
Active Metals 
• Preparation 
• Characterization 
• Applications 

Edited by 
Alois Fürstner 

VCH Weinheim • New York 
Basel • Cambridge • Tokyo 



Contents 

Preface V 

List of Contributors XVII 

1 Rieke Metals: Highly Reactive Metal Powders Prepared 
by Alkali Metal Reduction of Metal Salts 

R. D. Rieke, M. S. Seil, W. R. Klein, T. Chen, 
J. D. Brown, and M. V. Hanson 

1.1 Introduction 1 
1.1.1 Physical Characteristics of Highly Reactive Metal Powders 3 

1.2 Rieke Magnesium, Calcium, Strontium, and Barium 3 
1.2.1 Formation of Rieke Magnesium 4 
1.2.2 Formation of Rieke Calcium, Strontium, and Barium 4 
1.2.3 Grignard Reactions Using Rieke Metals 5 
1.2.4 1,3-Diene-Magnesium Reagents 7 
1.2.4.1 Preparation 7 
1.2.4.2 Regioselectivity 7 
1.2.4.3 Carbocyclization of (l,4-Diphenyl-2-butene-l,4-diyl)magnesium with 

Organic Dihalides 8 
1.2.4.4 1,2-Dimefhylenecycloalkane-Magnesium Reagents 11 
1.2.4.5 Synthesis of Fused Carbocycles, ß, y-Unsaturated Ketones and 

3-Cyclopentenols from Conjugated Diene-Magnesium Reagents 12 
1.2.4.6 Synthesis of Spiro y-Lactones and Spiro (5-Lactones from 1,3-Diene-

Magnesium Reagents 16 
1.2.4.7 Synthesis of y-Lactams from Conjugated Diene-Magnesium Reagents . . . 20 

1.3 Rieke Zinc 24 
1.3.1 The Preparation of Rieke Zinc 24 
1.3.2 Direct Oxidative Addition of Functionalized Alkyl and Aryl Halides . . . . 24 
1.3.3 Reactions of Organozinc Reagents with Acid Chlorides 25 
1.3.4 Reactions of Organozinc Reagents with a,/?-Unsaturated Ketones 25 
1.3.5 Reactions with Allylic and Alkynyl Halides 28 
1.3.6 Cross-Coupling of Vinyl and Aryl Organozinc Reagents Using 

a Palladium Catalyst 28 
1.3.7 Intramolecular Cyclizations and Conjugate Additions Mediated by 

Rieke Zinc 29 



Contents 

1.3.8 Formation of Tertiary and Secondary Alkylzinc Bromides 32 
1.3.9 Cyanide-Based Rieke Zinc 32 

1.4 Organocopper Reagents Utilizing Rieke Copper 33 
1.4.1 Introduction 33 
1.4.2 Background to the Development of Rieke Copper 33 
1.4.3 Phosphine-Based Copper 34 
1.4.4 Lithium 2-Thienylcyanocuprate-Based Copper 37 
1.4.5 Copper Cyanide-Based Active Copper 41 
1.4.6 Two-Equivalent Reduction of Copper(i) Complexes: 

A Formal Copper Anion 44 

1.5 Rieke Aluminum, Indium, and Nickel 48 
1.5.1 Aluminum 48 
1.5.2 Indium 48 
1.5.3 Nickel 49 

1.6 Synthesis of Specialized Polymers and New Materials via Rieke Metals 50 
1.6.1 Formation of Polyarylenes Mediated by Rieke Zinc 50 
1.6.2 Regiocontrolled Synthesis of Poly(3-alkylthiophenes) and Related 

Polymers Mediated by Rieke Zinc 51 
1.6.3 Synthesis of Poly(phenylcarbyne) Mediated by Rieke Calcium, 

Strontium, or Barium 52 
1.6.4 Chemical Modification of Halogenated Polystyrenes Using Rieke 

Calcium or Copper 53 
1.6.5 Polymer Supported Rieke Metal Reagents and their Applications 

in Organic Synthesis 55 

2 Allylic Barium Reagents 

A. Yanagisawa and H. Yamamoto 

2.1 Introduction 61 

2.2 Preparation of Stereochemically Homogeneous Allylic Barium Reagents 61 
2.2.1 Direct Insertion Method Using Reactive Barium 61 
2.2.2 Stereochemical Stability 62 
2.2.3 Silylation of Stereochemically Homogeneous Allylic Barium Reagents . . 64 
2.2.3.1 Procedure for Generation of Reactive Barium (Ba*) 65 
2.2.3.2 Procedure for Protonation of the Geranyl Barium Reagent 65 
2.2.3.3 Silylation of (£)-2-Decenylbarium Chloride 66 

2.3 Allylic Barium Reagents in Organic Synthesis 66 
2.3.1 a-Selective and Stereospecific Allylation of Carbonyl Compounds 66 
2.3.1.1 Metal Effects on a/y-Selectivity 66 
2.3.1.2 Generality of a-Selectivity and Stereospecificity 68 
2.3.1.3 Secondary Allylic Barium Compounds 69 
2.3.1.4 Mechanistic Considerations 70 
2.3.1.5 Typical Procedure for the Allylation of a Carbonyl Compound with 

an Allylic Barium Reagent: Synthesis of (£)-4,8-Dimethyl-l-phenyl-3,7-
nonadien-1-ol 71 



Contents IX 

2.3.2 Regioselective and Stereospecific Synthesis of ß, y-Unsaturated 
Carboxylic Acids 71 

2.3.2.1 Typical Procedure for Carboxylation of Allylic Barium Reagents: 
Synthesis of (£)-4,8-Dimethyl-3,7-nonadienoic Acid 72 

2.3.3 Highly a, a'-Selective Homocoupling and Cross-Coupling Reactions 
of Allylic Halides 73 

2.3.3.1 Typical Procedure for Homocoupling Reactions of Allylic Halides 
Using Reactive Barium: Synthesis of Squalene 77 

2.3.4 Michael Addition Reaction 77 
2.3.4.1 Typical Procedure for One-Pot Double Alkylations of a,/S-Unsaturated 

Ketones: Synthesis of fra«s-2-(3-Methyl-2-butenyl)-3-(2-propenyl)cyclo-
pentanone 80 

2.3.5 Other Reactions 82 

2.4 Summary and Conclusions 83 

3 The McMurry Reaction 

T. Lectka 

3.1 Introduction 85 

3.2 Historical Perspective 86 

3.3 Reaction Mechanism and Theory 87 
3.3.1 Introduction 87 
3.3.2 Prelude to the Reaction: Formation of the Active Reagent 87 
3.3.3 Step I: Formation of the Ketyl Radical 88 
3.3.4 Steps II and III: Organization and Coupling 88 
3.3.5 Step IV: Deoxygenation 89 

3.4 Optimized Procedures for the Coupling Reaction 90 
3.4.1 The Reductant 90 
3.4.2 The Titanium Source 91 
3.4.3 Practical Comments about Couplings 92 

3.5 The McMurry Alkene Synthesis 93 
3.5.1 Intermolecular Couplings 93 
3.5.1.1 Prototype Couplings 93 
3.5.1.2 Synthesis of Other Tetrasubstituted Olefins 95 
3.5.1.3 Mixed Coupling Reactions 95 
3.5.2 The Intramolecular Coupling Reaction 99 
3.5.2.1 Basic Couplings 99 
3.5.2.2 Synthesis of Natural Products 100 
3.5.2.3 The Potassium-Graphite Modification 103 
3.5.2.4 Synthesis of Strained Rings and Non-Natural Products 104 
3.5.2.5 The Acyl Silane Coupling 108 

3.6 The McMurry Pinacol Reaction 109 
3.6.1 Mechanistic Considerations and Prototype Couplings 109 
3.6.2 Synthesis of Natural Products 111 
3.6.2.1 Coupling on a Highly Oxygenated System 112 



X Contents 

3.6.2.2 The Synthesis of Periplanone C 114 
3.6.2.3 The McMurry Coupling in the Total Synthesis of Taxol 115 
3.6.3 The Intermolecular Pinacol Reaction 115 
3.6.4 Other Pinacol Methodology: The Pederson Modifications 117 

3.7 The Keto Ester Coupling 121 

3.8 Tandem Couplings 124 

3.9 The Allyl/Benzyl Alcohol McMurry Coupling 125 

3.10 The Reaction of Other Functional Groups 126 

3.11 The McMurry Reaction in Polymer Synthesis 128 

3.12 Conclusion and Future Directions 129 

4 Ultrasound-Induced Activation of Metals: 
Principles and Applications in Organic Synthesis 

J.-L. Luche and P. Cintas 

4.1 Introduction 133 

4.2 The Physical and Chemical Effects of Ultrasound 133 
4.2.1 Dynamics of the Cavitation Bubble. Transient and Stable Cavitation . . . . 134 
4.2.2 Cavitation in Heterogeneous Solid-Liquid Systems 135 
4.2.2.1 The Physical Nature of Activation 135 
4.2.2.2 The Chemical Component of the Sonochemical Activation 137 
4.2.3 The Relationship between Sonochemical and Mechanochemical Activation 138 
4.2.4 Sonochemical Reactivity, a General Approach 139 

4.3 Sonochemical Reactions of Inorganic Compounds 139 
4.3.1 Activation of Metals 139 
4.3.2 Activation by Cementation 140 
4.3.3 Reduction and Sonolysis of Metallic Compounds 140 

4.4 Metals in Organic Sonochemistry: Preliminary Remarks 142 

4.5 Electron Transfer to Conjugated Hydrocarbons 142 
4.5.1 Aromatic Radical Anions 142 
4.5.2 Radical Anions from Dienes 145 

4.6 Electron Transfers to Multiple Bonds 145 
4.6.1 Reductions of Carbon-Carbon Double Bonds 146 
4.6.2 Reductions of Carbonyl Groups 147 

4.7 Electron Transfers to Single Bonds (Excluding Carbon-Halogen Bonds) 151 
4.7.1 Cleavage of the C-H Bond 151 
4.7.2 Reduction of Carbon-Carbon and Carbon-Heteroatom Single Bonds . . . 152 
4.7.3 Reduction of Various Bonds Involving Heteroatoms 154 

4.8 The Carbon-Halogen Bond. Formation of Organometallics 154 
4.8.1 Formation of Organoalkali and Grignard Reagents 155 
4.8.2 Transmetallation with Sonochemically Prepared Organometallic Reagents 156 
4.8.3 Direct Access to Organozinc Reagents 157 
4.8.4 Other Reactions 158 



Contents X I 

4.9 Organic Reactions Using Sonochemically in-situ Generated 
Organometallics 160 

4.9.1 Deprotonations by in-situ Generated Organoalkali-Metal Reagents 160 
4.9.2 Wurtz- and Ullmann-Type Coupling Reactions Forming 

Carbon-Carbon Bonds 161 
4.9.3 Coupling Reactions Involving Silicon, Tin, and Germanium 162 
4.9.4 Addition of Organozinc Reagents to Multiple Bonds 165 
4.9.5 In-situ Preparation of Dichloroketene 167 

4.10 Additions of Organic Halides to Aldehydes and Ketones in the 
Presence of Metals 168 

4.10.1 The Barbier Reaction in the Presence of Lithium or Magnesium 168 
4.10.2 Barbier Reactions in the Presence of Zinc 171 
4.10.3 Extensions of the Barbier Reaction. The Use of Aqueous Media 172 
4.10.4 Additions to Trivalent Functionalities 176 
4.10.5 Reactions from a-Halocarbonyl Compounds 177 

4.11 Reactions Using Activated Metal Catalysts 179 
4.11.1 Nickel-Catalyzed Hydrogenations and Hydrogenolyses 180 
4.11.2 Hydrogenations, Hydrogenolyses, and Hydrosilylations Using Various 

Transition Metal Catalysts 181 

4.12 Experimental Sonochemistry 182 
4.12.1 Technical Aspects 182 
4.12.1.1 Ultrasonic Cleaning Baths 182 
4.12.1.2 Hörn Generators 183 
4.12.2 Typical Sonochemical Syntheses 183 
4.12.2.1 Dieckman Condensation with Ultrasonically Dispersed Potassium 183 
4.12.2.2 Lithium Di-isopropylamide 184 
4.12.2.3 Barbier Reaction with 1 -Bromo-4-chlorobutane 184 
4.12.2.4 Conjugate Addition of 6-Bromo-l-hexene to l-Buten-3-one 184 
4.12.2.5 Hydrogenation of 4,4-Dimethylcyclopent-2-en-l-one 184 

4.13 Conclusions 184 

5 Preparation and Applications of Functionalized Organozinc Reagents 

P. Knöchel 

5.1 Preparation of Functionalized Organozinc Reagents 191 
5.1.1 Introduction 191 
5.1.2 The Direct Insertion of Zinc Metal into Organic Substrates 191 
5.1.3 The Halide-Zinc Exchange Reaction 195 
5.1.4 The Boron-Zinc Exchange Reaction 202 
5.1.5 The Lithium-Zinc Transmetallation 206 
5.1.6 Carbon-Carbon Bond-Forming Reactions for the Preparation of 

Organozinc Compounds 207 
5.1.6.1 Homologation of Zinc-Copper Compounds with Zinc Carbenoids 207 
5.1.6.2 The Use of Bimetallic Reagents for the Preparation of Organozinc 

Compounds 209 



XII Contents 

5.2 Applications of Organozinc Compounds in Organic Synthesis 211 
5.2.1 The Reactivity of Organozinc Derivatives 211 
5.2.2 Copper(i)-Mediated Reactions of Organozinc Compounds 212 
5.2.2.1 Substitution Reactions 212 
5.2.2.2 Addition Reactions 216 
5.2.3 Palladium(o)-Catalyzed Reactions of Organozinc Compounds 224 
5.2.4 Titanium(iv)-Catalyzed Reactions of Organozinc Compounds and 

their Applications in Asymmetrie Synthesis 226 

6 Metal Atom/Vapor Approaches to Active Metal Clusters/Particles 

K. J. Klabunde and G. Cardenas-Trivino 

6.1 Atoms, Clusters, and Nanoscale Particles 237 
6.1.1 Introduction 237 
6.1.2 Gas-Phase Metal Clusters 237 
6.1.3 Metal Clusters/Particles Formed in Low-Temperature Matrices 238 

6.2 Experimental Metal Atom/Vapor Chemistry. The Solvated Metal 
Atom Dispersion (SMAD) Method to Ultrafme Powders 239 

6.2.1 Metal Vaporization Methods 239 
6.2.2 Preparation of Ultrafme Nickel in Pentane, Ni-FOP 

(Nickel-Fragments of Pentane) 241 
6.2.3 Preparation of Nickel Carbide (Ni3C) from Ultrafme Nickel 

Particles (Ni-FOP) 242 
6.2.4 Preparation of Non-Solvated Ethylcadmium Iodide (EtCdl) from 

Ultrafme Cadmium Particles 242 
6.2.5 Preparation of Methyltin Iodides [CH3SnI3, (CH3)2SnI2, (CH3)3SnI] 

from Ultrafine Tin Particles 242 
6.2.6 Coupling Reactions of Organohalides Using Ultrafine Nickel Particles. . . 243 
6.2.7 Grignard Reagent Preparation Using Solvated Metal Atom 

Dispersed Magnesium (SMAD-Mg) 243 
6.2.7.1 Active Magnesium Preparation 243 
6.2.7.2 Manipulation of the Active Magnesium under Inert Atmosphere 243 
6.2.7.3 Grignard Reactions with Active Magnesium 244 

6.3 The Matrix Clustering Process. Ultrafine Powders from Solvated Metal Atoms 244 
6.3.1 Controlling Features 244 
6.3.2 Nickel with Various Solvents (Example of a Monometallic System) 245 
6.3.3 Gold-Tin with Various Solvents (Example of a Bimetallic System) 246 
6.3.4 Summary of the Clustering Process 248 

6.4 Reaction Chemistry of Solvated Metal Atom Dispersed (SMAD) Powders 249 
6.4.1 Introduction 249 
6.4.2 Reactions with Organic Halides 249 
6.4.2.1 Mechanistic Considerations 249 
6.4.2.2 Syntheses 250 
6.4.3 Reactions with Hydrogen 254 
6.4.3.1 Magnesium 254 
6.4.4 Catalysis by SMAD Metals (without Catalyst Supports) 255 



Contents XIII 

6.4.4.1 Introduction 255 
6.4.4.2 Nickel 255 
6.4.4.3 Other Metals 259 
6.4.5 Formation of Carbides 259 
6.4.5.1 Introduction 259 
6.4.5.2 Nickel and Palladium 260 
6.4.6 Colloidal Metals in Solvents and Polymers 263 
6.4.6.1 Initial Studies 263 
6.4.6.2 Particle Growth and Solvent Studies 266 
6.4.6.3 Films from Non-Aqueous Metal Colloids 267 
6.4.6.4 Metal Colloids in Polymers 269 
6.4.7 Magnetic Properties of SMAD Metal Particles (Mono- and Bimetallic) . . 270 

6.5 Conclusions 275 

7 Electrochemical Methods in the Synthesis 
of Nanostructured Transition Metal Clusters 

M. T. Reetz, W. Heibig and S. A. Quaiser 

7.1 Introduction 279 

7.2 Conventional Syntheses of Transition Metal Clusters Stabilized by 
Ammonium Salts 280 

7.3 Electrochemical Synthesis of Metal Clusters Stabilized by Tetraalkyl-
ammonium Salts 281 

7.3.1 Syntheses Based on Sacrificial Metal Anodes 281 
7.3.1.1 Palladium Clusters 281 
7.3.1.2 Other Metals 285 
7.3.1.3 Bimetallic Clusters 285 
7.3.2 Synthesis Based on the Reduction of Added Transition Metal Salts 286 
7.3.3 Properties of Electrochemically Prepared Metal Clusters Stabilized 

by Tetraalkylammonium Salts 286 
7.3.3.1 Solubility 286 
7.3.3.2 Geometrical Parameters as Determined by Combined TEM/STM Studies 287 
7.3.3.3 UV-Vis Spectra 291 
7.3.3.4 Electrochemical Properties as Determined by Cyclic Voltammetry 292 
7.3.3.5 Superparamagnetism 294 
7.3.4 Conclusions 295 

8 The Magnesium Route to Active Metals and Intermetallics 

L. E. Aleandri and B. Bogdanovic 

8.1 Introduction 299 

8.2 Magnesium-Anthracene Systems in Organic, Organometallic, and 
Inorganic Synthesis 300 

8.2.1 MgA as a Source of Soluble Zerovalent Magnesium 300 
8.2.2 Magnesium-Anthracene-THF and Magnesium-Anthracene-MgCl2-THF 

Systems as Phase-Transfer Catalysts for Metallic Magnesium 302 



X I V Contents 

8.2.2.1 Catalytic Synthesis of Magnesium Hydrides 302 
8.2.2.2 Anthracene-Activated Magnesium for the Preparation of 

Finely-Divided Metal Powders and Transition Metal Complexes 303 
8.2.2.3 Catalytic Synthesis of Grignard Compounds 306 

8.3 Active Magnesium (Mg*) Powder from MgH* and MgA in 
Synthetic Chemistry 307 

8.3.1 Preparation and Characterization of Active Magnesium (Mg*) Powder. . . 307 
8.3.2 Applications of Mg* Powder in Organic and Organometallic Synthesis . . 310 

8.4 Wet-Chemical Routes to Magnesium Intermetallics and/or their 
Hydrides and Carbides 315 

8.4.1 The First Route: Reaction of MgH* or Et2Mg with Bis(allyl)-Metal 
Complexes 315 

8.4.2 The Second Route: Reaction of Metal Halides with Excess Amounts of 
Magnesium Hydrides, Organomagnesium Compounds, or Magnesium . . . 319 

8.4.2.1 [HTiCl(THF)~0.5L - a Highly Reactive Titanium Hydride and 
an Active Species in a McMurry Reaction 320 

8.4.2.2 Mg-Pt Intermetallics and their Hydrides from PtCl2 and MgHj, or MgHf 323 
8.4.2.3 Magnesium Intermetallics from Metal Halides and MgA or Mg* 325 

8.5 Inorganic Grignard Reagents and their Applications in Inorganic 
Synthesis 326 

8.5.1 Preparation and Characterization of Novel Inorganic Grignard Reagents. . 327 
8.5.2 Reactive Alloys, Intermetallics, and Metals via Inorganic Grignard 

Reagents 330 
8.5.3 Conclusions and Outlook 333 

8.6 Experimental Procedures for Selected Examples 334 
8.6.1 Magnesium Anthracene -3 THF and the Synthesis of Allenylmagnesium 

Chloride 334 
8.6.2 The Novel Magnesium-Platinum Intermetallic ?-MgPtCxHy 334 
8.6.3 The Titanium Grignard Reagent, [Ti(MgCl)2(THF)J2 335 
8.6.4 Application of the Platinum Grignard Reagent to the Synthesis of PtFe . . 335 

9 Catalytically Active Metal Powders and Colloids 

H. Bönnemann and W. Brijoux 

9.1 Introduction 339 

9.2 Metal and Alloy Powders 340 
9.2.1 Finely Divided Metals and Alloy Powders from Metal Salts 340 
9.2.2 Metal and Alloy Powders from Metal Oxides 348 

9.3 Formation of Colloidal Transition Metals and Alloys in Organic Solvents 352 
9.3.1 Ether-Stabilized Ti°, Zr°, V°, Nb°, and Mn° 352 
9.3.1.1 Hydrogenation of Ti and Zr Sponge with [Ti° • 0.5 THFL 353 
9.3.2 Colloidal Transition Metals and Alloys Protected by Tetraalkylammonium 

Halides via Reduction of Metal Salts with Tetraalkylammonium 
Hydrotriorganoborates 355 

9.3.3 General Approach to NR^-Stabilized Metal and Alloy Colloids 
Using Conventional Reducing Agents 361 



Contents XV 

9.3.4 Synthesis of PEt(octyl)^- and SMe(octyl)J-Stabilized Metal and 

Alloy Colloids 363 

9.4 Nanoscale Metal Powders via Metal Colloids 366 

9.5 Catalytic Applications 368 
9.5.1 Free and Supported Metal and Alloy Colloid Catalysts in Liquid-Phase 

Hydrogenation 368 
9.6 Conclusions 376 

10 Supported Metals 

A. Fürstner 

10.1 Introduction 381 

10.2 General Features of Supported Metals 381 

10.3 Applications of Supported Metals in Synthesis 384 
10.3.1 "High Surface Area Alkali Metals" 384 
10.3.2 Activated Metals by Reduction of Metal Salts with "High Surface 

Area Sodium" 388 
10.3.3 Potassium-Graphite Laminate (C8K) 389 
10.3.4 Metal-Graphite Surface Compounds 401 
10.3.4.1 Zinc- and Zinc/Silver-Graphite 401 
10.3.4.2 Titanium-Graphite 410 
10.3.4.3 Magnesium-Graphite 415 
10.3.4.4 Group-10-Metal-Graphite Combinations as Catalysts 416 
10.3.4.5 Other Metal-Graphite Combinations 417 
10.3.5 Graphimets 418 
10.3.6 Supported Rieke Metals 419 
10.3.7 Miscellaneous Applications 419 

10.4 Some Representative Procedures 420 
10.4.1 "High Surface Area Sodium" on NaCl 420 
10.4.2 Example of a [Ti]/Al203-Induced Macrocyclization of a Diketone: 

l,2-Diphenyl(2,26)[36]paracyclophane 420 
10.4.3 Large-Scale Preparation of Potassium-Graphite Laminate (C8K) 421 
10.4.4 CgK-Induced Synthesis of a Furanoid Glycal from a Thioglycoside: 

l,4-Anhydro-3-0-(terf-butyldiphenylsilyl)-2-deoxy-5,6-O-isopropylidene-
D-arabino-hex-1-enitol 421 

10.4.5 Zn(Ag)-Graphite-Induced Reductive Ring-Opening of a Deoxyiodo 
Sugar: (2/?,4S)-Bis(benzyloxy)hex-5-enal 421 

10.4.6 Titanium-Graphite-Induced Cyclization of Oxoamides: Synthesis of 
2-(2'-Furanyl)-3-phenylindole 422 



X V I Contents 

11 Morphological Considerations on Metal-Graphite Combinations 

F. Hofer 

11.1 Introduction 427 

11.2 Characterization Methods 428 
11.2.1 X-Ray Methods 428 
11.2.2 Electron Microscopy 428 
11.2.3 Surface-Sensitive Methods 429 
11.2.4 In-situ Investigations 429 

11.3 Intercalation in Graphite and the Structure of CgK 430 

11.4 The Structures of the Metal-Graphite Combinations 431 
11.4.1 The Graphite Support 431 
11.4.2 Platinum- and Palladium-Graphites 432 
11.4.3 Silver- and Copper-Graphites 435 
11.4.4 Zinc-Graphite and Zinc/Metal-Graphites 436 
11.4.5 Nickel-Graphite and Nickel/Metal-Graphites 439 
11.4.6 Titanium-Graphite Combinations 441 

11.5 The Structure of Graphimets 442 

11.6 Conclusions and Outlook 444 

Experimental Procedures 447 

Subject Index 449 


