots. A
1.0x10"1 M concentration df sil ver nitrate was used for further studies.
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Effect of pH

Electrode resporse was gudied by varying pH in the range 2 to 12usinga Ag* concentration of 1x10°3
M. It was observed that the potential responses were independent of pH over the range of 2.5-8.5for the
eledrodes in Figure 5.3(c). Below and above this range the variation is due to the interference from
excessH* ions and hydolysisof Ag* ions.

Potentiometric Selectivity Coefficients

Selectivity of any ion-seledive sensor is clearly ore of its most important characteristics as this property
often determines whether a sensor may be used reliably for the target sample or nat. It is evaluated by
the fixed interference method (32) (interfering ion concentration was fixed at 1x102 M and matched
patential method (33)). From the data in Table 5.2(c) it is obvious that there is no serious interference
from the mmmonions.

Effect of Electrode Responsein Mixed Solvent Media

Functioning d the membrane sensors was also investigated in mixed solvent media using methanal-
water, acetone-water and acetonitrile-water. The membrane worked satisfactorily in partialy non
agueous media up to a maximum of 30% (v/v) content of methanadl, acetonitrile and acetone, Table 5.3
(c) and Figure 5.4(c). In these mixtures, the working concentration range and slope remained almost
constant. However, a 10% non-agqueous content showed the best resporse in al the media.

Direct Titration and Reverse Titration

Potentiometric titrations are more reliable than most of other modes of titrations because relative emf is
plotted against activity. The end pant often coincides directly with the eguivalence point. A large
patential break will occur at the equivalence paint. Titration is also carried ou in the reverse order, i.e.
Kl istaken in the titration vessel and istitrated against AQNOg, taken in aburette. The egjuivalence point
is observed at the same position to that of the forward titration (see Figure 5.5(c)). It confirms the 1:1
stoichiometry and fast kinetics of the reaction at the electrode surface.

Determination of Ag* in Presence of Interfering lons

Mixtures of Ag™ with interfering ions, like Hg?*, Cu?*, Pb%* were taken in dfferent propartions and
titrated against KI using the Ag-1SE based onthe tetrapodal ionophae. The inflection pants of these
titration curves were similar to those obtained using an Ag-1SE based in DIANTH, discussed in chapter
5(a). The trends of titration curvesin Figure 5.6(c) and Figure 5.7(c) were also similar to those reported
in chapter 5(a) with the tripodal ionophae-based ISE. It is once again established that Hg 2t s
interfering (20-25) in the Ag* ion determination in a systematic way.

Simultaneous Deter mination of Halides from a Mixture

To establish the applicability of the propcsed tetrapodal ionophae-based chemical sensor for Ag* ions,

a potentiometric titration d a mixture of equal concentrations of Cl°, Br and |I” ions was carried ou
against AgNO,. The titration curves in Figure 5.8(c) show three inflexion pants correspondng to the
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precipitation d I, Br” and CI” in the given sequence

This application establishes that the dedrode is a versatile dhemical sensor and can be used as an
indicator electrode in paentiometric titration for the determination o Ag* ions as well as anions
forming stable ammplexes or precipitates with Ag* ions.

*kkkk
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Table5.1(c): Optimization of membrane ingredients
SI.No PVC, Plasticizer, lonophore, NaTPB, Slope, (mV/ Detection
(Wt%) (W1%) (Wt%) (W1t%) decade) limit,
[M]
1 33 65(2-NPOE) 2 - 50 1x104
2 33 64(2-NPOE) 3 - 52 1x104
3 33 63(2-NPOE) 4 - 57 5x10%4
4 33 62(2-NPOE) 5 - 60 3x10°
5 33 61(2-NPOE) 6 - 65 5x10%
6 33 60(2-NPOE) 7 - 60 6.3x10°
7 33 59(2-NPOE) 8 - 50 1x104
8 33 61(DBP) 6 - 62 5x10°
9 33 61(BES) 6 - 51 5x10°
10 33 60(2-NPOE) 6 1 60 5x10°
11 33 59(2-NPOE) 6 2 40 1x10%
12 33 58(2-NPOE) 6 3 52 5x10°
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Table5.2(c): Potentiometric seledivity coefficient by FIM and MPM
log K%, Interfering ions

FIM MPM

Na* -1.4 -1.6

K* -1.8 -1.9

M92+ -2.4 -2.2

ca* -2.2 -2.2

g2t -2.6 -2.5

v -2.5 -2.3

cu* -2.5 -2.3

Co2t -2.5 -2.3

Ni2* -2.0 2.4

7n2* -2.3 -2.5

cd? -2.0 -2.2

Hg2* -1.9 2.2

Fed* -2.5 2.7

Page 135 d 21¢

(FIM: Primary ion concentration of varied from 1X10® M to 1x10™1 M, interfering ion concentration of 1X10°2 M.
MPM: Primary ion concentration is 1X10* M-1x107, reference solution is 1X10* M and interfering ion

concentration added is 1X102 M)
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Table5.3(c): Effed of Ag*-seledive electrode in mixed solvent media

Mixed Solvent | Solvent:water Slope, Detection
mV/decade Limit, [M]

Methanal: 10: 90 54 2.0x10°
water 20: 80 51 4.0x10°
30: 70 50 5.0x10°

Acetonitril e: 10: 90 60 3.0x10°
water 20: 80 60 6.3x10°
30: 70 57 5.0x10°

Acetone: 10: 90 59 2.5x10°
water 20: 80 56 2 5x10°
30: 70 55 4.0x10°
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Figure 5.1(c): Calibration curvefor Ag-ISE based on tetrapodal ionophore
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Figure5.2(c): Sensitivity of potentiometric titration to predict the detection limit
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Figure 5.3(c): Effect of pH on the response of Ag-ISE
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Figure 5.4(c): Calibration curvesof Ag-1SE in mixed solvent media
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Figure 5.5(c): Potentiometric titration of Ag* ionsagainst | ions (direct and

Figure 5.6(c): Potentiometric titrations of Ag* ionsagainst I ionsin presence of
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Figure5.7(c): Potentiometric titration of Ag* ionsagainst | ionsin presence of
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5(d) Potentiometric Perfor mance of 8-hydroxyquinolinol-based Tetrapodal
lonophor e as Coated-wire Eledrode for Silver (1) lons

Introduction

Coated-wire dectrodes (CWEs) were first introduced in the mid of 19705 by Freiser (1-3). In the
classcd CWE design, a condwctor is diredly coated with an appropriate ion-seledive polymer
membrane (PVC) to form an electrode system that is ensitive to eledrolyte concentrations. The CWE
resporse is gmilar to that of classcal ISEs, with regard to detecting ability and range of concentration.
The gred advantage is that it eliminates the need for an internal reference éectrode, resulting in benefits
during the desire to miniaturise and mass fabricate sensors. This has led to the development of
potentiometric solid-state sensors with new sensing systems, namely solid contact eledrodes (SCEs) (4)
such as lid crystal membranes and coated-wire dectrodes (CWES) (5-9). The substrate in the wire-
type electrodes is usually a platinum wire, bu silver, copper and gaphite rods have dso been used.
CWEs are manufactured by dpping a metal wire into a solution d the membrane mixture. This is
particularly useful for the in- vitro and in-vivo biomedical and clinicad monitoring d different kinds of
analytes.

Out of seven passble quindinals, ony 8-quindinad forms chelate ammpound with metal ions (10). On
the basis of stability regularities two classes of divalent metal oxinates have been distinguished: those in
which the metal ion reacts primarily with the negatively charged oxygen (zinc, cadmium, magnesium)
and those in which the primary reaction may be passble with the cvalent nitrogen (cobalt, copper,
nickel) of theionophae.

The recent reports (11-21) and reviews (22-23) show that a lot of improvement in the performances of
coated-wire electrodes is ill required to be made.

Experimental

Reagents

Reagents, like dibutyl phthalate (DBP), 2-nitrophenyl octyl ether (2-NPOE), were procured from Sigma-
Aldrich. All other chemicals were of analytical reagent grade. Doulde distilled deionized water was used
throughou the experiments.
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lonophore and its Special Features

The phenomenon d recogntion depends primarily on multiple host—guest interactions. Locking for
conformations of bath the host and the guest makes negative contributions to the total free energies of
the system. So, in addition to the complementarity of binding sites, the spatial placement of suburits
constitutes the major criteria for designing rew receptors (24-27). Synthetic receptor molecules that
seledively complex with charged guest molecules can be used to transport salts through liquid
membranes and to transduce chemical information into eledronic signals. In bah cases, the receptor
molecules are present in thin membranes in contact with aqueous lutions. Extreme lipophilicity of the
receptor molecules is therefore required. 8Hydroxyqunadline and its derivatives are known to be the
best chelators after EDTA and its derivatives, due to their guest- moduated chromogenic and
fluorescent behaviour. Accordingly, they have dtained prime significance and have been used in metal
ion extraction and detection by \arious methods. It was designed to exhibit complexation properties with
Ag* ions and hes been synthesized by ou co-workers (28).

Electrode Preparation and EMF Measurements

The procedure for the membrane preparation (29) is as follows: Poly(vinylchloride) (PVC) (33%), 2-
nitrophenyloctylether (2-NPOE) (62%), 1,2,4,5tetrakis(8-hydroxyquindin oxymethyl)benzene (4%)
were dislved in 56 mL of THF. The solution was reduced to 2-3 mL by evaporation. To prepare an

eledrode, a platinum strip of 0.25 cm? was dipped in a highly viscous lution for several times. A
membrane was formed onthe platinum surface and it was all owed to evaporate in air for 5-6 hous. The
eledrode was condtioned by soakingin 0.1M aqueous lution d AgNO4 for 24 hous.

All emf measurements were carried ou with the following electrochemical cdl asembly:

SCE [0Ag" test solutionCionophor e membr anelPt

A digital patentiometer (accuracy, +0.1 mV, Equip-tronics, EQ-602, India) was used for the potential

measurements at 25+0.1 °C. Activities were calculated according to the Debye-Huckel equation.
AgNO4 solutions for the clibration d the electrode were obtained by gradual dilution d 0.1 M AgNO,

solution. The salt bridge used was made from Agar-Agar and KNO,.

Results and Discussion

An interesting application d the Ag"™ ionophae is also the incorporation d Ag* complexes of such
ionophaes into membranes that directly contact a Pt surface The reversible Ag*/ionophae cougde

gives a well-defined phase boundry padential at the membrane-solid interface, eliminating the need of
an internal solution (1). The ideal relationship between the dectrode output (mV) and the activity a of

the ion d interest is given by the Nernst equation. In practice no ion-seledive electrode has an idea
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seledivity for one particular ion and under most condtions, there is more than ore ion present in the
sample solution and the ntribution to the enf by the interfering ion is also to be considered. The
modified form of the Nernst equation, i.e. The Nicolski-Eisenman equation is used for caculating the
seledivity of the electrode by fixed interference method (FIM).

The soft heavy metal ions such as Ag*, Pb?tand Hg?" have agreat affinity to soft coordination centers,
like nitrogen and sulfur atoms (29-32). The proposed tetrapodal ionophae is free from sulphu dona
atoms on the principle of “Hard Soft Acid Base” concept and it is expected lessinterfering from ng+
ions. Four nitrogen atoms, which ad as dona atoms and coordinate dfectively with silver ions, make
the ionophae more suitable for Ag* ions. The structural features of ligands containing orly nitrogen
dona atoms is likely to select only Ag* but not mercury ions, otherwise mercury is a serious
interferencein all silver ion-seledive eledrodes due to their common dl° system.

Optimization of the Membrane Composition

Nature and amourt of the membrane ingredients affed the sensitivity and seledivity of the electrode
(33-36). Performance characteristics of several membranes having dfferent compositions are shown in
Table 5.1(d). Increasing the ligand concentration improves the performance of the electrode in slope and
detedion limit and attained the best resporse at 4% of it. Membrane & Sr. No. 3 giving a Nernstian
dope was sleded for further studies. Among the three different plasticizers, 2-NPOE, DBP and BES,
2-NPOE is the best plasticizer. Its high delectric constant hel ps the ionophae in free movement and fast
exchange in complexation and decomplexation between ionophae and sil ver ions.

Calibration Curve
The dectrode shows a linear response towards Ag* ions over a wide concentration range from 10> M to

101 M. The cdibration curve has a slope of 60 mV/decade with a detection limit of 1x10% M obtained
from the intersection d the two straight-line portions of the curve. The @libration curve was drawn &

times and the representative curve is s1own in Figure 5.1(d).

Detection Limit by Potentiometric Titration Method

Further, the detection limit is evaluated by anather method kased on patentiometric titration o different
concentrations of silver ions against Kl solution. During eadh titration, the concentration d potassum
iodide is abou 10 fold of Ag" ions. The plots between emf and vdume of K| are a perfect sigmoidal
curve and exhibit an 1:1 stoichiometry of Agl predpitation upto a concentration o 1x104 M. At 1x10°
M and 1x10° M it shows a semi-sigmoidal curve but is goodenoughto indicate 1.1 stoichiometry of the
reactionin Figure 5.2(d) and exhibits an 1:1 complexation. Beyondthis concentration, the sigmoid curve
bewmmes parale to the X-axis. This $rows that the detedion limit can be taken as 1x10% M. This
method is better than the conventional method in which the detection limit is taken as the paint of
intersedion d the two straight-line portions of the airve. The main advantage here is that there is no
consideration d a liquid junction pdential in ou proposed method as only the relative emf is plotted
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against the volume of the reagent, and absolute values of the enf are not required. Moreover,
patentiometric titrations are a'ways more accurate than drect potentiometry.

Effect of pH

The eledrode resporse was studied by varying the pH in the range from 2 to 12 using an Ag*
concentration of 2X10°3 M. The pH was adjusted by the addition d the required amount of nitric acid
or sodium hydroxide solution, as appropriate. It was observed that the membrane dectrode resporse was
independent of pH over the range of 3.5-8.0. Below and abowe this range in Figure 5.3d(i), the variation
is due to interferences from excessH* ions and hydolysis of Ag™ and formation o silver hydroxide.

Further, the pH effect on the emf was gudied in presence of other interferingions, like ng+, Cu?* and
Pb2*. In case of Ag™ and Cu?*, the enf decreased with increase in pH up to pH=6, after this when pH is
lowered to pH=5, the emf is increased by abou 30 mV. It remains constant at this level up to pH=8 and

abowve this value, the emf decreases sarply dueto the formation of Ag* hydroxide.

In presence of ng+, the initial pH of the Ag* solution was about 1.5. It was raised by the addition o
sodium hydroxide solution and correspondng emf measurements were dore. Plots between pH vs emf
show that there is a stable enf up to pH=3.5, theredter, the enf decreases darply upto pH=4 again it
bemmes constant up to pH=8.2. This trend may be dore due to precipitation o ng+ ionswith OH" ions
to form Hg(OH), up to pH=3, while Ag* is dill not precipitated and give a stable emf up to pH=8.
Abowe this pH, asharp decrease in emf indicates the predpitation d AgOH (see Figure 5.3dii)).

In case of ternary mixtures of Ag*, Hg?" and Cu?* and four component mixtures of Ag*, Hg?*, Cu®*
and Pb2* (each metal ion taken in equal concentration) it shows two emf trends one in the range of 1.5
to 3.5 and the other one from 4.0 to 80. These ae due to the precipitation o ng+ and Ag® ions,
respectively. It may be due to the reason that at pH=6, copper hydroxide formation starts and continues
up to pH=7. Hence, duing this process the interference from copper ions was removed and the emf
rises again (due to Ag* ions only). The pH effed studies suppat the selectivity behaviour of the
ionophae towards slver ions as in the presence of interfering ions the emf resporse changes as a
function d pH.

Potentiometric Selectivity Coefficients

The selectivity of any chemical sensor is clearly one of its most important characteristics as this property
often determines whether the sensor can be used reliably for the target sample or nat. It was evaluated
by fixed interference method (37) as well as matched pdential method. Interfering ion concentration
was fixed at 1x102 M during Ki,j determination by FIM.

From the data in Table 5.2(d) we can find that there is no serious interference from common ions, like
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ng+ and Pb%*. The reported logK values are in the range of -2.0to -2.5. These values show a high
seledivity of the proposed eledrode system in presence of the interfering ions having similar chemical
properties. At the same time, the limits indicate that alkali metal ions have more tendency to interfere.
More interference from akali metal ions as sen in FIM method can be asciated to the limitations of
the FIM as it depends on charge ontheion.

Direct Titration and Reverse Titration

Potentiometric titrations were caried ou in the forwarded direction bytaking Ag* ions in the titration
vesEl and iodide ion solution added from the burette. The plots are between emf drawn between emf
and vdume of the reagent added. Titration was also carried ou in the reverse order, i.e. Kl istaken in
the titration vessel and is titrated against AQNOg. The eguivalence point of reverse titration is observed
at the same pasition to that for the forward titration the 1:1 stoichiometry is confirmed as well as fast
Kinetics of the reaction at the electrode surface (see Figure 5.4(d)).

Determination of Ag* in Presence of Interfering lons

Mixtures of Ag™ with interfering ions, like Hg?*, Cu?*, Pb%" were taken in dfferent propartions and
titrated against Kl. The infledion pants of these titration curves were used to estimate the extent of
interferences shown, if any. Synthetic samples were prepared by taking into consideration the alloys of
silver with these metals. Solutions of mixtures of Ag* (1x1Cf3 M) with each of the interferingion (1x10
3 M) were titrated separately against Kl (1x102 M). The plots show that there is no interference from
Cu?* and Pb%* ions, as the equivalence paoint is obtained correspondng to an 1.1 stoichimetry. A very
interesting olservation is noticed when ng+ is dudied as an interfering ion. Experiments were
performed for potentiometric titration d AgNO, against Kl in the presence of ng+ ions. In an
equimolar mixture of Ag* and ng+ ions, the equivalence point corresponds to 3 equivalents of iodide
ions. It is clearly indicated that 1/31d (1-equivalent) of the reagent is used upin precipitating the Ag*
ions and 23" (2-equivaents) are used up for precipitating the ng+ ions. Fortunately, the extent of
ng+ of interferenceis quite predictable because the equivalence paint is obtained at the expected pant
of equivalence. Hg2+ interferes in such a way that the extent of interference can be easily predicted.
However, its presence doesn't alter the equivalence point of Ag". Hence, ng+ is a systematic
interfering ion. Many reports (38-42) indicate that ng+ is a serious interfering ion. Even thoughthe
proposed eledrode shows moderate values of selectivity coefficient for mercury, the potentiometric
titration values $ow that there is a calculated interference from mercury ions. Hence, the usage of a
proper experimental procedure brings the dectrode close to the ion-specific dedrode for Ag* ion in
presence of Hg?".

Further, the titrations were dore by taking dfferent amourts of ng+ ions. When it is taken in

concentration lessthan that of Ag* ions, no interference is observed and the titration curve obtained is
exactly the same to that as if Hg2" is not present at all. This is due to the reason that Ag* and Hg? are
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isoelectronic and bdh of these have a d1° dedronic configuration in their respedive penultimate sub
shells. Moreover, the ionic radii of both of these ae dso comparable (Agt=1.12 A%, Hg?*=1.02 A9).
This is further established from the titration curve where the enf remains stable in the pre-equivalence
region o the aurve and daes not change even when the stoichiometric amourt of Ag* is completely
precipitated and ng+ starts forming precipitation with iodide ions. During this part of titration, first
ng+ is precipitated with iodide ions because of its lower Ks|o value (5x1029) than Agl (KSP=1x1016).
After the complete precipitation of ng+ as Hg,,, the precipitates of Agl begin. This indicates that the
ionophaeisnat able to dstingush between ng+ and Ag* ions. Asthe concentration d interferingions
is decreased from

103 M to 104 M, the inflexion point of titration is remaining the same & if no ng+ ions are present,
clealy that there is no interference by the ng+ ions (see Figure 5.5d)) at the ancentration lessthan
103 M of ng+ ions. The conclusion d this observation is that the proposed electrode is behaving like
an OFF and ON with respect to an interference of ng+ at certain concentration levels.

Determination of SCN”, CN", and 05" Contents Present in Spiked Samples

Silver forms complexes with species, like SCN°, CN, 10", etc., in a stoichiometric way. Potentiometric
titration for sulphide ions was carried out by taking a solution d silver ions in the vessel, and sodium
sulphide is added from the burette. The potentiometric titration curve is shown in Figure 5.6d(i). While
in case of cyanide, thiocynate and iodate the anion solution was taken in the titration vessls and silver
ion solution was added from the burette, because of the severly hazardous nature of the CN™ and SCN~
solutions. Titration curves are shown in Figure 5.6d(ii) and Figure 5.6d(iii), respectively. The inflexion
points of titrations for the 105" and SCN™ curves are sigmoid in nature and that for the CN™ is mi-
sigmoidal. All the airves hown here are sharp enoughto calculate the inflexion pants accurately. So,
the method can be gplied for a quantitative determination d the reported anions.

Simultaneous Deter mination of Halides from a Mixture
To establi sh the applicabili ty of the proposed chemicd sensor for Ag* ions, paentiometric titration d a

mixture of halide ions containing equal concentrations of F~, Cl°, Br” and |~ ions was carried ou against
AgNOg. The proposed chemical sensor based onthe ionophae was used as an indicator €lectrode. The

titration curve shows four inflexion pants correspondng to the precipitation o 17, Br', CI” and F in the
given sequencein Figure 5.7(d). The inflexion pants are well defined for each part of the curve. A little

deviation rear the end d the titration for the F ion may be due to the relatively high solubility product
value of AgF as compared to AgCl (1x1019 M), AgBr (4x1013 M) and Agl (1x1016 Mm).

This appli cation establishes that the electrode is a versatil e chemicd sensor for the determination d Ag*
ions aswell as the anions forming stable complexes or predpitates with Ag* ions.

Determination of Chloride Contentsin Tap Water
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The proposed electrode was used for determing the diloride ntents present in drinking water, bath in
boiled and retural conditions. The dloride contents determined by these methods were compared with

those measured using the Orion lon-Selective Electrode for CI™ ions (941600Q. The results are
comparable and shown in Table 5.3(d). The results indicate asatisfactory applicaion d the proposed

sensor for the Cl™ ion cetermination.

*kk
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Table5.1(d): Optimization of membraneingredientsfor tertrapodal-based Ag-ISE

S PVC, | Plasticizer, | lonophore, | NaTPB, Slope, Detection
No | (Wt%) | (Wt%) (Wt%) (Wt%) (mV/ limit, [M]
decade)
1 33 65 2 - 70 1x10%
2 33 64 3 - 62 6x10°
3 33 63 4 - 60 1x10°
4 33 62 5 - 60 3x1096
5 33 61 6 - 56 5x10°
6 33 60 7 - 51 6.3x10°
7 33 59 8 - 47 1x10%4
8 33 63 4(DBP) - 62 5x10°
9 33 63 A(BES) - 51 5x10°
10 33 62 4 1 60 1x10°
11 33 61 4 2 40 1x10°
12 33 60 4 3 52 5x10°
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Table5.2(d): Potentiometric seledivity coefficient by FIM and MPM for

tetrapodal-based Ag-I SE

Pot i
ogkZs | et

FIM MPM

Na" -1.1 -1.6

K* -1.5 -1.8

Mg?* 2.2 2.2

cat 2.2 2.2

g2t -2.6 -2.5

Pp2* 2.5 -2.3

cu?t -2.6 -2.3

Co?t 2.5 -2.3

NG -2.0 2.2

2t -2.3 -2.3

ca?t -2.0 2.2

Hg2* -1.9 -2.1

Fe3t -2.5 -2.3

Page 150 d 21¢

(FIM: Primary ion concentration varied from 1x101 M to 1x10® M, Interfering ion concentration is 1x102 M, MPM:
Primary ion concentration is 1x102 M-1x10“ M, reference solution is 1x10* M and interfering ion concentration added is

1x102 M)
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Table5.3(d): Comparison of chloride mntent in water samples determined by
Tetrapodal-based Ag-ISE and Orion chloride-seledive electrode

S Sample Chloride contentsin sample water (ppm)
No. Proposed electrode Cl-seledive elearode (Orion
941600
1 Natural water 7.0 () 6.8
(ii) 6.9 (ii) 6.8
(i) 7.1 (i) 6.8
2 | Boiled water ()149 (1)150
(i) 149 (ii)150
(iii) 149 (iii)151
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Figure 5.2(d): Potentiometric titrations of different concentrations of AQNO, aganst
K1 for Ag-ISE based on tetrapodal ionophore
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Figure 5.3(d): Effed of pH on theresponse of Ag-1SE based on tetrapodal ionophore

in presence of

(i) Ag'ionsand Ag*and Cu?tions

(i) Ag'ions; Ag', Cu?* and Hg?" ions; Ag', Cu?t, Hg?*and Pb?* ions
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Figure 5.4(d): Potentiometric titration of Ag*™ ionsaganst |~ ions (direct and
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Figure 5.5d): Potentiometric titrations using binary, ternary and quaternary
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Figure 5.6(d)[i, ii and iii]: Determination of SCN, CN" and IO5" contents present in
the sample by potentiometric titration aganst AQNO,
solution using Ag-I1 SE based on tetrapodal ionophore
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Figure 5.7(d): Simultaneous determinations of halide ions by potentiometric
titration against Ag™ ions using Ag-1 SE based on tetrapodal ionophore
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5(e) 8-Hydroxyquinoline-based Neutral Tripodal lonophore as a Copper (11)-
seledive Eledrode and the Effed of Remote Substitutents on Eledrode
Properties

I ntroduction

8-Hydroxyquindline is the name, most frequently used in the analytical chemistry; the common rame
oxine is very convenient, particularly for the description d the chelate compounds, which may be
oxinates. Out of seven passble quindinadsonly 8-quindina forms chelate cmompound with metal ions.
The uses of these dhelate @mmpounds for the determination d the metas, particularly magnesium and
aluminium have been the subject of more than five hunded research articles snce 1927,as well as of
several reviews. On the basis of stability two classes of divalent metal oxinates have been dstinguished:
those in which the metal ion reads primarly with the negatively charged oxygen (zinc, cadmium,
magnesium) and those in which primary reaction may be possble with the covalent nitrogen (cobalt,
copper and nckel) (1).

8-Hydroxyquindine and its derivatives have found extensive applications as analyticd reagents in
absorption spectrophdometry, fluorometry, solvent extraction and pertition chromatography because of
thelir ability to form complexes with many metal ions. 8-Hydroxyqunadine and its derivatives are aso
used as fungicides, amoebicides, bactericides andinsedicides (2).

In view of the design, synthesis and pdentiometric characterization d new ionophaes that are ather
more selective than thase of previous reported or can recognize alditional ionic speaes, still remains an
important topic of research. Carrier-based PV C-membrane electrodes are routinely used as analytical
todsfor the monitoring d awide variety of different ionsin various samples (3-6).

Tripodal ionophaes (7-12) are gaining increasing interest as tods for their analysis and separation o
metal ions as well as for many hiologicd and aher applications. A novel 8-Hydroxyqunaline based
tripodal ionophae (13) has been synthesized by ou coworkers and characterized as a neutral carier
ionophae selective for Cu(ll) ions. Due to three flexible dona atoms (N atoms) containing 8oxine
ligandsit selectively forms a complex with Cu(ll) ions over a large number of other ions.

Cu(ll) is the third in abundance [after Fe(ll) and Zn(l1)] amongst the essential heavy meta ions in
human bodyand days an important role in various biological processes. Cu(ll) is also a significant
metal pollutant due to its widespread use. The Cu(ll) toxicity for humans is athoughlow compared to
other heavy metals but certain microorganisms are affected by even a submicromolar concentration o
Cu(ll). Thoughaverage cncentration d Cu(ll) in eath crust is nealy 50 ppn, bu a concentration as
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high as 2000 ppn has been found rear copper production facili ties and in soil near to copper industries
disposed dof sites.

Due to the vital importance of copper in many hiologicd systems (14,15 and industry (16) and the
need for a copper-seledive dectrode for the potentiometric monitoring o Cu?* in trace mncentrations
in dfferent industrial, medicinal and environmental samples, a variety of ion carriers have been used
in the construction d copper (I)- seledive electrodes. However, poa detection limit and serious
interference of metal ions, like Fe3*, Na*, Sr2*, Co?*, Ni2*, K*, Hg?" and Ag" in estimation o Cu(ll)
has necesstated the development of new Cu(ll) potentiometric electrodes. Atomic &bsorption
spectrometery and spectroscopic methods are also used for the estimation o Cu(ll). However, due to
their expensive analytical approach, smpler and econamical methods are required. In recent years, the
ion-seledive electrodes commonly based on ionophaes have provided simpler and econamical
approaches for estimation d various metal ions.

A number of potentometric sensors based ondifferent ionophaes have been reported. In these, some
of the copper sensors are - alkyl thioglycolic add (RSCH,COOH, R=Cg_,,) (17,18, thiacrown ethers

(19,20, cdixarenes (21,29, Schiff’' s bases (23,24) and nortyclic neutral ionophaes (25,26. In
addition, some soli d-state electrodes based onCuS-Ag,S are also well established (27,28, but cations
such as Hg?*, H922+, Ag* and Fe3* present serious interferences (29, 30. Reviews on carrier-based
ion-seledive dectrodes (31-35) and recent reports (36-41) provide agood comprehensive survey of
the literature.

It shows that no mesitylene-based carrier is used in making a membrane eledrode. So, we report 2,4,6
Tris(8-quindoxymethyl)1,3,5trimethylbenzene [MOH8Q], 2,4,6Tris(5-chloro-8-quindoxy)1,3,5
trimethylbenzene [5CHQ], 2,4,6Tris(5-benzoyl-8-quindloxy methyl)1,35-trimethylbenzene [SBHQ)]
and 2,4,6Tris(5-benzohydoxy-8-quinaoxy- methyl)1,3,5trimethylbenzene [HYD-8HQ] ionophaes
as Cu?*-seledive membrane materials. Mesitylene provides a platform and 8-oxine groups are acting as
ligands. Mesitylene substituted at 2, 4, 6 pasitions by 8-oxine provide the ionophae and dbutyl
phthalate is applied as a plasticizer. Tetrahydrofuran (THF) is used as a solvent mediator for casting the
membrane.

Experimental

Reagents

Reagents, like dibutyl pthalate (DBP), 2-nitrophenyloctyl ether (2-NPOE), bis-2-ethyl sebacate (BES)
and pdassum salt of tetrakis(4-chloro-phenyl) borate (KTPCIB) were procured from Sigma-Aldrich.
All other chemicals were of analytical reagent grade. Doulle distilled deionized water was used
throughou the experiments.
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Electrode Preparation

Membranes of 0.2 mm thicknesses were obtained by pouing a solution d the membrane components:
PVC, 33%,; ligand, 26%; dibutyl phthalate, 63% dislved in 2-3 mL of THF. The viscous lution o
polymer, thus obtained was poued in a glassring and transformed into a membrane & explained in
previous dions of this chapter. The prepared membranes were removed from the glass ring and
circular pieces of 1.25cm diameter were aut and mourted on the groundend d a Pyrex glass tube with
araldite and condti oned with Cu(NO,), solution (0.1 M) for 24 hous.

EMF Measurements

All the emf measurements were carried ou using the following cell assembly:

SCE[D.1M Cu?"[Imembranelld Cu?*test soln(O0SCE

A digital patentiometer (Equiptronics EQ602,India) was used for the patential measurements at 25+0.1
°C. Activities were alculated according to the Debye-Huckel equation (42). Standard Cu(NOg),

solutions were obtained by gadua dilution d 0.1 M Cu(NO;), solution and their potential
measurements were performed in unbdfered solutions.

Results and Discussion

Potential Response and Selectivity of the Electrode

An eledric potential is developed acrossthe membrane when electrolyte solutions of different activities
of Cu(ll) ions are placed oneither side of it. Its magnitude depends on the activiti es of the ions aswellas
the dharaderistics of the membrane comporents and their relative ratios. Seledivity of the membrane
represents a special attraction for that ion in presence of other similar ions. Selectivity is a function d
free energy change resulting from complexation and decomplexation of the ionophae with Cu(ll) ions.
As the water uptake capacity of such membranes changes with the anourts of plasticizer, the amount of
plasticizer is also knawn to influence the magnitude of potential. In ou study, electrodes with dfferent
amourts of the ionophae and dasticiser are evaluated. The fabricated electrodes are tested by observing
parameters, like slope, detedion limit and response time repeatedly to check the reproducibility for each
membrane dectrode. The resporse is consistent in slope of the cibration curve & well as the detection
limit. The optimum concentration d the ionophae was sl ected by changing the ionophae content from
2% to 6 % (by weight) with increments of 1% each time [seeTable 5.1(e)]. Selectivity coefficients were
determined by Fixed Interference Method (FIM), in which a fixed concentration d the interfering ion
(1x103 M) was mixed with the copper ion solutions ranging from 108 M to 101 m. Selectivity co-
efficients are calculated from the detedion limit of the extrapolated cdibration curves. This experiment
was dore for a number of metal ions, like Na', K*, Cd?*, Pb?*, etc., as interfering ions, by using the
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same concentration. From the results, it is observed that the dectrode recognizes the primary ion [Cu2+]

reasonably well even when some other ionis present. Thelog chzﬁfM valuesliein therange of -1 to -3 for

most of the metal ions indicating an excdlent selectivity of the membrane for Cu(ll) ions that is s1own
in Tables5.2(e) and 5.3e).

Optimization of the Membrane Composition

Sensitivity and selectivity of an electrode ae significantly affected by the nature of plasticizer (43, 49,
compasition d the membrane (45), interna solution (46,47, etc. The effed of compasition onthe
resporse dharacteristics of the electrode, like slope of the ibration curve, measurement range and
detedion limit were studied. The dectrode with the ratio PVC:DBP:MHO8Q ; 33%:63%:4%, exhibited
the best resporse with a slope of 30 mV per decade. As it is obvious from Table 5.1(e), DBP is a more
eff ective solvent medium than 2-NPOE in preparing the Cu?" ion-seledive dedrode. Sensitivity of the
eledrode is affected by the anourt of the ionophae MO8HQ. It increases with increasing ionophae
content until a value of 4% (w/w) is reached. A number of compasition with varying amourts of the
ionophae and the plasticizer content were tried for the substituted ionophaes-based membranes, like
5CHQ, 5BHQ and HYD-8HQ. Membranes of 5CHQ, 5BHQ and HY D-8HQ having compasitions of
PVC:DBP:ionophaoe as 33:61:6 9 wt% show the best resporses as regards the slope and the measuring
range concentrations. These eledrodes were selected for further studies. A further increase of the
amourt of ionophae resulted in a decrease in the slope of the electrode. This may be due to the reason
that equilibration d theionophae with the metal ionis maximum at this composition.

The adition d potassum salt of tetrakis(4-chloro-phenyl) borate (KTPCIB) is known to increase the
sengitivity of the membrane (48) as it reduces the anionic interference. It is observed that the addition d
a lipophlic cation (KTPCIB) does nat affect the working electrode resporse and hence, is not used in
the membrane preparation.

Effect of pH
The influence of pH on the response of the membrane dectrode (MO8HQ, 5CHQ, 5BHQ and HYD-

8HQ) was dudied at 2 different concentrations, i.e. 1x10% M and 1x10% M, over apH range 1-12. The
pH was adjusted by introducing small drops of HNO, (0.1 M) or NaOH (0.1 M) as per requirement and

the results are shown in Figure 5.2(e). The emf is independent of pH in the range of pH= 4-7 for
MO8HQ while for 5CHQ and BHQ the pH range with stable eledrode potential was 3-7 and HY D-

8HQ pH was 3-9. The variations above and below this pH range may be due to the formation d Cu(OH)
»and protonation d the nitrogen atoms of the ligand, respectively.

Effect of Internal Solution Concentration
The influence of the concentration d internal solution onthe emf resporse of all Cu?* ion-seledive
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eledrodes was studied and the results how that a variationin the mncentration (1x101 M-1x10% M) of
the internal solution daes nat significantly change the dectrode resporse of slope while parameters, like
measuring range and detection limit changed to considerable extent (Table 5.2(e)). A 1x103 M
concentration d internal solution gave the best resporse in Figure 5.1(e) and was chasen for further
studies.

Inhibition to the primary ion flux from the inner reference solution to the membrane phase is probably
due to the sudden decrease in extraction of the anions due to “Donran Exclusion Phenomenon’, e.g|
NO; ] from the inner reference solution to the membrane phase. This activity is possble due to the
presence of dona nitrogen atoms of the ionophae in the membrane phase. However, the ratio o
primary ion concentrations across the membrane danges with the diange in concentration d the
primary ion from the other side of the membrane. Ancther test to confirm that no adual transport of
primary ionistaking dace acossthe membraneisthat the patential difference doesn’t change with time
and remains dable up to five minutes, on keeping the dectrode in a sample solution d very dilute
concentration. This phenomenon is true and hdds goodfor all primary ion concentrations in the test
solution. It confirms that Donran exclusion d the membrane is well established.

Calibration Curve, Detedion Limit, Response Time and Lifetime
Calibration curves were drawn for all the electrodes (Electrode Nos. 4,16,21and 26, respectively, for
MOB8HQ, 5CHQ, 5BHQ and HYD-8HQ) over a mncentration range from 10% M to 101 M with an

internal filli ng solution d Cu?* (1x103 M) ions. All the electrodes showed reprodicible slopes of 30
mV/decade. For five repeded experiments the standard deviations of the slopes were gproximately

+0.5 mV. Representative aurves are shown in Figure 5.3(e). The workable @ncentration range for
MOB8HQ, 5CHQ, 5BHQ and HY D-8HQ was foundto be 1x10% to 101 M for Cu(ll) ions. The workable
concntration ranges for all the eledrodes are comparable to each ather and are all in the range 1x10 5Mm.
However, the detedtion limits, as cdculated according to IUPAC recommendation [49], are 5x107 M
for MOBHQ, 5x10°% M for 5CHQ, 5x107 M for 5BHQ and 1.6x10’ M for HY D-8HQ.

The membrane dedrodes could be used for at least 4-5 months withou any measurable divergence of
emf. During thistime detedion limits of the sensors remained almost constant and slopes of the sensors
varied £2 mV of the reported value. After this time, the dedrode behavior gradually decreased.
Electrodes were stored in 1.0x10° M Cu(NOy), when na in use to avoid any change in the @pper ion
concentration in the membrane phase.

The mntact time and concentration d equili brating solution was also optimized so that the dectrode

generated stable and reproduwcible enfs at a relatively short resporse time. It is found that an
equilibrating solution o 1x103 M and contact time of only five hous was appropriate for a smooth
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functioning d the electrodes. Once saturated, the eledrodes get equilibrated within 1 hou after their
reuse.

Resporse time is an important factor for any ion-seledive eledrode. In this dudy, the resporse time was
recorded by changing the Cu?* concentration over a concentration range from 1x10 8M to 1.0x10% M.
The resporse of the dedrodes is dable within 20 seconds over a concentration from 10 M to 102 M.
The resporse time increased upto 30 seconds when the mncentration was reduced further to 10 S M.
This is due to the fast exchange kinetics of the metal-ligand complexation-decomplexation d the
membrane interface at concentrations = 106 M.

Selectivity Coefficientsand Analytical Applications of Cu(ll)-seledive Electrode

Selectivity is perhaps the single most important characteristic of any electrode, which defines the nature
of the device and the extent to which it may be employed in the determination d a particular ion in
presence of other interfering ions. This is measured in terms of potentiometric selectivity coefficients

(log Kcum), which has been measured wsing the Fixed Interference Method (FIM) a 1x103 M
concentration d interfering ions. The potentiometric selectivity coefficient is a measure of the respornse

of the dectrode for the primary ionin the presence of foreignions. Table 5.3(€) shows log Kgﬁfm values
for the MO8HQ-based copper-seledive dectrode that are compared with those reported for other Cu(ll)-

seledive dectrodes reported in literature. The selectivity coefficient data indicate that the KszM values

are in the order of 1072 for divalent and trivalent metal ions (except Na*, K*, Mg?*, Ag™ and Pb?™).
Therefore, the dectrode can be used for the determination o Cu?* ions in the presence of certain
interfering ions. The eledrodes already reported in literature (50-54) generally suffer from a strong
interference by mercury ions, bu the proposed electrode system shows a goodsel ectivity for copper ions
even in the presence of these ions. Potentiometric selectivity coefficients of the copper- membrane
eledrodes were evaluated by the Fixed Interference Method (FIM) (48) at 1x1023 M concentration o
interferingions.

Selectivity co-efficients for the substituted ionophae-based membrane dectrodes are summarized in
Table 5.4(e) for a number of interfering ions. It can be seen from the Table that the seledivity
coefficient values are poaer when the —Cl group is the substituent at 5 pasition d the 8-hydroxy
quionline & it decreases the lipophlicity of the ionophae. However, the ionophae substituted with
benzoyl and hyrdroxy benzoyl groups (5BHQ and HYD-8HQ, respectivily) shows a better selectivity, as
it is able to provide an appreciable lipophlic character to the ionophae. It is clearly seen from Tables
5.3(e) and 5.4e) that seledivity coefficients are much better for HYD-8HQ, because of its relative
bulkier size. Also, it helpsin creaing a strong charged anionic environment in the ligand so that there is
probable no interference due to anions, as well. On the basis of the results, it is concluded that
mesitylene substituted at the 2, 4, 6 paition by 5-benzoyl-8-quindine responds for Cu (Il) ions in
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presence of alarge number of common interfering ions, like Zn?*, ng+, Fe3* etc., with a reasonably
good cegree of sensitivity and selectivity. This may be due to the dynamic complexing ability of the

HYD-8HQ towards Cu(ll) and consequently,the patential resporse of the electrode.

Effect of Eledrode Responsein Mixed Solvent Media

The working reture of the sensor was also studied using methanol-water, acetone-water and acetonitrile-
water mixtures. The membranes showed a satisfactory resporse in a medium with noragqueous content
up to 40% (V/V). The working concentration range and slope remained almost the same except for a
dight change in slope of abou 2 mV/decade compared to that in the aqueous medium [see Table 5.5(€)].
However, the best response was observed at 20% non-agqueous content.

Potentiometric Titration

Potentiometric titrations were performed by wsing the proposed eledrodes as indicator electrodes for

the titration o 25 mL of 1x102 M Cu?* ions against 1x101 M EDTA. pH of the solution was
adjusted to 4.55.0 by wsing an appropriate volume of 0.1 M HNOg. The titration curves are shown

in Figure 5.4(e). The curves show sharp inflexion pants at the titrant volume correspondng to the
formation d an 1:1 complex of copper ionswith EDTA.

*kkk
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Table5.1(e): Optimization of membrane ingredientsfor Cu-ISE based on tripodal

ionophore
g. | lonophore | PVC, | Plasticizers | Ligand, | KTPCIB | Slope, | Detection
NG (Wt%) | (Wt%) (Wt%) (mV/ | limit,
decade) | [M]

1 | MOSHQ 33 67 0 19 2.0x10°
2 | MOBHQ 33 65 2 21 3.2x10°
3 | MO8HQ 33 64 3 25 25x10°
4 | MOBHQ 33 63 4 30 6.3x10°
5 | MO8HQ 33 62 5 24 3.2x10°
6 | MOSHQ 33 61 6 19 1.2x10°
7 | MOBHQ 33 63(NPOE) 4 23 6.3x10°
8 | MO8HQ 33 63(2BS) 4 27 7.9x10°
9 | MO8HQ 33 61 4 2 31 1.6x10°
10 | MOBHQ 33 60 4 3 21 1.2x10°
11 | MOBHQ 33 59 4 4 21 3.2x10°
12 | 5CHQ 33 65 2 19 1.0x108
13 | 5CHQ 33 64 3 23 1.0x10°®
14 | B5CHQ 33 63 4 25 1.0x10°
15 | 5CHQ 33 62 5 27 1.0x10°
16 | 5CHQ 33 61 6 30 1.0x108
17 | 5BHQ 33 65 2 25 1.0x10°
18 | 5BHQ 33 64 3 26 1.0x108
19 | 5BHQ 33 63 4 27 1.0x108
20 | 5BHQ 33 62 5 28 1.0x108
21 | 5BHQ 33 61 6 30 1.0x107
22 | HYD-8HQ 33 65 2 26 1.0x10°
23 | HYD-8HQ 33 64 3 26 1.0x10°
24 | HYD-8HQ 33 63 4 27 1.0x10°
25 | HYD-8HQ 33 62 5 28 1.0x10°
26 | HYD-8HQ 33 61 6 30 1.0x107
27 | 5CHQ 33 61 (NPOE) 6 26 1.0x10°
28 | 5BHQ 33 61(NPOE) 6 27 1.0x10°
29 | HYD-8HQ 33 61(NPOE) 6 28 1.0x10°
30 | 5CHQ 33 61(sebcate) 6 21 5.0x10°
31| B5BHQ 33 61(sebcate) 6 23 4.3x10°
32 | HYD-8HQ 33 61(sebcate) 6 24 1.0x10°
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Table5.2(e): Effed of internal solution concentration on the membrane dectrode

Electrode Internal solution Slope, Detection

Composition concentration, M (mV/decade) limit, M

MOBHQ 1x101 30 6.3x10°

1x102 30 1.0x10°

1x10° 30 1.6x107

1x10% 31 1.6x107

ScH 1x101 30 1.6x10°

Q 1x102 30 2.5x10°

1x10°3 30 3.0x10°

1x104 31 3.16x106

1x101 30 3.2x10°

5BHQ 1x102 30 3.9x10°

1x10° 30 7.9x107

1x10% 30 2.5x107

1x107t 30 1.0x107

HYD-8HQ 1x102 30 7.9x108

1x10°3 30 7.9x108

1x10% 31 7.9x108
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Table5.3(e): Selectivity coefficients of variousinterfering ions
i Pot
e
Reference | 24 25 50 |51 52 53 54 55 This
work
Na* +1.7 | -3.8 | -2.5 - -1.0 - 2.2 | -2.1 -0.9
K+ - -3.8 | -2.0 | interfere - - -2. -2.0 -1.4
M g2t - 2.3 | 2.7 - - -28 | -34 | -25 -1.8
cazt - -2.6 | -3.0 -1.9 - 33| -34 | -35 -2.2
g2t - -2.8 | -2.8 - - - - -3.9 -2.5
BaZt - - - - - - - -4.0 -2.3
Pp2* +0.8 | -3.4 | -0.9 -1.7 - - - -3.8 -1.8
Ag' - - - - - - -1.6 | -1.7 -1.4
co?t 00 | -36 | -3.2 - -1.0 | -19 | -3.3 | -2.8 -2.8
Ni2* +04 | -2.6 | -3.2 - - -3.0| -5.0| -2.8 -2.0
7n2t 22 | -15 | -2.3 - - - -3.3 | -2.9 -2.3
Ccd2* +0.6 | -2.6 | -2.8 2.1 - 21| -26 | -3.3 -1.5
Hg?" - - - - - - -2.9 - -0.8
A3t - - - - - - - -4.5 -3.0
Fe3t - - - - - - -3.5 -4.8 -2.2
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Table5.4(e): Selectivity coefficient values (109 KET,§+,Mn+) of different ionophore-

based electrodesfor a number of interfering metal ions by FID and

Page 170 d 215

MPM
Pot
Interfering 09K cie

ions 5CHQ 5BHQ HYD-8HQ
FID MPM FID MPM FID MPM
Na" 02 11 0.9 15 1.9 25
K+ -0.5 -1.2 -1.1 -1.8 -1.8 -2.6
Ag’ -0.7 -1.1 -1.2 -2.0 -1.3 -2.2
|\/|92+ -0.8 -1.0 -1.3 -1.5 -2.0 -2.3
caZt 0.8 12 13 16 17 2.0
g2t -1.4 -1.5 -1.4 -1.7 -1.9 -2.0
Bt 1.7 2.0 15 2.0 22 25
co?t 13 16 1.9 23 25 25
NiZ* 15 1.9 18 21 25 26
42t 16 18 16 2.1 25 2.7
o2t 1.7 2.0 1.9 2.4 2.9 3.0
Pp2* 13 18 1.4 1.7 16 2.6
ng"' -1.0 -1.5 -1.2 -1.5 -2.3 -2.4
Fe3t -1.1 -1.6 -1.3 -2.0 -2.4 -2.6
NS 0.9 1.4 16 2.0 22 2.8
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Table5.5€): Electrode response in mixed solvent media

Page 171 d 215

e of Mixed Slope, mV/decade Detection Limit, (M)

lvent | solvent [ MO8SHQ [ 5CHQ | 5BHQ | HYD- | MO8HQ | 5CHQ [ 5BHQ [ HYD-
(%) 8HQ 8HQ

nol 10 33 25 32 33 3x10°% | 6x10° | 4x10° | 2x10°
20 30 25 32 32 3x10% | 2x10° | 1x10° | 2x10°
30 32 25 33 32 3x10% | 2x10° | 3x10° | 5x10°
40 32 25 27 32 5x10° | 5x10° | 2x10° | 4x10°

utrile 10 31 22 26 33 3x10° | 1x10° | 2x10° | 1x10°
20 32 22 31 35 2x10% | 2x10° | 2x10° | 5x10°
30 33 25 31 41 3x10% | 1x10° | 2x10° | 1x10°
40 32 41 33 42 5x10° | 2x10° | 1x10° | 1x10°

e 10 46 34 41 32 2x10% | 3x10° | 2x10° | 5x10°
20 35 36 41 32 3x10% | 5x10° | 2x10° | 3x10°
30 28 36 40 35 2x10° | 6x10° | 3x10° | 3x10°
40 32 40 40 37 3x10° | 5x10° | 2x10° | 5x10°
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Figure5.2(e): Effect of pH on theresponse of Cu(ll ) ISE (HYD-8HQ)
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Figure 5.3(e): Calibration curve for the copper (Il ) ion selective eledrode (M O8HQ)
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Figure5.4(e):Titration curvefor Cu(ll) solution with EDTA solution (MO8HQ and

HYD-8HQ)
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Figure5.4(e): Titration curvefor Cu(ll') solution with EDTA solution (5CHQ)
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5(f) Copper(ll) lon-seledive Eledrodee A Study of 9,10 Bis-(2-amino-
phenylthiomethyl)anthracene as an lonophore

Introduction

The quick determination d minute quantities of copper(ll) ion species by simple methods is of great
importance in analytica chemistry. Potentiometric detedion based onion- selective dectrodes is the
samplest of al and dfers great advantages such as gpeed and ease of eledrode preparation and simple
procedures, wide dynamic range and low cost (1-3). These dharacteristics have inevitably led to sensors
for several ionic species and the list of avail able electrodes has grown substantially over decades (4-10).
The stable soluble form of copper, namely Cu(ll) is toxic & elevated concentration. Its reactivity and
biological uptake is largely influenced by the free ion concentration that is controlled by the extent of
copper complexation with ligands of many analytical methods available for the determination o copper,
usng dred potentiometry with the Cu(ll) ion-seledive dectrode that has enabled the in-situ
measurement of the free copper(ll) concentration withou perturbing the natural speciation. In view of
this fact, reseaches in the speciation filed have d@tempted to develop sensors for its determination with
high selectivity.

In arder to oltain a better selectivity, membrane electrodes based on thiaaown ether, pyridine-based
macrocycles containing N, O and S atoms, noncyclic neutral ionophaes with dithiocarbamate groups,
cdixarenes, Schiff base and maaocyclic diamides have been developed. Most of the ion-seledive
eledrodes aiffer from interfering effects from Co?*, Ni2*, Cd?*, Hg?* and Ag* ions as well as alimited
range of concentration. Acyclic neutral ionophaes as the one type of supramolecules have been taken as
the reaeptors to recognize awide variety of ions and guest molecules. The complexing efficiency and
seledivity in ion and moleaular binding depends only on the nature of binding goups attached (14-16).
The synthesis of ionophaes with various sde arms, combinations of varying dona atom types of side
arms have provided a high degree of selectivity. The quantification d these dfectsis gradually allowing
new ionophaes to be designed with particular seledivity and aher propertiesin mind.

By keeping above mncepts in mind, we ae reporting the usefulness of a variety of acyclic receptors
usng 2aminothiophend as a ligating site for some transition metal ions. In this paper, we report a
highly selective copper electrode using a 9,10 bs-(2-aminophenylthio methyl) anthracene as a neutral
carier for the potentiometric monitoring o copper ions.

Experimental

All patentiometric measurements were made & 25+.0.1 °C with a potentiometer (Equiptronics, EQ-602
accuracy £0.1mV). An ISFET pH meter (Delta Track, USA) was used for all pH measurements.
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Reagentsand Materials
Analyticd grade 2-nitrophenyloctyl ether (2-NPOE), DBP, BES, high molecular weight PVC, paassum
tetrachlorophenyl borate (KTCIPB) were purchased from Sigma Aldrich. Analytical grade nitrate salts
of cations (Aldrich) were used withou any puification. Doulle distilled deionised water was used
througtt the experiment.

Electrode Preparation

The membrane was prepared by dssolving 66 mg of PVC, 126mg of NPOE as plasticizer and 8mg of
DIANTH asionophae in 23 mL THF. The viscous lution so oltained was cast into a membrane &
described in the previous chapter 5. The membrane was pasted on ore end d the Pyrex glasstube with
araldite. The tube was filled with an internal reference solution o 1x101 M with Cu(ll) solution. The

membrane was equilibrated for 24 hous and the potential for measured by drect potentiometry at 25 Oc
using the following cdl assembly:

SCE [0.1M Cu?* 00 membrane Otest solution O SCE
Activities were cdculated according to the Debye-Huckel equation (17).

Results and Discussion

Due to its aufficient insolubility in water, low molecular weight, and flexible structure and especialy,
the presence of three nitrogen and three sulfur dona atomsin its gructure, DIANTH is expeded to act
as a suitable ion carier in the PV C-membrane with respect to the special transition d heavy metal ions
of proper size and charge. This s the first report showing the usefulnessof 2-aminothiophend as gooc
ligating site for transition metal ions. At the 9, 10 paitions of anthrancene, two bondng sites are
attached as they have bondng affinities with soft metal ions such as Cu(ll) and Ag(l). During
complexation and decomplexation with metal ions both nitrogen atoms of amino part and sulphur atom
of thioether linkage were invalved. The resulting complexes are highly stable, reversible and selective
with resped to metal ions. These lipophilic ligands, when incorporated into membranes, behave &
ionophae selective for Cu(ll) ions.

Optimization of Membrane Ingredients

To oltain better eledrode properties, like higher sensitivity, goodselectivity and awider working range,
the optimizaion d membrane ingredients is the most necessary part (18-19). Solvent mediators such as
NPOE, DBP and BES were tested. The copper ion- seledive dectrode based onNPOE exhibited a gooc

Nernstian slope 29 mV/decade over a concentration range from 1x10° M to 1x101 M, while in this
concentration range with DBP and sebacate & plasticizer the slopes are 31 mV/decaade aad 20

mhtml:file://D:\Theses\For%20Dspace\Thesis Ashok_1mht 11/20/06



Chapter —1 Page 184 d 21:

mV/decade, respedively, as shown in Table 5.1(f). This is due to less dielectric constant of solvent
mediators.

Effect of Internal Solution Concentration on the Response of Electrode

The effect of internal solution concentration was changed from 1x10% M to 1x101 M and the potential
resporses of the Cu(ll) ion-seledive dectrode were measured. It was found that the variation of the
concentration d the internal solution daesn’'t cause any significant differences in the potential resporse
and except for a dight variation in the Nernstian slope, the detection limit remains unalterated. A
concentration o 1x102M is quite gpropriate for the functioning d the electrode (see Table 5.1(f) and
Table 5.2(f) and Fig. 5.1f)).

Effect of pH

The dfect of pH on the dectrode resporse was sudied at 2x10% M and 2x10° M of Cu (NO,),
solution. The pH was adjusted with 0.1M HNOz and 0.1M NaOH solution. As can be seen from Figure

5.2(f), the patential resporse remains same in the pH range 3.5-7, below and abowe of the range the
potential get altered dueto protonation d the ionophae and formation o Cu(OH),,.

Calibration Curve, Response Time and Lifetime of the Cu(ll )-seledive Electrode

Calibration curves were drawn for the electrode no. 5 ower a concentration range from

100 to 101 M with an interna filli ng solution d Cu(ll) (1x102 M) ions. The dedrode shows a
reproducible slope of 30 mV/decade. For five repeated experiments, the standard deviation d the slope
is£0.5mV. A representative curve is srown in Figure 5.3(f). The workable concentration rangeis 1x10
5to 101 M for Cu(ll) ions. The limit of detection (6.3x10°% M) was calculated according to IUPAC
recommendation (20) from the intersection d the two extrapolated linear portions of the airve. The
resporse time of the dectrode is 15 seconds for electrode no. 5,and for al other electrodes it is greater
than 15 seconds. The sensing kehavior of the membrane remains unchanged when the patentias are
recorded either from low to high a high to low concentrations. The lifetime of the dedrode was also
studied by measuring the slope and detection limit after every one month. The results showed that the
lifetime of the present eledrode was abou four months. During this time, the detection limit of the
sensor remained almost constant and the slope of the sensor varied 2 mV of the reported value. The
contad time and concentration d equili brating solution were also ogtimized so that the sensor generated
stable and reproduwcible potentials at relatively short response time. It is found that an equilibrating
solution of 1x101 M and contact time of only five hours was appropriate for a smocth functioning o the
eledrode. The eledrodes were stored in 1x101 M Cu(NO)4 solutionwhen nd in use.

Potentiometric Selectivity Coefficient Values by Fixed Interference Method

The influence of interfering ions on the resporse behavior of the ion-seledive membrane is usually
described in terms of the selectivity coefficients, K, 5 The methods based on the Nicolski-Eisenman

equation was used for the determination d patentiometric selectivity coefficients (the fixed interference
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method). Results indicate that the common meta ions do nd interfere the propaosed electrode shown in
Table 5.3(f).

Effect of Eledrode Responsein Mixed Solvent Media

The working reture of the sensor was also studied in partially nonagueous medium using methanal -
water, aceone-water and acetonitril e-water mixtures. The membrane showed a satisfadory resporsein a
medium with nonagueous content up to 40%(V/V). The working concentration range and slope remains
amost the same except for a slight change in the dope of abou 2 mV/decade compared to that in
agueous medium. However, the best resporse is observed at 20% non-agueous content [see Table 5.4(f)
and Figure 5.4(f)].

Potentiometric Titration

Potentiometric titrations were performed by wing the propased electrode as an indicator eledrode for
the titration of 25 mL of 1x103 M Cu?* ions against 1x102 M EDTA. The titration curve is sown in
Figure 5.5f). The airve shows a sharp inflexion pant a the titrant volume correspondng to the
formation d an 1:1 complex of copper ionswith EDTA.

Analysis of copper in brassand tea leaves samples using tripodal- and dipodal-based Cu-ISEs

The dectrode was also applied for the direct determination d copper in black teaand lrass smples. The
copper content tea sample was extracted as described elsewhere [21]. The concentration d copper in the
extracted sample is determined with the proposed electrode and atomic absorption spedrometry (AAYS)
[Table 5.5(f)]. The results obtained show a satisfadory agreement with those obtained by AAS.
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Table 5.1(f): Optimization of membrane ingredientsfor DIANTH-based Cu-ISE

Sr.No.| PVC Plasticizer | Ligand Slope Detection

(Wt%) (Wt%) (Wt%) | (mV/decade) | Limit, (M)

e

1 33 | 67(2-NPOE) 0 19 5x104
2 33 66(2-NPOE) 1 20 7x104
3 33 65(2-NPOE) 2 24 ox104
4 33 64(2-NPOE) 3 29 8x10°
5 33 | 63(2-NPOE) 4 29 5x10°
6 33 62(2-NPOE) 5 27 1x10°
7 33 61(2-NPOE) 6 26 1x10°
8 33 63 (DBP) 4 31 6.3x10°
9 33 63(BES) 4 20 8x10°

Table5.2(f): Internal solution concentration studieson DIANTH-based Cu-ISE

Internal Slope, Detection limit, | Responsetime
Concentration, mV/decade (M) (Seconds)
M)
1x10* 31 6.3x10° 15
1x102 28 2.5x10° 15
1x10° 28 2.0x10° 15
1x104 26 2.0x10° 15
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Table5.3(f): Potentiometric selectivity coefficient on DIANTH-based Cu-ISE

Interfering metal -log KA’B Interfering metal -log KA,B
B B
Na" -1.5 Co?* -0.7
K* -1.3 N2t -1.0
Ag* -0.4 Hg?* -1.0
Mg?t -1.8 Cdt -0.3
ca2t -0.5 Zn%t -1.8
g2t -0.7 Pp2t -1.0
Ba2t -1.5 Fe3t -0.5
Table 5.4(f): Electrode response in mixed solvent media on DIANTH-based Cu- | SE
Mixed solvent Volume Per centage Slope mV/decade Detection Limit, (M)
Methanol: Water 10 26 2x10°
20 28 3x10°
30 26 6.3x10°
40 25 3x10°
Acdonitrile: Water 10 23 1x10°
20 25 1x10°
30 27 2.5x10°
40 33 2x10°
Aceone: Water 10 22 2.5x10°
20 24 1x10°
30 27 5x10°
40 29 5x10°

Table 5.5f): Analysis of copper in brassand tea leave sample using DIANTH-based

Cu-ISE
Name of the Found by copper-seledive Found by AAS

ionophore eledrode
Brass smple Tealeaves Brass smple Tealeaves
(gramgd/litre) (mgl/litre) (gramgd/litre) (mgl/litre)

Tripodal

ionophore 4.40 52.00

MOS8HQ 4.20 50.00

Dipodal

ionophore 4.50 54.00

DIANTH
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Figure 5.1(f): Effect of concentration of internal solution on the membrane dectrode
using DIANTH-based Cu-ISE
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Figure 5.2(f): Effect of pH on the response of Cu(ll) ISE
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Figure 5.3(f): Calibration curvefor the copper (1) ion selective electr ode
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Figure 5.4(f): Calibration graphs of Cu(ll ) ISE in mixed solvent medium
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Figure 5.5f): Titration curve for Cu(ll) solution with EDTA solution using
DIANTH-based Cu-I1SE
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Chapter -6

EDTA ASA SENSING MATERIAL FOR RARE EARTH METAL IONS

Introduction

The most widely used o al the payaminocarboxylic acids is ethylenediaminetetracetic acid (EDTA or
H,Y). It is used as a complexing agent for most of the alkaine eath metal ions, transition metal ions
and rare eath metal ions. Due to its high complexing ability it has a variety of applications in analytical
chemistry, nuclear medicine, chelation therapy and in many biological systems (1-4).

The quick determination d rare earth metal ion species by simple methods is of great importance in
anayticd chemistry. The avail able methods for low-level determination d rare-eath ions in solution
include spectrophdaometry (5-8), ICP-AES (9), isotope dilution mass gectrometry (10), neutron
adivation analysis (11) and X-ray fluorescence spectrometry (12). These methods are ather time-
consuming, involving multiple aaysis or too expensive for most analytical laboratories.
Conduwctometric titrationis the simplest of all and dfers grea advantages such as geed, easy procedures
and low cost. These dharacteristics have inspired us to condwct experiments in ou lab. In ou knowledge
thisis the first report of determination d rare eath metal ions using EDTA as a complexing agent by
condwctometric titration method.

Experimental

All measurements were dore at 25+ 0.1°C using a condtctivity meter (accuracy = 0.1mS, Elico,
CM180, India) with acell constant of 1.0cm1.

Reagents
Solutions of metal ions were prepared by drect weighining d AnaaR grade metal nitrates (CDH, India)

in doube distilled deionised water having condictivity 5 uSm'l. EDTA (disodium salt) (Aldrich, USA)
isused asrecaved.

Procedure for Specific Conductance Measur ement

The rare earth metal nitrate solution (50 mL of 1x10°3 M) was placed in a titration vessel and the
conductivity was measured. EDTA solution (1x10 2 M) was added to the vessel in 0.5mL increments
and measured the cnductivity urtii EDTA added was sufficiently larger than the 1:2 metal:EDTA
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stoichiometry. The plots of condwctometry versus volume of EDTA added were drawn and the
equivaence paint is measured as the sharp inflexion pant of the titration curves.

Results and Discussion

Measuring Range and Detection Limit

The cnductivity is measured over a concentration range from 1x10°8 to 1x101 equivalents/liter of
dislved salts. Conductivity values ranged from 15to 16,000microSiemens. In arder to plot these wide
ranges we used log/log dots. The plots show that arelationship between concentration and condtctivity
islinear as s1own Figs. 6.1and 6.2(13). The paint of intersedion d two straight-line portions of the
cdibration curve was taken as the detection limit. The detedion limit for rare earth metal ionsis fourd
to be 3x10° M.

Effect of pH

Conductivity measurements for the titration d dysprosium with EDTA were dso dore in presence of
buffer (sodium acetate-acetic acid buffer solution, pH= 4), but no effect of the buffer was naticed onthe
equivaence point because the initial pH of the lanthanide solution (pH = 4.5) isjust suitable for a stable
complex formation with EDTA and all along the titration pH changes only up to 4.0 d the release of
H* ions on complex formation with EDTA. However, thereis a change in the magnitude of conductivity
values that did na cause any significant difference in the equivalence paint. Hence, buffer solution was
nat used in subsequent studies.

Conductometric Titration Curves. Characterization

All the titration curves are of one kind. Curves show two dstinct features, a regular increase in
conductivity of the solution upto the equivalence point and after that, a low decrease in condictivity is
naoticed. Conductometric titrations were carried ou between a number of lanthanide metal ion solutions
against EDTA. Plots were drawn and titration curves were obtained. Figs. 6.3to 6.14show that specific
condwctance (A) values increase with an increase of EDTA-metal ratio for all systemsinvaving the rare
eath metal ions. This can be explained onthe basis of the solvation sphere. Trivalent metal ions have a
high charge to radius ratio, hence they are highly solvated. On complexation, EDTA replaces the solvent
sheath around the metal ion and as a result, the moving entity becomes less bulky and more mobile.
Also, duing complexation, there is a release of H* ions at each step till a suitable stoichiometry of
metal-EDTA complex is achieved. At the equivalence point, slopes of the aurves change very sharply
and after the equivalence point, the conduwctance decreases. This is due to the undissociated EDTA,
which isabulky moleaule and daes nat contribute much to the conductivity.

Titrations of Lanthanides and their Binary Mixtureswith Dysprosium Metal 1on
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Conductometric titrations of each metal ion were dore ajainst EDTA to study their complexation
behaviour (Figs. 6.36.11). The titrations indicae that La3*, Ce3*, Pr3*, Sm3" and Dy3* form 1:1

complexes with EDTA (Figs. 6.36.7), while Nd®*, Eu3*, Tb3* form 1:2 complexes (Figs. 6.8-6.10.
Abowe procedure is also foll owed for the binary mixtures of rare eath metal ions. When two lanthanides

of different concentrations are titrated against EDTA, separate end pants correspondng to each o the
metal ions were observed. The metal-forming more stable complex shows the first equivalence point
(The stability constant values (14) of 1:1 EDTA and rare earth metal ions are shown in the Table 6.1).
Dysprosium was slected as a representative dement for the study d binary mixtures. Condwctometric
titrations of binary mixture of lanthanide and dysprosium ions were studied. Since the stability constant
of Dy-EDTA has ahigh value, it isformed first followed by other rare earth metal ions. Conductometric

titrations of Nd®*, Eu3* and Tb®" with EDTA show a complex formation in a 1:2 ratio (Figs. 6.8, 6.€
and 6.1Q. Thereasonfor thistrend could na be ascertained easily.

Titrations of Binary Mixtures of Dy(lll ) ion and Interfering lonsaganst EDTA

Conductometric titrations of a mixture of Dy(l11) solution (25 mL, 1x10° M) and an equal concentration
of the interfering lanthanide ion (25 mL, 1x10° M) were arried ou against EDTA (1x102 M). The
dysprosium ion was selected for the study as it lies amost in the centre of the lanthanide series in the
periodic table. The increase in condictivity till the equivalence point is due to the successve release of
H* ions from EDTA. This feature is suppated by the deaease in pH when Dy3+ is titrated against
EDTA. After the equivalence point, the condtctivity decreases, as no more wmplexationis possble and
the incremental amourts of EDTA remain as such in the solution. Being high molecular and a big
molecule, it does not contribute towards the conductivity of the solution.

Titration curves were obtained as expected and the inflexion paint was correspondng to the formation
of an 11 complex (Dy3+-EDTA). The titration curves are nat affected by the presence of an equimolar
concentration d the interfering ions, like Ag*, Na*, Ca2* and Zn?*. Although formation constants of
Ca?*-EDTA and Zn?*-EDTA complexes are comparable, there is hardly any interference This may be
due to the reason that Ca2* forms complexes with EDTA at pH 9-10 and Zn?* forms acomplex at pH 5-
6, while the pH of the medium is only 4-5 and suitable only for a Dy3+-EDTA complexation.
Conductometric titrationin presence of AlI%* as interfering ion shows two inflexion pants correspondng
to the formation o Dy3*-EDTA and AI3*-EDTA complexes, respectively. It was observed that after the
first inflexion pant for Dy3+-EDTA, the reading took a very long time (abou 5 min) to stabilize,
probably because of the poar kinetics of AI*-EDTA complexation.

In case of ng+ as an interfering ion, a special change in the shape of the curve is noticed in the
equivalence paint region (Figure 6.17). A curvature in the equivalence point region is obtained instead
of aregular slope of the straight-line portions. A lower condictivity is naticed which is due to the likely
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interference of mercury ions that form a complex with EDTA, where asuitable pH (lowered duwe to
release of H* ions) is available in the medium (ng+-EDTA complex is formed at pH=2.0 dte to the
release of H* ions from the EDTA as well as the acidic character of the mercury solution). So, it can be

concluded that the presence of ng+ ions interfere only to the extent that it changes the shape of the
curve and dces nat alter the equivalence point of thetitration.

In case of Fe3* and Th**, the equivalence paint is obtained correspondng to the sum of the metal ion
concentrations present, i.e. Dy3* and Fe3*, Dy3* and Th*, respedively. It is due to the reason that the
stability constants of these ions are very high and the complexation o Dy3+ with EDTA canna be
distinglished from that of Fe3*-EDTA and Th*- EDTA. However, a sharp inflexion paint
correspondng to the sum of the metal ions is obtained. Th** and Fe3* form complexes with EDTA in
the range of pH 2-3, while Dy3+ forms a complex at pH 4.0-4.5. Initidly, the titration o Dy3+ with
EDTA takes place and the pH of the solution is lowered with a successve release of H* ions from
EDTA. When whale of the Dy3+ is complexed, the resulting H of the solution kecomes suitable for the
complexation d Fe3* and Th** with EDTA.
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Table 6.1 Stability constant valuesfor lanthanide— EDTA complexes (14)
Metal ions logK vy Metal ions logK vy Metal ions log Ky
La3t 15.5 Dy3* 18.3 catt 10.9
ce3t 15.98 Ho3* 18.05 Znt 16.5
Pr3t 16.4 Er3* 18.38 Hg?* 21.80
Ng3* 16.11 Tm3* 18.62 Fe3t 25.10
sm3t 16.7 Y3t 18.88 Th** 23.20
Eudt 17.3 Lyt 19.65 Al3t 16.13
Gd3* 17.0 Na* 1.66
T3t 17.81 Ag' 7.32
mhtml:file://D:\Theses\For%20Dspace\Thesis Ashok_1mht 11/20/06



Chapter —1 Page 197 d 215

® Detection Limit of Dy(lll) = 3.162x10°M
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Figure 6.1 Plotsof log concentrationsvs. log conductivity of Dy3+ ions
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Figure 6.2 Plots of log concentrationsvs. log conductivity of Nd3* ions
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Volume of EDTA added (mL)

Figure 6.3 Titration curvefor La(ll I) with EDTA
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Figure 6.4 Titration curvefor Ce(lll) with EDTA
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Figure 6.5 Titration curvefor Pr(lll ) with EDTA
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Figure 6.6: Titration curvefor Sm(lll ) with EDTA
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Figure6.7: Titration curvefor Dy(lll ) with EDTA
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Figure 6.8 Titration curvefor Nd(lIl ) with EDTA
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1.1

1x10°M Eu(lll) Vs 1x102M EDTA

Specific conductance (Sm'l)

0.6 7 ® Equivalence point = 9.8mL
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Figure 6.9 Titration curvefor Eu(lll ) with EDTA
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Figure 6.1Q Titration curvefor Tb(lll ) with EDTA
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Figure6.11 Titration curvefor Dy(lll ) and Ce(lll ) with EDTA
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Figure6.12 Titration curvefor Dy(lll ) and Eu(lll ) with EDTA
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Figure6.13 Titration curvefor Tb(lll ) and Eu(lll ) with EDTA
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Figure6.14 Titration curvefor Dy(lll ) and Al(lll ) with EDTA
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Figure6.15 Titration curvefor Dy(lll ) and Ca(ll ) with EDTA
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Figure6.16 Titration curvefor Dy(lll ) and Hg(ll ) with EDTA
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Specific conductance (mS)

Figure6.17 Titration curvefor Dy(lll ) and Ag(l) with EDTA
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Figure6.18 Titration curvefor Dy(lll ) and Zn(ll ) with EDTA
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Figure6.19 Titration curvefor Dy(lll ) and Na(l) with EDTA
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Figure 6.2Q Titration curvefor Dy(lll ) and K(I) with EDTA
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Figure6.21 Titration curvefor Dy(lll ) and Fe(lll ) with EDTA
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Conclusionsand Summary

Crown ethers and various acyclic compound form stable complexes with various maaocyclic
ligands similarly to alkali and alkaline eath metals because of the similarity of the radii between

lanthanides and Na* or Ca2* ions.

Two rare earth pdentiometric sensors for La(lll) and Ce(lll) were prepared using
Dicyclohexano-18-crown-6 and Dibenzo-24-crown-8. Dibenzo-18-crown-6 was used as a
cdcium ion-seledive eledrode.

Podal ionophaes provide flexibility in selectivity towards metal ions and are gaining increasing
interest astodsfor their analysis and separation d metal ions.

9,10Bis-(2-aminophenylthiomethyl)anthracene-based membrane electrodes exhibit Nernstian

resporse for Cu (I1) ions over a concentration range from 1x10° M to 1x101 M. The eledrode
shows a good seledivity for Cu (1) over a large number of other interfering ions. The working

pH range is 4.0-8.0. The electrode works as an indicator electrode and can be used in mixed
solvent media.

1,3,5Tris(8-quindinoxymethyl)-2,4,6trimethylbenzene (MO8HQ) is used as a basic sensing
material belongng to the group d tripodal ionophaes. Also their derivatives prepared by
placing suitable substitutents at 5th pcsition o 8-oxine moiety;1,3,5Tris(5-chloro-8-

guinalinoxymethyl)-2,4,6trimethylbenzene(5CHQ), 1,3,5Tris(5-benzoyl-8-
guinalinoxymethyl)-2,4,6trimethylbenzene (5BHQ) and 1,3,5Tris((5-
phenylhydroxymethylene)-8-quindli noxymethyl)-2,4,6trimethyl benzene(HY D-8HQ)

ionophaes have been used to make copper-seledive membrane eledrodes. Amongst all the four
eledrodes, MO8HQ and HYD-8HQ ionophaes-based eledrodes show an excellent resporse
towards Cu(ll). The electrodes having composition [33% PVC, 4% MO8HQ and 63 dibutyl
phthalate (DBP)] and [33% PVC, 6% HYD-8HQ and 6246 dibutyl phthalate (DBP)] exhibit a
goodNernstian resporse to Cu (I1) ionsin the range from 1.0x10% M to 1x10°IM with aslope of
29 mV per decade. The dectrode shows afast response time of 15 seconds and operates in a pH
range 3.5-7.0. It shows a high selectivity for Cu (Il) ions in comparison to heary metal ions,
transition metal ions and a goodselectivity for alkali and alkaline earth metal ions. The electrode
resporse and selectivity remains unchanged for at least 6 months. The dectrode can be used, as
an indicaor eledrode in the potentiometric titration d Cu (Il) ions with EDTA. The main
attention of this work was to know how to use 8-Hydroxyquinaline and its derivatives as nsing
material asthey are known to be the best chelators after EDTA.
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A 2-aminothiophend based tripodal ionphoe was investigated as slver-seledive sensing
material. Membranes with dfferent amounts of ionoplore show different respornse behaviour
towards slver (1) ions. The ionophae, when taken as 4% in the membrane, exhibits a Nernstian
behaviour (58 mV/decade) in the mncetration range from 5x10°°M to 1x101 M while ¢
membrane @ntaning 36 ionophae shows a semi-Nernstian (28 mV/dcade), and with 5%
ionophae shows a sub-sub Nenstian (16 mV/decade) behaviour in the said concetration range.
The membrane dectrode can be used over awide pH range of 4.0-8.0. The sensor has arespornse
time of <20 seconds and can be used for at least 4-5 months withou any considerable divergence
in pdentia. The limit of detectionwas 1 x 10° SM. Theion selectivity of this eledrode for Ag™
was over 500 times higher that for alkali, akaline earth and transition metal ions. The propcsed
sensor shows afairly good dscriminating ability towards HgZ+ ions in comparison to some hard
and soft metals. The eledrode was used in the dired determination o Hg?* in agueous lution
and as an indicator eledrode in paentiometric titration d Ag* iors.

A 1,2,4,5tetrakis(8-hydroxyqunainoxymethyl)benzene ionophaoe was designed for molecular
architecture & the dectrode—solution interface and the utilization d supramolecular interactions
in making chemical sensors using the zero current-based potentiometric technique. An 8
hydroxyquinoline based tetrapodal ionphae was investigated as slver-seledive sensing material.
The membrane sensor based onthis ionoghore shows a Nernstian resporse toward Ag* over the
range from 1x10 ®> M to 1x101 M. The sensing membrane can be used over awide pH range of
4.0-8.0. The sensor has a resporse time of <15 seconds with goodshelf life of 7 months. The
limit of detection was 1x 10° M. The ion selectivity of this eledrode for Ag* was over 500
1000times high that for alkali, alkaline earth and transition metal ions. The eledrode was used in
the direct determination o Hg2+ in aqueous lutions and as an indicator eledrode in
potentiometric titration o Ag* ions. The dectrode is extensively used as an indicator electrode
for the determination d Ag™ in various s/nthetic samples and also used for the determination o
SCN", CN", S2 and | contents present in the sample solution.

1,2,4,5tetrakis(8-hydroxygundinoxymethyl)benzene has been used as an electro-adive
species incorporated in a thin pdymeric suppat film coated drectly on a metallic conductor
eledrode for silver determination. The dectrode has been characterized by the eledrode
response, measuring range, detection limit and pH range. Selectivity coefficients of a number of
metal ions have been determined. The dedrode shows a goodresporse to silver ionsin presence
of Hg?" ions. The dectrode is extensively used as an indicator electrode for the determination of
Ag" in various g/nthetic samples and also used for the determination d SCN™, CN", S and I
contents present in the sample solution. The lifetime of the electrode is 2 months. A new and
precise method for finding the detection limit is proposed. This is a good sensor to dscriminate
between diver and mercury separately, which could na identified by concentration cell
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technique.

* A new condwtometric method has been developed for the determination d rare earth metal
ions. Measurements were caried over a wide concentration range from 1x10° to 1x10?1
equivalents of Ln3* ions. Condictometric titrations of La*, Ce3*, Pr3*, Sm3* and Dy3* against
EDTA show sharp equivalence paints at an 1:1 stoichiometry, while Nd3*, Eu3* and Th3* show
an 12 ratio duing complex formation. Detedion limits of the conductometric determinations for
the lanthanide ions were found to be 3x10° equivaents. Titrations of some binary solution
mixtures of rare earth metal ions with akali, alkaline earth and some transition metal ions against
EDTA are dso reported. This technique is useful for the determination o rare earth metal ion
species and dfers great advantages such as geed, easy procedures and low cost. This methodis
most suitable for the dharacterization of charged ionophaes as a sensing material.

*kkkk
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8-Hydroxy Quinoline Based Neutral Tripodal lonophae for Cu(ll) Seledive Electrode, Sushed K
Mittal, Subodh Kumar, Ashok Kumar SK., Harish K Sharma and Sukhdeep Kaur, 10" International
Meeting onChemica Sensors, Tsukuba Japan, July 11-14, 2004.
A Green Analytica Tednique for sensing Low Concentrations of Lanthanide lons, Sushed K Mittal,
Ashok Kumar SK., Nidhi Rani Gupta, Harish K Sharma, Siloni Goel, National Conference on Sensors
(NCS-2005), TIET, Patiala, PP90-91.
Coated Wire lon Selective Electrode for Silver ions and its Applications, International Conference on
Moleaulesto Materials, Susheel K Mittal, Ashok Kumar. S.K., Nidhi Rani Gupta, Harish Kumar Sharma
and Subodh Kumar, (ICMM-06), SLIET, Longowal.

C. Papers Communicated in Journals

1.
2.

PV C-based DB24C8 sensor for cerium (I11) ions.

8-Hydroxy quinoline based neutral tripodal ionoplore as acopper (1) selective electrode
and the effed of remote substitutents on electrode properties.

Copper(ll) ion-seledive dedrode. A study of 9,10 Bis-(2-amino phenylthio
methyl) anthracene as ionophore.

Spedrophotometric and potentiometric characterization of tetrapodal
iongphore based on8-hydroxy quinadline.

Coated wire ion-seledive dedrode for silver (1) and its applications.

A novel analytical technique for sensing low concentrations of lanthanides
using EDTA as asensing material.
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