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ABSTRACT

The thesis deals with trace analysis of toxic metal ions by exploring the
analytical potential of thiazolylazo compounds. The outcome of the
experiments are development of methods for rapid, sensitive and reliable
determination of metal ions at trace levels. The thesis has been divided into five
chapters and each chapter has been further subdivided into various sections.

The first chapter deals with the general introduction to organic chelating
agents with special emphasis on chemistry and analytical properties of
thiazolylazo compounds. The advantages of using third component for the trace
analysis of metal ions have also been discussed. This has been followed by
brief theory about various preconcentration techniques and their merits and
demerits with special reference to the novel solid phase extraction technique
i.e. separation of metals by co-precipitation of their chelates onto
microcrystalline naphthalene. An introduction to the fundamentals of derivative
spectrophotometry, polarography, differential pulse polarography and cyclic
voltammetry has also been described in this chapter. The importance of
‘chemometrics’ in analytical chemistry has also been briefed. The scope of
present work has also been given.

The second chapter highlights the past work on the reagent 2-(2-
thiazolylazo)-5-dimethylaminobenzoic acid. The spectrophotometric methods
reported in the literature for the aqueous phase determination of Ni, Rh and Cu
and extraction/direct determination of Pd and V have been briefed and the
existing gaps explored. In this chapter, nature, sources and preparation of

various starting materials, namely ligand, buffer solutions, metal ion solutions
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and therr standardization have been described. Various parameters viz. effect of
pH, buffer volume, reagent concentration, the amount of third component have
also been studied. The simultaneous determination of palladium and nickel
using derivative spectrophotometry technique has also been studied. The effect
of diverse ions on the quantification of above metal ions has also been reported.
The analytical performance was evaluated by determining the linear range,
sensitivity, detection limit, correlation coefficient and relative standard
deviation. The accuracy and applicability of these methods developed have
been verified by analyzing various standard alloys, biological and
environmental samples.

The third chapter starts with the survey of the literature on the reagent 2-
(2-thiazolylazo)-5-dimethylaminophenol. This has been followed by past work
on the extraction spectrophotometric determination of Ni, Cu, and Rh and
direct/extraction spectrophotometric methods of Bi, Co, Ir, and Ru. The
materials used and general procedure followed for the determination of Ni, Co,
Cu, Bi, Ir, Rh and Ru have been described. Various parameters viz. pH, buffer
volume, reagent concentration, amount of naphthalene, flow rate, aqueous
phase volume, amount of adsorbent, choice of counter ion and solvents are
optimized. The various analytical parameters have also been calculated. The
effect of diverse ions has also been studied for the above metal ions in order to
determine their contents in various alloys. environmental and biological
samples.

In fourth chapter, a systematic survey of the literature relating to 1-(2-
thiazolylazo)-2-naphthol  has been described. The  direct/extraction

spectrophotometric methods reported in literature for the determination of Zn,
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Mn, Cd, Sc and Ga have been discussed in order to compare with the present
work. The materials and procedure used for the quantification of the above
metals have been described. Various parameters similar to those mentioned in
Chapter 11l have been evaluated for the above metal ions and conditions have
been developed for their determination in various standard alloys,
environmental and pharmaceutical samples.

The fifth chapter starts with the literature relating to extraction-
polarographic determination of Bi, Cd, Cu, In, Pb and U in order to compare
these methods with those developed in the present work. The preparation of
metal 1on solutions, buffer solutions and other solutions has also been
discussed. Various parameters like the effect of pH on adsorption, reagent
concentration, buffer volume, amount of adsorbent, amount of counter 1on,
aqueous phase volume, and effect of diverse ions have been studied in detail
for the adsorptive extraction of above metals. After adsorptive extraction, the
metal ions were stripped with HCl of appropriate concentration. The
differential pulse polarograms were recorded in presence of suitable supporting
electrolyte. The reversibility of the electrode reaction process of these metal
ions was established by cyclic voltammetry. The various analytical parameters
were also calculated. The developed method has been tested successfully for
the estimation of these metal ions in various alloys, biological, environmental
and pharmaceutical samples.

The thesis has been appended with the list of publications and reprints of

the paper published out of this research work.
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ABBREVIATIONS AND SYMBOLS USED

microampere

nanoampere

volt

scan rate

current in microampere through the system
diffusion current

potential in volts

. droptime in seconds

rate of flow of mercury in mg/sec
halfwave potential

peak or summit current

cathodic peak current

anodic peak current

peak or summit potential
cathodic peak potential

anodic peak potential

diffusion coefficient in cm?/sec
number of electrons involved in the electrode process
temperature in absolute scale
gas constant

absorbance
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C-V

DME

ATPB

TAMB

TAM

TAN

SLS

CTMAB

TDBA

current-voltage

wavelength

molar absorptivity, L mol” ecm’’

dimethylformamide

ammonium tetraphenylborate
2-(2-thiazolylazo)-5-dimethylaminobenzoic acid
2-(2-thiazolylazo)-5-dimethylaminophenol
1-(2-thiazolylazo)-2-naphthol

sodium lauryl sulphate
cetyltrimethylammonium bromide

tetradecyldimethylbenzylammonium

(x1)



CONTENTS

Page No.
CERTIFICATE (1)
ACKNOWLEDGEMENTS (i1)
ABSTRACT (iv)
LIST OF FIGURES (vii)
ABBREVIATIONS AND SYMBOLS USED (x)
CHAPTER 1 INTRODUCTION
I.1  Organic Complexing Reagents 1
1.2 Thiazolylazo Compounds As Analytical Reagents 0
1.3 Other Applications Of Thiazolylazo Compounds 9
.4 Third Component In Complexation Reactions 9
1.5  Preconcentration 10
1.6 Determination Techniques 16
1.7 Chemometrics 41
[.8  Present Work 48
References 50

CHAPTER I DERIVATIVE SPECTROPHOTOMETRIC

DETERMINATION OF Ni, Pd, Rh, V AND Cu IN
AQUEOUS PHASE USING 2-(2-THIAZOLYLAZO)-
S-DIMETHYLAMINOBENZOIC ACID
2.1 2-(2-Thiazolylazo)-5-Dimethylaminobenzoic Acid As Reagent 55
2.2 Past work on Spectrophotometric Determination of Nickel,

Palladium, Rhodium, Vanadium and Copper 56



Experimental 05
Results and Discussion 67

Zcro Crossing Method For Simultaneous Determination Of Nickel

and Palladium 79
Analytical Applications 82
References 87

CHAPTER I DERIVATIVE SPECTROPHOTOMETRIC

3.1

3.2

3.3

3.5

DETERMINATION OF Ni, Co, Cu, Bi, Ir, Rh AND Ru

AFTER SOLID PHASE EXTRACTION USING 2{-

THIAZOLYLAZO)-5-DIMETHYLAMINOPHENOL
2-(2-Thiazolylazo)-5-Dimethylaminophenol As Reagent 92

Past Work On Spectrophotometric Determination Of Nickel,

Copper, Cobalt, Bismuth, Iridium, Rhodium and Ruthenium 93

Experimental 103
Results and Discussion 106
Analytical Applications 121
References 128

CHAPTER 1V  DERIVATIVE SPECTROPHOTOMETRIC

4.1
4.2

4.3

DETERMINATION OF Zn, Mn, Cd,Sc AND Ga
AFTER SOLID PHASE EXTRACTION USING 1{-
THIAZOLYLAZQ)-2-NAPHTHOL
1-(2-Thiazolylazo)-2-Naphthol As Reagent 133
Past Work On Spectrophotometric Determination Of Zinc,
Manganese, Cadmium, Scandium and Gallium 134

Experimental 142



4.1 Results and Discussion 143
4.5 Analytical Applications 155

References 161

CHAPTER V DIFFERENTIAL PULSE POLAROGRAPHIC
DETERMINATION OF Bi, Cd, Cu, In, Pb AND U
AFTER SOLID PHASE EXTRACTION USING 1-(2-
THIAZOLYLAZOQ)-2-NAPHTHOL

5.1 Past Work On Polarography As An Analytical Technique 166
5.2 Experimental 178
5.3 Results and Discussion 180
5.4 Analytical Applications 197
References 203
Conclusions 207
List of Publications 208

Biodata of author 209



Figure No.
1.1

1.2

1.3

1.4

1.7

1.8
1.9

2.1

2.3

2.4

2.5

2.0

LIST OF FIGURES

Structural representation of thiazolylazo compounds.

Coordination of metal with thiazolylazo compound.

Extensive m conjugation in thiazolylazo complexes.

Four fold interactions in solid phase extraction.

Different regions of electromagnetic spectrum.

First derivative spectrophotometry for the quantitative
measurement of a small band alone and obscured by a

broader overlapping band.

Influence of an impurity (Y) on normal, first and second

derivative spectra of a substance(X).
Definition of gfaphica] method.
Definition of zero crossing method.
Acid-base equilibria of TAMB.

Normal and derivative spectra, effect
calibration plot of nickel using TAMB.

Normal and derivative spectra, effect
calibration plot of palladium using TAMB.

Normal and derivative spectra, effect
calibration plot of rhodium using TAMB.

Normal and derivative spectra, effect
calibration plot of vanadium using TAMB.

Normal and derivative spectra, effect
calibration plot of copper using TAMB.

(vi1)

of

of

of

of

of

and

and

and

and

and

Page No.

14

17

19

22

24
24
55

71

73

74

75



2.7 Normal and derivative spectra of nickel, palladium and 81
mixture using TAMB.

3.1 Acid-base equilibria of TAM. 92

32 Funnel tipped glass column for preconcentration. 102

3.3 Normal and derivative spectra, effect of pH and 110
calibration plot of nickel using TAM.

3.4 Normal and derivative spectra, effect of pH and 111
calibration plot of copper using TAM.

3.5 Normal and derivative spectra, effect of pH and 112
calibration plot of cobalt using TAM.

3.6 Normal and derivative spectra, effect of pH and 113
calibration plot of bismuth using TAM.

3.7 Normal and derivative spectra, effect of pH and 114
calibration plot of iridium using TAM.

3.8 Normal and derivative spectra, effect of pH and 115
calibration plot of thodium using TAM.

39 Normal and derivative spectra, effect of pH and 116
calibration plot of ruthenium using TAM.

4.1 Acid-base equilibria of TAN. 133

4.2 Normal and derivative spectra, effect of pH and 144

calibration plot of zinc using TAN.

43 Normal and derivative spectra, effect of pH and 145
calibration plot of manganese using TAN.

4.4 Normal and derivative spectra, effect of pH and 146
calibration plot of cadmium using TAN.

4.5 Normal and derivative spectra, effect of pH and 147
calibration plot of scandium using TAN.

4.6 Normal and derivative spectra, effect of pH and 148
calibration plot of gallium using TAN.

(viii)



5.1

5.2

53

54

5.5

5.6

5.7

Differential pulse polarogram,
calibration plot of bismuth.

Differential pulse polarogram,
calibration plot of cadmium.

Differential pulse polarogram
calibration plot of copper.

b

Differential pulse polarogram,
calibration plot of indium.

Differential pulse polarogram,
calibration plot of lead.

Differential pulse polarogram,
calibration plot of uranium.

effect

effect

effect

effect

effect

effect

of

of

of

of

of

of

pH

pH

Cyclic voltammograms of Bi, Cd, Cu, In, Pb and U

(ix)

and

and

and

and

and

and

181

182

183

184

185

186

191



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

