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Preface

Eversince, I joined the teaching profession way back in 1966 in SD College
(Lahore) Ambala Cantt., I was obsessed with desire to write the book on the
subject of chemistry. I joined ARSD college university of Delhi in 1968 to teach
chemistry to B.Sc. (Gen.) course. In the year 1971 B. Sc. (Hons.) Chemistry
got transferred to the colleges of Delhi University and some challenge, depth
and seriousness flowed in the teaching of chemistry.

In the last 25 years in ARSD College I had the privilege to teach
coordination chemistry to B. Sc. (Gen.) and B.Sc. (Hons.) classes, this gave me
an opportunity to the have close contact with the subject and try to understand
its intricacies and nuances. I feel certain amount of maturity and experience is
a must before one ventures to enter the arena of book writing.

Besides, writing the facts and theories in a systematic and lucid style it is
imperative that author must put something of his own in the book. Only then
life can be infused into the book, otherwise the book would be like any other
book in the market. The author has tried to put his knowledge, understanding
and experience into the book. I am sure readers will experience a new approach
to the understanding of coordination chemistry in which all the interesting
aspects of the metal complexes have been probed and highlighted.

Knowledge of complexes was given by Wisner in the year 1913. This book
dwells extensively on all the aspects of metal complexes in a simple and lucid
style. Metal complexes find applications in the field of Medicine, Pharmacy,
Polymer Chemistry and Agriculture etc. The very existence of life in all possible
forms is a gift of coordination chemistry. Polymers are considered the index
symbol of progress of any country, coordination chemistry plays a key role in
polymers. Blood that flows in the veins of animals and humans, chlorophyll in
plants is a charisma of coordination chemists. Last of all, I feel the readers will
enjoy, appreciate and draw benefit from my vast experience in the subject, the
sequence of topics, theories covered, unfolding their intricacies systematically.
Valuable suggestions are invited from the readers so as to enrich the contents
of the book from time to time. My grateful thanks to my wife Kamini Soni,
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Principal Navyug School, Sarojini Nagar, New Delhi who had been an inspiring
invisible force, quietly encouraging me day to day in my endeavour to put my
ideas and views before the vast community of readers.

My co-author Dr. Vandna Soni, Assistant Professor in Chemistry,
Maharaja Agarsen College, Delhi University has given a useful contribution in
systematising the facts and theories in the book in the present form.

The book has been published in two parts. Part one deals with nomenclature,
stereo chemistry and the different theories regarding the bonding in complexes.
It includes metal carbonyls and nitrosyls, a select topic in complexes. The
n-bonding carbonyls and nitrosyls show two way bonding (band bonding).
Another select topic of organometallics also finds a place in this volume.

Part two deals with transition metal chemistry. A group-wise study of
elements in 3d, 4d and 5d transition series has been discussed with emphasis
on complexes and organometallics. Besides this inner tranisition elements
chemistry has been taken up at length (Lanthanides and Actinides).

Lastly, I whole heartedly thank and praise the contribution of my Publisher
Sh. Sunil Saxena, Sh. J.R. Kapoor for the untiring effort of their team, out of
which Vivek Ratan and Nishant Saini need a special mention.

Dr. P.L. Soni



Coordination Chemistry
(Metal Complexes)

Historical Background

1.1 Complexes
1.2 Difference between Double Salts and Complex Substances
O Summary

Introduction

2.1 Coordination Sphere
2.2 Formation of a Complex
2.3 Bridging Ligands
2.3.1 Non-Chelates
2.3.2 Chelates
O Summary

Correct Empirical Formula of Complexes

3.1 Precipitation Method
3.2 Molar Conductivity Method
3.3 Effective Atomic Number (EAN Rule)
3.4 Blomstrand-Jorgensen Chain Theory
3.5 Wemer’s Coordination Theory

O Summary

IUPAC Nomenclature

4.1 Nomenclature of Coordination Compounds
4.2 General Rules
4.3 Naming the Metal Ion
4.4 Naming the Ligand
O Summary

Isomerism and Stereochemistry

5.1 Isomerism
5.2 Structural Isomerism
5.3 Stereoisomerism

O Summary

Bonding in Complexes

6.1 Nature of Metal-ligand Bond
6.2 Lewis Acid-base Theory

Contents

o L ¢
LMD NAAWL O b hw

17-26

17
18
19
20
21
24

27-34

27
27
29
28
33

35-52

35
35
39
50

53-86

53
53



X Coordination Chemistry

6.3 Valence Bond Theory 54
6.4 Crystal Field Theory (CFT) 62
6.5 Ligand Field Theory (LFT) 76
O Summary 83
7. Preparation and Isolation of Complexes 87-92
7.1 Preparation 87
7.2 Isolation 90
O Summary 91
8. Stability of Complex lon 93-98
8.1 Introduction 93
8.2 Factors Influencing Stability 94
O Summary 96
9. Kinetics or Inert and Labile Complexes 99-108
9.1 Introduction 99
9.2 Inert and Labile Complexes 101

9.2.1 Classification of Inert and Labile Complexes on the
Basis of Electrons in d Orbitals 102
9.2.2 Inert and Labile on the Basis of CFSE 102
9.2.3 Role of a Catalyst (Kinetics) 103
O Summary 105
10. Substitution Reactions in Complexes 109-116
10.1 Introduction 109
10.2 Mechanism of Substitution 110
10.3 Substitution in Non-aqueous Solvents 111
10.4 Substitution when no Solvent is Used 112
10.5 Mechanisms of Substitution 113
O Summary 114

SELECT TOPICS
11. Metal Carbonyls and Nitrosyls 119-146
11.1 Introduction 119
11.2 Preparation of Metal Carbonyls 120
11.3 Structure and Bonding in Carbonyls 123
11.4 Iron I Pentacarbanyl [Fe(CO)s] 125
11.5 Polynuclear Metal Carbonyls 130
11.6 Dicobalt Octacarbonyl [CO,(CO)g] 133
O Summary 142
ORGANOMETALLICS

12. Organometallics 149-184
12.1 Introduction 149
12.2 Definition 149

12.3 Classification 150



Contents

xi

12.4 Nomenclature 150
12.5 Synthesis of Organometallic Compounds 152
12.6 Metal-Alkene Complexes of m-Bonded Organometallics 163
12.7 Sandwich Organometallics or Metallocenes 165
12.8 Molecular Orbital Theory (MOT) 171
O Summary 174
Coordination Chemistry
(Transition Metal Chemistry)

1. General Characteristics of d-block Elements 3-32
1.1 Introduction 3
1.2 Placement in the Periodic Table 5

1.2.1 Electronic Configuration 6
1.2.2 Second Transition Series (4d-series) 7
1.2.3 Third Transition Series or 5d-series 8
1.2.4 Fourth Transition Sereis or 6d-sereis 8
1.2.5 Electronic Configuration of Transition Metal Ions 9
1.2.6 Atomic and Ionic Radii 10
1.2.7 Metallic Behaviour 11
1.2.8 Atomic Volume and Density 11
1.2.9 Melting and Boiling Points 12
1.2.10 Variable Oxidation States 13
1.2.11 Ionisation Energies 15
1.2.12 Reducing Action 16
1.2.13 Colour of Transition Metal Ions 18
1.2.14 Magnetic Properties 20
1.2.15 Diamagnetism 23
1.2.16 Ferromagnetism 23
1.2.17 Antiferromagnetism 23
1.2.18 Complex Formation Tendency 24
1.2.19 Stability of Complex Compounds 24
1.2.20 Catalytic Property 25
1.2.21 Interstitial Compound 26
1.2.22 Alloy Formation 27
1.2.23 Reactivity 279
1.3 Group Study of Physical and Chemical Characteristics of Transition Elements 28
1.3.1 Scandium Group 28
1.4 Physical Characteristics 29
1.4.1 Occurrence 29
1.4.2 Atomic Size 29
1.5 Chemical Characteristics 29
1.5.1 Electronic Configuration 30
1.5.2 Oxidation States 30
1.5.3 Halides 31
1.5.4 Complexes 31



Xii

Coordination Chemistry

2. Titanium Group 33-40
2.1 Introduction 33
2.2 Physical Characteristics 33

2.2.1 Electronic Configuration 33
2.2.2 Oxidation States 33
2.2.3 Extraction of Metals 34
2.2.4 Physical Constants 34
2.2.5 Atomic Size 35
2.3 Chemical Characteristics 35
2.3.1 Reactivity and Passivity 35
2.3.2 Behaviour of Ti group Compounds in Different Oxidation States 36
2.3.3 Halides 38
2.3.4 Organometallic Compounds 39

3. Vanadium Group 41-48
3.1 Introduction 41
3.2 Physical Characteristics 41

3.2.1 Occurrence and Extraction 41
3.2.2 Electronic Configuration and Oxidation States. 42
3.2.3 Atomic Size 42
3.2.4 Graded General Properties 42
3.3 Compounds of V, Nb and Ta 44
3.3.1 Halides 44
3.3.2 Oxides 46
3.3.3 Vanadates 47
3.3.4 Organometallic Compounds 48

4. Chromium Group 49-86
4.1 Introduction 49
4.2 Physical Characteristics 49

4.2.1 Abundance, Occurrence and Extraction 49
4.2.2 Electronic Configuration and Oxidation States 50
4.2.3 Oxidation States 50
4.3 General Chracteristics 51
4.3.1 Compounds in (+6) State 53
4.3.2 Chromium trioxide or Chromic anhydride 54
4.3.3 Halides 55
4.3.4 Zero (—1)and (-11) State Compounds 58
4.3.5 Chromates, Molybedates and Tungstates 59
4.3.6 Tungsten Bronzes 60
4.4 The Manganese Group 60
4.4.1 Electronic Configuration and Oxidation States 60
4.42 Occurrence and Uses 60
4.4.3 Oxidation States 61
4.5 General Characteristics 62
4.5.1 Mn(IIT) Oxidation State Compounds 65
4.5.2 Mn(IIT) Complexes 65
4.5.3 +IV Oxidation State Compounds 66
4.5.4 +V State Compounds 67
4.5.5 +VI State Compounds 68
4.5.6 +VII State Compounds 68
4.5.7 Biological Use 69



Contents xiii
4.6 The Iron Group 69
4.6.1 Electronic Structures and Oxidation States 69

4.6.2 Occurrence and Extraction 70

4.6.3 Steel Manufacture 72

4.6.4 Bessemer Process 72

4.6.5 Common Oxidation States 73

4.7 General Characteristics 73
4.7.1 Low Oxidation State Compounds 74

4.7.2 [Fe(CO)s] 75

4.7.3 +II Oxidation State Compounds 76

4.7.4 Oxides 76

4.7.5 Halides 77

4.7.6 Complexes 77

4.7.7 Test for NO;~ or NO,~ 78

4.7.8 Compounds with Oxidation State (III) 79

4.7.9 Oxides 79

4.7.10 Halides 79
4.7.11 Complexes 81
4.7.12 Cyclopentadienyl Compounds 83
4.7.13 Bioinorganic Chemistry of Iron 84

5. The Cobalt Group 87-114
5.1 Introduction 87
5.1.1 Compounds of (+I) State 92

5.1.2 Compounds with (+II) State 92

5.1.3 Compounds of (+III) Oxidation State 95

5.1.4 Compounds with (+1V) Oxidation State 96

5.2 The Nickel Group 97
5.2.1 Occurrence and Extraction 98

5.2.2 Common Oxidation States 99

5.3 General Properties 99
5.3.1 Compounds with Oxidation States (—I), Og(+I) 100

5.3.2 Compounds with (+II) State 101

5.3.3 Compounds with (+II) Oxidation State 103

5.3.4 Compounds of (+IV) Oxidation States 103

5.3.5 Compounds with (+V) and (+VI) States 104

5.4 The Copper Group of Coinage Metals 104
5.4.1 Abundance and Extraction 105

5.5 General Properties 107
5.5.1 Compounds in (+I) Oxidation State 108

5.5.2 Use of Ag Compounds in Photography 110

5.5.3 Compounds with (+II) Oxidation State 111

5.5.4 Compounds in (+III) Oxidation States 113

5.5.5 Compounds in (+V) State 113

5.5.6 Biological Use of Copper 113

6. The Zinc Group 115-130
6.1 Introduction 115
6.1.1 Occurrence 115

6.1.2 Extraction 116

6.1.3 Uses of Zinc, Cadmium and Mercury 117

6.1.4 Important and Common Oxidation States 117

6.1.5 Ionic Size and Some Physical Properties 118



xiv Coordination Chemistry

6.2 General Characteristics
6.2.1 Oxides
6.2.2 Complexes
6.2.3 Mercury (+I) Compounds
6.2.4 Organometallic Compounds
6.2.5 Biological Role of Zn
6.2.6 Toxic Nature of Cd and Hg

7. Inner Transition of f-block Elements: The Lanthanides

7.1 Introduction

7.1.1 The Electronic Configuration
7.1.2 Abundance and Isotopes
7.1.3 Extraction
7.1.4 Lanthanide Contraction
7.1.5 Properties of (+11I) Compounds
7.1.6 Compounds with (+IV) Oxidation State
7.1.7 Compounds of (+II) Oxidation State
7.1.8 Solubility
7.1.9 Colour and Spectra

7.1.10 Magnetic Moment

7.1.11 Coordination Complexes

8. The Actinides

8.1 Introduction
8.1.1 Electronic Configuration
8.1.2 Important Oxidation States
8.1.3 Occurrence
8.1.4 Preparation of Transuranium Elements
8.2 General Characteristics
8.2.1 Thorium, Protactinium and Uranuim
8.2.2 Chemical Characteristics
823 Neptuniur%'n, Plutonuim and Americium
8.3 Completing and Extending the Periodic Table and its Series

Bibliophile
Index

118
120
121
121
122
123
123

131-146

131
131
132
133
136
137
139
139
140
140
141
143

147-160

147
148
149
150
150
152
152
154
156
158

161-162
163-170



COORDINATION CHEMISTRY

O (Metal Complexes)
O (Select Topics)

0 Organometallics



LA R, TRELAPDFIE L www. ertongbook. com



