Table of Contents

1 History

1.1 Introduction

1.2 The Search for a Stable or Long-Lived Isotope

1.3 The Search for Short-Lived Ekaiodine in Natural Materials
1.4 Discovery of Astatine by Nuclear Synthesis

1.5 The Discovery of Naturally Occurring Element 85

1.6 Discovery of Astatine Isotopes

2 Natural Occurrence

2.1 Astatine-218

2.2 Astatine-215. Astatine-219
2.3 Astatine-217

3 Nuclear Properties of Astatine Isotopes
Astatine-196
Astatine-197
Astatine-198
Astatine-198m
Astatine-199
Astatine-200
Astatine-200m
Astatine-201
Astatine-202
Astatine-203
Astatine-204
Astatine-205
Astatine-206
Astatine-207
Astatine-208
Astatine-209
Astatine-210
Astatine-211 .
Astatine-212g
Astatine-212m
Astatine-213
Astatine-214
Astatine-215
Astatine-216
Astatine-217
Astatine-218
Astatine-219

4 Production, Isolation, and Purification of Astatine Isotopes

4.1 Preparation of 2'9At from Natural Sources

Bibliografische Informationen
http://d-nb.info/850861500

digitalisiert durch


http://d-nb.info/850861500

Page

4.2 Preparation of At Isotopes from Irradiated Probes . . . . . . . . . . . . . . 95
4.2.1 Procedures for Separation . . . . . . . .. .. . ... ... .. 95
Helium lon Irradiated Bi . . . . T L1
Proton Irradiated Pb, Bi, Th, andU R T 7 4
4.2.2 Some Special Production and Work-Up Procedures of 211At . . . . . ... 100

5 General Properties of Astatine . . . . . . . . . . .. ... ... .. ... 107
5.1 Electronic Structure . . . . . . . . . . ... L0 o0 e s 107

Etectronegativity . . . . . . . . . . . . .. ... ..o o107

@ o

DWW N

Afomic Velume . . . . . . . . . L . L e e e e 107

@

Atomic Refraction . . . . . . . . . . . . . . . .. ... ... ... .. 108
5.5 Polarizabilities . . . . . . . . . . . . . ... ... ... 108
5.6 lonization Bnergies . . . . . . . . . . . . . . . . . . o ... 108

57 OxidationStates . . . . . . . . . . . . . . . . . ... o108
571 Astatine(-l) . . . . . . . . . . . ..o e e e s 108
57.2 Astatine(0) . . . . . . . . ... o110
57.3 Astatine(l} . . . . . . . . . o e e e eI
57.4 Astatine(ll) . . . . . . . ... L0000 oI
57.5 Astatine(V) . . . . . . . . L Lo e e s e 112
57.6 Astatine(VIl) . . . . . . . . . ..o oo 112

5.8 Etecirochemical Properties . . . . . . . . . . . . . oo o000 112
5.8.1 Critical Deposition Potentials . . . . . . . . . . . . . ... 112
5.8.2 Standard Electrode Potentials . . . . . . . . . . .. .. ... ... 113

59 ThermodynamicBala . . . . . . . . . . . . . . . ... ... ... 113
589 AUTION . . . L . e e e e e e e e e e e e e e e s e T4
592 Astatine Atom . . . . . . . . . . . . . . . . .. ... ... .. 115
5.9.3 Astatine Moleculte . . . O A [
594 PosntlveMolecularlonofAstatme At+ e A £
5.9.5At+andAt2+lons...........................119

A0 Radil . . . . . . . . . e e e e e et
5.10.1 AtomicRadius . . . . . . . . . . . . . e e e e .20
510.2 lonicRadii . . . . . . . . . . . .. .. e e s e 20

5.91 Spesiroscopic Properties . . . . . . . . . . . . .. ... ... .. d2
5.11.1 Atomic Absorption Spectrum . . . . . . . .. . ... o012
5.11.2 Mass Spectrometry . . . P 024
5.11.3 X-Ray Spectroscopic Propertles U Foa
5.11.4 Spectroscopic Constantsof At, . 7. . . . . . .. ... oo L. 124

6 Analytical Chemistry ef Astatine . . . . . . . . . . .. . ... .. ... 128
6.1 Introducfion . . . . . . . . . . . . e e e e e e e 28

6.2 Detestion and Quantifieation . . . . . . . . . . .00 oo 0oL ... 130



6.3 Separation from Other Elements .
6.3.1 By Distillation

6.3.2 By Solvent Extraction

6.3.3 By Coprecipitation

6.3.4 By Chromatography

7 Handling of Astatine

7.1 Introduction

7.2 Special Chemical Behavior of Astatine

7.3 Physical Properties, Radioactivity Assay and Working Time Schedule

7.4 Radiation Risks, Heallh Physics and Protection

8 Asiatine in Biology and Nuclear Medicine
8.1 Biological Behavior of 2MAL
8.1.1 Routes of Absorption
8.1.2 Distribution and Retention
Organ Distribution and Retention
Excretion
Factors Influencing 2''At Accumulation by the Thyroid Gland .
8.2 Biological Bsiesis of Insorporated 211AL
8.2.1 Acute and Subacute Effecis
8.2.2 Carcinogenasis

8.3 2VA% in Nuslesr Medicine R

8.3.1 DNS Precursors Labaled with 211At

8.3.2 Anticancer Drugs Labeled with 21A¢

8.3.3 Colloids Labeled with 211At e e
8.3.4 Use of 211At in Tumor Immunology and Transplantation

8.4 DPreparaiion of Biologically Injeresiing 211A1 Compounds
8.4.1 Amino Acids and Pyrimidines

8.4.2 Antitumor Drugs

8.4.3 Proteins .

9 [lrradiation and Seil-Irradiation of Astaiine Compounds
8.1 General Aspests of the Chemisiry of Asiatine

8.2 Irradiztion Gifesis of Aqueous Solutions

9.3 lrradiation Effesis of Qraanic Solulions and Selids

9.4 Radiation Eifests in Bislopical Eavironment

10  Chemicai Behavior and Compounds of Asiaiine

10.1  General Acpests of the Chemisiry of Astaiine
Introduction

10.1.1  Valency States and Summary of the Chemical Behavior of Astatine

General Chemical Nature

Xi

Page

133
133
136
137
138

140
140
143
148
150

157

167
157
157
157
159
159

162
162
167

168
169
170
171
173

174
174
175
176

179
179
180
180
181

183

183
183
184
184



Xl

Basic Physicochemical Data

Valency States and Redox Potentials
Astatide lon .

Zerovalent Astatine .

Monovalent Astatine

Trivalent Astatine

Pentavalent Astatine

Heptavalent Astatine

Interhalogen Compounds

Organic Astatine Compounds .

10.1.2 Isotopes for Chemical Investlgatlon
Suitable Isotopes and Radioactivity .
Production of 211At Activity by #He, 2n Reactlon
Production of 21209t Activity by Proton Irradiation

10.1.3 Isolation and Purification of Astatine from Irradiated Targets

Dry Distillation Procedure of Parrot -
Oxidative Distillation Procedure of Vakhtel et al
Vacuum Dry Distillation Procedure of Meyer, Roessler
Two Stage Dry Distillation Procedure of Doberenz et al.
Extractive Distiltation Procedure of Meyer, Roessler
Extraction Coprecipitation Procedure of Belyaev et al.
Telturium Adsorption Procedure of Bochvarova et al.

10.2 Astatine Compounds
Introduction
10.2.1 Inorganic Compounds of Astatme
Astatine and Hydrogen
Astatine and Oxygen
Astatine and Halogens
Dihalides
Trihalide Anions
Pseudohalide Anions
Halogen Complex Anions of Trlvalent Astatlne

Complexes of Astatine Cation with Nitrate, Sulfate, and D|chromate Ions

Dipyridine Complexes of Astatine Salts
Complexes of Astatine Cation with Thiourea and Its Derlvatlves
10.2.2 Organic Compounds of Astatine .
Aliphatic and Nonaromatic Alicyclic Compounds
Aromatic Compounds
Benzene Derivatives
Astatobenzene
Astatotoluenes
Astatohalobenzenes
Astatophenols and Derlvatlves
Astatoanilines and Derivatives
Astatonitrobenzernes
Astatobenzoic Acids and Denvatlves
Astatinated Aromatic Amino Acids

Salts of 6-Astato-2-methyl-1,4- naphthoqumol bls(dlhydrogenphosphate)

Page

185
185
186
187
189
191
192
192
193
193
195
195
196
198
199
199
200
200
202
204
205
208

210
210
211
211

. 218
. 224

224
227
229
229

229

230
231
234

. 234

238
238
238
242
244

. 245
. 247

247
248
248

249



Astatosteroids .
Heterocyclic Compounds
Astatoimidazoles

Astatopyrimidines, Their Nucleosndes and Nucleotldes

Organic Compounds of Multivalent Astatine
Bioorganic Systems Labeled with 211At

10.3 Chemical Behavior of Astatine in Solution
Introductory Remarks
10.3.1 Coprecipitation
10.3.2 Adsorption and Deposmon .
10.3.3 lon Exchange from Aqueous Solutlon
10.3.4 Chromatography

Paper Chromatography

Thin Layer Chromatography .

High Pressure Liquid Chromatography
10.3.5 Extraction

Overview .

By Carbon Tetrachlorlde

By Benzene N

By Diisopropytether

Extraction by Miscellaneous Solvents
10.3.6 Electrochemistry

Electrolytic Deposition

Migration in Free Electrolyte .

Paper Electrophoresis

10.4 Miscellaneous Investigation Methods
Evaporation from Solution

Distillation with Solvent

Mass Spectrometry of Astatine Compounds

Table of Conversion Factors

Xl

Page

250

. 251
. 251
. 251
. 254
. 264

. 260

260
260

. 263
. 269
. 273
. 278
. 273
. 273
. 274
. 274
. 274
. 276
. 277
. 278
. 280
. 280
. 281
. 285

. 286
. 286
. 287
. 287

. 290



