X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s
L 4

o gkl
@ ASUNET

bl -

e

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

) bl | ) Gl | ot
@ ASUNET

e bl o gl Ao
ok sl 19 (gui sl il) Gutei guid




e bl b k|
@ ASUNET

(R deids st bt

Sl (el lin) b
ok 551y (oo ST Gusigad
EE

Wbaunkig bl g i gl DALY o) ot e pometi
i Gl 599 i) i Gl @ ] O3 (oo

-----

anER
llllllll

RPN EET DY o
@ ASUNET

o) i

shiid] ol daoad) gal 580 02R Laa




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

.

=4
llllll

et | G|
@ ASUNET

Seiligd] g
aall dubail




X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s

o ekad|
@ ASUNET

Wl -

dsinkt

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




L3

Analytical Studies on Some Metal lons and

Their Application to Some Industrial
Products |

A Thesis

Presented to the Chemistry Department, Faculty of Science,
Assiut University for Partial Fulfillment of the Master Degree
of Science

:Z)eia CCZQBHL _/450./ C?/L/(/ac[y ./445! g/— Woneim‘

B.ScC. (Chemistry)

Supervised By

Prof. Dr. ' ' Dr.
Mohamed M. Seleim Nagwa Th. Abo El-Maali
Prof. Of Analytical Chemistry Assistant Prof. Of Anaiytical Chemistry
Assiut University Assiut University
Dr.

Mervat I. Abdel-Hamid

Lecturer of physical Chemistrv
-Assiut University

Chemistry Department, Faculty of Science, Assiut University

1999

lo1- 4




Analytical Studies on Some Metal '
lons and Their Application to
- some Industrial Products

| Approved:
Name Signature

Head of the Department of Chemistry

Name:
Signature:




To my parents, brothers

and sister




Acknowledgement




Acknowledgement

I wish to express my deepest thanks to Professor Dr. Mohamed M.
Seleim, Professor of analytical chemistry, Chemistry Department, Faculty
of Science, Assiut University for suggesting the point of research, critical

and continuous supervision and concrete discussion.

I owe my deep gratitude to Dr. Nagwa Th. Abo El-Maali, Assistant
Professor of analytical chemistry, Chemistry Department, Faculty of
Science, Assiut University for suggesting the point of research, kind
supervision, her continuous gilidance throughout the work, concrete

discussion and the facilities she offered during the work in her laboratory.

My best thanks to Dr. Mervat 1. Abdel-Hamid, Lecturer of physical
chemistry, Chemistry Department, Faculty of Science, Assiut University

for her continuous help and encouragement during this work.

Many thanks to Professor Dr. Saoud A. Metwally, Head of the
Department of Chemistry, Assiut University and to Professor Dr. Yassin
M. Temerk, Dean of Faculty of Science, Assiut University, Assiut.

Deepest thanks are due to Prof. Dr. Mohamed R. Mahmoud,
pl;esident of Assiut University for all generous facilities provided to this

work.

Deia Abd El-Hady




Notes

Besides the work carried out in this thesis, the candidate Deia Abd

El-Hady Abd El-Moneim has passed successfully the following courses in

partial fulfillment of M. Sc. degree:

1. . Advanced Electrochemistry Excellent
2. Molecular Spectroscopy Very Good
3. Advanced Analytical Chemistry Excellent

4. Advanced Inorganic Chemistry Very Good

5. Special Course Very Good

6. Computer Good

7.  Experimental Excellent
Prof. Dr.

Saoud A. Metwally |

Head of Chemistry Department




" Contents




CONTENTS

Aim of the Work ......................................................
SUMIMATY cieiiiiiiiiriiisatssosnesessrsnsensessaseesssacenssessssssase

Chapter 1
INTRODUCTION
(A) Voltammetric Section

1.1, Voltammetry  .o.ccviiieiiieeriiieieeerecieeiiiteetiiiosicsnsscsnsens
1.1.1. Pulse Polaregraphy and Voltammetry ................
1.1.2. Linear Scan Voltammetry ......cccovviiiiiinieninereennanns
1.1.3. Cyclic Voltammetry  ....cooceiviiiiniiniiieciiiiiieniiocinnen
1.1.4. Square-Wave Voltammetry ......cooeviiiiinniianana..
1.1.5. Chronocoulometry  ......ccociiiiiiiiiiiiiiiiariresnssnnnn.

1.2. Types of Electrodes Used in Voltammetry .....................
1.2.1. Bare Solid Electrode .......ccoviivviiinmrinniiiiiniana.n.
1.2.2. Glassy Carbon Electrode ............cccoiiiiiiiiiiiiininnn

1.3. Stripping Analysis = .......coveevinenns et ereeneaeeaeeeneneaaae
1.3.1. Definition of Stripping Analysis  .....ccooeminiiiiiiiin.
1.3.2. Anodic Stripping Voltammetry ........cceoivvninnnine
1.3.3. Cathodic Stripping Voltammetry ...........c.ocieaineee
1.3.4. Stripping Analysis at Solid Electrodes ..................

1.4. Literature Survey on the Voltammetric Determination of
Mg(1I), Al(1II), Mn(IT) and U(VI) Metal Ions  .................
1.4.1. Literature Survey on the Voltammetric Determination

Of ME(EI)  cereriniriiiii e e e
1.4.2. Literature Survey on the Voltammetric Determination
Of AIID) ottt e eeees
1.4.3. Literature Survey on the Voltammetric Determination

) Of MIn(II) oo
1.4.4. Literature Survey on the Voltammetric Determination
Of U(VI) it ee et

(B) Spectrophotometric Section

1.5. Spectrophotometric Studies of the Complexatlon Equilibria
in Solution ..o e
1.6. Interpretation of the Absorbance Curves ......................
1.7. Complex Transitions Deduced From the Analysis of the
Absorbance Curves .....coiciveiiiiiiiiiiiiiiiiii e,

Page

41
43

45

48
49



1.8. Literature Survey on the Spectrophotometric Determination

2.1.

2.2,
2.3.
2.4.

2.5.

2.6.
2.7.

of Mg(II), AI(IIT), Mn(II) and Fe(III) ....cocovevniniinnnnnnnnnn
1.8.1. Literature Survey on the Spectrophotometric Deter-
mination of Magnesium(El) ...
1.8.2. Literature Survey on the Spectrophotometric Deter-
mination of Aluminium(IIl) ...
1.8.3. Literature Survey on the Spectrophotometric Deter-
mination of Manganese(II) ...
1.8.4. Literature Survey on the Spectrophotometric Deter-
mination of Iron(kIl) ... reeeenanees

Chapter 2
EXPERIMENTAL
(A) Yoltammetric Studies

Reagents and Solutions  ........coooviiiiiiiiiiiiiiiciiinnnin
2.1.1. Solutions of Metal Ions  .....ocoiviniiiiiiiiiiiiiiiiiniee.
2.1.2. Solutions of Ligands  .......oovinviriiciiiiiieniianiiiinin
2.1.3. Solutions of Diverse lons  .......cociiviiiiiniiiiniinnnnn
2.1.4. Solutions of Industrial Samples ...
INStrumentation  ........coiciiiiiiiiiiiiiiiiiiiiee e
Removal of Dissolved Oxygen  .....ccooiiiiiiiiiiiiinnieeinnanns
Working Procedures .......covvemviieiiiimiiiiiiiiieien
2.4.1. Use of Adsorptive Stripping Voltammetry at Glassy
Carbon Electrode for the Simultaneous Determination
of Magnesium(II) and Aluminium(IIl)  ................
2.4.2. Adsorptive Stripping Voltammetry at Glassy Carbon
Electrode for the Determination of Manganese(Il)
2.4.3. Adsorptive Stripping Voltammetry at Glassy Carbon
Electrode for the Determination of Uranium(VI)
(B) Spectrophotometric Studies

Chemicals and Solutions ....... P .. ‘

2.5.1. Solutions of Organic Ligands ...
2.5.2. Solutions of Metal Ions  .....vvineiiiineniiiaannaiiian..
2.5.3. Buffer Solutions  ......cccoiiiiiiiiiireinieniiiiiiiiiiaae
2.5.4. Solutions of Diverse Ions  .......ciciiiiiiiiiiiiiniiiniennea.
InStrumentation  .....oceeceiieceioiiiiieiiiitioieietssesctessnansans
Working Procedures ......ceoveeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin
2.7.1. Acid-Base Equilibria of 1-amino-4-hydroxyanthra-

quinone in Ethanol-Water Medium  ...........c.ceeeeit

52

52

65

72

79
80
80
80
80
81
81
82

82

83

83

-85

85
86
86
86
86
87




2.7.2. Spectrophotometric Study of the Complexation
Equilibria of Metal Ions with 1-amino-4-hydroxy-
anthraquinone ..........cccociiiiiiiiiiiiiiii i 87

2.7.3. Spectrphotometric Determination of Magnesium,
Aluminium, Manganese and Iron in Cement
Materials  ..ooeiiniiii e 89

Chapter 3

Adsorptive Stripping Voltammetric Analysis of Mg(IT), AI(III),
Mn(IT) and U(VI): Application to Portland Cement, Sugar and

3.1

3.2.

3.3.

Superphosphate Fertilizers

Use of Adsorptive Stripping Voltammetry at the Glassy
Carbon Electrode for the Simultaneous Determination of
Magnesium(Il) and Aluminium(IIl): Application to Some
Industrial Samples ....ccvviiniiiiiiiiiiiiiiiiicr e 91
3.1.1. Effect of Supporting Electrolyte and pH ................ 94
3.1.2. Effect of the Complexing Agent (TMAC) concentration 94

3.1.3. Operational Parameters ..........c.ccciiiiiineniennan. 94
3.1.4. Cyclic Voltammetry ......cciiiiiiiiiiiiiinciicnicnicenonen 99
3.1.5. Chronocoulometry  ......ccccoiiiiiiniiiiiiiiiiinciinnennn.. 99
3.1.6. Calibration Graphs ... ... i, 99
3.1.7. Reproducibility  .....ccoviiiiiiiiiiiiiiiiiiiiici e 102
J3.1.8. Detection Limit .. ....cccoiiiiiiiiiiiiiiiiiiiiiiiiieiii e, 102
3.1.9. Effect of Diverse Ions ... ..cciciiiiiiiiiiiieiiniienennen, 105
3.1.10. Analytical Applications ........coiiiiiiiiiinniiiii 108

Adsorptive Stripping Voltammetry at the Glassy Carbon
Electrode for the Determination of Manganese(ll):

Application to Some Industrial Samples ... 110
3.2.1. Effect of Supporting Electrolyte and pH ................. 111
3.2.2. Operational Parameters ........cccccveeieiieiiciienncnnn 111
3.2.3. Cyclic Voltammetry  ........ccciiiiiiiiiiiiiiniiinninnnien 118
3.2.4. Chronocoulometry = .................. eiveeeanens eeeiiiiene 118 -
3.2.5. Calibration plots  .....cccverieeiiiiiiiiieeeiieee e eee e eanees 118
3.2.6. Reproducibility ... 120
3.2.7. Detection Limit  ...ooooiiiiiiiiiiiiiiiiiiiiiiiiiiee e 123
3.2.8. Effect of Diverse Jons  ...ccoeiiviiiniiinniiiiciniiininenn.. 123
3.2.9. Applications to Industrial Samples ......ccccovviinnnnen. 124

3.2.10. Anodic stripping Voltammetry of Manganese, pH 4.0. 127
Adsorptive Stripping Voltammetry at the Glassy Carbon
Electrode for the Determination of Uranium(VI):
Application to Some Industrial Samples .........ccceeviiinin 131




