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Ion-Selective Electrodes are part of a group of relatively simple and 

inexpensive clectro analytical tools which are commonly referred to as 

potentiometric chemical sensors since selective chemistry take place at 

the electrode producing an interfacial potential. Species recognition is 

achieved with a potentiometric chemical sensor through a chemical 

equilibrium reaction at the sensor surface. Thus the surface must contain 

a component which will react chemically and rcversibly with the analyte. 

Ion selective electrodcs allow the spccific and quantitative detennination 

of an almost unimaginable number of substances, ranging from simple 

inorganic ions through amino acids to complex organic molecules. The 

wide range of applications, low material requirements and simplicity of 

analytical procedure havc not only brought ion-selective electrodes in to 

the lime light of analytical chemistry, hut have promoted their use as 

tools for physiologists, medical researchers, biologists, geologists, 

environmental protection special ists, ctc. 

This thesis presents the synthesis and characterization of SIX 

ionophores, fabrication of ten potentiometric sensors based on these 

ionophores for the determination of lanthanide ions such as La3
+, Nd3

+, 

pr3T, Sm3~ and Gd3
+ and their analytical application. The thesis is divided 

into eight chapters. A briefouthne of the chapters is given below. 

Chapter 1 presents a general introduction on the various 

c1ectroanalytical techniques and their application. The chapter gives an 

idea of the different types of chemical sensors and discusses in detail 



about electrochemical sensors. It also glves a brief reVlew of the 

important potentiometric sensors developed for different lanthanide ions. 

Chapter 2 describes in detail the synthesis and characterization of 

all ionophores. The general method of preparation of the different types 

of sensors and conductometric study arc also discussed. This chapter also 

deals with the preparation of solutions of mctal salts, buffer solutions and 

binary mixtures along with the dctails of the instruments used for the 

investigations. 

Cliapter 3 details about the response characteristics of two types of 

sensors based on NI ,N 2 -bis(naphthalene-l-yl)mcthylcne(hexa-l ,6-

diaminc) (NAH) as ionophore for the determination of lanthanum. The 

developed sensors were employed as indicator electrode 111 the 

potentiometric titration of lanthanum against EDT A and In the 

determination oflanthanum from binary mixtures. 

Chapter 4 deals with fabrication of PVC membrane and CMCPE 

sensor for samanum. The sensors incorporate N J ,N 3 -bis(3-

nitrobenzylidene)propane-I,3-diamine(MBP) as electroactive materials. 

The response characteristics of developed sensors and the analytical 

application of the sensors as indicator electrode in the potentiometric 

titration of samarium (III) against EDT A and in the detemlination of 

samarium (III) from binary mixtures are also discussed in this chapter. A 

comparison with already reported sensors is also included in this chapter. 

Chapter 5 discuss the response characteristics of the two sensors 

based on l,4-his (4-hydroxy-3-mcthoxybezylidenc)thiosemicarb8.zide 

(HBTS) and NI, N
2 
-bis( 4-hydroxy-3-methoxybezylidene)but8.ne-l ,4-

diamine (HMB) for praseodymium. The optimization of membrane 
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composition, analytical applications of the newly developed sensors and 

a comparison of these new sensors with already reported similar sensors 

are the other points of discussion in this chapter. 

Cfiapter 6 details on the response characteristics of the sensors 

developed for neodymium. The fabrication of carbon paste and PVC 

membrane sensors based on the ionophore NI ,N2 -bis(salicylidine)butane-

1,4-diamine (SAB) and application of these sensors as indicator in the 

potentiometric titration of neodymium with EDTA are included in this 

chapter. The detcnnination of neodymium present in its binary mixtures 

using these novel sensors is also discussed in this chapter along with a 

comparative study of the sensors with those already reported. 

Cfiapter7 deals with the fabrication of PVC membrane and CMCPE 

type sensor based on 2-[(2-mercaptophenylimine) methyl] phenol for 

gadolinium (Ill). The analytical application of these sensors as indicator 

electrode in the potentiometric titration of gadolinium (Ill) with EDTA 

and in the detennination of gadolinium (Ill) fonn its binary mixtures are 

also discussed in this chapter along with a comparative study of the 

sensors with those already reported. 

Chapter 8 presents the summary and important conclusions of the 

work done. 

References are gIven under separate head as the last part of the 

thesis. 
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Analytical chemistry is a scientific discipline that develops and 

applies methods, instruments and strategies to obtain information on the 

composition and nature of matter in space and time. The principal 

objective of the analytical chemistry is to obtain as much chemical 

information and of as high quality as possible from objects and systems 

by using as little material, time and human resources as possible and with 

minimal costs and risksl. There is an esca1ating need and desire for us to 

monitor all aspects of our environment in real time and this has been 

brought about by our increasing concerns with pollution, our health and 

safety. There is also a desire to detennine contaminants and analytes at 

lower and lower levels and one could say that the aim of all modem 

analytical chemistry is to lower the detection limits and to improve the 

accuracy and precision at those limits2
. Thus analytical chemistry is 

directly concerned with solving the analytical problems derived from 

chemical information needs in a variety of economic and social areas 

including industry, the environment, food science and technology, 

pharmaceutical analysis and clinical analysis. A qualitative analysis in 

analytical chemistry yields information about the identity of atomic or 

molecular species or the functional groups in the sample. Where as a 



quantitative analysis provides numerical information as to the relative 

amount of one or more of these components 3. The quantitative execution 

of chemical reactions is the basis of traditional or classical methods of 

chemical analysis: gravimetry and titrimetry. 

The need for trace level analysis led to the development of 

chromatographic methods, spectrophotometric methods and 

electroanalysis. Chromatography is mainly a separation technique. Ion 

chromatography is a technique used to separate and concentrate rare 

earths and transuranic ions. Gas chromatography which involves the 

separation of a mixture into its constituents by passing a moving gas 

phase over a stationary sorbent is also used in the determination of 

cations 4 • Spectrophotometry specifically refers to the use of a 

speetrophotometer5
. Quantitative applications of absorption/emission 

spectroscopy depend on the use of Beer's law, which relates absorbance 

to concentration. A number of techniques have evolved based on 

absorption/emission spectroscopy from simple spectrophotometric 

methods involving the use of a spectrophotometer, flame emission 

spectroscopy (FES), atomic absorption spectroscopy (AAS), atomic 

t1uorescence spectroscopy (AFS) to the highly precise inductively 

coupled plasma atomic emission spectroscopy (ICP AES). 

Electroanalysis is another analytical technique used for the trace 

level analysis and can be defined as the application of electrochemistry to 

solve real life analytical problems6
. Electroanalytical chemistry 

encompasscs a group of quantitative and qualitative analytical methods 

based on the electrical properties of a solution of the analyte when it is 

made a part of an dectrochemical cell. These techniques are capable of 

producing low detection limit and a wealth of characterization 



infonnation describing electrochemicalIy accessible systems 7. 

E1ectroanalytical measurements have a number of important benefits 

such as8
. 

1. selectivity and specificity 

2. selectivity results from the choice of electrode material 

3. high sensitivity and low detection limit 

4. results can be furnished in real time or close to real time 

5. portable sensors with dedicated instrumentation can be fabricated 

for use outside the laboratory 

6. miniaturized sensors for application in cases where other probes 

may not be usable 

The principal criterion of an electroanalytical technique is that the 

species which is desired to be measured should react directly (or 

indirectly through coupled reaction) at, or be adsorbed onto the electrode. 

Electroanalytical measurements can only be carried out in situations in 

which the medium betwecn the two electrodes making up the electrical 

circuit be suf1iciently conducting7
• Thus, electroanalysis is complementary 

to other fonns of analysis. 

In comparison with other analytical techniques, electroanalytical 

methods have certain advantages such as the ability to distinguish the 

oxidation state of the element, provides rapid answer without digestion, 

as to the labile fraction of a given clement in a particular oxidation state 

and the experiment can be perfonned on-site in the field. In cases wherc 

existing analytical techniques cannot be applied as they require complex 

and large equipment, electroanalysis provides a ready solution6
. 



1.1. Types of Electroanalysis 

There are essentially four types of electro analytical measurements 

that can be perfonned: 

I. Conductometry, 

2. Potentiometry, 

3. Amperometry 

4. Voltammetry. 

1.1.1. Conductometry 

In conductometry concentration of the species is obtained through 

measurement of solution resistance and therefore not species selective. It 

is useful in situations where it is necessary to ascertain whether the total 

ion concentration is below a certain pennissible maximum level or for 

use as an on-line detector after separation of a mixture of ions by ion 

chromatograph y. 

1.1.2. Potentiometry 

This technique makes use of measurement of equilibrium potential 

of working electrode with reference to a standard electrode using high­

impedance voltmeter under zero current condition. By the careful choice 

of the working electrode, ion selective electrodes, selective species 

determination can be achieved with minimal interference from other ions. 

Detection limits of the order of 100 nanomoles per Iiter of the total 

conccntration of the ion present in a particular oxidation state, although 

down to 10 picomolar differences in concentration can be measurcd. 



1.1.3. Amperometry 

In this technique, a fixed potential is applied to the working 

electrode, which causes the oxidation or reduction of the species to be 

detennined and produces current. If this potential is conveniently chosen, 

then the magnitude of the current is directly proportional to 

concentration. Detection limit in the micro molar region can be obtained. 

1.1.4. Voltammetry 

In voltammetry a varying potential is applied at the surface of an 

electrode and measures the resulting current with a three electrode 

system. This method can reveal the reduction potential of an analyte and 

its electrochemical reactivity. This method in practical tenns is 

nondestructive since only a very small amount of the analyte is consumed 

at the two-dimensional surface of the working and auxiliary electrodes 'I. 

Several species that react at different applied potentials can be 

detennined almost simultaneously in the same experiment without the 

need for prior separation. Very low detection limits of down to the 

picomolar level can be reached using state-of-the-art instrumentation and 

preconcentratioll of the analyte on the electrode surface. 

An overview of analytical chemistry development demonstrates 

that electrochemical sensors represent the most rapidly growing class of 

chemical sensors. Electrochemical sensors and detectors are very 

attractive for on-site monitoring of analyte in the sample matrix. They are 

inherently sensitive and selective towards electroactive species, fast and 

accurate, compact, portable and cost effective. Such devices hold a 

leading position among sensors presently available and have f{)Und a vast 
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range of important applications in the fields of clinical, industrial, 

. Id' I I I' 10-1 1 envlronmenta an agncu tura ana YSIS . 

1.2. Chemical Sensor 

A chemical sensor 1S a device that transforms chemical 

information, ranging from the concentration of a specific sample 

component to total composition analysis, into an analytically useful 

signal 11. The chemical information, mentioned above, may originate from 

a chemical reaction of the analyte or from a physical property of the 

system investigated. There are two parts to a chemical sensor-a region 

where the selective chemistry takes place and then a transducer. The 

chemical reaction produces a signal such as a colour change, the 

emISSIon of fluorescent light, a change in the electrical potential at a 

surface, a flow of electrons, the production of heat, or a change in 

oscillator frequency of a crystal. The transducer responds to this signal 

and translates the magnitude of the signal into a measure of the amount 

of analyte. Depending on the type of transducer used, chemical sensors 

are classified in to the following groups 

1.2.1. Electrochemical sensor 

Electrochemical devices transform the effect of the electrochemical 

interaction between the analyte and thc electrode into a useful signal. 

Such effects may be stimulated electrically or may result in a 

spontaneous interaction at the zero-current condition. These include 

potentiometric sensors (Ion selective electrode-lSE, Ion selective field 

effective transistor-ISFETs), voltammetric and amperometric sensors 

including solid electrolyte gas sensor. 



1.2.2. Optical sensors 

In optical sensors there is a spectroscopic measurement associated 

with the chemical reaction. Optical sensors are often referred to as 

optodes and use of optical fibers is a common featurc. Absorbance, 

reflectance and luminescence measurements are used in the different 

types of optical sensors. 

1.2.3. Mass sensitive sensor 

This type of sensor makes use of the piezoelectric effect and 

include devices such as the surface acoustic wave sensor and are 

particularly useful as gas sensors. They rely on a change in mass on the 

surface of an oscillating crystal which shifts the rrequency of oscillation. 

The extent of the frequency shift is a measure of the amount of material 

adsorbed on the surface. 

1.2.4. Heat sensitive sensors 

These are often called calorimetric sensors in which the heat of a 

chemical reaction involving the analyte is monitored with a transducer 

such as a thermistor or a platinum thermometer. 

Compared to optical, mass and thermal sensors, electrochcmical 

sensors are especially attractive because of their remarkable detectability, 

experimental simplicity and low cost". 

1.3. Potentiometric Sensor 

In potentiometric sensors, the analytical infonnation is obtained by 

converting the recognition process into a potential signal, which is 

Proportional (in a logarithmic fashion) to the concentration (activity) of 

species generated or consumed in the recognition event. An ion-selective 
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membrane is the key component of all potentiometric ion sensorsJ3. It 

establishes the preference with which the sensor responds to the analyte 

in the presence of various interfering ions from the sample. If ions can 

penetrate the boundary between two phases, then an electrochemical 

equilibrium will be reached, in which different potentials in the two 

phases are formed. If only one type of an ion can be cxchanged between 

the two phases, then the potential difference formed between the phases 

is governed only by the activities of this target ion in these phases. When 

the membrane separates two solutions of different ionic activitics (al and 

a2) and provided the membrane is only permeable to this single type of 

ion, the potential difference (E) across the membrane is descrihed by thc 

Nernst equation: 

E = constant + RT/nF x In (a2/al) 

If the activity of the target ion In phase 1 is kept constant, the 

unknown activity in phase 2 (al = ax) is related to (E) by: 

E = constant + RT/nF x In (axial) = const + S x log (ax) 

where S=59.16/n [mY] at 298 K and n is the charge of the analyte. The 

potential difference can be measured between two identical rcfercnce 

electrodes placed in the two phases. In practice the potential difference 

i.e. the electromotive force is measured between an ion selective 

electrode and a reference electrode, placed in the sample solution. The 

potential measurements are made at zero current condition. 

Thc glass c1ectrodes I4
.

18 for pH measurements were the first 

developed potentiometric sensors that has been known since 1930s. The 

membrane in a pH electrode is the sodium silicate glass made by fusing a 
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mixture of Ah03, Na20 and Si02. Increasing the Al203 content in the 

glass results in an increasing response to other monovalent cations. In 

1937, Kolthoff and Sanders l() made the first silver halide disc electrodes. 

In the early 1960s, Pungorll} published his first paper on AgI-based 

electrodes and filed a patent on heterogeneous selective membranes with 

his co-workers, which were the basis for the first commercial solid-state 

ISEs. Concepts from medicine and physiology also spurred the 

development of ISEs. In 1964, Cyril Moore and Berton C. Pressman 

observed that neutral macrocyclic antibiotics induce ion permeation in 

mitochondria, leading to the development of neutral carrier electrodes. 

Wilhelm Simon, an eminent organic chemist at ETH in Zurich 

(Switzerland), used extracts of poisonous mushrooms containing the 

dipsipetide valinomycin dissolved in a liquid ion-exchanger membrane. 

Although the response was slow, an electrode that measured K+ in the 

presence of a 5000-fold excess of the Na + was soon developed and 

patented. His studies on the structure selectivity relationships of many 

synthetic ionophores, plasticizers, and additives allowed him to fabricate 

novel ISEs2o. In 1966, Frant and ROSS21 were reported the first 

potentiometric sensor for fluoride based on single crystal electrodc. This 

pioneering work lead to the emergence of a new breed of potentiometric 

chemical sensors. Ross and Frant teamed up and formed the Orion 

Research Inc. and both of them considered as the founding father of ion 

selecti ve electrodes. 

Thc liquid membrane sensor22 was first introduced in 1967 which 

provided the means for the direct determination of calcium ions. A major 

break through occurred in 1970 when a polymer film with sensing 

properties was produced by immobilizing the electroactive component 
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into poly (vinyl chloride) 23. Ruzicka et al 24 were the first to introduce 

liquid state electrode based on carbon in 1970. In 1971, Henry Freiser25 

introduced first coated wire electrode and it received considerable 

attention because of it dispensed with the inner reference solution. 

Pungor and his co-workers developed an iodide ion selective electrode by 

incorporating finely dispersed silver iodide into a silicone rubber 

monomer and then carrying out polymerization l9
. 26.27. An enzyme ISE 

for amygdalin has also been proposed
2g

. The development of sensors 

using spectral grade graphite powder, nujol oil and metal salts of low 

solubility in a plastic body was described by Mesaric and Dahmen29 in 

1973. InI980, Heimen et al 30 described the first use of a polymer film 

chemically modified carbon paste electrode (CMCPE). 

Various on-line monitoring systems can benefit from the inherent 

specificity, wide scope, dynamic behavior and simplicity of 

potentiometric sensors31. They have become widely used as detectors in 

high speed automated flow analyzers, such as air-segmented 32·33 and 

flow-injection systems34
. In addition, the coupling of modem Ion 

chromatography with potentiometric detection has been used with 

significant success34
-
35

. Miniaturization of ISE has also permitted their 

use as on-column detectors for capillary elcetrophoresis36
. 

Rodwedder et al37 and Fatibello and co-workers
3g

-41 have shown the 

use of coated graphite epoxy ion selective electrodes for the detemlinaton 

of cations using ion-pair fonnation with tricaprylylmethylammonium 

cation in a PVC matrix. Using a similar system with incorporation of 

saccharinate anion and toluidine, Rover et a1 42 have described the 

construction of a tubular ion selective electrode useful for detennination 

of saccharin. A more sensitive system for saccharin detennination has 



been described by Alfaya et al 43 using a thin film of silsesquioxane 3-n­

propylpyridinium chloride polymer coated on a graphite rod. The 

successful use of thin film electrodes modified, by nickel(lI) 

hexacyanoferrate, for potassium detennination has been described by 

Stradiotto and co-workers44
. 

Potentiometric sensors are simple to use, easily automated for rapid 

sampling, with low interferences from the matrix and can be applied to 

small volumes. These advantages make potentiometric sensors an ideal 

choice for both c1inical and industrial measurements where speed, 

simplicity and accuracy are essential. Thus research in the field of 

potentiometric sensors attains considerable attention and a number of 

sensors have been reported for metal ions such as alkali, alkaline earth, 

transition, lanthanides, etc; for anions sueh as pcrchlorate ion, cr etc; for 

pharmaceutical compounds such as acetylsalicylic acid, mebendazole, 

dicIofenac etc4S
-
S7

. 

There are three basic types of potentiometric devices: ion- selective 

electrodes (lES), coated wire electrodes (CWES) and field effect 

transistors (FETS). 

1.3.1. Ion-selective electrodes 

Ion-selective electrodes are part of a group of relatively simple and 

inexpensive electroanalytical tools which are commonly referred to as 

potentiometric chemical sensors since selective chemistry take place at 

the electrode producing an interfacial potential. Species recognition is 

achieved with a potentiometric chemical sensor through a chemical 

equilibrium reaction at the sensor surface_ Thus the surface must contain 

a component which will react chemically and reversibly with the analyte. 

III 



Ion selective electrodes allow the specific and quantitative detennination 

of an almost unimaginable number of substances, ranging from simple 

inorganic ions through amino acids to complex organic molecules. The 

wide range of applications, low material requirements and simplicity of 

analytical procedure have not only brought ion-selective electrodes in to 

the lime light of analytical chemistry, but have promoted their use as 

tools for physiologists, medical researchers, biologists, geologists, 

environmental protection specialists, etc5R
. 

1.3.2. Coated-wire electrodes 

Coated-wire electrodes (CWEs) were first introduced in the mid of 

1970's by Freiser.25
. 59 In the classical eWE design, a conductor is 

directly coated with an appropriate ion-selective polymer membrane 

(usually poly(vinyl chloride, poly(vinylbenzyl chloride) or poly(acrylic 

acid» to fonn an electrode system that is sensitive to electrolyte 

. Th CWE 2~ ~9 -60· "1 I f I . I concentratIOns. e response -. - IS SIm] ar to t lat 0 C aSSIca 

lSE, with regard to detectability and range of concentration. The great 

advantage is that the design eliminates the need for an intemal reference 

electrode, resulting in benefits during miniaturization, for example. This 

is particularly useful for the in "itro and in vivo biomedical and clinical 

monitoring of different kind of analytes. 

1.3.3. Ion-selective field effect transistors (ISFET) 

Ion-selective field effect transistors (ISFET) work as an extension 

of CWE. ISFET incorporate the ion-sensing memhrane directly on the 

gate area of a field effect transistor (FET). The FET is a solid-state 

device that exhibits highimput impedance and low-output impedance and 

therefore is capable of monitoring charge buildup on the ion-sensing 
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membrane. The construction is based on the technology used to fabricate 

microelectronic chips61-63 and the great contribution is that it is possible 

to prepare small multisensor systems with multiple gates, for sensing 

several ions simultaneously, while their small size pennits the in vivo 

detennination of analytes. 

1.4. Classification 

Based on the physical state of the substance fonning the electrode 

membrane, potentiometric sensors are classified into 

1.4.1. Ion selective electrodes with solid membranes 

The membrane can either be homogeneous (a single crystal, a 

crystalline substance or a glass which is considered to be a solid with 

regard to the immobility of the anionic groups) or heterogeneous where a 

crystalline substance is built into a matrix made from a suitable polymer. 

1.4.2. Ion selective electrodes with liquid membranes 

In this case the e1cctrode membrane is represented by a water 

immiscible liquid, in which a dissolved substance capable of exchanging 

the ion in the solution for which the electrode is selective. This substance 

is either an associate of this ion with an oppositely charged ion, soluble 

in the membrane or it is a complex of the ion for which the electrode is 

selective 

According to the type of membrane used, potentiometric sensors 

are again classified into 

1.4.3. Glass membrane 

These are selective for ions such as H+, Na+, and NH/. The glass 

electrode for pH measurements were the first potentiometric sensor 
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developed based on glass membrane and has been known from I 930s. 

The membrane in a pH electrode is essentially a sodium silicate glass 

made by fusing a mixture of A1z03, Na20 and Si02. 

1.4.4. Sparingly soluble inorganic salt membranes 

This type consist of a section of a single crystal of an inorganic saIt 

such as LaF3 or a pressed powder disc of an inorganic salt or mixtures of 

salt such as Ag2S/ Age\. Such membranes are selective for ions such as F­

, S2- and er 

1.4.5. Liquid membrane sensor 

In these, an ion-selective complexing agent or lOn exchanger IS 

immobilized in a plastic matrix such as poly(vinyJchloride). 

1.4.6. Gel -immobilized and chemically bonded enzyme membranes 

These membranes use the highly specific reactions catalysed by 

enzymes. The enzyme is incorporated into a matrix or bonded onto a 

solid substrate surface. These are the tirst examples ofbiosensors as they 

make use of biochemical process. 

1.5. Ion recognition elements 

The most significant component of the sensor is the ionophore or 

lOn carrier which enables the sensor to respond to a particular ion 

selectively in the presence of other ions. The ionophores can be of an ion 

exchanger or a neutral macro cyclic compound having molecule-sized 

dimensions and containing cavities or semi-cavities, Schiffs bases, 

crown cthers etc. 
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1.6. Performance Factors 

1. Working concentration range and detection limit 

The linear range of the electrode is defined as that part of the 

calibration curve through which a linear regression would demonstrate 

that the data points do not deviate from linearity by more than 2 m V. 

According to the IUPAC recommendationM
, the detection limit of an ISE 

is calculated using the cross-section of the two extrapolated linear parts 

of the calibration curve. 

2. Effect of PH 

The pH plays a very important role in the response of the 

potentiometric sensors. It can influence the fonnation of protonated and 

unprotonated species of the same substance, it can favor the redox 

processes at the electrode or the electrode can become pH selective under 

certain conditions65
. 

3. Response time 

The dynamic response time is an essential parameter for a scnsorOh. 

The response time of an electrode is evaluated by measuring the average 

time required to achieve a potential within ± I m V of the tinal stcady­

state potential, upon successive measurement of the potential of the 

respective ion, each having a ten-fold difference in concentration67-6~. 

4. Selectivity 

Selectivity is thc most important characteristics of the sensors. It 

describes the sensors specificity towards target ion in the presence of 

other ions. 
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5. Life time 

The life time of the sensor refers to the period of time during which 

the sensor can be used for the detennination of the analyte and it is 

detennined by the stability of the selective material. After this time, the 

slope and the detection limit of the sensor will decrease and increase, 

respectively. The reason for the limited lifetime of the carrier-based 

sensors may be due to the loss of plasticizer, carrier or ionic site from the 

polymeric fIlm, as a result of leaching into the sample. 

1.6.1. Application 

The applicability of the sensors for continuous real time monitoring 

of certain analytes in the environment or in the online and oft1ine process 

in the industry is of great importance. In addition to pollution 

applications, farming, gardening, veterinary and mining are all areas 

where sensors are needed for environmental monitoring. 

1.7. A Brief Review on Important Potentiometric Sensors for 

Lanthanides 

As part of the investigations, potentiometric sensors have been 

developed for the following lanthanides-La3
+. Sm3+. Pr3

+, Nd3~ and Gd3+ 

A brief review of potentiometric sensors for these metal ions are 

presented blow. 

1.7.1. Lanthanum 

A variety of potential Ion earners have been used in the 

construction of sensors for lanthanum. Ito and GotO(,9 tested the response 

of the lanthanum sensor impregnated with I-phenyl-3-mcthyl-4-

oetadecanoyl-5-pyrazolone. Shamsipur et a1 70 developed lanthanum 

sel ective sel1sor us ing 13, 5-trithiacyclohexane as c1cetroacti ve clement. 
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5, 14-N,N' -hydroxyphenyl-4, 15-dioxo-1 ,5, 14, IS-tetraaza hexaeosane was 

f 0 0 f' L 3+ b KJ 10
]71 L O od b 7' made use 0 as IOn earner or a y la I 0 lqUl mem rane sensor ~ 

was reported with monoazo-12-crown-4 by Gupta et al. The sensor 

responded to lanthanum in the concentration range 3016X 10-5 to 

1.0x 1 0- 1
, but working PH range was only 3-70 Mittal et al

73 
ex plored the 

use of dicyclohexano derivative of 18-crown ethers as ionophorc for 

lanthanum. Ganjali et al 74 reported a PVC membrane sensor and coated 

graphite electrode for La3
+ based on bis(2-mercaptpanil)diacetyl. The 

sensors showed linear response to lanthanum, but are susceptible to 

interference from N a + and Cr3
+. Akhond et al 75 suggested the use of 2,2'­

dithiodipyridine as electroactive element in the fabrication of La3
+ 

selective sensor. Singh et al 76 studied the response characteristics of 

membrane sensor based on hcxaaza maerocycle, 8,16-dimethyl- 6,14-

diphenyl-2,3,4, 1 0, 11, 12-dipyridinc-l ,3,5,9, 11, 13-hexaazacyclohexadcca-

3,5,8,ll,13,16-hexaene as membrane carrier which showed linear 

response to lanthanum in the range 1.0 x Hr) - 7094 x 10-7 M and have 

good working pH range. I, I O-diaza-4,7, 13, 16-tetraoxacyclo octadecane­

N,N'-diacetic acid was explored as an ion carrier in the construction PVC 

membrane sensor by Suyanta et al 77
. Even though sensor was selective to 

lanthanum, other rare earth ions were found to be interfering with its 

working. PVC membrane sensors incorporating glic1azide, bis (thiophcnal) 

phenylen-I,3-diamine, bis(2-methylbenzaldehyde )butane-2,3-dihydrazon, 

4-methyl-2-hydrazinobenzo thiazole,3-hydroxy-N' -(pyridine-2-ylmethylene)-

2-naphtho hydrazide, N-(2-pyridyl)-N'-(2-mcthoxyphenyl) -thiourea, 

oetadentates Schiffs base, and (1-[9 {2-[2-2-hydroxy-l-naphtyI)-3-(2-

{[(E)-I-(2-hydroxy-1 naphtyl)methylidine)amino Jethyl)-I-imidazolidyl} 

imino)methyl]-2-naphtho]) as ionophores were fabricated by Ganjali et 

178-85 
a . Among them sensor based (l-[9{2-[2-2-hydroxy-l-naphtyl)-3-(2-
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{[ (E)-1-(2-hydroxy-l-naphtyl)methylidine )amino } ethyl)-l-imidazolidyl} 

imino) methyl]-2-naphthol) exhibited good detection limit of 4.Sx 10-10 

M, but analytical application sensor was not reported. 

1.7.2. Samarium 

Chowdhury et al x6 reported the first samarIum selective sensor 

impregnated with bis(thiaalkylxanthato )alkanes, but sensor showed 

interferences in the presence of CU
21 

and Fe
2T

. A liquid PVC membrane 

sensor was reported by Ganjali et al 87where the glipizid was used as the 

ionophore to detect Sm3
+. Shamsipur et al xx fabricated a PVC membrane 

and coated graphite sensor for samanum based on 4,5,6,7-

tetrathiocino[ I ,2-b:3 ,4-b ]diimidazolyl-I ,3,8, I O-tetraethyl-2,9-dithione. 

Coated graphite sensor was found to have better concentration range and 

detection limit compared to the PVC membrane sensor, but the working 

pH range was only 4 - 6.5. Mittal et alx') fabricated samarium selective 

sensor incorporated with Tin (IV) boratophosphate but the sensor gave a 

super Nemstian slope. Mittal and Sharma90 studied the response 

characteristics of sensor fabricated with Zirconiun(IV)boratophosphatc as 

ionophore which had good life time of 6 months. The use of 

Spiro[oxirane-pyrazolidinedioneJ derivative as ionophorc for samarium 

was reported by Saleh et al 91 and the sensor was applied in the 

determination of acetylsalicylate and carbonate in some drugs. Zamani et 

al investigated the response characteristics of membrane sensor 

impregnated with 3- {[2-oxo-l (2H)-acenaphthylenyliden] amino} -2-

thioxo-I,3-thiazolidin-4-one to Sm3
-'- ions92. The first asymmetric 

potentiometric Srn (Ill) micro-sensor was reported by Ganjali et a193
. 2-

«(2-thioxothiazolidin-4- onc) methyl) phenol was employed as ionophorc 



and sensor showed linear response in the range of 1.0x 1 0-9 to I .Ox 1 0-4 M 

with slope of 18.27. 

1.7.3. Neodymium 

There are only a limited number of reports on the design of highly 

selective electrodes for neodymium based on different non cyclic and 

macrocyclic ionophores. Shamsipur et al 94 reported the construction of a 

neodymium sensor based on 5-Pyridino-2,8-dithia[9](2, 9)-1,10-

phenanthrolinephane. The sensor exhibited linear response in the 

concentration range 1.0 x 10 6 to 1.0 x 10-2 with a fast response time and 

was applied to the recovery of Nd3t ion from tap water samples. The 

working pH range of the sensor was found to be very low. P. Norouzi et 

al 95 developed a membrane sensor based on N-(2-Furylmethylene) 

pyridine-2,6-diamine which showed nenstian response to neodymium 

ions in the concentration range 1.0 x 10-5 to 1.0 x 10-2 M. The sensor 

was applied to direct monitoring of Nd3
+ in various binary mixtures. 

2- {[( 6-aminopyridin-2-yl)imino]methyl} -phenol based sensor was 

developed by Ganjali et al 96 which showed Ncmstain response to NdJ
+. 

Behmadi et al'J? demonstrated the use of benzylbis (thiosemicarbazone) 

in the determination of Nd3
+ over the concentration range 1.0 x 10-2 and 

1 x 10-6 M. The sensor was employed for the monitoring of Nd3
+ from 

soil and sediment sampks. Sensors based on two neutral ionophores, 

N,N'-bis((I-H-pyrrol-2-yl)mcthylene) cyclohcxane- I ,2-diamine and 3,3'­

(cyc1ohexane- I ,2-diylbis(azan-l-yl-l-ylidene)bis(methan-I-yl-I-ylidene) 

bis(5-hydroxymethyl)pyridine-2-01) arc described for quantification of 

neodymium (Ill) by Gupta et al<)~. Sensor based on 3,3'-(cyclohexane-

1 ,2-diylbis(azan-l-yl- I -ylidene)bis(methan-l-yl-l-ylidene)bis(5-

hydroxymethyl) pyridine-2-01) showed enhanced selectivity for NdJ+. 
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1.7.4 Praseodymium 

Only four reports have been published In literature for 

praseodymium. Ganjali et al produced a novel PVC membrane sensor for 

praseodymium based on hydrazide derivative,!9. Zamania and 

coworkers]Oo.]O] reported the use of N, N-bis(a-methylsalieylidenc) 

diethylenetriamine and NI ,N2bis-(2-oxo-l ,2-diphenylethylidene) ethane 

dihydrazide as electroactive components for the detennination of Pr3
' 

ions. Both the sensors shoed linear response in the concentration range 

1.0 x 10-6 to 1.0 x 10.2 M. The sensor based on N, N-bis (a-methyl 

salicylidene)diethylenetriamine was applied for the detennination of 

Pr3
+ from soil and sediments while with NI N2bis-(2-oxo-1 2-, , 

diphenylethylidene)ethancdihydrazidc based sensor used for the 

recovery of praseodymium from different water samples and the 

detennination of fluoride ions in mouthwash samples. Gupta et al 102 

developed two PVC membrane sensor by incorporating 1,3-

diphenylpropane-l ,3-diylidenebis(azan-I-ylidene) diphenol and N,N'­

bis(pyridoxylideneiminato)ethylene as ion recognition clement. Sensor 

based on N, N'-bis (pyridoxylideneiminato)ethylene exhibited enhanced 

selectivity for praseodymium. 

1.7.5 Gadolinium 

G . I· d k 10.1-105 unJu 1 an cowor ers rep0I1ed three sensors tc.)[ the 

determination of gadolinium based on different ionophores such as 

omeprazole, (2-[ {3-[(2-sulfanylphenyl )imino )-l-methylbutylidene} amino] 

phenyl hydrosulfide and bis(thiophenal)pyridine-2,6-diamine. Among 

them sensor based on bis(thiophenal)pyridine-2,6-diamine showed 

enhanced response in the concentration range 1.0 )( 10-6 to 1.0 x I (r l M. 

Zamania et al 106 fabricated membrane sensor based on 6-mcthyl-4-t[ 1-(2-
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thienyl )methyl idene Jamino } 3-thioxo-3 ,4-dihydro-l ,2,4-triazin-5-(2H)-one 

and was applied to the detennination of concentration of Gd (III) ions in 

soil and sediment samples. Faridbod et al 107 developed a PVC membrane, 

sensor based on N-(2-pyridyl)-N'-(4-nitrophenyl) thiourea. The sensor 

showed linear response in the concentration range 1.0 x 10's to 1.0 x 10-3 

M, but with a sub Nemstian slopes. Shanna et alios studied the response 

characteristics of sensor fabricated with Zirconium (lV)tungstophosphate 

(inorganic ion exchanger) as the ionophore which had a good working 

pH range of 4 - 10, but the slope was found to be super Nemstlan of 30 

mv/decade. 

1.8. Scope of the Present Work 

In many fields such as earth SCIence, biology, environment and 

electronics, the knowledge about elemental distributions and chemical 

speciation is impOltant lo
<). The determination of metal levels especially 

the toxic ones both in the environment and in biological materials are 

increasingly demanded by the society. Among the different methods 

available for the trace level determination of metal ions, electroanaly1ical 

techniques, especially electrochemical sensors holds a leading position as 

they have reached the commercial stage and which have found a vast 

range of important applications in the fields of clinical, industrial, 

environmental and agricultural analyses. In continuation to our works in 

the area of low level monitoring of metal i0l1s4
<), 110-113, the present work 

focused on the fablication of potentiometric sensors for the detennination 

oflanthanidcs such as La3+, Pr3+, Nd 3
!, SmJ

, and Gc\3+. It is to be noted in 

this context, that only a very few sensors arc developed so far for the 

detennination of lanthanide ions. This fact enhances the importance of 

the present work. Total of ten sensors have been fabricated for these 
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metal ions and that includes PVC membrane and CMCPE type sensors. 

Response characteristics such as working concentration range, slope, 

detection limit, pH range and selectivity were studied in case of all the 

sensors. The developed sensors have been applied for the determination 

of metal ions in real samples and also applied as an indicator electrode in 

the potentiometric titrations. It is hoped that all the ten sensors developed 

can be used for the determination of the respective metal ion with high 

accuracy and precision. 

*****iCt***** 
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MATERIALS AND METHODS 

-- .-

This chapter describes in dctail the synthesis and characterization 

of all ionophorcs. The general method of preparation of the different 

types of sensors and conductomctric study are also discussed. This 

chapter also deals with the preparation of solutions of metal salts, bufter 

solutions and binary mixtures along with the details of the instruments 

used for the investigations. 
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2.1. Reagents 

Reagent grade sodium tetraphenyl borate (NaTBP), plasticizers 

such as bis(2-ethyl hexyl) phthalate (BEP), bis(2-ethyl hexyl) sebacate 

(BES), bis(2-ethyl hexyl) adipate (BEA), di-n-butyl sebacate (DBS), di­

n-butyl phthalate (DBP), 3-hydroxy-3-methoxy benzaldehyde, l-amino-

2-hydroxy naphthyl sulphonic acid, 1 ,3-diaminopropane and 1,4-diamino 

butane were obtained from Lancaster, UK. High molecular weight PVC 

and di-n-butyl sebacate (DBS) were purchased from Merck, Germany 

and were used as received. Lanthanide salts were obtained from IRE 

LTD, India. Salicylaldehyde, thiosemicarbazide, tri-n-butyl phosphate 

(TBP), paraffin oil (heavy), tetrahydrofuran (THF) and all other solvents 

were collected from local vendors. High purity graphite powder was 

procured from Sigma Aldrich Corporation, USA. 

2.2 Synthesis and Characterization of lonophorc 

All the ionophores used for the sensor fabrication are Schiffs bases 

and were synthesized by the condensation of an aldehyde with a primary 

amine. The general scheme of the reaction is depicted below 

R 
RI~N"-J 2 

They have been characterized by elemental analysis and 

spectroscopic techniques such as IR and NMR. 

2.2.1. NI ,N 2 -bis(naphthalcne-l-yl)methylene(hexa-l,6-diamine) (NAH) 

The ionophore NI ,N2 -bis(naphthalene-l-yl)methylene(hexa-l ,6-

diaminc) (NAH) was synthesized by ret1uxing a mixture of 1-

naphthaldehyde (0.2mol) and 1,6-diaminohcxane (0.1 mol) in 20 m L 

methanol for 3 hrs. The solvent was evaporated to 10 mL and resulting 
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solution was cooled at room temperature. Pale yellow crystals were 

obtained which was then recrystalized from methanol. 

The structure of the product was confinned by lR, NMR and 

elemental analysis and is depicted in the chaptcr 3 as figure 3.1. 

CHN analysis 

Found (%): C- 84.90, H- 7.47, N-7.15 

Calcd (%): C- 85.67, H- 7.19, N- 7.14 

Spectroscopic analysis 

IR (KBr)umajcm: 1634(C=N, s), 1619,3045,2929,1004,801,469,550, 

646,727,619,944,961,1234,1336,1361,1463. 

1 
HNMR (DMSO-D6): 7.8-7.72 (2H, rn, Ar-H), 7.5 (2H, t, Ar-H), 7.6 

(4H, rn, Ar-H), 7.3 (4H, d, Ar-H), 7.9 (2H, d, Ar-H), 8.7 (2H, s, CH=N), 

3.6 (4H, t, N-CH
2
), 1.7(4H, m, CH2), 1.24 (4H, rn, CHz) 

2.2.2. NI ,N2 -bis(salicylidine )butane-l ,4-diamine (SA B) 

The Schiffs base N 1,N2-bis(salil:ylidine)butane-l,4-diarnine(SAB) 

was prepared by rcfluxing (0.02rnol) salicylaldchyde and (0.01 mol) 

butane-l,4-diamine in 20 mL methanol for 3hrs.The yellow tlakes that 

separated out was filtered and recrystallized from dichlorornethane. The 

fonnation of the ionophore was confirmed by elemental analysis and 

spectroscopic techniques. The structure of the ionophorc is depicted as 

figure 6.1 in chapter 6. 

CHN analysis 

Found (%): C - 72.44, H - 6.30, N - 9.25 

Calcd (%): C - 72.95, H - 6.80, N - 9.45 
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Spectroscopic analysis 

IR (KBr, cm· l
): 1604 (CH=N, S), 1581, 1528,3565,2885, 1352, 1490, 

1282, 1223, 1047,942,893,744,750,659. 
! 

HNMR (DMSO-D6): 8.5 (2H, s, CH=N), 7.49 (2H, d, Ar-H), 7.3 (2H, t, 

Ar-H), 6.9 (2H, m, Ar-H), 6.7(2H, m,Ar-H), 3.5 (4H, t, N-CH2). 11.29 

(2H, s, OH), 1.7 (4H, m, CH2) 

2.2.3 1 ,4-bis( 4-hydroxy-3-methoxybezylidcnc )thiosemicarbazide 

(HBTS) 

The ionophore, I ,4-bis( 4-hydroxy-3-methoxybezylidene) thiosemi 

carbazide was synthesized by retluxing a mixture of 4-hydroxy-3-

methoxy bezaldehyde (0.02 mol) and thiosemicarbazide (0.01 mol) in 

ethanol (20 mL) for 3 hrs. Precipitate obtained was fIltered, washed, 

dried and then recrystallizcd from methanol. The ionophore was 

characterized by elemental analysis and spectroscopic techniques and the 

structure is depicted in chapter 5 as figure 5.1 

CHN analysis 

Found: C - 57.38, H - 5.17, N - 11.39, S-8.72 

Calcd: C - 56.81, H - 4.77, N - 11.69, S-8.92 

Spectroscopic analysis 

IR (KBr) umilx/cm: 1583 (C=N, s), 3564, 2983, 1880, 1505, 1455, 1371, 

1027,944, 852, 838,778. 

I HNMR (DMSO-D6): 6.84 (2H, m, Ar-H), 2.3 (I H, s, N-H), 7.03 (2H, m, 

Ar-H), 7.1 (2H, s, Ar-H» 8.12 (2H, s, CH=N), 3.81 (6H, s, OCH3), 11.2 

(2B, s, OH) 

Department of Aoolied Chemistry. CUSAT 



2.2.4. NI ,Nz -bis(4-hydroxy-3-methoxybezylidene)butane-1 ,4-diaminc 

(HMB) 

The synthesis of the ionophore NI ,N2 -bis( 4-hydroxy-3-

methoxybezyIidene) butane-1,4-diamine (HMS) was achieved by 

refluxing 4-hydroxy-3-methoxybenzaldehyde (0.02 mol) and l,4-diamino 

butane (0.01 mol) in 30 mL ethanol for 4 hrs. The yellow precipitate was 

filtered, dried and recrystallised from the same solvent. The structure of 

the product was confirmed by elemental analysis, IR and NMR and is 

given in chapter 5 as figure 5.2. 

CHN analysis 

Found: C - 67.58, H - 7.68, N - 7.19 

Calcd: C- 67.72, H - 7.58, N - 7.52 

Spectroscopic analysis 

IR (KSr, cm1): 1585 (CH=N, S), 3565, 2865, 1592, 1515, 1470, 1335, 

1239, 1028, 942, 871, 621. 

I 
HNMR (DMSO-D6): 8.15 (2H, s, CH=N), 3.7 (6H, s, OCH3), 1.6 (4H, 

rn, CH2), 7.03(2H, d, Ar-H), 6.8 (2H, m, Ar-H), 7.09 (2H, s, Ar-H), 11.2 

(2H, s, OH), 3.6 (4H, t, N-CH2), 1.7 (4H, m, CH2) 

2.2.5 NI, N2 
- bis(3-nitrobenzylidcne)propane-l,3-diamine (MBP) 

The ionophore, NI, N2 -bis(3-nitrobenzylidene)propane-l ,3-diarnine 

was synthesized by refluxing a mixture of 3-nitrobenzaldehyde (0.02 

mol) and 1, 3-diaminopropane (0.0 I mol) in methanol (20 mL) for 3hrs. 

The reaction mixture was cooled to room temperature. Pale yellow 

crystals were obtained which was then filtered, washed, dried and 
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recrystallized from methanoL The structure of the product was confirmed 

by elemental analysis, IR and NMR and is given in chapter 4 as figure 4.1. 

CHN analysis 

Found: C-60.12, H-4.54 and N- 16.38 

Calcd: C-59.99, H-4.74 and N-16.46 

IR (KBr, cm'!): 1647 (C=N, s), 1536 (ArN02). 1353 (ArN02), 1466, 

1059,742,2863,3085 

IHNMR (CDCb): 8.57 (2H, s, Ar-H), 8.09 (2H, m, Ar-H), 7.6 (2H, m, 

Ar-H), 8.47 (2H, s, CH=N), 3.81 (4H, t, NCH2), 2.16 (2H, m, CH2), 8.2 

(2H, d, Ar-H). 

2.2.6. 2-«Z)-(2-mercaptophcnyliminc)mcthyl)phcnol (MPM) 

The ionophore, MPM was synthesized by refluxing a mixture of 

salicylaldehyde (O.OOlmol) and thiophenol (O.OOlmol) in ethanol (20 

mL) for 3hrs.The reaction mixture was cooled to room temperature. Pale 

yellow crystals were obtained which was then filtered, washed, dried and 

recrystallizcd from the same solvent. The formation of the ionophore was 

confinned by elemental analysis and spectroscopic techniques. The 

structure of the product is depicted as figure 7.1 in chapter 7. 

CHN analysis 

Found: C-68.36, H-4.74, N-6.46, S-13.63 

Calcd: C-68.09, H-4.84, N-6.ll, S-13.98 

IR (KBr, cm'I): 1630 (C=N, s), 3442,1489,1311,1218,973,822, 

734, 509. 
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'HNMR CCDCI3): 7.1 (3H, t, Ar-H), 5.2 (l H, s, Ar-OH), 7.45 (lH, d, Ar­

H), 8.39 (1 H, s, CH=N), 6.7 (1 H, d, Ar-H), 6.8 (I H, t, Ar-H), 7.24 

(1H, d, Ar-H), 6.9 4 (lH, t, Ar-H), 3.1 (lH, s, SH) 

2.3. Preparation of the Metal Salt Solution 

The stock solution (1.0 x 10. 1 M) of the metal salt was prepared by 

dissolving the appropriate amount of metal salt in a titrimetric flask and 

the solution was quantitatively diluted using distilled water. All the other 

solutions of different concentrations were made by serial dilution of the 

stock solution. 

2.3.1 Lanthanum chloride solution 

About 9.284 g of lanthanum chloride was accurately weighed and 

transferred in to a 250 mL standard flask. The solution was then made up 

to the mark with distilled water and standardized using EOT A method. 4 

2.3.2. Neodymium chloride solution 

8.967 g of neodymium chloride was accurately weighed and 

transferred to 250 mL standard flask. 2 mL (1 N) HCl was added to 

dissolve the salt and made up to the mark with distilled water. It was then 

standardized using EDT A method4
. 

2.3.3. Praseodymium solution 

11.5g of praseodymium nitrate was accurately weighed and 

quantitatively transferred to a 250 mL standard flask followed by dilution 

with distilled water to the mark. Standardization of the stock solution was 

done according to EOT A method4
. 
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2.3.4 Samarium chloride solution 

6.42g of samarium chloride was weighed and transferred to 250 

mLstandard t1ask and diluted with distilled water up to the mark. 

Solution was then standardized by EDTA method4
. 

2.3.5 Gadolinium chloride solution 

9.29g of gadolinium chloride was weighed and transferred to 250 

mL standard t1ask. 2 mL (I N) Hel was added to dissolve the salt and was 

then diluted with distilled water up to the mark. The solution was then 

standardized by EDTA method4
. 

2.4. Preparation of Buffer Solutions 

Buffers were used to maintain pH of the test solution and also 

during EDTA titrations. They were freshly prepared according to 

Robinson Table 114. 

2.4.1 pH 5.0 

To 100mL 0.1 M potassium hydrogen phthalate solution, 45.2 mL 

of 0.1 M NaOH solution was added to give the buffer having pH 5.0 

2.4.2 pH 7 

To 100 mL 0.1 M potassium dihydrogen phthalate solution, 58.2 

mL of 0.1 M NaOH solution was added to give the buffer having pH 7.0 

2.5 Preparation of Real Samples 

The analytical applicability of the developed sensor was tested for 

the determination of metal ions from their binary mixtures. 
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2.5.1 Binary mixtures of Lanthanum 

La-Pr, La-Nd, La-Pb and La-Ca combinations wcre selected for the 

study. Concentrations of both the components in each combination were 

made as 5.0 x 10-4 M. 0.0186 g LaCh, 0.0218 g praseodymium nitrate, 

0.0179 g neodymium chloride, 0.0139 g lead chloride and 0.0055 g 

calcium chloride were accurately weighed and La-Pr, La-Nd, La-Pb and 

La-Ca binary mixtures were prepared by dissolving their respective salts in 

100 mL standard t1ask. The solutions were made up to the mark with 

distilled water. pH of the mixtures were maintained at 5. 

2.5.2 Binary mixtures of Neodymium 

Nd-Pr, Nd-La and Nd-Pb combinations were selected for the study. 

Concentrations of both the components in each combination were made 

5.0 x 10.4 M. For that 0.0179 g neodymium chloride, O.()218 g of 

praseodymium nitrate, 0.0139 g lead chloride and 0.0186 g lanthanum 

chloride were accurately weighed and Nd-La, Nd-Pr and Nd-Pb binary 

mixtures were prepared by dissolving their rcspectivc salts in lOO mL 

standard flask. The solutions were made up to the mark with distilled 

water. pH of the mixtures were maintained at 7. 

2.5.3. Binary mixtures of praseodymium 

In this case Pr-La, Pr-Nd and Pr-Ca combinations were selected. 

Concentrations of both the components in each combination were made 

5.0 x 10.3 M. For that 0.2175 g of praseodymium nitrate, O. I 856 g 

lanthanum chloride, 0.1793 g neodymium chloride and 0.0555 g calcium 

chloride were accurately weighed and Pr-La, Pr-Nd and Pr-Ca 

combinations were prepared by dissolving their respective salts in 100 
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mL standard flask. The mixtures were made up with distilled water. pH 

of the mixtures were maintained at 7. 

2.5.4 Binary mixtures of samarium 

Sm-Nd, Sm-Gd, Srn-Ca and Sm-Pb combinations were 

selected. Concentration of both the components in each combination 

were made 5.0 xl0·4 M. 0.0128 g samarium chloride, 0.0179 g 

neodymium chloride, 0.0186 g gadolinium chloride, 0.0055 g calcium 

chloride and 0.0139 g lead chloride were accurately weighed and Sm-Nd, 

Sm-Gd, Srn-Ca and Sm-Pb combinations were prepared by dissolving 

their respective salts in a 100 mL standard tlask. The solutions were 

made up to the mark. pH of the mixtures were maintained at 7. 

2.5.5 Binary mixtures of gadolinium 

Gd-La, Gd-Pb and Gd-Pr combinations were selected for the study. 

Concentrations of both the components in each combination were made 

5.0 x 10.4 M. 0.0186 g gadolinium chloride, 0.0186 g lanthanum 

chloride, 0.0139 g lead chloride and 0.0218 g of praseodymium nitrate 

were accurately weighed and Gd-La, Gd-Pb and Gd-Pr combinations 

were prepared by dissolving their respective salts in a 100 mL standard 

flasks. The solutions were made up to the mark. pH of the mixtures were 

maintained at 7. 

2.6. Conductometric Study 

Conductometric studies were carried out to investigate the extent of 

complcxation of ionophores towards different metal ions. Complexation 

of each selected ionophore with a number of metal ions such as Sm3
+, 

3+ d3+ d3+ 3 t d b~ ; . . ·1 I .. La , G , N ,Pr an P - were ll1Vestlgate<. COn( llctometnaily 111 

acetonitrile solution (I.Ox 10.4 M of cation solution and 1.0x 10.2 M of 
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ligand) at 25± 1 0c. 20 mL of each ion solution was titrated with I.Ox I 0-2 

M of respective ionophore solution in order to find out the stability of 

resulting complexes. The resulting molar conductance versus [M Il+/ L] 

mole ratio showed the formation of 1: I complexes between ionophorcs 

and metal ions. 

Fonnation constant of the complexes, Kc of each ionophore 

towards different metal ions were evaluated by computer fitting of the 

d / I . 1 . h . . II 'i-I ?O molar con uctance mo ar ratio (ata WIt appropnate equatIons. . -

2.7. Preparation of the Sensor Membrane 

The most important component in a sensor is the c1ectroactivc 

ingredient or ionophore, which is responsible t()r the ion recognition. 

There are two different types of sensors that have been studied. 

2.7.1. PVC membrane sensor 

PVC membrane sensor IS a liquid membrane sensor where 

immobilization of the ionophore in to the polyvinyl chloride is achieved 

to produce a thin film. lonophore, PVC and plasticizer were taken in 

percentage weight. The percentage weight of these components in PVC 

membranes were approximately 1-7, 30-33, 60-69 for ionophore, PVC 

and plasticizer respectively. In the case of metal ion sensors, ionic 

additives or anionic excluders (sodium tetraphenyl borate or oleic acid) 

were added to prevent the interference from the sample anions. Its 

composition varies from 2-5% (w/w). All thc components were taken in 

the specified ratio and dissolved in THF. The solution was poured into a 

glass ring stuck on to a glass plate and left for evaporation ofTHF. Smnl1 

disc shaped mcmbrancs were cut out and glued to one end of a hollow 

Pyrex glass tube using Tet10n tape. The tube was filled with the metal 

Department af Applied Chemistry. CUSAT 



salt solution (internal solution) and the membrane was conditioned by 

dipping the electrode in 1.0 xl 0. 1 M metal salt solution. Figure 2.1 

represents the stages involvedin the fabrication of a PVC membrane 

sensor. 

2.7.2. Chemically modified carbon paste electrode (CMCPE) 

Graphite and the ionophore (in varying %w/w ratios) were mixed 

thoroughly using a motor and piestle to give a homogeneous mixture. To 

this, acetone was added and this mixture was left overnight for the 

acetone to evaporate completely. It was made a paste by using binders. 

This paste was then packed to one end of the Teflon holder in which 

electrical contact was made with a copper rod through the centre of the 

electrode. Appropriate packing and a smooth surface was achieved by 

pressing the surface of the sensor against a filter paper. The sensor was 

conditioned in a 1.0 x I 0. 1 M solution of metal salt solution. Figure 2.2 

represents the stages involved in the fabrication of a chemically modified 

carbon paste sensor. 

2.S. EMF Measurements and Calibration 

All measurements were perfonned by using a Metrohm 781 ion 

meter at 25± 1 0c. The cell assembly for potentiometric measurements can 

be represented as follows 

PVC membrane sensor 

Ag, AgCl1 KCI " test solution Imembrane I internal solution (1.0 x 1 0. 1 M 

SmCh) 11 KCI I AgCI, Ag. 
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CMCPE 

Ag. AgClI KCllI test solution ICPE 

The perfonnance of the developed sensors were investigated by 

measuring potentia Is in the metal salt solution in the concentration range 

I.Ox 1 0-1 
- I.Ox 10-7 M. The solutions were stirred aDd the stable potentiais 

readings were taken. 

2.9. Instrumentation 

The CHN analysis were done on a CHN analyser, Elementar vario 

ELIII and FTIR were recorded on a ThemoNicolet Avartar370 

spectrometer using KBr Pellet in the range 4000-400cm-1 at Sophisticated 

Test and Instrumentation Centre (STIC), Kerala. Proton NMR was taken 

in Bucker 300 MHz inslrument using DMSO as solvent al NITST, 

Trivandrum. Conductometric studies were carried oul on a digital 

conductivity meter and all potentiometric measurements were done using 

Metrom pH meter. 

Figure 2.1 Stages involved in the fabrication of a PVC membrane sensor 
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Figure 2.2 Stages involved in the fabrication of chemically modified 

carbon paste sensor 

••••••••••• 
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SENSOR fOR LANTHANUM 

-~--. ---- - --========~ __ o;;;;:---

2i!6W~ ........... . 

This chapter details about the response characteristics of two types 

of sensors based on Schitrs base as ionophore for the determination of 

lanthanum. The developed sensors exhibited good response over the 

concentration range of 1.0 x 10-6 to 1.0 x 10-1 M and fast response time. 

This sensor was used as indicator electrode in the potentiometric titration 

of lanthanum against EDT A and in the determination of lanthanum from 

binary mixtures. 

. ............................................. ~~~~"'<~~ 
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Lanthanum is a rare earth clement and its oxide compounds arc 

widely used in industry. This includes the use of lanthanum in the 

preparation of glass fibers for optical purposes, in gasoline cracking 

compounds and in iron and steel industry to remove sulphur, carbon and 

I . I f-' d 179 PI L h b e ectronegatlve e ements rom Iron an stec . -. ant anum car onate 

is used medically as a phosphate binder for the treatment of 

hyperphosphatima and lanthanum chloride manifests antitumor 

properties122. Inspite of all these uses, it is to be noted that lanthanum 

salts exhibits moderate toxicity. 

Conventional methods employed for the detennination of 
173 .. P4 j'J'i lanthanide ions are spectrophotometry -, tltnmetry -, AES _., 

. . d'l . 176 d .. I' 1"7 IsotOPIC 1 utlOn mass spectrometry - an neutron actIvatIon ana YSls - . 

But these methods required multiple sample preparation and also 

infrastructure backup4 and hence are not convenient for analysis. 

This chapter describes the tabrication of two types of scnsor based 

on Schiff's base as ionophore for lanthanum. 

3.1. Ionophore 

The synthesis and characterization of the ionophorc, N) ,N2 -bis 

(naphthalene-l-yl)methylene(hexa-I,6-diamine) (NAH) has been discussed 

in the section 2.2.1 of chapter 2 and structure is given as figure 3.1. 

3.2. Fabrication of Lanthanum Selective Sensor 

3.2.1. Potential response ofthe NAH based sensors 

In order to check the suitability of NAH as potential ionophorc, 

PVC membrane electrodes and chemically modified graphite electrodes 

were prepared for a wide variety of cations. General methods for the 

fabrication of these two types of electrodes are discussed in section 2.7 of 
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chapter 2. In the preliminary step, PVC membranes having the 

composition of NAH (2%), PVC (32%), plasticizer (58%) and oleic acid 

(8%) were prepared. Similarly, graphite electrodes with graphite and 

ionophore in the ratio 95:5 were also prepared. The potential responses of 

various electrodes were obtained separately for each metal ion and are 

depicted as figure 3.2 and 3.3. It was found that, both the developed 

sensors demonstrated most sensitive response to lanthanum(lll) which 

may be attributed to the selective complexation behavior of the 

ionophore to La3
+ over other metal ions, as well as the rapid lon 

exchange kinetics of thc resulting complex formed at the membrane 

sample interface. 

Conductometic studies were also carried out to understand the 

selective complexation of the ionophore towards lanthanum ions. The 

complexations of NAH with different metal ions were studied 

conductometricaUy in acetonitrile solution at 25 ± 1 QC and results are 

summarized in Table 3.1. It was observed that the formation constant of 

the La3+ - NAH complex is more than that of the other metal ions studied. 

Since the conductometric results were also supportive to the selection of 

NAH as ionophore for lanthanum, lanthanum selective sensors have been 

fabricated using NAH as clcctroactivc material. 

3.2.2. Fabrication of the sensor membrane 

The PVC membrane sensor was fabricated from a solution of 

NAH, (ionophore), PVC, plasticizer and additive in THF, following the 

general methods as discussed in section 2.7.1 of chapter 2. Thc scnsor 

tube was fillcd with an internal solution of 1.0 x 10-1 M lanthanum 

chloride and conditioned by soaking in 1.0 x 10-1 M lanthanum chloride 

solution. The composition ratio of ionophore, PVC, plasticizer and 
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additives in the membrane were also varied so as to obtain an optimized 

membrane composition. The optimized composition which resulted in a 

best Nernstian response and working concentration range was found to 

be 3:32:57:8 (ionophore: PVC: plasticizer: additive) (w/w %). 

For the fabrication of CMCPE type of sensor, the ionophore and 

graphite were made in to a paste using a binder and this paste was packed 

into the Teflon holder as detailed in section 2.7.2 chapter 2. The best 

composition ratio for CMCPE type of sensor was found to be 90: 10 

(graphite: ionophore).Tri-n-butyl phosphate was found to be the suitable 

binder. 

3.2.3. Equilibration of membranes and potential measurements 

The two type of sensors were equilibrated by soaking in 1.0x 10- 1 

M LaCI 3 solution .The equilibration time was 2 days for PVC membrane 

type sensor and I day for CMCPE type sensor. The potential 

measurements were carried out at 25 ± I DC on Mctrohm 781 ion meter 

(pH maintained at 5 by adding butfer) in the concentration range 

1.0 x 1 O-Ii to 1.0 x 10-1 M LaCb solution. The cell assembly for the two 

types of sensors can be represented as follows, 

PVC membrane sensor 

Ag, AgCl I KCl 11 test solution [membrane I internal solution (1.0 x 10-1 M 

LaCh) 11 KCl 1 AgCI, Ag 

CMCPE sensor 

Ag, AgCll KCll1 test solution I CMCPE 

The pertl)rrnanCe of the sensors were investigated by measunng 

their potential::; in LaCb solution prepared in the concentration range 



1.0 x 10.6 to 1.0 x 10-1 M. The solutions were stirred and the stable 

potential reading was taken. 

3.2.4. Optimization of membrane composition 

The sensitivity, linear dynamic range and selectivity of the 

membrane sensor depend on the nature and amount of carrier, plasticizer 

and lipophilic additives. 128
-
137 Hence, the optimizations of membrane 

composition are very important. A set of 10 sensors were fabricated with 

varying composition of membrane ingredients and arc presentcd in the 

Table 3.2. Initially the effects of sensors, N I-N4 , with different 

plasticizers were studied. Among the different plasticizers studied, the 

sensor, N4, with DB? as the plasticizer resulted in best Nemstian 

response. This may be due to the plasticizer influence on the dielectric 

constant of the membrane phase, the mobility of the ionophore molecules 

d h t' h I' d 138-14~ TI t' , I I an testate 0 t e Igan s. - le amount 0 IOnop lore las got 

influence on the concentration range and slope of the sensor. The 

optimum amount of ionophore was found to be 3% and further increase 

in the ionophore results in an increase in the slope_ The presence of 

lipophilic additives improves the response behavior, selectivity and 

sensitivity of the PYC membrane sensors.143-156 The effect of additives 

such as oleic acid and NaTBP on the response characteristics of the 

developed sensors were investigated and are compiled in Table 3.2. The 

response of the sensor, N<), with NaTBP as anion excluder was found to 

be slow with super Nemstian slope in the concentration range 1.0 x 10-5 

to 1.0 x 10.1 M LaCI3 solution. But the sensor, No, with oleic acid as 

additive gave a Nemstian slope of21.0 mY/decade in the range 1.0 x 10-6 

to 1.0 x 10.1 M. The optimum amount of oleic acid was found to be 8% 

and further increase in the oleic acid percentage has no significant 
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influence on the sensor response. The PVC membrane sensor, No, having 

a composition of 3% ionophore, 32% PVC, 57% DBP and 8% oleic acid 

exhibited best perfonnance. Furthcr studies were carried out with this 

sensor. 

SEM analysis was conducted inorder to study the surface 

morphology of the optimized membrane. SEM is a strong and reliable 

tool for studying in detail the influence of surface morphology of the 

membranes and the reproducibility of the preparation conditions. The 

extend of homogeneity of a membrane surface is clearly visible in the 

SEM image. A homogenous membrane is found to exhibit good response 

characteristics such as high sensitivity and long shelf life. The SEM 

image obtained in the case of Nil is found to be homogeneous and this 

accounts for the long life time and good response characteristics of the 

membrane sensor. 

Carbon paste sensor based on NAH was also fabricated for 

Lanthanum. A set of seven CMCPE type sensors were developed by 

varying sensor metrics components and results are consolidated in the 

Table 3.3. Among the different binders tested tri-n-butyl phosphate was 

found to be the most suitable one. It was observed that the sensor, Nb(" 

containing 10 % of modifier showed Nernstian responsc. However, 

increasing the ionophore content from 10% to 15% led to a super 

Nemstian slope which could probably be due to the decrease in 

conduction of the sensor material. Thus the sensor, Nb(" with the 

composition ratio 90: 10 (graphite: ionophore) was used for fUJiher 

studies. 
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3.2.5. Calibration curve and statistical data 

Figure 3.5 and 3.6 represents the calibration graph for the sensors 

N6 (PVC membrane sensor) and Nb6 (CMCPE). Both the sensors showed 

linear response over the concentration range 1.0 x 10.6 to 1.0 x 10.1 M. 

The slope of the calibration graph was found to be 21.0 m V/decade and 

21.4 mV/decade for the sensors N6 and Nb6 respectively. The limit of 

detection as determined from the intersection of the two extrapolated 

segments of the calibration graphs was found to bc 1.0 x 10.6 M for the 

sensors N6 and Nb6. 

3.2.6. Dynamic response time 

Dynamic response time IS an important factor for any ion 

selective sensor. The practical response time was recorded by changing 

the La3
+ concentration in the range 1.0 x 10.6 to 1.0 x 10. 1 M. The 

sensors, N6 and Nb6. reached their equilibrium potential in a very short 

time and were found to be 35s and 10s respectively. The practical 

reversibility of the sensors N6 and Nb6 were evaluated by taking 

measurements for La31 in the sequence of high-to-Iow concentration and 

vice versa. The responses of the sensors remained unchanged regardless 

of the change in concentration of the metal sa1t solution. 

3.2.7. Effect of pH 

The pH dependence on the EMF of the sensors Ne, and Nb6 were 

studied over the pH range 2 - 11 at 1.0 x 10.3 M LaCI 3. The pH was 

adjusted by adding Buffer. The results are depicted in figure 3.7 and 

figure 3.8 for the sensor N6 and Nb6 respectively. It was found that 

potential remains constant in the pH range 4.1 to 8.5 and 4.4 to 7.5 for 

the sensors N6 and Nb6 respectively. The observed potential drift at the 
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higher values of pH could be due to the formation of some hydroxyl 

complex of La(IIl) in the solution and at the lower pH due to the 

response of the sensors to hydrogen ions. 

3.2.8. Selectivity coefficients 

The influence of the interfering ions on the response behavior of 

the sensor is usually described in tenns of selectivity coefficient. The 

potentiometric selectivity coefficients of the sensors Nil and Nb£, were 

evaluated by Fixed interference method (FIM) 157·159 at 10.2 M 

concentration of interfering ions using the equation given below. 

Where 3A is the activity of the primary ion A (La3+) at the lower detection 

limit in the presence of interfering ion B, al3 , the activity of the 

interfering ion Band ZA and ZB are their respective charges. The 

selectivity coefficients so obtained arc compiled in Table 3.4. The 

sensors N6 and Nb6 showed good selectivity for lanthanum in the 

t' . N j K+ M 7+ Pb'+ + C ,+ p 3 j d J. presence 0 IOns a, , g-, -. Ag, a-, r an Sm . However 

the selectivity coefficient value of gadolinium ion shows slight 

interference at higher concentration. 

3.2.9. Shelf Life 

The potential measurements were recorded every day over a period 

of time to detcnnine the shelf life of the sensors. The operative life time 

for the sensors N6 and Nb6 was found to be 7 weeks and 5 weeks 

respectively. The sensors were all immersed in 1.0 x 10-1 M LaCI 3 

solution when not in use. The surface of CMCPE type sensor could be 

renewed by squeezing off some paste, polishing the new surface against a 
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filter paper and equilibrating the sensor in the metal salt solution for 

day. 

3.2.10. Analytical applications 

The sensors N6 and Nbo were successfully applied tt)!" the direct 

monitoring of La(III) in binary mixtures and the results are summarized 

in Table 3.5. It is observed that the recovery of La(Ill) ions are 

quantitative in all cases and the sensors can be used for the determination 

of La(Ill) in real samples having different analytical matrixes. 

The developed sensors have been successfully applicd as an 

indicator electrode in the titration of La(l [1) with EDT A at pH 5.The 

titration curves for the sensors, No and Nb6, are shown in figure 3.9 and 

3.10 respectively. The shape of the curvcs obtained were similar to the 

standard sigmoid curve and showed sharp break point that con'csponds 

to I: 1 stoichiometry of EDT A complex. This break point is taken as the 

end point of the titration. 

3.2.11. Comparative study among the sensors N6 and Nb6and to some 

of the reported sensors. 

The two sensors N6 and Nb6 are found to have very good response 

characteristics. The response characteristics of both the sensors are 

consolidated in the Table 3.6. Among the two sensors, N6 is slightly 

better in terms of slope, pH range and shelf life time. But the life time of 

the sensor Nb6 is only 5 weeks. However the surface could bc rencwed 

by cutting off a little of the paste, polishing it on a smooth surface and 

reconditioning it on 1.0 x 10. 1 M LaCh solution. Table 3.7 represents the 

comparative study of charactcristics of the developed sensors of La} f to 

some of the reported sensors. The sensors showed better working 
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. 70 T> 74 75 77 cl . 7072 . concentration range . -. . . an convcment pH . in companson to 

the other La (Ill) selective sensors reported in the literature. 

Figure 3.1 Structure ofNAH 
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Figure 3.2 Potential response of various PVC membrane ion se1ective 

electrodes based on NAH 

-220 • Gd 1
; 

• Nd" • 
A LaJ

+ 

-200 • • 
-180 

~ • • c 
~ -160 • :; • • • • ~ • -140 • • • 

-120 • • • • 
-100 

-7 -6 -5 -4 -3 -2 -I 

logIM"+1 

,,- .... 



Figure 3.3 Potential response of various CMCPE ion selective electrodes 

based on NAH 
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Figure 3.4 SEM image ofthe polymeric membrane ofN, sensor 
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Figure 3.5 Calibration graph for La(III) selective PVC membrane sensor 

based on NAB (N6) 
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Figure 3.6 Calibration graph for La (III) selective CMCPE sensor based 
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Figure 3.7 The effect of pH of test solution (1.0 x 10-3 M LaC])) on the 

response of La (Ill) membrane sensor Ne, 
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Figure 3.8 The effect of pH of test solution (1.0 x 10-3 M LaCh) on the 

response of La (Ill) sensor Nb6 
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Figure 3.9 Potentiometric titration curve of25 mL of 1.0 x 10-4 M LaCl} 

with I x lO-2 M EDTA for the membrane sensor N6 
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Figure 3.10 Potcntiometric titration curve of 20 mL of 1.0 x 10-3 M 

LaCb with 1.0 x lO-2 M EDTA for the CMCPE scnsor Nb6 
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Table 3.1The fonnation constants ofNAH-Mn+ complexes 

Metal ion LogKr 

La3-+ 4.67 

Go3+ 2.34 

NoJ
• 1.69 

Pr3+ 2.04 

Pb2
' 2.13 

Table 3.2 Optimization of membrane composition 

Composition CYo) 
SlopE.' Concentra 

Sensor no. Additives (mV/ tion range 
lonophorc PVC Plasticizer Olcicacidl decade) (M) 

NaTBP 

NI :2 32 HES,5R 8 32.0 10.4 to 1O.} 

N:> :2 32 DBS.5R R 36.3 10.4 to 10. 1 

N1 2 32 BEl', 58 R 3R.! 10.4 to IO'! 

N4 2 32 DBP,58 8 24.6 10.4 to 10. 1 

Ns 2.5 32 DBP, 57.5 R 22.9 10.6 10 10. 1 

N6 3 32 DBP, 57 8 21.0 10.6 to 10.1 

N7 4 32 DBl',56 8 2R.2 10.5 to 10.1 

Ns 3 30 DBP, 59 R 29.2 10.5 to 10. 1 

NC) 3 32 DBP, 57 8* 32.5 10.5 to 10. 1 

N 10 3 32 DBP, 55 10 25.8 10.6 to 10. 1 

* NaTBP 
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Table 3.3 Optimization of the composition ofCMCPE type of sensor 

Sensor Ionophore % Graphite % 
Binders Concentration Slope 

no. (w/w) (w/w) range (1\'1) (mV/decade) 

Nb l 5 95 TBP 10-6 to 10-1 1 1.9 

Nb1 5 95 Paraffin 10-5 to 10-' 103 

Nb~ 5 95 DBP 10-11 to 10- 1 83 

Nb4 5 95 DBS 10-5 to 10-1 7.5 

Nbs 7 93 TBP 10-6 to 10-1 15_9 

Nb/} 10 90 TBP 10-6 to 10-1 21.4 

Nb7 15 85 TBP 10-6 to 10-1 30_8 

Table 3.4 Selectivity coefficients for N6 and Nb(-, sensors uSlllg fixed 

interference methods of interfering ions. 

Interfering ions Ksrl 

(10-2 M) N6 Nb6 

Na" 6.53x 1 0-2 4.23x 10--' 

K; 6.12xI0-2 6.42x 10.2 

Mg21 3_28x 10-2 3_92x 10-2 

Pb2 3_57x 10-2 3_15 x 10-= 

Ag 
I 6.24x I 0-2 6.89x 10<> 

Ca2 ' 3.09x 1 0.2 3.34x 10-2 

Gd'- 7.43x 10- 1 7.56x 10- 1 

Nd'+ 3.18x]O-2 3.23x 10-2 

P ,. r 3.22x 10-2 3.13 x 10-2 

Sm~' 3.51x]0-2 3_67x 10-2 
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Table 3.5 Detennination of Lanthanum in binary mixtures. 

La 3+ 

La J! 
Added cation (M) found(M)* 

taken(M) 
Nb Nb" 

5.0x 10.4 Pb 2., 5.0xlo·4 4.9x 10.4 5.0x 10.4 

5.0x 1 0.4 Nd.1·, 5.0x I 0.4 5.2x 10.4 5.1 x I 0-4 

5.0xI0·4 Ca"·.5.0xIO·4 4.9xlO·4 4.8x 10.4 

5.0xI0·4 Pr.1~, 5.0x 10-4 5.1 x 10.4 S.lx 10.4 

* Average of six replicates 

Table 3.6 Response characteristics of the sensors N(, and Nb(, 

Parameter 

Working 

concentration 

range(M) 

Slope(mV /c\ecade) 

Detection Iimit(M) 

Response time 

pH 

Shelflife 

Department of Applied Chemistry, CUSAT 

Response characteristics 

I.Ox10 6 to I.OxIO" 1.0x 10.6 to I.Ox 1 0" 

21.0 21.4 

1.0x 10-6 LOx 10.6 

35s 10s 

4.1 to 8.5 4.4 to 7.5 

7weeks 5weeks 
---_ .. 



Table 3.7 Comparison of characteristics of the developed sensors with 

some reported sensors 

No. 
Working 

pH Slope 
Response 

RefNo. 
concentration range time(s) 

8.1 x Hr) to 5x 10.2 5-8 Ncrnstian 10 [70] 

2 3.16x 10.5 to 1 X \0-1 3-7 20.5±1 15 [72] 

3 1 x 1 0.6 to 1 x 10- 1 4-8.0 19.7 IS [74] 

4 IxlO·'to Ix \0.1 4.0-8.0 19.7 
15 

[74J 

5 7.1x I O·h to 2.2x 10-2 3.3-8 20.0±1 15 [75J 

6 IxIO·'ta Ix 10-1 3-9.0 19.5 27 
[77] 

7 4.0x I O-~ tal.O x 10.9 3.5-8.5 19.5±0.3 25 
[85] 

8 1.0xlO-b to 1.0x 10-' 4.1-8.5 21.0 35 IN h) 

9 1.0x lO-h to 1.0x 10·' 4.4-7.5 21.4 10 INbc.J 

*********** 
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SENSOR FOR. SAMA.RIUM 
.......... _ .. _._-------_. __ ._ ... -
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This chapter describes the fabrication of PVC membrane and 

CMCP sensors based on Schiffs base as ionophore for samarium. The 

response characteristics of developed sensors and the analytical 

application of the sensors as indicator electrode in the potentiometric 

titration of samarium (Ill) against EDT A and in the detennination of 

samarium (Ill) from binary mixtures are also discussed in this chapter. A 

comparison with already reported sensors is also included in this chapter. 
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Samarium is an important member of the rare earth family of 

elements and is known to constitute strong magnetic material. Along with 

other rare earth, it is used for carbon-arc lighting for the motion picture 

industry. SmCOs has been used in making pennanent magnet material 

with the highest resistance to demagnetize of any known material. 

Samarium oxide has been used in optical glass to absorb the infrared 

radiation. Samarium doped with calcium fluoride crystals is used for the 

making of optical lasers 160. The vapors or dusts of these elements are 

very toxic when inhaled IIlI. Thc trace detennination of rare earth is 

considered necessary due to the growing interest in bio-organic and 

inorganic chemistry and also owing to the various industrial applications 

of these species and also their toxic and other adverse effects. 

The available methods for the trace detennination of rare earth 

metal ions in solution include spectrophotometryl62, ICP-AES 163, X-ray 

t1 164·· d'l . 165 d uorescence , ISOtOPIC I utlOn mass spectromctry . an neutron 

activation analysisI66-lb7. Thcse are either time consuming, involving 

multiple analysis or too expensive. 

This chapter deals with fabrication of PVC membrane sensor and 

CMCPE type sensor based on MBP for samarium (IJI) and their 

analytical applications. 

4.1. Ionophore 

The synthesis and characterization of N 1 ,N~ -bis(3-nitrobenzy 

lidene) propane-l,3-diamine has been discussed in section 2.2.5 of 

chaptcr 2 and structure is given as figure 4.1. 
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4.2. Fabrication of Samarium Selective Sensor 

4.2.1. Potentia) response of the MBP based sensors 

Initially MBP was used as a potential ion carrier to prepare PVC 

membrane and CMCPE type sensors for a wide variety of metal ions and 

the potential response of the two types of sensors arc shown in figure 4.2 

and 4.3. It was found that the sensors show a Nemstian response to 

samarium ions. This may be attributed to the selective complexation 

behavior of the ionophore to Sm3
' over the other metal ions, as well as 

the rapid ion exchange kinetics of the resulting complex at the membrane 

sample interface. 

In order to understand the selective complexation of MBP with 

samarium ions, the complexation of MBP with samarium and some other 

metal ions were studied conductometrically at 25 ± 1 QC as discussed in 

section 2.6 of chapter 2 and results arc consolidated in Table 4.1. Sincc 

the formation constant of the Sm3f 
- MBP complex is more than that of 

the other metal ions studied, MBP was used as a suitable selective 

ionophore in the construction of samarium sclecti ve sensors. 

4.2.2. Sensor membrane fabrication 

The general method of fabrication of PVC membrane sensors and 

CMCPE type of sensors has been discussed under section 2.7 in Chapter 

2. The PVC membranes prepared from a solution of MSP, PVC, 

plasticizer and additive were cut to size and glued to onc cnd of the pyrex 

glass tube with Teflon tape. The tube was filled with 1.0 x 10-1 M 

samarium chloride solution as internal solution and conditioncd hy 

soaking in 1.0 x 10- 1 M samarium chloride solution. To find out optimized 

membrane composition, membranes having varying composition of MBP, 



PVC, plasticizer and additive were fabricated and their response was also 

noted. The optimized composition which resulted in a best Nemstian 

response and working concentration range was found to be 4: 32: 61: 3 

(MBP: PVC: OBS: NaTBP) (w/w %). 

The CMCPE type of sensors was fabricated by packing the paste 

made from ionophore, graphite and binders into the Teflon holder as 

described in section 2.7.2 of chapter 2. The best composition ratio for 

CMCPE type of sensor was found to be 80:20 (graphite: MBP) (w/w %). 

4.2.3. Equilibration of membranes and potential measurements 

The optimum equilibration time for the PVC membrane sensor and 

CMCP sensor, in presence of 1.0 x 10- 1 M SmCh solution, was found to 

be 2 days and 1 day respectively. Afterwards the sensors generated stable 

and reproducible potential when placed in contact with samarium ion 

sol ution. All the potential measurements were made rc1ati ve to Ag/ AgCI 

reference electrode on Mctrohm 781 ion meter at 25 ± 1 DC (pH 

maintained at 7 by adding buffer) in the concentration range 1.0 x 10·(, to 

1.0 x 10- 1 M SmCl 3 solution. The cell assembly for the two types of 

sensors can be represented as follows 

PVC membrane sensor 

Ag, AgCII KC] 11 test solution Imembrane I internal solution (1.0 x 10-1 M 

SmCh) 11 KCI I AgCI, Ag 

CMCP Sensor 

Ag, AgClI KCIII test solution ICMCPE 
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4.2.4. Optimization of membrane composition 

Optimization of membrane composition is a very important step in 

the sensor fabrication as nature and amount of carrier, plasticizer and 

lipophilic additives significantly influence the sensitivity, linearity and 

selectivity of the sensor. Thus, different aspects of the preparation of 

Sm}+ selective membrane based on MBP are optimized and the results 

are summarized in the Table 4.2. Since the nature of plasticizer 

influences the dielectric constant of the membrane phase, the mobility of 

the ionophore molecules and the state of the ligand, it is expected to play 

a key role in detennining the selectivity, working concentration range 

. fIb d lC,g 139-143 and response tune 0 t 1e mem rane electro e' . Among the 

different plasticizers studied, the membrane sensor, M 1, based on DBS 

resulted in a best Nemstian slope. The presence of lipophilic anion sites 

in a cation selective membrane electrode not only improves the response 

behavior and selectivity of the sensor, but also cnhances the sensitivity of 

h b 16<J 144·157 F h d . . T bl 42 . . t' d I t e mem rane' '. ram t e ata gIven Il1 a e . ,It IS oun t 1at 

the slope of the sensor, Mc" is improved from 17.2 mY/decade to 

Nemstian value of 18.9 mY/decade when the percentage of additive 

changes from 2 to 3 and further increase in the additive results in an 

increase in the slope to super Nernstian value. The amount of the 

ionophore was also found to affect the sensitivity of the sensor. 4% was 

found to be the optimum amount of ionophore and further addition of 

ionophore resulted in some decrease in the response of the sensor. This 

may be due to some inhomogeneities and possible saturation of the 

membrane. 

SEM image was taken inorder to understand the homogeneity of 

the optimized membrane. This technique allows the study of the 
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membrane surface characteristics, such as morphological homogeneity 

and chemical composition. Homogeneity of the membrane may affect the 

response characteristics of the sensor. The SEM image of the membrane 

of M7 is shown in Figure 4.4. The image obtained shows a homogenous 

membrane with the absencc of solid particles or cumulus. 

A set of nine CMCPE type sensors werc developed by varymg 

sensor composition and results are consolidated in the Table 4.3. The 

sensors with tri-n-butyl phosphate as binder gave better response than the 

sensors with other binders. It was f()Und that the sensor Mbg with the 

composition ratio 80: 20 (graphite: ionophore) was the best in tenns of 

response time, working concentration range and the Nemstian slope. On 

increasing thc ionophorc content, the system deviated from Nernstian 

slope which could be due to the decrease in conductance of the sensor 

material. Hencc, the sensor Mb~ was used for further studies. 

4.2.5. Calibration curve and statistical data 

Calibration graph which is thc plot of EMF versus log [Sm3+] for 

the sensors M7 and Mbg are shown as figure 4.5 and figure 4.6. The 

sensors M7 and Mbs showcd linear response over the concentration range 

of 1.0 x 10-6 to 1.0 x Hr' M and 1.0 x 10-5 to 1.0 x 10-' M, respectively. 

The slope calculated from the calibration graphs was found to be 18.9 

and 18.6 for M7 and Mbs respectively. The detection limit was calculated 

from the graph by the intersection of the two extrapolated linear 

segments of the calibration plot and was found to be 1.0 x 10.6 M and 

1.0 x lO-s M. 
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4.2.6. Dynamic response time 

The practical response time was recorded by changing the Sm)+ 

concentration in the range 1.0 x 10-5 to 1.0 x 10-1 M. The sensors reached 

to the equilibrium potential in a very short time in whole concentration 

range. The response time was found to be 15 and 10 seconds for M7 and 

Mbg respectively. The practical reversibility of the sensors M7 and Mbg 

were evaluated by taking measurements in the sequence of high-to-Iow 

concentration of the analytc and vice versa. The sensing behavior of the 

sensors remained unchanged when potentials were recorded either from 

low to high concentrations or vice versa. 

4.2.7. Effect of pH 

The pH response profile for the sensors was tested by using a 1.0 x 

10-) M samarium chloride solution over the pH range 2.0 to 10 and are 

shown as figure 4.7 and figure 4.S.The pH of the solutions were adjusted 

using suitable buffcr solution. It was observed that the sensor response is 

hardly affected by change in pH in the range 2.5 to 7.8 and 3 to 7.5 for 

M7 and Mbs respectively. The change in potential at lower pH may be 

due to the response of the sensor to hydrogen ions and at higher pH could 

be due to the fonnation of some hydroxyl complex of Sm (Ill) in 

solution. 

4.2.8. Selectivity 

One of the most impOIiant characteristics of any membrane sensor 

is its relative response for the primary ion over other ions present in 

solution, usually expressed in terms of potcntiometric selectivity 

coefficients. Potentiometric selectivity coefficients of samanum 

membrane sensor were evaluated by fixed interference method (FIM) as 
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described in chapter 3. The resulting selectivity coefficient values are 

given in Table 4.4. The data shows that, the electrodes have reasonably 

good selectivity for samarium in presence of other ions tested. 

4.2.9. Shelf Life 

The stability or shelf life of all the PVC membrane and CMCPE 

sensor was tested over a period of 7 weeks. The life time of the 

sensorsM7 and Mbs was found to be 6 weeks and 5 weeks respectively. 

During this period, the sensor showed no significant deviation on the 

optimized response characteristics. The response of the carbon paste 

sensor can be restored by squeezing out a small amount of the paste, 

scrapping otf the excess and polishing the new surface against a filter 

paper. The sensor was stored in 1.0 x 10- 1 M samarium (111) chloride 

solution when not in use. 

4.2.10. Analytical applications 

The developed samarium sensors were found to work well under 

laboratory conditions. Both the sensors were successfully applied for the 

direct monitoring of samarium ions in various binary mixtures and the 

results are presented in Table 4.5. [t is observed that the recovery of 

Sm(lll) ions is quantitative in a11 cases and the sensors can be used for 

the determination of Srn (Ill) in real samples having different analytical 

matrixes. 

The developed sensors have heen successfully applied as an 

indicator electrode in the titration of Sm(lIl) with EDTA at pH 7.The 

titration curves for the sensors are shown in the figure 4.9 and 4.10 

respectively. A very good inflection point which corresponds to I: 1 

stoichiometry of EDT A complex was observed from the titration curve. 
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Hence, the amount of Sm(llI) in solution can be accurately detennined 

with the developed sensors. 

4.2.11. Comparative study among the sensors M7 and Mbx and to some of 

the reported sensors. 

Both the sensors are found to have very good response 

characteristics. Table 4.6 consolidates the response characteristics of the 

sensors M7 and Mb8• Working concentration range, pH and life time are 

better for PVC membrane sensor, but response time was found to be 

good for CMCPE. The Table 4.7 gives a comparative study of response 

characteristics of the newly developed sensors with some of the already 

reported sensors. It is obvious that the proposed sensors are superior in 

f' 1 H d . 87 X9-93 h d . h tenns 0 s ope, p range an response time' w en compare Wit 

most of the reported sensors. 

Figure 4.1 Structure of MBP 
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Figure 4.2 Potential response of various PVC membrane ion selective 

electrodes based on MBP 
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Figure 4.3 Potential response of various CMCPE electrodes based on 
MBP 
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Figure 4.4 SEM image of the polymeric membrane or M7 sensur 

----
5kV X4,000 5~m 0000 1550 SEI 

Figure 4.5 Calibration graph for Sm( 1l1) selcl: li ve PVC membrane scnsor 

based on MBP (M }) 
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Figure 4.6 Calibration graph for Sm(III) selective CMCP sensor based 

on MBP (Mbs) 
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Figure 4.7 The effect of pH of test solution (1. 0 x 10-3 M SmCh) on the 

response of PVC membrane sensor M7 
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Figure 4.8 The effect of pH of test solution (1.0 x 10-3 M SmCb) on the 

response of CMCP sensor Mb~ 
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Figure 4.9 Potentiometric titration curve of 20 mL of 1.0 x 10-3 M 

smCl3 with 1.0 x 10-2 M EDT A tor the memhrane sensor M7 
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Figure 4.10 Potentiometric titration curve of 20 mL of I.Ox 10.3 M 

SmCh with 1.0x 1 0.2 M EOT A for the membrane sensor Mb8. 
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Table 4.1 Fonnation constants of MBP-MIl~ complexes 

Metal ion Log Kc 

Sm3t 3.95 

Gd3f 2.12 

Nd
H 

2.11 

Pr'! 2.21 

I .1 f 
~a 1.94 
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Table 4.2 Optimization of membrane composition. 

Composition (%) Slope 
Sensor (mV/ 

Concentration 
no. Additives range (M) 

lonophore PVC Plasticizer 
NaTBP 

decade) 

MI 3 32 DBS, 62 3 16.5 10 6 tol0 2 

M2 3 32 BEA,62 3 15.4 10 5 to 10-2 

MJ 3 32 DBP, 62 3 14.2 10 5 to 10 2 

M4 3 32 RES, 62 3 10.5 10.4 to 10.1 

M:; 3 32 REP, 62 3 10.2 10.410 10.1 

M6 4 32 DBS.62 2 17.2 10':; to 10') 

M7 4 32 DBS, 61 3 18.9 10-6 to 10.1 

M~ 5 32 DES, 60 3 10.3 10-5 to 10- 1 

My 4 32 DBS, 59 5 29.6 10-5 to 10-1 

Table 4.3 Optimization of the composition ofCMCPE type of sensor 

Sensor Ionophore % Graphite % 
Binders 

Concentration Slope 
no. (w/w) (w/w) range (M) (mV/decade) 

Mb J 10 90 DBS 10-4 to 10- 1 6_7 

Mb2 10 90 Paraffin 10 4 to 10' 8_2 

MbJ 10 90 DBP 10-5 to 10-' 6.3 

Mb4 10 90 BEP 10-5 to 10-' 5.4 

Mbs 10 90 TBP 10 5 tol0-' 10.6 

Mb6 15 85 TBP 10-5 to 10-' 15.2 

Mb7 17 83 TBP 10-5 to 10-1 16.6 

MbH 20 80 TBP 10-5 to 10-1 18.6 

Mb'l 23 77 TBP 10-5 to 10' 26.3 
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Table 4.4 Selectivity coefficients for M7 and Mbssensors using fixed 

interference methods of interfering ions 

Interfering Ions 
K,cI 

M7 Mbs 

Na 5.54 x 10.2 6.98xI0·2 

K' 6.73x 10.2 5.78x 10.2 

Mg2< 2.67x 10.2 2.75 x lO·2 

Pb2' 2.12xI0·2 2.05x 10.2 

Ag 5.68xlo·2 4.65x 1 0.2 

Ca
1 2.57x 10.2 2.48x 10.2 

Gd' 3.23x 10.2 3.2Sx I 0.2 

Nd1
. 4.52x 10.2 4.48xlO':> 

La 1
. 2.35xI0·l 2.58x 10.1 

Pr
1 4.56x I 0':> 4.6Sx 10.2 

Tahle 4.5 Dctcnnination of samarium in binary mixtures. 

Sm J'(M) 
Added cation (M) 

Samarium found(M)* 

taken M7 Mbg 

5.Ox I 0-4 Od1 ' (5.Ox 10.4) 4.8x 10.4 4.9x 10.4 

5.()x10·4 Nd
H 

(5.Ox IO·4
) 5.2x 1 0.4 5.lxlO·l 

5.Ox 10.4 Ca}' (5.0xI0·4
) 4.9x 10.4 5.2x 10.4 

5.0x 10.4 Pb2 ' (5.Ox 10-4) 5.3x 10-4 4.9xlO·4 

* Average of six replicates 
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Table 4.6 Response characteristics of the sensors M 7 and Mbl\ 

Response characteristics 
Parameter 

M7 Mbs 

Working 
LO x 10-6 toLO x 1.0 x 10·' to 1.0 

concentration 10-' x 10. 1 

range(M) 

Slope(mV/decade) 18.9 18.6 

Detection Iimit(M) 1.0 x 10-6 1.0 x 10-5 

Response time 15s 10s 

pH 2.5-7.8 3- 7.5 

Shelf life 6 weeks 5 weeks 

Table 4.7 Comparison of response characteristics of proposed sensor 

with other Sm3
; sensor reported in literature. 

Sensor Working conc. range 
pH 

Response Slope 
Reference 

no. (M) time(s) (Ill V/decade) 

I x I O·() to I x 10·' 4-8 10 19.8 [87] 

2 I x 10.5 to Ix 10-1 4-10 15 40 [89] 

3 I x 10-'10 I x 10-' 6-10 15 20.2 [90] 

4 I x 10-6 to I x 10·' 4-8.2 5 19.31:0.2 [91 ] 

5 I x I O-('to 1 x 10-' 3.5-7.5 10 19.3±0.6 (921 

6 I x 1 O-~ to I x 10-4 3-8 25 18.27.i0.3 [93] 

7 1.0 x 10.6 tu 1.0 X 10-1 2.5 -7.8 IS 18.9 11\1 71 

8 1.0 x 10-5 to 1.0 x to-I 3.0 -7.5 10 18.6 [:Vlbxl 

*****.***** 
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SENSOR FOR PRASEODYMIUM 
..,-" .... ---

This chapter discusses the response characteristics of the two 

sensors based on two different ionophores for praseodymium. The 

optimization of membrane composition, analytical applications of the 

newly developed sensors and a comparison of these new sensors with 

already reported similar sensors are the other points of discussion in this 

chapter. 



Praseodymium is one of the rare earth elements used for the 

production of high strength metal alloys for aircraft engines, carbon 

lights for motion picture industry and didymium glass to make certain 

types ofwcldcrs and glass blower's goggles. 

It also finds application in house hold cquipments such as color 

televisions, fluorescent lamps, energy-saving lamp and glasses. The 

vapors or dusts of praseodymium are very toxic when inhaled. This can 

cause lung embolisms, especially during long-tcnn exposure 170. The 

presence of praseodymium has an adverse effect on cell membrane, 

reproductive system and nervous systems or aquatic life. Thus the 

detemlination of praseodymium in different samples is of special interest. 

The methods usually employed for the detennination of lanthanides 

are I t 163 ICP_AEs I64 . t d'l t' spectrop 10tome ry , , ISO ope I u Ion mass 

171 .. I' 17~ d X tl spectrometry ,neutron actIvation ana YSIS - an -ray uorcsccnce 

spectrometryl73. These methods require multiple sample preparation and 

expensive instruments. This chapter presents the results of two sensors 

based on two different ionophorcs that have been fabricated for the 

detennination of praseodymium. 

5.1. [onophore 

The synthesis and characterization of the ionophores ] ,4-bis( 4-

hydroxy-3-methoxybezylidenc)thiosemicarbazide(HBTS) and NI ,N1
_ 

bis(4-hydroxy-3-methoxybezylidene)butane-1 ,4-diaminc (HMB) have 

been discussed in chapter 2 and structures are given as figure 5.1 and 5.2. 
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5.2. Fabrication of Praseodymium Selective Membrane 

5.2.1. Potential response of the HBTS and HMB based sensors 

In preliminary investigations, HBTS was used as ionophore in the 

fabrication of PVC membranes and HMB as ionophore in CMCP 

electrodes for a number of metal ions. Figure 5.3 and figure 5.4 

represents the potentia1 response of the membrane electrodes based on 

HBTS and CMCP electrodes based on HMB. Among the different metal 

ions tested, praseodymium ions demonstrated most sensitive response 

towards both ionophores. Therefore these ionophores were selected as 

suitable sensor material for praseodymium. 

The complexation of HBTS and HMB with praseodymium ion and 

other metal ions were investigated conductometrically at 25 ± 1 QC in 

order to get an idea about the stahility and selectivity of the resulting 

complex and results are summarized in the Table 5.1. It was observed 

that the formation constant of the Pr3
'_ HBTS and Pr3+-HMB complexes 

are more than that of the other metal ions studied. Hence, HBTS and 

HMB were selected as suitable ionophore for the construction of 

praseodymium selective sensors. 

5.2.2. Sensor membrane fabrication 

HBTS was selected as ionophore for the fabrication of PVC 

memhrane sensors. The memhrane electrodes were fabricated from a 

plasticized PVC solution containing HBTS and additives as discussed in 

chapter 2 and were equilibrated by dipping in 1.0 x 10- 1 M 

praseodymium nitrate solution. The composition ratio of iOllophore, 

PVC, plasticizer and additives in the membrane were also varied so as to 

obtain an optimized membrane composition. The optimized composition 
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which resulted in a best Nernstian response and working concentration 

range was found to be 2: 31: 62: 5 (ionophore: PVC: plasticizer: NaTBP) 

(w/w %). 

Carbon paste sensors possess the advantage that it reqUIres no 

internal tilling solution. Its fabrication is reliable, fast, easy and simple. 

Chemically modified carbon paste sensors based on HMB as ionophore 

were fabricated as dctailed in chapter 2, Five different binders were tried 

to find out the most suitable one that would give best slope, wide 

concentration range and fairly good detection limit. The graphite 

ionophore paste in suitable binder was packed to the open end of a Teflon 

holder in which electrical contact was made with a copper rod through 

the centre of the holder. The electrode was conditioned by soaking in 1.0 

x lO't M praseodymium nitrate solution. One of the merits of this typc of 

sensor is that the working surface can be renewed by rubbing the surface 

on a filter paper. The sensor having the composition 88: 12 (graphite: 

ionophore) resulted in a best Nernstian response and OBS was found to 

be the suitable binder. 

5.2.3. Equilibration of membranes and potential measurements 

Equilibration time of the sensors, Hx and Hb7, was also optimized 

so that it generated a stable and reproducible potential. The optimum 

equilibration time in presence of 1.0 x 10'1 M Pr(N03h solution was 2 

days for PVC membrane type sensor and 1 day for CMCPE type sensor. 

The potential measurements were cmTied out at 25 ± 1 QC on Metrohm 

781 ion meter (pH maintained at 7 by adding butTer). All the measurements 

were c31Tieci out using the following cell assembly: 
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PVC membrane sensor 

Ag, AgCII KCll1 test solution! membrane I internal solution(I.O x \0-1 M 

Pr(NO])]) 11 KCl ! AgCl, Ag 

CMCPE sensor 

Ag, AgCl! KCI!I test solution I CMCPE 

The performance of the sensors was investigated by measunng 

their potentials in Pr(NOJ)J solutions preparcd in the concentration range 

1_0 x 10-h to 1_0 x 10-1 M. The solutions were stirred and the stable 

potential reading was taken. 

5.2.4. Optimization of membrane composition 

The response characteristics of thc PVC based membrane sensor 

are intluenced by the nature and amount of ionophore, additive and 

plasticizer. The effect of these parameters on the response characteristics 

of the membrane sensor was studied to arrive at an optimum composition 

and results are shown in Table 5.2_ Plasticizers are additives that increase 

the plasticity or fluidity of the material, to which they are added_ The 

presence of plasticizer in the PVC membrane enhances the mobilities of 

their constituents. The amount and nature of a plasticizer may affect the 

response characteristics of the sensor such as sensitivity and response 

time. Among the different plasticizcrs studied, DBP was found to be the 

most effective plasticizing agent in the preparation of the PVC 

membrane_ The amount of the ionophore is one of the most important 

parameters which influence the response of the sensor. The intluenee of 

variation in ionophore percentage on the membrane response was 

studied_ From the Table 5.2, it is obvious that the concentration range and 

slope of the sensor was improved significantly by varying the percentage 
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of ionophore from 1-2 and further increase in the ionophore results in an 

increase in the slopc. 2% was found to be the optimum concentration of 

ionophore. The prescnce of lipophilic additives improves the 

potentiometric behavior of certain cation selective electrode by reducing 

the ohmic resistance and improving the response behavior and 

selectivity. The influence of lipophilic additives such as NaTBP and oleic 

acid on the response behavior of the membrane sensor was also tested 

and results are compiled in the Table 5.2. From the data given in the 

Table 5.2, it is obvious that the membrane sensor, H5, with NaTBP as 

additive shows better response for praseodymium in the concentration 

range 1.0 x 10.5-1.0 x 10.1 than the sensor with oleic acid as additive. 

Moreover, the behavior of the sensors towards more Nemstian approach 

was observed on increasing the additive trom 4-5% (sensor Hx). The 

optimized membrane composition of ionophore, PVC, plasticizer and 

additives arc in the ratio 2: 31: 62: 5 %. 

In order to investigate the surface morphology of developed 

membrane, SEM image was taken. The SEM image of the membrane of 

1-18 is shown in the Figure 5.5. A homogenous membrane is f()und to 

exhibit good response characteristics such as high sensitivity and long 

shelf life. As it is obvious from the figure that the membrane is not much 

homogenous and this can be attributed to the short shelf life of the sensor 

H8. 

HMB was also employed as ionophore for the fabrication of carbon 

pastc sensor fix praseodymium. The response of the carbon paste sensor 

too depends on the composition of the sensor matrix. Table 5.3 

consolidates the results obtained while investigating the effect of 

composition of matrix on the sensor response characteristics. The 



optimized amount of ionophore was found to be 12 %. A higher quantity 

of ionophore gave a sub Nernstian behavior which may be attributed to 

the saturation of the sensor matrix. Another important factor which 

influences the sensor response is the plasticizer. Five different binders 

were employed for the fabrication of carbon paste sensor to study the 

effect of binders on the response of the sensor and results are compiled in 

the Table 5.3. DBS was found to be the suitable binder. The sensor, Hb 7, 

with optimized composition 12:88 (ionophore: graphite) gave a slope of 

18.0mY/decade in the concentration range 1.0 x 10'5 to 1.0 x 10'[ M 

praseodymium nitrate solution. 

5.2.5. Calibration curve and statistical data 

The working concentration range, slope and detection limit of PYC 

membrane and CMCPE sensors arc consolidated in the Table 5.6. The 

calibration graph tor the sensors HR and Hb7 are shown in the figure 5.6 

and 5.7. Both the sensors showed linearity in the concentration range 1.0 

x lO's to 1.0 x 10,1 M. The slope of the calibration graph was found to be 

20.3 mY/decade and I S.O mY/decade tor the sensors H~ Clnd I,Ib 7. 

respectively. The limit of detection was calculated from the intersection 

of the two extrapolated linear portions of the calibration curve and was 

found to be l.0 x 10'5 M and 8.9 x 10'6 M tor the sensors Hx and Hb7. 

respecti vcIy. 

5.2.6. Dynamic response time 

The response time of an electrode is evaluated by measuring the 

average time required to achieve a potential within ± I mY of the fin[[l 

steady-state potential, upon successive measurement of the potential of 

the respective ion, each having a ten-told difference in concentration. 
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The practical response time was recorded by changing the Pr3
+ 

concentration in the range 1.0 x 10-5 to 1.0 x 10-1 M. The sensors, Hg and 

Hb7• reached their equilibrium potential in a very short time und were 

found to be 15s and I Os respectively. This is probably due to the very fast 

exchange kinetics of complexation-decomplexation of the Pr3
+ with 

HBTS and HMB on the test solution-membrane interface. The practical 

reversibility of the sensors Hi! and Hb 7 were evaluated by taking 

measurements for Pr3
+ solutions with a 10-fold difference in 

concentration in the sequence high-to-low concentration and vice versa. 

The sensing behavior of the membrane remained unchanged when 

potentials were recorded either from low to high concentrations or vice 

versa. 

5.2.7. Effect of pH 

The effect of pH on the response of the newly developed sensors, 

HII and Hb7 .were studied over the pH range 2 - II at 1.0 x 10.3 M 

Pr(N03h The pH adjustments were carried out by adding suitable buffer 

solution. The results are shown in figure 5.8 and figure 5.9 for the sensor 

Hs and Hb7 respectively. Tt is obvious from the figures that potential 

remains constant despite thc pH change in the range of 3.7 to 8.8 and 3.6 

to 8.6 for the sensors Hs and Hb7 respectively. Beyond this pH range, 

drastic drift in potential is observed. Therefore, these intervals can be 

chosen as the working pH range for the sensors. The variation above the 

pH range may be duc to the formation of some hydroxyl complex of 

Pr(lll) in the solution and at the lower pH due to the response of the 

sensors to hydrogen ions. 
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5.2.8. Selectivity coefficients 

Selectivity, which describes an ion-selective electrode"s specificity 

toward the target ion in the presence of interfering ions, is the most 

important characteristic of these devices. The potentiometric selectivity 

coefficients of the Pr(III) sensor were evaluated by fixed interference 

method (FIM) at 10-2 M concentration of interfering ions. The 

experimental conditions employed and the resulting values obtained are 

given in Table 5.4. The data shows that, the sensors HR and Hb7 are 

significantly selective to praseodymium over all other interfering ions 

studied except Sm(1Il). The selectivity coefficient value of samarium ion 

shows slight interference. 

5.2.9. Shelf Life 

The potential measurements were recorded every day over a period 

of time to determine the shelf life of the sensors. The operative life time 

for the sensors Hs and Hb7 was found to be 2 weeks and 5 weeks 

respectively. The sensors were all immersed in 1.0 x lO-I M Pr(N03)3 

solutions when not in use. The surface of CMCPE type sensor could be 

renewed as explained in the previous chapters for CMCPE sensors. 

5.2.10. Analytical applications 

The sensors Hg and Hb7 were successfuIly applied for the direct 

monitoring of Pr(llI) in binary mixtures and the results are summarized 

in Table 5.5. It was observed that the recoveries of Pr(lll) ions are 

quantitative in all cases and the sensors can be used for the determination 

of Pr(lIl) in real samples having different analytical matrixes. 

The developed sensors have been successfully applied as an 

indicator electrode in the titration of Pr(Ill) with EDTA at pH 7.Thc 
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titration curves for the sensors, Hg and Hb7, are shown in the figure 5.10 

and 5.11 respectively. The shape of the curves obtained were similar to 

the standard si!:,'1l1oid curve and showed sharp break point that 

corresponds to I: I stoichiometry of EDT A complex. This break point is 

taken as the end point of the titration. 

5.2.11. Comparative study among the sensors H8 and Hb7 and to 

some of the reported sensors. 

The response characteristics of both type of sensors are 

consolidated in Table 5,6. The working concentration range and pH 

range are almost comparable in the case of both typc of sensors. The 

response time and life time was found to he bctter in the case of carbon 

paste sensor. 

Table 5.7 represents the comparative study of the characteristics of 

the developed sensors with some of the reported sensors. The sensors 

showed comparable working concentration range, pH and response time 

with respect to the other Pr( 1II) selective sensors reported in Iiterature'J9-101. 
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Fig. 5.1 Structure of HBTS 
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Fig.S.3 Potential response of vanous PVC membrane IOn selective 

electrodes based on HBTS 
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Fig.S.S SEM image of the polymeri c membrane of Hs sensor 

Fig. 5.6 Calibration graph for Pr(Ill ) selecti ve PVC membrane sensor 

based on HBTS (H.) 
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Fig. 5.7 Calibration graph for Pr(I1I) selective CMCPE sensor based on 

HMB (Hb7) 
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Fig. 5.8 The effect of pH of test solution (1.0 x 10-3 M Pr(N03)3) on the 

response of Pr(III) membrane sensor Hs 
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Fig. 5.9 The effect of pH of test solution (1.0 x 10.3 M Pr(NOJ)J) on the 

response of Pr(III) sensor Hb7 
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Fig 5.10 Potentiometric titration curve of 20 mL of 1.0 x IO·J M 

Pr(N03)3 with 1.0 x 10-2 M EDT A for the membrane sensor Hg 
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FigS.ll Potentiometric titration curve of25 mL of 1.0 x 10-3 M Pr(N03)3 

with 1.0 x 10-2 M EDT A for the CMCP sensor Hb7 
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Table S.lFormation constants of HBTS-Mn+ and HMB-Mn-+ complexes. 

LogKf 
Metal ion 

HSTS HMS 

Sm3+ 2.43 2.41 

Pr3~ 4.17 4.23 

Gd3+ 2.20 2.25 

Nd3+ 1.95 2.10 

La3+ 2.18 2.13 

Pb2+ 2.25 2.18 



Table 5.2 Optimization of membrane composition.

Composition (%)

Sensor
Slope (mV Concentration

Additives /decade) range (M)
no. lonophorc PVC Plasticizer Olcicacid/

NaTBP

HI 2 31 BES, 63 4 25.8 10-5 tolO- 1

H, 2 31 DBS, 63 4 44.3 10-' to 10-1

H, 2 31 BEP, 63 4 11.7 10-4 to 10-1

11, 2 3\ DMS, 63 4 22.8 10-4 to 10-1

H s 2 31 DBP, 63 4 21.7 10-5 to 10-1

H" 31 DBP, 64 4 18.3 10-' to 10-1

H, 3 31 DBI',62 4 28.2 Ia' to 10-1

H, 2 31 DBP, 62 5 20.3 10-5 to 10-1

H,) 2 31 DBI', 63 4' 37.4 Hr' to 10-1

, Oleic acid
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Table 5.3 Optimization of the composition of CMCPE type of sensor 

Sensor Ionophore Graphite 
Binders 

Concentration Slope 
No. % % range (M) (mY/decade) 

Hb, 10 90 TBP lOA to IO'! 13.4 

Hb2 10 90 DBP 10.4 to 10" 13.1 

IIb1 10 90 BEP 10-1 to 10'! 12.5 

Bb4 10 90 BEA 10.5 to 10-! 11.1 

Bbs 10 90 DES 10.5 to 1O-! 16.6 

Hb6 11 89 DHS 10"to 10-1 17.7 

Bb7 12 88 DBS 10-5 to 10.1 18.0 

IIbs 13 87 DES 10-5 to 10-1 17.6 

Table 5.4 Selectivity coeHicicnts of various interfering cations. 

Interfering ions K.e1 
(10.2 M) Hg lIb; 

Na 5.53 xl 0.2 5.64x I 0-2 

K' 6.43x 10-2 6.53x 10-2 

Mu 2, 2.24x 10-2 2.15xlO-? 
'=' 

Pb?' 2.14x 10-2 2.25x 10-2 

Ag 6.54x I 0-2 5.46x 10-2 

Ca2; 2.13x 10-2 2.1 Ox 1 0.2 

Gd3
' 3.64x 10.2 3.43xl0-2 

Nd.\! 2.98x 10-2 2.93x 10-:' 

L :1! 

" 3.35x I 0.2 3.23xlO-2 

Sm3- 2.5! x 10-' 2.67x 10- 1 
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Table 5.5 Determination of Praseodymium in binary mixtures. 

Pr 31 Added cation 
Pr 3 I foundCM) * 

taken(M) (M) 

S.OxIO·.1 La 3· (S.OxIO-.1) 4.8xlO··1 4.9x I 0. 3 

S.OxIO-.1 Nd3 ' (S.Ox I 0.3) S.I x 10.1 

S.OxIOl Ca2 CS.Ox 10'.1) 4.8x I 0. 3 4.8x I 0'.1 

* Average of six replicates 

Table 5.6 Response characteristics of the sensors Hs and Hb7 

Parameter 
Response characteristics 

Hs Hb7 

Working 
l.Ox 10-5 I .Ox 10-5 to 

concentration toU)x 1 0- 1 1.0x Hr I 
range(M) 

Slope(m V/decade) 20.3 18.0 

Detection limit(M) I.Ox 10-5 8.9x 1 0-6 

Response time 15s 105 

pH 3.7t08.8 3.6 to 8.6 

Shelf1ife 2 weeks 5 weeks 
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Table 5.7 Comparison of response characteristics of proposed sensor 

with other Pr3+ sensor reported in literature. 

Sens. Working cone. range 
pH 

Response Slope 
Reference 

No (M) time(s) (mY/decade) 

1 x 1O.t> _ 1 x 10-2 2.8-8.7 10 19.6±0.4 [101 ] 

2 1 x 1 0.6 - I x 10.2 3.5 - 8 <20 21.1 [99] 

3 1 x 10 6 
- 1 x 10.2 3-8.4 15 19.8 [100] 

4 l.OxlO·5 - 1.0x 10'! 3.7 - 8.8 15 20.3 IlIsl 

5 1.0 x 10':; - 1.0x 1O-! 3.6 - 8.6 10 18.0 IHb71 
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This chapter explains the response characteristics of the sensors 

developed for neodymium. The fabrication of carbon paste and PVC 

membrane sensors based on the ionophore N [,N2 -bis(salicylidine)butane-

1,4-diamine (SAB) and application of these sensors as indicator in the 

potentiometric titration of neodymium with EDTA are included in this 

chapter. The determination of neodymium present in its binary mixtures 

using these novel sensors is also discussed in this chapter along with a 

comparative study of the sensors with those already reported. 
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Neodymium is the most abundant of the rare earths, after cerium 

and lanthanum. The most important application of neodymium is as the 

fundamental basis of neodymium-iron-boron (Ndz-Fe-B) permanent 

magnets. It is used extensively in the automotive industry with many 

applications including starter motor, brake systems, seat adjusters and car 

stereo speakers. Yttrium-aluminum garnet (Y AG) solid-state lasers 

utilize neodymium because it has optimal absorption and are used in 

various medical applications, drilling, welding, and material processing. 

Neodymium and other lanthanide oxides are widely used in the 

preparation of optical glasses, glass fibers for optical purposes, gasoline­

cracking catalysts, polishing compounds and carbon arcs, and in the iron 

and steel industries to remove suI fur, carbon, and other electronegative 

elements irom iron and steel l21
. Neodymium salts are used as catalysts in 

I ., t'l 3 b d' d ' 174·17" M ' po ymenzatlOn 0 , - uta lene an Isoprene " oreover, In recent 

years, the monitoring and evaluation of rare earth elements in some 

biological materials has received increasing attention, from both 

nutritional and toxicological points of view 122.170, The conventional 

methods for determination of Nd3
+ ions are spectrophotomctryl77, X-ray 

tluorescence!78 (AAS), neutron activation analysis I7
'!, isotopic dilution 

method l80 and inductively coupled plasma atomic emission spectroscopy 

(ICP AES)ISI, But these methods require multiple sample preparation and 

also infrastructure backup and are not convenient. 

This chapter detail about the fabrication of PVC membrane sensor 

and CMCP sensor for neodymium, 
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6.1. lonophore 

The synthesis and characterization of the ionophores NI ,N2 -bis 

(salicylidine)butane-I,4-diamine (SAB) has been discussed in section 

2.2.2 of chapter 2 and structure is given as figure 6.1. 

6.2. Fabrication of Neodymium Selective Membrane 

6.2.1. Potential response of the SAB based sensors 

To check suitability of SAB as ion canier, PVC and CMCP 

electrodes were fabricated by incorporating SAS for a number of mctal 

ions and potential responses are depicted in figure 6.2 and 6.3. It was 

found that the electrodes showed a Nernstian response to neodymium 

ions and this may be due to the fast exchange kinetics at the membrane 

sample interface. 

Conductometic studies wcre also carried out to understand the 

selective complexation of the ionophore towards neodymium ions. The 

complexation of SAB with different metal Ions was studied 

conductometrically in acetonitrile solution at 25 ± I QC and results arc 

summarized in Table 6.]. It was observed that the fonnation constant of 

the Nd3l
-_ SAB complex is more than that of the other metal ions studied. 

As the above two findings are favorable for the selection of SAB as 

ion carrier, neodymium selective sensors have been fabricated using SAS 

as ion recognition element. 

6.2.2. Sensor membrane fabrication 

The fabrication of the PVC membrane sensor was in accordance 

with the method discussed in section 2.7.1 of chapter 2. In order to arrive 

at optimized membrane composition, sensors having varying proportion 
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of membrane components were fabricated and their potential responses 

were recorded. The optimized membrane composition that gave the best 

response in terms of slope, concentration range and response was found 

to be 3:32:62:3 (SAB: PVC: plasticizer: NaTBP) (w/w %). 

Carbon paste obtained by mixing SAB, graphite and binders as 

detailed in chapter 2 was packed into the open end of Tenon holder in 

which electrical contact was made with a copper rod through the centre 

of the electrode holder. The electrode surface was polished using a filter 

paper to produce reproducible working surface. The finished electrode 

was conditioned by dipping it overnight in 1.0 x 10- 1 M neodymium 

chloride solution. The optimized composition was found to be 90: lO 

(graphite: SAB). 

6.2.3. Equilibration of membranes and potential measurements 

PVC membrane and carbon paste sensors were equilibrated for 1 

day in 1.0 x 10-1 M neodymium chloride solution. The potentials were 

measured by varying the concentration of neodymium chloride in tcst 

solution in the range 1.0 x lO-6 to 1.0 x 10-1 M. The potential 

measurements were carried out at 25 ± 1 "e on a Metrohm 781 ion meter. 

Ag! AgCl reference electrode was used in conj unction with the developed 

sensor. The cell assembly for potentiometric measurements can be 

represented as follows: 

PVC membrane sensor 

Ag, AgCll KCl 11 test solution Imembrane I internal solution (1.0xlO- 1 M 

NdCh) 11 KCl 1 AgC!, Ag 

CMCPE sensor 

Ag, AgC!1 KCIII test solution I CMCPE 



6.2.4. Optimization of membrane composition 

The sensitivity, selectivity and linearity of the membrane sensors 

were greatly influenced by the nature of ionophore, membrane 

composition and nature of plasticizer. The perfonnance characteristics of 

different membranes having ingredients of ditTerent proportions are 

summarized in Table 6.2. As expected, the amount of ionophore was 

found to affect the PVC membrane sensitivity. The calibration slope of 

the membrane sensor was found to be increased when ionophore 

percentage varied from 2-3% and further addition of the ionophore 

resulted in a decrease in detennination range of the sensor, probably due 

to some inhomogeneity and possible saturation of the membrane. The 

nature of plasticizer influences the dielectric constant of the membrane 

phase and state of the ligand. Of the four plasticizer studied, DBS 

resulted in best slope (SA)). The effect of both OA and NaTPB, as 

suitable lipophilic additives, on the response characteristics of the 

proposed PVC membrane was also investigated, and the results are also 

included in Table 6.2.The sensor, SA), with NaTBP as additive gave 

better slope than oleic aid. 3% NaTBP was found to be the optimum 

amount and further increment in the additive resulted in a super nemstian 

slope. Thus optimized membrane composition which resulted in best 

perfonnance was found to be 3: 32: 62: 3 (SAB: PVC: DBS: NaTBP). 

The surface structure of the membrane was studied using SEM 

image. The SEM image of the membrane SA6 is presented in the Figure 

6.4. This image gives an idea of the homogeneity of the membrane which 

is a main factor affecting the response characteristics of the sensor. It is 

clear from the figure that the surface of the optimized membrane is 

smooth and homogeneous. 
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A set of seven CMCPE type sensors were developed by varying 

sensor composition and results are consolidated in Table 6.3. Among the 

uifferent binders tested di-n-butyl sebacate was found to be the most 

suitable one. It was found that the sensor Sbr, with the composition ratio 

90: I 0 (Graphite: ionophore) (w/w %) was the hest in tenns of response, 

time working concentration range and the Nemstian slope. Further 

increase in the ionophore percentage resulted in a super Nemstian slope 

6.2.5. Calibration curve and statistical data 

Figure 6.5 and 6.6 represents the calibration graph for the sensors 

SAr, (PVC membrane) and Sbc, (CMCPE).Working concentration range 

for SA6 and Sb6 was found to be 1.0x 10.6 to 1.0x 10-2 M. Slope of the 

calibration graph for SAc, and Sh6 was 20.6 and 19.5 respectively. The 

uetection limit, taken at the point of intersection of the extrapolated linear 

segment of the calibration curve, was found to be 8.7x 10-7 M and 

4.7xlO-7 M. 

6.2.6. Dynamic response time 

The practical response time required for the Nd3
+ sensor to reach a 

potential within ± I m V of the tinal equilibrium value was measured by 

changing the Nd3
+ concentration in the range 1.0 x 10·1> to 1.0 x 10-2 M. 

The sensors, SA6 and Sb6. reached their equilibrium potential in a very 

short time and were found to be 15s and 10s respectively. The practical 

reversibility of the sensors SAc, and Sbl> were evaluated by taking 

measurements for NdJ1 in the sequence of high-to-low concentration and 

vice versa. The response of the sensors remained unchanged regardless of 

the change in concentration of the metal salt solution. 
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6.2.7. Effect of pH 

The pH dependence of thc membrane sensor (SA6) and CMCPE 

type sensor (Sb6) have been testcd using 1.0 x 10-4 M NdCl j solution 

over the pH range from 2 to II and results are shown in the figure 6.7 

and 6.8. It was found that potential remains constant in the pH range 3.0 

to 7.5 and 3.5 to 7.5 for the sensors SAc, and Sb(, respectively. Beyond 

this pH, a drift in potential is observed which may be due to the 

formation of hydroxide of Nd3
+ at higher pH and interference by 

hydrogen ion at lower pH. 

6.2.8. Selectivity coefficients 

Selectivity is perhaps the single most important characteristics of 

any sensor, which defines the nature of device and extent to which it may 

be employed in the detcnnination of a particular ion in presence of other 

interfering ions. Potentiometric selectivity coefficient of the neodymium 

sensors were evaluated by fixed interference method at 10-2 M 

concentration of interfering ions. The selectivity coefficients so obtained 

are compiled in Table 6.4. The selectivity coefficients are on the order of 

10.4 to 10-2
, which seems to indicate that these cations have negligible 

effect on the functionality of the neodymium sensors. The relatively good 

selectivity of the electrodes for neodymium ions arose from the stronger 

tendency of the carrier molecule for complexing with Nd31 compared to 

other cations. 

6.2.9. Shelf Life 

The average life time or the shelflife of the developed sensors was 

studied. As already explained the working surface of the earbon paste 

electrode can be renewed. The potential measurements were recorded 
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of the 

sensors, SAt> and Sb6, wen: found to be 7 weeks and 5 weeks 

respectively. 

6.2.10. Analytical applications 

The utility of the sensors SA6 and Sb6 were investigated in the 

detennination of neodymium ions in various binary mixturcs and the 

results are presented in Table 6.5. It was observed that the recoveries of 

Nd(lII) ions are quantitative in all cases and the sensors can be used for 

the determination of Nd (Ill) in real samples having different analytical 

matrixes. 

The developed sensors have been successfully applied as an 

indicator electrode in thc titration of Nd(III) with EDT A at pH 7. The 

titration curves for the sensors are shown in the tigure 6.9 and 6. 10 

respectively. A very good inflection point which cOlTesponds to 1: I 

stoichiometry of EDT A complex was observed from the titration curve. 

Hence, the amount of Nd(III) in solution can be accurately dctennined 

with the developed sensors. 

6.2.11. Comparative study among the sensors SA6 and Sb6 and to 

some of the reported sensors. 

Both the sensors are found to have very good response 

characteristics. The response characteristics of both the sensors are 

consolidated in the Table 6.6. While the working concentration ranges 

are the same for both the electrodes, the shelf time of carbon paste 

electrode is less compared with the PVC electrode. Table 6.7 represents 
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comparative study of characteristics of the proposed sensors with some 

of the reported sensors. The presently developed sensors are highly 

comparable with all the reported sensors94
-
96

. 

Fig.6.1 Structure ofSAB 
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Fig. 6.3 Potential response of various CMCPE ion selective elec trodes 

based on SAB 
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Fig. 6.4 SEM image of the polymeric membrane of SA6 sensor 
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Fig. 6.S Calibration graph for Nd(III) selective PVC membrane sensor 

based on SAB (SA6) 
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Fig. 6.6 Calibration graph for Nd(lII) selective CMCPE sensor based on 

SAB (Sb6) 

• 
60 

80 
;;-
6 
'-' 
~ 

~ 100 
r.J 

120 

-6 -5 -4 -3 -2 -I 

1& 



Fig.6.7 The effect of pH of test solution (1.0 x 10-4 M NdCI3) on the 

response ofNd (III) membrane sensor SA6 
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Fig. 6.8 The effect of pH of test solution (1.0 x 10-4 M NdCh) on the 

response ofNd(III) sensor Sb6 
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Fig. 6.9 Potentiometric titration curve of 25 mL of 1.0 x 10-3M NdCIJ 

with 1.0 x 10.2 M EDT A for the membrane sensor SAc, 
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Fig. 6.10 Potentiometric titration curve of 25 mL of 1.0 x 10-3 M NdCh 

with 1.0 x 10-2 M EDT A for the CMCPE sensor Sb6 
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Table 6.1 The f<.mnation constants ofSAB-Mn+ complexes 

Metal ion Log Kr 

Nd3+ 4.35 

Gd3+ 2.12 

Sm3+ 2.29 

Pr3+ 2.15 

Pb2+ 2.23 

Table 6.2 Optimization of membrane composition. 

Composition (%) 

Sensor Additives 
Slope (mY/ Concentratio 

no. ionophore PVC Plasticizer NaTBP! decade) n range (M) 

oleic acid 

SAl 2 32 DBP, 63 3 13.3 10-6 to 10-3 

SA 2 2 32 BEA.63 3 10.9 10-5 10 10-2 

SA.] 2 32 DBS, 63 3 16.7 10-6 to 10-2 

SA1 2 32 BEP, 63 3 12.5 10-6 to 10-4 

SA 5 2 32 DBS, 63 3* 10.9 to-5to 10-2 

SA (, 3 32 DES, 62 3 20.6 10-6 to 10-2 

SA 7 4 32 DBS,61 3 21.3 10-4 to 10-1 

SA s 3 32 DBS,60 5 25.3 10-:1 to 10-2 

----

*Olcic acid 
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Table 6.3 Optimization of the composition ofCMCPE type of sensor 

Sensor lonophore % Graphite % 
Binders 

Concentration Slope 
no. (w/w) (w/w) range CM) (mV/decade) 

Sb l 5 95 DBP 10-6 to 1 O-~ 10.9 

Sb2 5 95 BEA 10-5 to 1 O·~ 13.5 

Sb1 5 95 BEP 10-5 to 10-2 8.9 

Sb4 5 95 BEP 10-5 to 10-2 5.4 

Sb\ 5 95 DBS 10-6 to 10-" 16.5 

Sb(, 10 90 DBS 10-6 to 10-2 19.5 

Sb7 12 88 DBS 10-5 to 10-2 28.2 

Table 6.4 Selectivity coefficients for SA(, and Sb6sensors using fixed 

interference methods of interfering ions 

Interfering Ions 
SA6 

Ksd 

Sb6 

Na 7.16 x 10-2 7.28x 10-2 

K 7.53x 10-2 7.49x 10-2 

MgC 2.77xlO-2 2.45xlO-2 

Pb2 2.23xlO-2 2.48x 10-2 

An 
0 

5.78x 10.2 6.46x I 0-2 

Ca"' 5.67x 10.2 4.36x 10-.1 

Cid" 9.68x 10. 1 8.53x 10-.1 

Srn.1' 1.02x 10-2 2.48x 1 0-2 

[ .1' ,a 6.55xlO-' 6.14x 10-4 

Pr~' 8.55x 10-.1 9.54x 10-4 
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Table 6. 5 Detennination of Neodymium in binary mixtures. 

Nd J\M) taken 
Nd3

' found(M)* 
Added cation (M) 

5.0x I o--~ 4.8x I O·~ 

Pr~ (5 .Ox I 0--1) 

5.0x]0·-I 4.9xl0·~ 

*Avernge of six replicntes 

Table 6.6 Response characteristics of the sensors SA6 and Sb(, 

Response Characteristics 
Parameter 

SA6 Sbn 

Working 
1.0 x lO. t, to 1.0 1.0 x 1 O·() to 1.0 

concentration x 10.2 x 10.2 

rangc(M) 

Slope(m V Idccade) 20.6 19.5 

Detection limit(M) 8.7xlO-7 4.7x 10.7 

Response time 15s 10s 

pH 3.0-7.5 3.5- 8.0 

Shelf life 7 weeks 5 weeks 
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Tablc6.7 Comparison of the response characteristics of the developed 

sensors with other reported neodymium sensors 

Sens. Working conc. range Response Slope 
Reference 

No (M) pH 
time(s) (m V/decade) 

1 x 10-5 - 1 x 10-2 3.S - 8.5 <IOs 19.6±0.3 [96] 

2 I x 10.5_ I x 10-2 4.0 - 8.0 ISs 19.6±0.3 [9S] 

2 1 x 10-(' - I x 10 2 4.0 - 6.S <5s 20.1 [94] 

3 1.0 x 10-(' - 1.0 x 10-2 3.0 - 7.5 15s 20.6 ISAt.J 

4 1.0 x lO-6 - 1.0 x 10-2 3.5 - 8.0 10s 19.5 ISb61 

*********** 
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eAaps~loR FOR GADOLINIUM 

This chapter deals with the fabrication of PVC membrane and 

CMCPE type sensor based on 2-[(2-mcrcaptophcnylimine) methyl] 

phenol for gadolinium(III). The analytical application of these sensors as 

indicator electrode in the potentiometric titration of gadolinium(III) with 

EDTA and in the detennination of gadolinium(ITI) fonn its binary 

mixtures are also discussed in this chapter along with a comparative 

study of the sensors with those already reported . 
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Gadolinium is a silvery white rare emth metal. It finds application 

in neutron therapy to target tumors, in neutron radiography, 1n shield1ng of 

nuclear reactors and as an efficient catalyst for decarboxylation of 

oxaloacetic acid, conversion of ortho to Para hydrogen and polymerization 

of ethylene. Because of its paramagnetic properties, solutions of organic 

gadolinium complexes and gadolinium compounds are the most popular 

intravenous MRI contrast agents in medical magnetic resonance imaging 

Although gadolinium agents have proved useful for patients with renal 

impairment, the use of certain gadolinium containing agents may lead to 

serious illness such as nephrogenic systemic fibrosis and nephrogenic 

fibroseny dermopathy in patients with severe renal failure requiring 

dialysis. Therefore the trace level determination of gadolinium in various 

sampIcs is very important. 

The available mcthods for the low-level dctem1ination of rare-earth 

I · . I d 1 'x' ES I X3· . Ions m so utIon mc u e spectrop 10tometry -, lCP-A ,1sotoP1C 

d '~4·· I' 'X~ d X ilution mass spectrometry ,neutron actIvatIOn ana YSIS . an -ray 

t1uorescence speetromctry'S6. These methods arc cither time consuming 

and involve multiple sample manipulations or cxpcnsive and are not 

convenient. This chapter discusses the fabrication of two types of sensors 

for the detennination of gadolinium. 

7.1. Ionophorc 

The synthesis and characterization of the ionophore 2-[(2-

mercaptophenylimine)methyl]phcnol (MPM) has been discussed m 

section 2.2.6 of chaptcr 2 and structure is given as figure 7.1. 



7.2. Fabrication of Gadolinium Selective Membrane 

7.2.1. Potential response of the MPM based sensors 

As a preliminary step, PVC membrane and CMCP electrodes were 

fabricated using MPM as ion carrier for a number of metal ions and 

potential responses are shown in figure 7.2 and 7.3. Among the different 

tested cations, Gd3
+ demonstrates the most sensitive response and seems 

to be suitably detcnnined by these electrodes. Therefore, this ionophore 

was selected as a sui table sensor material for Gd3 
t selecti ve sensor. 

To investigative the selective complexation of MPM towards 

gadolinium, complexation of MPM with different metal ions was studied 

conductometrically as discussed in section 2.6 of chapter 2 and results 

are consolidated in Table 7.1. As it is obvious, the tomlation constant of 

the Gd h
-_ MPM complex is more than that of the other metal ions 

studied and hence MPM can be selected as suitahle carrier for 

gadolinium (Ill). 

7.2.2. Sensor membrane fabrication 

The general method of fabrication of the PVC membrane and 

CMCPE type of sensors has been discussed in section 2.7 of Chapter 2. 

For the fabrication of PVC membrane sensor, disc shaped 

membranes prepared from a solution of MPM, PVC, plasticizer and 

additive were cut out and stuck on to the open end of a Pyrex glass tube. 

The sensor tube was filled with an intemal solution of 1.0 x 10-t M 

GdCh and conditioned by soaking in 1.0 x 10-1 M gadolinium chloride 

solution. The optimized composition which resulted in a bcst Nernstian 

response and working concentration range was found to be 5: 32: 60: 3 

(MPM: PVC: DBP: NaTBP) (w/w %). 



The CMCPE type of sensor was fabricated by packing the paste of 

ionophore and graphite in suitable binder into the open end of the Tetlon 

holder and conditioned by soaking in 1.0 x 10- 1 M gadolinium chloride 

solution. The best composition ratio for CMCPE type of sensor was 

found to be 87: 13 (graphite: MPM). 

7.2.3. Equilibration of membranes and potential measurements 

The optimum equilibration time for the PVC membrane and CMCP 

sensors, in presence of 1.0 x 10-1 M gadolinium chloride was found to be 

2 days, after which it generated stable potentials in contact with 

gadolinium chloride solutions. All the potential measurements were 

carried out by means of Metrohm 781 ion meter at 25± 1 °C and cell 

assembly used for the measurements can be represented as follows: 

PVC membrane sensor 

Ag, AgCl ! KCIII test solution Imembranc I intemal sulutiun (1.0 x 10-1 M 

GdC1 3) 11 KC1 I AgCI, Ag 

CMCPE sensor 

Ag, AgCI! KCIII test solution I CMCPE 

7.2.4. Optimization of membrane composition 

The important features of the PVC membranes such as nature of 

plasticizer, nature and amount of ionophorc, and especially, the nature 

and amount of the additives are significantly influence the sensitivity and 

selectivity of the scnsors. Thus, the different aspects of the membrane 

preparation bascd on MPM fur Gd3
+ were uptimized and the results arc 

given in Table 7.2. From the results, it was found that among the four 

different plasticizers used, DBP (sensor MP,) was the most effective 
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solvent mediator in preparation of the PVC membrane. It is also known 

that the presence of lipophilic additives not only diminishes the ohmic 

resistance and enhances the sensitivity and selectivity of the membrane 

sensors, but also catalyze the exchange kinetics at the sample-membrane 

interface. The effect of nature and amount of additive on the response of 

the membrane sensor was investigated and results are compiled in the 

Table 7.2. The data given in the table shows that NaTBP is more suitable 

additive than oleic acid. Moreover, 3% was found to be the optimum 

amount of additi ve. The amount of the ionophore was also found to affect 

the sensitivity of the sensors. 5% was found to be the optimum amount of 

ionophore and further addition of ionophore content resulted in a 

diminished response from the sensors which may be due to the saturation 

of the membrane. The sensor, MP? with the composition ratio 5:32:60:3 

(MPM:PVC:DBP:NaTBP) (%w/w) was found to give the best response 

characteristics. 

The SEM Image was taken inorder to investigate the surface 

morphology of the membrane of MP? Fiure 7.4 presents the SEM image 

of the PVC membrane of MP? The homogeneity of membranes may also 

affect the sensitivity and response characteristics of the sensors. A 

smooth and unifonn membrane is obtained for MP? 

The weight ratio of graphite, ionophore and nature of hinders were 

varied to arrive at optimum composition for CMCP sensor and results are 

consolidated in Table 7.3. Sensor, PM(" with a composition of 87:13 

(graphite: MPM) gave best Nemstian response. TBP was found to be the 

suitable binder. Further increase in the ionophorc percentage resulted in a 

sub N emstian slope. 
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7.2.5. Calibration curve and statistical data 

The calibration plot of the EMF versus log [Gd3+J for the sensors 

MP7 and PM() are shown as Figure 7.5 and 7.6. The sensors MP 7 and PM6 

showed linear response over the concentration range I x 10.6 to 1 xl 0-2 with 

a slope of 19.9 and 19.4 mY/decade respectively. The detection limit was 

found to be 3.7x 10-7 and 3.2x 10-7M respectively. 

7.2.6. Dynamic response time 

The response time of the sensors MP7 and PM6 was found to be 10s 

and Ss. The practical reversibility of the sensors MP7 and PM6 were 

evaluated by taking measurements in the sequence of high-to-Iow 

concentration and vice versa of the analyte. The sensing behavlor of the 

sensors was remained unchanged when potentials were recorded either 

from low to high concentrations or vicc versa. 

7.2.7. Effect of pH 

The pcrfonnance of the sensors was also accessed at different pH 

values. For this purpose the potcntial response of the sensors was 

detennined at 1.0 x 10-4 M in the pH range 2 to 10 and results are shown 

as Figure 7.7 and 7.8. pH was adjusted by adding suitable buffer solution. 

It is obvious from the figures that response of the sensors remains 

constant over the pH rangc.3.0 to 8.5 and 3.5 to 8.5 for MP7 and PM6 

respectively. The increase in potential at lower pH may be ascribed to 

interference by hydrogen ions and decease in potential at higher pH may 

be due to the fonnation of some hydroxyl complex of the Gd(IlI). 

7.2.8. Selectivity 

The influence of interfering ions on the response behavior of the 

sensors is usually described in tenns of selectivity coefficient. The 
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selectivity coefficients were detennined at 1.0 x 10.2 M concentration of 

foreign ions by using the fixed interference method. The selectivity 

coefficient values are consolidated in Table 7.4. It is evident from the 

selectivity coefficients data, that the sensor exhibits a high perfonnance 

for gadolinium ion compared with other metal ions. 

7.2.9. Shelf Life 

The operative life time for the sensors MP7 and PM() was found to 

be 8 weeks and 5 weeks respectively, during which it could be used 

without any measurable divergence. The sensors were all kept immersed 

in 1.0 x 10.1 M gadolinium chloride solution when not in use. The surface 

of CMCPE type sensor could be renewed by squeezing out a small 

amount of the paste, scrapping off the excess, polishing the new surface 

against a filter paper. 

7.2.10. Analytical applications 

The practical utility of the proposed sensors were tested by their 

use as an indicator electrode in the potentiometric titration of Gd(lJI) 

with EDTA at pH7 and resulting titration curve is shown as Figure 7.9 

and 7.10 for MP7 and PM(, respectively. As it is obvious from the figures, 

the sensors can monitor the amount of gadolinium ions. 

The developed scnsors were also successfully applied to thc direct 

detennination of gadolinium ions in various binary mixtures and the 

results are presented in Table 7.5. It was observed that the recoveries of 

Gd(Ill) ions are quantitative in all cases and the sensors can be used for 

the determination of Gd (Ill) in real samples having different analytical 

matrixes. 
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7.2.11. Comparative study among the sensors MP, and PMtj and to 

some of the reported sensors. 

The response characteristics of the membrane sensor and CMCP 

sensor are consolidated in Table 7.6. The response time, working 

concentration range and pH are almost comparable in the case of both 

type of sensors, but life time was f()und to be greater in case of PVC 

membrane sensor. 

Table7.7 compares the response characteristics of newly developed 

sensors with those of the previously reported sensors in literature. The 

sensors showed comparable working concentration range, pH and 

response time with respect to the othcr Gd(lJI) selective sensors reported 

in literatureI03.105.107- 108. 

Figure 7.1 Structure of MP M 
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Figure 7.2 Potential response of various PVC membrane ion selective 

electrodes based on MPM 
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Figure 7.3 Potential response of various CMCPE ion selective electrodes 

based on MPM 

_______ Gd' I 

-30 
----+-- La)' 

-40 / -50 

-60 

/. ;;- -70 e 
~ -80 

~ -90 

/. -----100 ----=:::::~~. 
-110 ~~ 
-120 .... --.... ~ • • 

--A---- Pr'-

--T-- Pb
2t 

----+-- Nd3
+ 

• 
-6 -5 -4 -3 -2 -I 

log[M·') 

Department of Applied Chemistry, CUSAT 



Figure 7.4 SEM image of the polymeric membrane ofMP1 sensor 

Figure 7.S Calibration graph for Gd(III) selective PVC membrane sensor 

based on MPM (MP,) 
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Figure 7.6 Calibration graph for Gd(III) selective CMCPE sensor based 

on MPM (PM6) 
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Figure 7.7 The effect of pH of test solution (1.0 x 10-4 M GdCh) on the 

response of Gd(III) membrane sensor MP7 
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Figure 7.8 The etTect of pH of test solution (1.0 x 10-4 M GdCb) on the 

response of Gd(III) sensor PM6 
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Fig. 7.9 Potentiometric titration cUlVe of 25 mL of I.Ox IO-3M GdCh 

with 1.0 x 10-2 M EDT A for the membrane sensor MP7 
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Fig. 7.10 Potentiometric titration curve of 25 mL of 1.0 x 10-3M GdC13 

with I _0 x 10-2 M EDT A for the CMCPE sensor PM6 

-45 

-so 

-55 

-60 

;; -65 e 
IZ' 
:; -70 
~ 

-75 

-80 

-85 

o 2 3 4 

Volume of EDT A 

Table 7.1 The formation constants of MPM-Mn+ complexes 

Metal ion LogKf 

Gd3+ 4.14 

Sm3+ 2.28 

Nd3+ 2.16 

PrJ + 2.24 

Pb2+ 2.27 



Table 7.2 Optimization of membrane composition. 

Composition (%) Slope 
Sensor Additives (mY! 

Concentration 
no. IOllophore PYC Plasticizer NaTBP/olcie decade) 

range (M) 
acid 

MP) 3 32 DBP,62 3 15.3 10.6 to 10.2 

MP ~ 3 32 BEA,62 3 11.5 10-5 to 10-2 

MP.1 3 32 DBS.62 3 10.5 10-5 to 10-2 

MP4 3 32 HEP,62 3 12.7 10-5 to 10-2 

MP 5 3 32 DBS,62 3* 9.7 10-5 to 10-2 

MP" 4 32 DBP,61 3 17.3 10-6 to 10-2 

MP 7 5 32 DBP,60 3 19.9 10-& to 10-2 

MP x 6 32 DBP,59 3 16.8 10-5to 10-2 

*Oleic acid 

Table 7.3 Optimization of the composition ofCMCPE type of sensor 

Sensor Ionophore % Graphite % Concentration Slope 
Binders 

no. (w/w) (w/w) range (M) (mY/decade) 

PM 1 10 90 DHS 10-4 to 10- 1 15.9 

PM 1 10 90 BEA 10-5 to 10-2 16.1 

PM3 10 90 DBP 10-5 to 10-2 15.4 

PM 4 10 90 TBP 10-6 to 10-2 16_5 

PM, 12 88 TBP 10'0 to 10':' 17.6 

PM6 13 87 TBP 10-(' to 10.2 19.4 

PM7 15 85 TBP 10-5 to 10-2 16.8 
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Table 7.4 Selectivity coefficients for MP7 and PM6sensors using fixed 

interference methods of interfering ions 

Interfering Ions 
Ksel 

MP? PM6 

Na+ 4.16 x 10-2 4.38x 10-2 

K+ 5.72x 10-2 6.69x 10-2 

Mg2+ 5.46x 10-2 5.24x 10-2 

Pb
2f 3.12 x I0-2 3.23x 1 0-2 

C 2+ a 4.48x 1 0-2 4.36x 10-2 

Nd3+ 8.15x 10-3 8.34x 10-3 

S 3+ m 2.l6x 10-2 3.25x 10-2 

La3+ 4.65x 1 0-3 3.14xI0-3 

Pr3+ 7.56 x lO-3 7.34x 1 0-3 

Table 7. 5 Detennination of Gadolinium in binary mixtures. 

Gd J- (M) taken 
GdJ

- found(M)* 
Added cation (M) 

La'+ (S.Ox 1 0-4
) 4.9x 10.4 4.9x 10.4 

S.Ox 1 0-4 4.8x 1 0-4 

* Average of six replicates 
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Table 7.6 Response characteristics of the sensors MP7 and PM£, 

Parameter 

Working 

concentration 

range(M) 

Slope(m V/decade) 

Detection limit(M) 

Response time 

pH 

Shelf life 

Response Characteristics 

l.Ox 10-6 to 1.0 x 
10-" 

19.9 

3.7xI0-7 

10s 

3_0-8.5 

8 weeks 

1.0x 10 6 tol.Ox 
10-2 

19.4 

3.2xlO-7 

Ss 

3.5- 8.5 

5 weeks 

Table 7.7 Comparison of the response characteristics of the developed 

sensors with other reported gadolinium sensors 

Sens. Working cone. range 
pH 

Response Slope 
Reference 

No (M) time(s) (mY/decade) 

IxI0-5-1x 10-1 4_0- 8.0 <\0 19_8 ± 0.3 [104] 

2 Ix10-5 to IxIO- 1 3.0 -7_0 IS 30 [J 08] 

3 I x 10-6 - I xl 0- 1 3.5 - 8.0 <15 19.4 [105] 

4 I x 10-5 - I x 1 0- 1 4.0 -10_0 10 19_3 [103] 

5 1 )( 10-~ -I x: 10-3 4.0 -9.0 15 17.4 [107] 

6 1.0 x 10-6 -1.0 X 10-2 3.0 - 8.S 10 19.9 IMP71 

7 1.0 x 10-6 
- 1.0 X 10-2 3.5 - 8.5 5 19.4 IPM6J 
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eitaP-Wi 8 . 
CO:NCLUSIONS 

This chapter presents a brief summary of the important findings 

and results of the work. The main objective of the present work is also 

included in this chapter. 

The main objectives of the present work include the following 

.:. Synthesis of the ionophores 

.:. Characterization of the synthesized ionophores by elemental 

analysis, infrared, and NMR spectroscopic methods 

.:. Fabrication of different types of sensors 

.:. Investigation of the response of the developed sensor to different 

cations 

.:. Optimization of the membrane composition 
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.:. Study of the response characteristics of the developed sensor 

.:. Analytical applications 

.:. Comparison with other reported sensors 

As part of the present investigations, a total of 10 sensors have 

been fabricated for lanthanide ions such as lanthanum, neodymium, 

praseodymium, samarium and gadolinium. These 10 sensors include 

PVC membrane and chemically modified carbon paste type sensors 

incorporating Schiffs base as electro active component. Systematic 

application studies have been carried out for all the developed sensors 

and the results revealed that the presently developed sensors are far 

superior than most of the sensor reported. The ten potentiometric sensors 

developed for the respective metal ions arc 

Lanthanum (Ill) PVC membrane and CMCPE type sensors based 

on NI ,N2 -bis(naphthalene-l-yl)mdhylene(hexa-l, 

6-diamine) (NAB) 

Samarium (m) PVC membrane and CMCPE type sensors based 

on NI, N3-bis(3- nitrobenzylidene)propanc-l,3-

diamine (MBP) 

Praseodymium (Ill) PVC membrane sensor based on 1,4 Bis 

(4-hydroxy-3-ethoxybezylidene)thiosemicarbazide 

(HBTS) and and CMCPE type sensors based on 

NI ,N 2 -bis( 4-hydroxy-3-ethoxybezylidene)butanc-

1 ,4-diamine (HMB) 
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Neodymium (Ill) 

Gadolinium (Ill) 

pvc membrane and CMCPE type sensors based 

onN I ,N2 -bis(salicylidine)butane-l ,4-diamine (SAB) 

pvc membrane and CMCPE type sensors based 

On 2-[ (2-mercaptophenyl imine )methyl]phenol 

(MPM) 

The field of sensors is rapidly developing and efforts are being 

made to design sensors, which are cost effective, simple in operation, 

reliable, small instrumental arrangement and portable. Attempts are being 

made for the fabrication of sensors with disposable characteristics as it 

avoids elcctrode poisoning from repeated usage of the same sensor 

surface for successive analyses. The presently developed sensors will no 

doubt, fonn a basis for such development. It is hoped that the developed 

potentiometric sensors can find wide applications in the future analytical 

chemistry. 

*****0***** 
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