
Plutonium Handbook

xiii

Contents volumes 1–7

Foreword (2019)	 Siegfried S. Hecker	 xvii

Preface (2019)		 David L. Clark, David A. Geeson, Robert J. Hanrahan, Jr.	 xix

Foreword (1980)	 Glenn T. Seaborg	 xxiii

Preface (1967)		 O.J. Wick	 xxv

VOLUME 1. NUCLEAR SCIENCE AND MATERIALS SCIENCE

Chapter 1.	 History of the Discovery of Plutonium	 1

Chapter 2.	 Properties of Plutonium Isotopes	 7

Chapter 3.	 Plutonium Nuclear Science	 17

Chapter 4.	 Separation of Plutonium from Irradiated Fuels and Targets	 93

Chapter 5.	 Plutonium Inventories	 183

Chapter 6.	 Molten Salt Chemistry of Plutonium	 201

Chapter 7.	 Properties of Unalloyed Plutonium	 287

Chapter 8.	 Alloyed Plutonium: Thermodynamics and Application to Transformations	 333

Subject Index		  I–1

VOLUME 2. NUCLEAR SCIENCE AND MATERIALS SCIENCE (CONTINUED)

Chapter 9.	 Thermophysical Properties of Plutonium Metal and Its Alloys	 641

Chapter 10.	 Mechanical Properties of Plutonium	 753

Chapter 11.	 Plutonium Corrosion	 821

Chapter 12.	 Plutonium Aging	 995

Chapter 13.	 Physical Properties of Plutonium Intermetallic Compounds	 1051

Chapter 14.	 Theoretical Electronic Structure of Plutonium Metal and Alloys	 1171

Chapter 15.	 Experimental Electronic Structure of Plutonium Metal	 1203

Subject Index		  I–1



Plutonium Handbook

xiv

VOLUME 3. CHEMISTRY

Chapter 16.	 Plutonium Coordination Chemistry in the Solid State	 1259
Chapter 17.	 Plutonium–Hydrogen System	 1333
Chapter 18.	 Plutonium Carbides and Nitrides	 1375
Chapter 19.	 Plutonium Halides	 1419
Chapter 20.	 Plutonium Oxides	 1453
Chapter 21.	 Thermodynamic Properties: Plutonium as a Transition Element in the  

Actinide Series	 1491
Chapter 22.	 Aqueous Solution and Coordination Chemistry of Plutonium	 1543
Subject Index		  I–1

VOLUME 4. CHEMISTRY (CONTINUED)

Chapter 23.	 Organometallic and Nonaqueous Chemistry of Plutonium	 1727
Chapter 24.	 Analytical Science of Plutonium	 1807
Chapter 25.	 Environmental Chemistry of Plutonium	 1979
Chapter 26.	 Plutonium–Microbial Interactions in the Environment	 2119
Chapter 27.	 Optical and Magnetic Properties of Plutonium Compounds, Molecules,  

and Ions	 2163
Chapter 28.	 Electronic Structure Theory of Plutonium Molecules and Compounds	 2245
Subject Index		  I–1

VOLUME 5. APPLICATIONS, SAFETY, AND FACILITIES

Chapter 29.	 Plutonium in Nuclear Fuels	 2273
Chapter 30.	 Plutonium in Waste Forms	 2349
Chapter 31.	 Use of Plutonium in Heat Sources and  

Radioisotope Thermoelectric Generators	 2423
Chapter 32.	 Use of Plutonium in Superheavy Element Research	 2469
Chapter 33.	 Plutonium Packaging and Storage	 2491
Chapter 34.	 Nuclear Safeguards and Security	 2581
Chapter 35.	 Biological Chemistry of Plutonium Exposure and  

Decorporation in Humans and Animals	 2645
Chapter 36.	 Bioassay and Dosimetry of Plutonium	 2687
Chapter 37.	 Plutonium Aerosol Characterization and Safety Issues	 2713
Chapter 38.	 Nuclear Criticality Safety of Plutonium	 2803
Chapter 39.	 Plutonium Facilities	 2813

39.1.	 Plutonium Handling and Processing Facility Design	 2814
39.2.	 Plutonium Facility Decommissioning and Demolition	 2844
39.3.	 Fire Protection in Plutonium Facilities	 2852

Subject Index		  I–1



Plutonium Handbook

xv

VOLUME 6. TECHNIQUES

Chapter 40.	 Integrated Sample Preparation	 2875

40.1.	 Integrated Sample Preparation Glovebox	 2876

40.2.	 High-Resolution Solid-State NMR Facility for the Atomic‑Scale Study of 
Radioactive Materials	 2902

Chapter 41.	 Synthesis of Alloys and Compounds	 2911

41.1.	 Arc Melting, Induction Melting, and Miscellaneous Techniques	 2912

41.2.	 Flux Growth of Single Crystals of Plutonium Compounds	 2920

Chapter 42.	 Structural Analysis	 2929

42.1.	 Magic-Angle-Spinning Nuclear Magnetic Resonance of 
Plutonium Compounds	 2930

42.2.	 Plutonium-239 NMR of Plutonium Compounds in the Solid State	 2938

42.3.	 Preparation of Solution NMR and EPR Samples	 2951

42.4.	 X-ray Diffraction of Plutonium Materials	 2957

42.5.	 Synchrotron Techniques: Hard X‑ray Absorption	 2968

42.6.	 Tender X-ray Absorption Measurements	 2983

42.7.	 Soft X-ray Synchrotron Radiation Studies of Plutonium Materials	 2991

Chapter 43.	 Microstructural Analysis	 3009

43.1.	 Mechanical Testing Techniques	 3010

43.2.	 Hardness Testing of Plutonium	 3015

43.3.	 Plutonium Metallography	 3026

43.4.	 Diffraction and Pair Distribution Function Analysis	 3042

43.5.	 Scanning Electron Microscopy	 3064

43.6.	 Electron Probe Microanalysis	 3078

43.7.	 Transmission Electron Microscopy	 3091

Chapter 44.	 Analysis of Thermophysical Properties	 3111

44.1.	 Thermophysical Property Measurements	 3112

44.2.	 Differential Scanning Calorimetry	 3125

44.3.	 Precision Density Measurement	 3133

44.4.	 Resonant Ultrasound Spectroscopy of Plutonium	 3142

44.5.	 Dilatometry	 3155

44.6.	 Thermal Analysis and Loss‑on‑Ignition Techniques	 3167

44.7.	 High Magnetic Field Measurements of Plutonium	 3201

44.8.	 Low-Temperature Plutonium Calorimetry: Self‑Heating Samples	 3212

44.9.	 Coupon Corrosion Experiments	 3231



Plutonium Handbook

xvi

Chapter 45.	 Surface Analysis	 3245

45.1.	 Spectroscopic Ellipsometry	 3246

45.2.	 Electron Spectroscopies: Photoemission and Auger Methods	 3258

45.3.	 Time-of-Flight Secondary-Ion Mass Spectrometry	 3282

45.4.	 Scanning Probe Microscopy	 3297

45.5.	 Specific Surface Area	 3314

45.6.	 Particle Size Distribution Analysis	 3323

Chapter 46.	 Analytical Techniques: Special Treatment Considerations for Plutonium	 3353

46.1.	 Sample Handling and Storage for Metals, Oxides,  
Salts, and Solutions	 3354

46.2.	 Alpha Spectroscopy	 3367

46.3.	 Gamma Spectroscopy	 3378

46.4.	 Plutonium Isotope Ratio Measurement Techniques Using TIMS	 3392

46.5.	 Dissolution of Plutonium Materials	 3420

46.6.	 Assay of Bulk Plutonium Materials	 3435

46.7.	 X-ray Fluorescence Analysis Considerations	 3444

46.8.	 Preparation and Stability of Oxidation-State-Pure Aqueous Solutions	 3454

46.9.	 ICP-MS and ICP-OES for Trace Metals in Plutonium	 3463

46.10.	Determination of Carbon, Oxygen, Nitrogen, and  
Hydrogen Content	 3481

46.11.	Anion Analysis of Plutonium Materials	 3489

46.12.	Direct Current Arc Spectroscopy for  
Analysis of Actinide Materials	 3501

46.13.	Standards and Quality Control for  
Bulk Plutonium Samples	 3512

Subject Index		  I–1

VOLUME 7. INDEX

Subject Index	 Volumes 1–6	 3527


	Plutonium Handbook Volume 1
	EDITORS
	INTERNATIONAL EDITORIAL BOARD
	CONTRIBUTORS
	Contents volumes 1–7
	VOLUME 1. NUCLEAR SCIENCE AND MATERIALS SCIENCE
	VOLUME 2. NUCLEAR SCIENCE AND MATERIALS SCIENCE (CONTINUED)
	VOLUME 3. CHEMISTRY
	VOLUME 4. CHEMISTRY (CONTINUED)
	VOLUME 5. APPLICATIONS, SAFETY, AND FACILITIES
	VOLUME 6. TECHNIQUES
	VOLUME 7. INDEX

	Foreword
	Preface
	Foreword
	Preface




