I CONTENTS

Acknowledgments

1. Experimental Inorganic Chemistry: A History of Dazzling Color!

Early Developments in Inorganic Chemistry
Complex Ions
On the Nature of the Coordinate Bond—Bonding Models
Valence Bond Theory
Crystal Field Theory
Molecular Orbital Theory and Ligand Field Theory
Origin of Color in Transition Metal Coordination Complexes
Coordination Complex Reactivity
Substitution Reactions
Electron Transfer Reactions
Applications of Coordination Complexes
Aspects of Inorganic Synthesis—Governing Factors
Synthesis: An Interplay Between Thermodynamics and Kinetics
Acid—Base Chemistry (Hard—Soft—Acid—Base Theory)
Stoichiometry
The Art of Precipitation: Properties of Precipitates
References

2. Levels 1-2. Werner’s Notion—Creating the Field: Synthesis and
Analysis of Cobalt Ammine Coordination Compounds

Project Overview
Experiment 2.1: Exploring the Werner—Jgrgensen
Debate on Metal Complex Structure
Level 1
Jgrgensen’s Chain Theory
Werner’s Coordination Theory
Testing the Theories
Werner’s Triumph!
Experiment 2.2: Synthesis of a Cobalt Ammine
Coordination Compound
Level 1

Xix

p—

\O 00 00 L L L N =

22

22
23

23
23
24
26
28
28

28

vii



viii

CONTENTS

Pre-lab Questions
Procedure 2.2.a: Synthesis of Cobalt Complex 1
Procedure 2.2.b: Synthesis of Cobalt Complex II
Procedure 2.2.c: Synthesis of Cobalt Complex III
Post-lab Questions

Experiment 2.3: Analysis of Cobalt Coordination

Compounds I: Spectrophotometric Determination of Cobalt

Level 1
Pre-lab Questions

Pre-lab 2.3.a Introduction to Visible Spectroscopy and Beer’s Law'?

Pre-lab 2.3.b: Weighing by Difference
Pre-lab 2.3.c: Visible Spectroscopy of the Hexaaquacobalt(Il) Ion
Procedure 2.3.a: Preparation of Co?*(aq) Standard Solutions
Procedure 2.3.b: Preparation of the Cobalt Coordination
Compound Sample Solution—Decomposition and Reduction
of Cobalt(III) to Cobalt(II).
Procedure 2.3.c: Measurement of the Visible Spectrum of the
Aquated Co(IT) Ton: [Co(H,0)e]*"
Procedure 2.3.d: Preparation of Beer’s Law Calibration Plot and
Sample Analysis
Post-lab Questions
Experiment 2.4: Analysis of Cobalt Coordination
Compounds I[I—Acid—Base Titrimetric Determination
of Ammonia
Level 2
Pre-lab Questions
Pre-lab 2.4.a: Acid—Base Titrations of Solutions Containing
Two Acids
Procedure 2.4
Experiment 2.5: Analysis of Cobalt Coordination
Compounds III: Potentiometric Analysis of Ionic
Halide (Chloride/Bromide)
Level 2
Pre-lab 2.5
Procedure 2.5
Experiment 2.6: Analysis of Cobalt Coordination
Compounds IV—Determination of Equivalent Weight
by Ion Exchange Chromatography
Level 2
Pre-lab Questions
Pre-lab 2.6
Procedure 2.6: Preparation of the Cation Exchange Column
Post-lab Question
Experiment 2.7: Confirming Your Analysis—Visible
Spectroscopy of Cobalt Ammine Complexes
Level 2
Procedure 2.7
References

28
28
30
31
33
34

34
34
34
36
36
37
37

38

38

39
40

40
40
40

41
43

43
43
44
46

46
46
46
47
49
49

49
50
51



CONTENTS

3. Levels 3 and 4. Molecular Geometry and Stability: Solid and Solution
Phase Analysis of N,N'-disalicylaldehyde-
1,3-propanediimine nickel(II)

Project Overview
Experiment 3.1: Synthesis of N,N'-Disalicylaldehyde-
1,3-propanediiminenickel(II), [Ni(salpd)] and Isolation of the
Brown and Green Products
Level 3
Pre-lab 3.1.a: Schiff Base Ligands: N,N'-disalicylaldehyde-1,
3-propanediimine, salpd
Pre-lab 3.1.b: Geometries of Ni(II) Coordination Complexes
Procedure 3.1.a: Synthesis of N,N'-disalicylaldehyde-
1,3-propanediimine
Procedure 3.1.b: Synthesis of N,N'-disalicylaldehyde-1,3-
propanediiminenickel(II)
Procedure 3.1.c: Isolation of the Brown Product
Procedure 3.1.d: Isolation of the Green Product
Post-lab Questions
Experiment 3.2: Magnetic Susceptibility Measurements of the Brown
and Green Products of N, N'-Disalicylaldehyde-1,3-
propanediiminenickel(Il), [Ni(salpd)]
Level 3
Pre-lab 3.2.a: Introduction to Magnetic Properties of
ransition Metal Complexes
Procedure 3.2
Experiment 3.3: Thermal Analysis of the Green and
Brown Products of N,N’-disalicylaldehyde-
1,3-propanediiminenickel(II)
Level 3
Pre-lab 3.3: Differential Scanning Calorimetry
Procedure 3.3: Thermal Analysis of Green and Brown
N, N '-disalicylaldehyde-1,3-propanediiminenickel(II) Products
Experiment 3.4: Infrared Analysis of the Green and Brown
Products of N,N'-disalicylaldehyde-1,3-propanediiminenickel(Il)
Level 3
Pre-lab 3.4: Introduction to IR Spectroscopy of Transition Metal
Complexes
Far-IR Spectroscopy
Procedure 3.4: Infrared Analysis of the Green and Brown
Forms of N,N '-Disalicylaldehyde-1,3-propanediiminenickel(II)
Post-lab Question
Experiment 3.5: Hartree—Fock Calculations and
Structure Predictions using Simplified Brown and
Green N, N '-disalicylaldehyde-1,3-propanediiminenickel(II),
[Ni(salpd)], Complexes
Level 3
Pre-lab 3.5: Introduction to the Hartree—Fock Approximation

52

52
53

53
53

54
55

55

56
56
56
57

57

57

59

62

62
62
63

65

65
65

67
67

68
68

68
68



X CONTENTS

Procedure 3.5: Hartree—Fock Calculations and Structure Predictions
Using Simplified Brown and Green N, N'-disalicylaldehyde-
1,3-propanediimine Nickel(Il), [Ni(salpd)], Complexes

Post-lab Questions

Experiment 3.6: Visible Spectroscopic Analysis and Job’s Method for
Determining the Binding of Pyridine to N, N'-Disalicylaldehyde-1,3-
propanediiminenickel(Il), [Ni(salpd)]

Level 3

Pre-lab 3.6.a: Behavior of Nickel(I) Coordination Complexes in Solution

Pre-lab 3.6.b: Electronic Spectra of Metal Complexes

Pre-lab 3.6.c: Job’s Method

Procedure 3.6.a: UV —Visible Spectroscopic Analysis of [Ni(salpd)]

Procedure 3.6.b: Job’s Method

Post-lab Questions

Experiment 3.7: Determination of the Formation Constant for Pyridine
Binding to N, N'-disalicylaldehyde-1,3-propanedi iminenickel(II),
[Ni(salpd)], Using the Double Reciprocal (Benesi—Hildebrand) Method

Level 3

Pre-lab 3.7.a: Metal Complex Formation

Pre-lab 3.7.b: Double Reciprocal (Benesi—Hildebrand) Method

Procedure 3.7: Ky Determination by Visible Spectroscopy

Post-lab Questions

Experiment 3.8: NMR Spectroscopic Analysis of
N, N'-Disalicylaldehyde-1,3-propanediiminenickel(IT), [Ni(salpd)]

Level 4

Pre-lab 3.8: Paramagnetic NMR Spectroscopy

Procedure 3.8: Assignment of 'H NMR Spectra

Post-lab Questions

References

4. Levels 3—4. Reactivity I: Substitution Reactions—The Reaction of
Aquapentacyanoferrate(Il) Ion [Fe(CN)s(HzO)]3_
with Amino Acids

Project Overview
Experiment 4.1: Synthesis of the
Amminepentacyanoferrate(II) Complex,
Naz[Fe(CN)s(NH3)] - 3H,0
Level 4
Pre-lab 4.1: Substitution Properties of Metal Ion Complexes in
Aqueous Solution
Procedure 4.1: Synthesis of Sodium Amminepentacyanoferrate(Il),
Naj[Fe(CN)s(NH3)] - 3H,O from Sodium Nitroprusside,
Na,[Fe(CN)s(NO)]-2H,0
Experiment 4.2: UV—Visible Spectroscopic Analysis of [Fe(CN)s(H,O0)]*~
and its Amino Acid Derivatives: Pentacyanoglycylferrate(Il) Ion,
[Fe(CN)S(gly)]4_; Pentacyanomethionylferrate(Il) Ion, [Fe(CN)s(met)]*~
Level 3

70

72
72

72
72
73
74
75
75
76
77

77
77
78
79
81
81

81
81
82

83
83

86

86
87

87

87

89

90

90



CONTENTS

Pre-lab 4.2: Metal Amino Acid Complexes
Procedure 4.2.a: In Situ Preparations of [Fe(CN)s(H,0)]*~ and
AA Substituted Pentacyanoferrate(Il) Tons, [Fe(CN)s(AA)]" ™ and
Spectrophotometric Analysis
Experiment 4.3: Infrared Spectroscopic Analysis of [Fe(CN)s(NH3)]*~
and Substituted AA, [Fe(CN)s(AA)]"~ Complexes
Level 4
Pre-lab 4.3: IR Spectroscopy of CN™ and AA Ligands
Procedure 4.3: Preparation and Isolation of AA Substituted
Pentacyano—ferrate(I) Complexes, [Fe(CN)s(AA)]"™ and
Infrared Analysis
Experiment 4.4: Cyclic Voltammetric Analysis
of [Fe(CN)s]>~; [Fe(CN)s(H,0)]*~ and its Substituted AA
Derivatives, [Fe(CN)s(AA)]" ™
Level 4
Pre-lab 4.4: Cyclic Voltammetric Analysis of
the Fe(CN)s* /3~ (1 M KNOs) System
Procedure 4.4.a: Study of Ferricyanide by Cyclic Voltammetry
Using the CV-50W
Procedure 4.4.b: Study of Substituted Pentacyanoferrate(II)
Complexes by Cyclic Voltammetry
Experiment 4.5: Semi-Empirical Calculations in the
Study of Substituted Pentacyanoferrate(Il) Complexes
Level 3
Pre-lab 4.5: Introduction to the Semi-empirical Method
Procedure 4.5: Semi-empirical Calculations for AA Ligands
Experiment 4.6: Substitution Kinetics [—Determination
of the Rate of Formation, k¢, For The Reaction
between [Fe(CN)S(HQO)]3_ and Amino Acids
Level 4
Pre-lab 4.6.a: Substitution in Octahedral Metal Complexes
Pre-lab 4.6.b: The Stopped-Flow Method
Procedure 4.6.a: Solution Preparation
Procedure 4.6.b: Determination of the Formation Constant, &,
for the Reaction Involving [Fe(CN)s(H,O0)]?~ and AA Ligands,
p=0.1M (LiClOy), 25 °C
Experiment 4.7: Substitution Kinetics [I—Determination of
the activation Parameters for the Reaction Between
[Fe(CN)s(H,0)]?~ and Amino Acids
Level 4
Pre-lab 4.7: Indirect Evidence for Mechanism Type: Activation
Parameters
Procedure 4.7.a: Solution Preparation
Procedure 4.7.b: Determination of AH* and AS* for the
Reaction Involving [Fe(CN)s(H,O0)]?~ and AA Ligands,
p=0.1M (LiClOy)
Post-lab Questions
References

90
90

92

92

92
93

94

94

94

96

97

99

99

99

100
103

103
103
105
105
106

107

107
107

109
109

110
110



xii CONTENTS

5. Levels 4 and 5. Electron Transfer Reactions—Structure, Properties
and Reactivity of Tris(bidentate chelate)
cobalt(II/IIT) Complexes

Project Overview
Experiment 5.1: Synthesis of Tris(bidentate
Chelate)Cobalt(IIl) Complexes
Level 4
Pre-lab 5.1: Ca[Co(ox),(en)], - 4H,0: pH and Co-precipitate
Considerations
Procedure 5.1.a: Tris(ethylenediamine)cobalt(II) Chloride,
[CO(en)g]Clg . H20
Procedure 5.1.b: Bis(ethylenediamine)(oxalato)cobalt(III) Chloride
Monohydrate, [Co(en),(0ox)]Cl - H,O
Procedure 5.1.c: D,L-Sodium bis(oxalato)ethylenediamine
Cobaltate(III) Monohydrate Na,[Co(ox),(en)] HO
Procedure 6.1.d: Potassium Tri(oxalato)cobaltate(III),
Kg[CO(OX)g] . 35H20
Post-lab Questions
Experiment 5.2: Visible Spectroscopy of Tris(bidentate
Chelate)Cobalt(IIl) Complexes
Level 4
Pre-lab 5.2: Electronic Spectra of Metal Complexes—Polyelectronic
Systems
Procedure 5.2.1: Visible Spectroscopic Analysis of
Tris(bidentate chelate)cobalt(Ill) Complexes
Literature values:
Post-lab Questions
Experiment 5.3: Investigation of the Electrochemisty of Tris(bidentate
Chelate)Cobalt(IlIl) Complexes Using Cyclic Voltammetry
Level 4
Pre-lab 5.3.a: Thermodynamic Stability Considerations
Pre-lab 5.3.b: Buffer and pH Considerations
Pre-lab 5.3.c: Tonic Strength Considerations
Pre-lab 5.3.d: Oxygen Sensitivity in Cobalt(Il) Systems
Pre-lab Procedure
Procedure 5.3.a: Electrochemistry of [Co(en)s]
Procedure 5.3.b: Electrochemistry of [Co(ox)3]3_/ 4-
Experiment 5.4: Electron Transfer Reaction between [Co(en);
and [Co(ox),(en)] —Stoichiometry Determination Using Ion-exchange
Chromatography
Level 5
Pre-lab 5.4.a: Air-sensitive Technique for the
[Co(en);]*T—[Co(ox),(en)]~ System
Procedure 5.4: Determination of the Electron Transfer Reaction
Stoichiometry—[Co(en)3)]2+ and [Co(ox),(en)] ,
= 0.1 M (KNO3), 25 °C
Pre-lab Preparation

34 /2+

Pt

111

111
112

112
112

113

114

114

116

117
117

117
117

118

120
120
121

121
121
122
122
122
122
122
124
125

125

126

127

127



CONTENTS

Post-lab Questions
Experiment 5.5: Conventional Kinetic Measurement of the Reaction
Between [Co(en);]*" and [Co(ox)s(en)]  —Determination of ky, and ks
Level 5
Pre-lab 5.5: Derivation of the Rate Law for the Electron Transfer
Reaction Between [Co(en)s]>" and [Co(ox),en]
Procedure 5.5: Inert Atmosphere Kinetics Using Conventional Visible
Spectroscopy Methods
Post-lab Questions
Experiment 5.6: Marcus Theory: Theoretical Calculation of the
Outer-Sphere Rate Constant, kg, for the Reaction Between [Co(ox),(en)] ™
and [Co(en);)* "
Level 5
Pre-lab 5.6: Brief Introduction to Marcus Theory
Procedure 5.6: Equations for the Marcus Theory Calculation
References

6. Levels 4 and 5. Metals in Medicine: Synthesis and Biological Reactivity
of the Platinum Anticancer Drug, cis-Platin and
its Isomer, frans-Platin

Project Overview
Experiment 6.1: Synthesis of cis- and trans-Diammine-dichloroplatinum(II)
Complexes, [Pt(NH3),Cl,]
Level 4
Pre-lab 6.1: The trans Effect
Procedure 6.1.a: Synthesis of Potassium Tetrachloroplatinate(II)
Procedure 6.1.b: Synthesis of trans-Dichlorodiammineplatinum (IT)
Procedure 6.1.c: Synthesis of Diamminediiodoplatinum (II)
Procedure 6.1.d: Synthesis of cis-Diamminedichloroplatinum(II)
Experiment 6.2: Substitution Kinetics of trans-Platin: Determination of
the Rate of Formation, kpyso, and Activation Parameters for
the Reaction Between cis- and trans-[Pt(NH;3),Cl,] and DMSO Solvent
Level 4
Pre-lab 6.2: Substitution in Square Planar Metal Complexes
Procedure 6.2: DMSO Substitution Kinetics of cis- and
trans-Platin: Temperature Dependence Study
Post-lab Questions
Experiment 6.3: NMR Investigation of cis-Platin Binding
to 2’-Deoxyribonucleoside-5'-monophosphates, dGMP and dAMP
Level 4
Pre-lab 6.3: DNA—the Target Molecule of cis-Platin
Procedure 6.3: Solution Preparation and NMR Spectroscopy
Experiment 6.4: Molecular Modeling of the
cis-platin-Oligonucleotide, CCGGATC
Level 4
Pre-lab 6.4.a: Introduction to Molecular
Mechanics Calculations

xiii

131
131

131
131

133

136
136

136
136
137
139

140

140
141

141
141
141
142
143
143
144

144
144
146

147
147

147
147
148
150

150
150



Xiv CONTENTS

Procedure 6.4: Molecular Mechanics Calculations on the
Cis-platin—Oligonucleotide Interactions

Experiment 6.5: ICsy Determination of cis-platin Using a CHO Cell Line

Cytotoxicity Assay
Level 5
Pre-lab 6.5: cis-Platin Cytotoxicity Assay Using a CHO Cell Model
Procedure 6.5.a: cis-Platin Cytotoxicity Assay Protocol
References

7. Levels 4 and 5. Metals in the Environment—Cd>* Sequestration by
Phytochelatins and Bioremediation

Project Overview
Experiment 7.1: What’s in the Water? Fluorescence
Detection of Trace Metal Ions in Aqueous Solution
Level 4
Pre-lab 7.1.a: 8-Hydroxyquinoline and 8-Hydroxyquinoline-5-sulfonic
Acid
Pre-lab 7.1.b: Introduction to Luminescence
Pre-lab Questions
Procedure 7.1.a: Fluorescence Spectrum of HQS
Procedure 7.1.b: Designing Experiments to Investigate the Use of
HQS as a Fluorimetric Reagent for Metal Ion Detection
Experiment 7.2: Solid-Phase Peptide Synthesis and HPLC Purification
of the Phytochelatin, Pentapeptide, (y-Glu-Cys),-Gly (PC,)
Level 5
Pre-lab 7.2.a: Phytochelatins (y-Glu-Cys),-Gly (PC,)
Pre-lab 7.2.b: Introduction to Solid-Phase Peptide
Synthesis (SPPS)
Procedure 7.2: Synthesis of (y-Glu-Cys),-Gly
Post-lab Questions
Experiment 7.3: A Qualitative UV Spectroscopic Study of
Cd*"-(y-Glu-Cys),-Gly (PC,) Binding
Level 4
Pre-lab 7.3: Metal Complexes of Phytochelatins
Procedure 7.3: Spectrophotometric Titration of PC, and Glutathione
with Cadmium(II) and Copper(II)
Post-lab Questions
Experiment 7.4: Stability Constant Determination of Cd** Amino
Acid Complexes
Level 4
Pre-lab 7.4.a: Cd*"—PC, Complexes
Pre-lab 7.4.b: Potentiometric Titrations for Determining Ligand pK,
Values and Metal Ligand Stability Constants
Ligand pK, Determination
Determination of Stepwise Stability Constants, K| and K,
Potentiometric Titration of the PCZ—Cd2+
the BEST Program

System and Analysis Using

151

155

155
155
156
159

161

161
162

162

162
164
167
167
168

170

170
170
171

171
175
175

175
175
176

177
178

178
178
179

179
180
181



CONTENTS

Procedure 7.4.a: Potentiometric Titration of Amino Acids, w = 0.1 M
(KNO3) for Gly and p = 3.0 M (NaCl) for cys, RT
Procedure 7.4.b: Determination of Cd>*-Amino Acid Stability Constants,
= 0.1 M (KNO3) for gly and p. = 3.0 M (NaCl) for cys, RT
Procedure 7.4.c: Determination of Cd*T—PC, (1:1) Stability Constants,
p = 0.1 M (KNO;), RT
Experiment 7.5: Biosynthesis of Phytochelatins by the Fission Yeast
(Schizosaccharomyces pombe) in the Presence of Cd*" and Analysis by
Atomic Absorption Spectroscopy
Level 5
Pre-lab 7.5.a Fission Yeast, Schizosaccharomyces pombe, and its Role
in the Study of PC,, Biosynthesis
Pre-lab 7.5.5.b: Atomic Absorption Spectroscopy
Procedure 7.5: Culturing Yeast for Optimal Growth in Liquid
Procedure 7.5.b: Determination of Cd*" Uptake by Atomic Absorption
Spectroscopy
References

8. Level 5. Metals in Molecular Biology—Synthesis, Photophysical and
Chiral Properties of Tris(1,10-Phenanthroline)Chromium(III):
Metal Complex DNA Interactions and Reactivity

Project Overview

Experiment 8.1: Synthesis of tris(1,10-phenanthroline)Chromium(III)
hexafluorophosphate, [Cr(phen)s;] (PF)3

Level 5

Pre-lab 8.1: On the Synthesis of [Cr(phen)g]3+

Procedure 8.1: Synthesis of tris(1,10-Phenanthroline)Chromium(IIT)
Hexafluorophosphate, [Cr(phen);] (PFe);

Experiment 8.2: Resolution of tris(1,10-phenanthroline)Chromium(III)
hexafluorophosphate, [Cr(phen)s] (PF¢); by Fractional Precipitation
using Antimonyl-D-tartrate

Level 5

Pre-lab 8.2.a: Optical Isomers of Metal
Coordination Complexes

Pre-lab 8.2.b: Optical Isomer Resolution Using Tartrate Salts

Procedure 8.2: Resolution of Tris(1,10-Phenanthroline)
Chromium(IIT) Hexafluorophosphate, [Cr(phen)s] (PFe)3,
by Fractional Precipitation

Experiment 8.3: Optical Analysis of A and A [Cr(phen)s] (PFe);

Level 5

Pre-lab 8.3: Methods for Measuring Optical Activity:
Polarimetry, Optical Rototary Dispersion, and Circular
Dichroism Spectrophotometry

Procedure 8.3: Analysis of the D- and
L-Tris(1,10-Phenanthroline) Chromium(III)
Hexafluorophosphate, [Cr(phen);] (PFg);, Complexes

Post-lab Questions

XV

182

183

183
186

186
186
186
188
190
191

193

193
194

194
194
194
196
196
196
196
197

198
198
198

200

201



Xvi CONTENTS

Experiment 8.4: Investigation of the Photo-Oxidation of Nucleic 202
Acids by [Cr(phen);]*" using Spectrofluorimetry
Level 5 202
Pre-level 8.4: Photochemistry of Metal Complexes 202
Photo-induced Electron Transfer 202
Thermodynamics of Electron-transfer Quenching 202
Pre-lab 8.4: Questions (See Procedure 8.4 and Table 8.2) 206
Procedure 8.4: Luminescence Studies of [Cr(phen)3]3+ 207
Data Analysis 208
Optional: Variations in the Nature of the Quencher 209
Post-lab Questions 210
Experiment 8.5: Stereoselective Binding of [Cr(phen);]*" to DNA: 210
An Equilibrium Dialysis Study
Level 5 210
Pre-lab 8.5.a: Chiral Discrimination in Metal Complex—DNA binding 210
Pre-lab 8.5.b: Equilibrium Dialysis 211
Procedure 8.5: Stereoselective Binding of Cr(phen)3]3+ to DNA 212
Studied by Equilibrium Dialysis and CD Spectroscopy

References 214
9. Level 5. Oxidation of a Natural Product by a Vanadium Catalyst: 215

Synthesis and Catalytic Activity of
Vanadyl-bis(2,4-pentanedione), VO(acac),

Project Overview 215
Experiment 9.1: Synthesis of Vanadyl-bis(2,4-pentanedione), VO(acac), 216
Level 5 216
Pre-lab 9.1.a: The Acetylacetonate (acac) Ligand 216
Pre-lab 9.1.b: The VO(acac), Complex 217
Pre-lab 9.1.c: Synthesis of the VO(acac), Complex 217
Post-lab Questions 218
Experiment 9.2: Investigating Solvatochromatic Properties of 219
Vanadyl-bis(2,4-pentanedione), VO(acac), Using Visible Spectroscopy
Level 5 219
Pre-lab 9.2: Solvatochromism in the VO(acac), System 219
Procedure 9.2: Visible Spectroscopic Analysis 220
Experiment 9.3: Infrared Studies of Vanadyl-bis(2,4-pentanedione), 221
VO(acac),
Level 5 221
Pre-lab 9.3: Infrared Spectroscopy of Metal Carbonyls 221
Procedure 9.3: Infrared Spectroscopic Analysis of VO(acac), 221
Post-lab Questions 222
Experiment 9.4: VO(acac), Catalyzed Epoxidation of Geraniol 222
Using +-BuOOH
Level 5 222
Pre-lab 9.4.a: Epoxidation Reactions 222
Pre-lab 9.4.b: Epoxidation of Geraniol 223

Procedure 9.4.a: Epoxidation of Geraniol 225



CONTENTS Xvii

Procedure 9.4.b: Epoxidation of Geranyl Acetate 225
Procedure 9.4.c: Reaction of VO(acac), with --BuOOH 225

Post-lab Questions 226
Experiment 9.5: Encapsulation of VO(acac), and Catalytic Chemistry 226

of a Heterogeneous Catalyst

Level 5 226

Pre-lab 9.5.a: Microencapsulation of Metal Complex Catalysts 226
Procedure 9.5.a: Encapsulation of the VO(ycqc), Catalyst 226
Procedure 9.5.b: Catalytic Chemistry 227

with the Encapsulated Catalyst
Procedure 9.5.c: Catalytic Chemistry—Solvent Dependence 227
Procedure 9.5.d: Catalytic Chemistry—System Recyclability 228
References 228
Appendix 1. Introduction to Pulsed NMR 230
Spectroscopy of Metal Complexes

Energy Absorption by a Nucleus 230

FT NMR Spectroscopy 231

One- and Two-dimensional Pulse Experiments 233
References 234
Appendix 2. Introduction to Cyclic Voltammetry 235
The Nernst Equation 235

Current, i, Substituted for Concentration Ratio, Q 235
Nernstian Conditions—How it All Works 237

Cyclic Voltammetric Analyzer—The Instrumentation 238
References 241
Appendix 3. States and Term Symbols for Polyelectronic Systems 242
Basic Definitions 242
Determining Term Symbols ML, 242
Appendix 4. Setting up an Maintaining CHO Cell Culture 244
Equipment 244
Disposables 244
Reagents 244

Sterile Technique 245

Cell Recovery and Cryopreservation 245
Preparation of a-MEM (50 mm HEPES, 246

10% Calf Serum, pH 7.4)

Counting Cells 247

Cell Passage 247
Appendix 5. Setting Up and Maintaining Yeast Culture 249
Reagents 249
Apparatus 249
Techniques 250

Reference 251



xviii CONTENTS

Appendix 6. A Brief Guide to Writing in Chemistry
Formatting a Report
Sentence Structure and Writing Style
Verbs
Abbreviations, Formulae, and Numerals
Chemical Terms and Expressions
References

Index

252
252
254
256
257
258
259

260



