
Table of Contents
Page

3 Fluorine and Oxygen ............................................................................................... 1

Review ........................................................................................................................... 1

3.1 The (OF6)7' Cluster ............................................................................................... 2

3.2 Oxygen Tetrafluoride, OF4 .................................................................................... 3

3.3 Oxygen Trifluoride, OF3......................................................................................... 3

3.4 Oxygen Difluoride, OF2 ......................................................................................... 3

Review ........................................................................................................................... 3
3.4.1 Preparation ........................................................................................................ 3

By Electrolysis of Aqueous Hydrogen Fluoride........................................................... 3
By Reaction of Fluorine with Water and with Aqueous Sodium Hydroxide................. 4
By Other Reactions .................................................................................................... 5
Preparation of ,7OF2 and 18OF2.................................................................................... 6
Analysis. Purification ................................................................................................. 6
Thermodynamic Data of Formation............................................................................ 7

3.4.2 Handling. Storage ............................................................................................... 8
3.4.3 Toxicity .............................................................................................................. 8
3.4.4 Use in Propellant Systems .................................................................................. 9
3.4.5 Molecular Properties and Spectra...................................................................... 9

Point Group. Isomerism ............................................................................................. 9
Electronic Structure Calculations .............................................................................. 10

MO Description ...................................................................................................... 10
VB and Related Descriptions .................................................................................. 12

Ionization Potentials. Photoelectron Spectrum .......................................................... 13
Proton Affinity ............................................................................................................ 16
Electric Moments. Atomic Charges. Electric Field Gradient ....................................... 16
Polarizability .............................................................................................................. 19
Magnetic Constants ................................................................................................... 19
Rotational Constants. Centrifugal Distortion Constants. 

Rotation-Vibration Interaction Constants ............................................................ 22
Moments of Inertia. Geometrical Structure................................................................. 24
Molecular Vibrations................................................................................................... 28
Force Constants ........................................................................................................ 31
Bond Dissociation Energy. Atomization Enthalpy ...................................................... 34
Microwave Spectrum ................................................................................................. 36
Infrared Absorption.................................................................................................... 37
Raman Scattering ...................................................................................................... 39
Ultraviolet and Visible Absorption .............................................................................. 39

3.4.6 Crystallographic and Thermal Properties........................................................... 40
3.4.7 Chemical Behavior ............................................................................................. 42

Thermolysis ................................................................................................................ 43

http://d-nb.info/861219945


XII

Page

Photolysis .................................................................................................................. 45
Radiolysis. Dissociative Ionization Processes ............................................................ 45
Reactions with Noble Gases........................................................................................ 46
Reactions with Hydrogen ........................................................................................... 47
Reactions with Oxygen, Ozone, and Nitrogen ............................................................ 49
Reactions with Halogens ........................................................................................... 50
Reactions with Other Elements .................................................................................. 51
Reactions with Water and Hydrogen Peroxide. Alkaline Hydrolysis............................ 51
Reactions with Nitrogen Compounds ......................................................................... 52
Reactions with Halogen Compounds ......................................................................... 55
Reactions with Sulfur Compounds ............................................................................ 56
Reactions with BF3 and B2H6 ...................................................................................... 58
Reactions with CO, CO2, COF2, and COS ................................................................... 59
Reactions with SiO2 and SiF4 ...................................................................................... 60
Reactions with AsF5, SbF5, and PF5 ............................................................................ 60
Reactions with (CN)2, NaSCN, and M4Fe(CN)6 ............................................................ 60
Reactions with Hydrocarbons, Halogenated Hydrocarbons, and Adamantane...........  61

3.4.8 The OF2-F2 System ............................................................................................. 62

3.5 The OF2 Ion .......................................................................................................... 63

3.6 The F2OOF+ and OOFj Ions .................................................................................. 64

3.7 The OF Radical ..................................................................................................... 64

3.7.1 Formation and Detection .................................................................................... 64

3.7.2 Enthalpy of Formation ........................................................................................ 66

3.7.3 Molecular Properties........................................................................................... 67
Electronic Structure ................................................................................................... 67
Ionization Potentials. Electron Affinity. Proton Affinity .............................................. 69
Rotational Constants. Internuclear Distance .............................................................. 71
Molecular Vibrations. Force Constants....................................................................... 72
Dissociation Energy ................................................................................................... 73

3.7.4 Thermodynamic Functions ................................................................................ 75

3.7.5 Chemical Behavior .......................................................  75

3.8 The OF+ Ion .......................................................................................................... 78

3.9 The OF- Ion .......................................................................................................... 80

3.10 The OF2" Ion........................................................................................................ 82

3.11 Dioxygen Difluoride, O2F2.................................................................................... 84

Review ....................................................................................................  84

3.11.1 Preparation ....................................................................................................... 84
3.11.2 Molecular Properties and Spectra..................................................................... 86

Point Group. Electronic Structure.............................................................................. 86



XIII

Page

Dipole Moment. Ionization Potential. Polarizability .................................................... 88
19F and 17O NMR Chemical Shifts................................................................................ 89
Rotational Constants. Moments of Inertia. Geometrical Structure.............................. 90
Molecular Vibrations. Force Constants. Rotational Barriers.......................................... 92
Bond Dissociation Energies. Atomization Enthalpy....................................................... 94
Spectra .......................................................................................................................... 95

3.11.3 Thermal Properties .............................................................................................. 96
3.11.4 Chemical Behavior .............................................................................................. 97

Thermolysis. Photolysis. Reactions with Electrons ....................................................... 97
Reactions with Elements ............................................................................................... 98
Reactions with Compounds........................................................................................... 99

3.12 Ionic and Polymeric O2F2 Species ......................................................................... 103

3.13 Trioxygen Difluoride, O3F2 .................................................................................... 103

Review ............................................................................................................................. 103

3.13.1 Preparation ...................................................................................................... 104
3.13.2 Physical Properties .............................................................................................. 105
3.13.3 Chemical Behavior .............................................................................................. 107

3.14 The O2F Radical (OOF Isomer)............................................................................... 109

Review ............................................................................................................................. 109
3.14.1 Formation and Detection .................................................................................... 109
3.14.2 Enthalpy of Formation ........................................................................................ 113
3.14.3 Molecular Properties and Spectra....................................................................... 114

Electronic Structure ..................................................................................................... 114
Ionization Potential. Electron Affinity. Polarizability ..................................................... 116
Rotational Constants. Geometrical Structure................................................................ 117
Molecular Vibrations. Force Constants......................................................................... 118
Bond Dissociation Energies....................................................................................... 119
Electron Spin Resonance Spectrum ............................................................................. 120
Visible and Ultraviolet Spectra...................................................................................... 122

3.14.4 Thermodynamic Functions ................................................................................. 123

3.14.5 Chemical Behavior ........................................................................................... 124

3.15 The O2F Radical (OFO Isomer)............................................................................... 128

3.16 The O2F+ Ion........................................................................................................... 128

3.17 Tetraoxygen Difluoride, O4F2 ................................................................................. 129

Review ............................................................................................................................. 129

3.17.1 Preparation and Formation ................................................................................. 129

3.17.2 The Molecule and Spectra ................................................................................... 130



XIV

Page

3.17.3 Thermal Properties ........................................................................................... 132
3.17.4 Chemical Behavior ........................................................................................... 133

3.18 Pentaoxygen Difluoride, O5F2, and Hexaoxygen Difluoride, O6F2 ...................... 134

3.19 The O3F Radical................................................................................................... 134

3.20 The O4F Radical................................................................................................... 135

3.21 Helium Oxide Fluoride, HeOF.............................................................................. 135

3.22 F-O-Xe Compounds ........................................................................................... 136

3.23 The HOFj Ion ....................................................................................................... 136

3.24 Hypofluorous Acid, HOF...................................................................................... 136

Review ......................  136

3.24.1 Formation and Detection. Handling................................................................... 136
3.24.2 Molecular Properties and Spectra..................................................................... 138

Point Group. Isomerism. Electronic Structure ............................................................ 138
Ionization Potentials. Photoelectron Spectrum .......................................................... 140
Proton Affinity ............................................................................................................ 141
Electric Moments. Atomic Charges. Electric Field Gradient ....................................... 141
Polarizability .............................................................................................................. 144
Magnetic Constants ................................................................................................... 144
Rotational and Centrifugal Distortion Constants ........................................................ 146
Moments of Inertia. Geometrical Structure................................................................. 148
Molecular Vibrations................................................................................................... 149
Force Constants ......................................................................................................... 151
Bond Dissociation Energies........................................................................................ 153
Spectra ........................................................................................................................ 153

3.24.3 Thermal Properties ........................................................................................... 154
3.24.4 Chemical Behavior ........................................................................................... 155

3.25 The Isomers of Hypofluorous Acid, FHO and HFO............................................... 157

3.26 The Ions HOF+, HOF", HFO+, and FHO+ ............................................................. 158

3.27 Dimeric Hypofluorous Acid, (HOF)2..................................................................... 159

3.28 Protonated Hypofluorous Acid ........................................................................... 160

3.29 Fluorohydroperoxide, HO2F ................................................................................ 160

3.30 Fluorohydrotrioxide and-tetraoxide, HO3F and HO4F......................................... 161

4 Fluorine and Nitrogen ............................................................................................. 162

4.1 Binary Fluorine-Nitrogen Compounds ............................................................... 162

Review ........................................................................................................................... 162



XV

Page

4.1.1 Nitrogen Pentafluoride, NF5 ................................................................................ 163

4.1.2 Nitrogen Tetrafluoride, NF4 ................................................................................ 163

4.1.3 The Perfluoroammonium Ion, NF4 ..................................................................... 164
Review ....................................................................................................................... 164
Preparation. Enthalpy of Formation .......................................................................... 164
Physical Properties .................................................................................................... 167
Chemical Behavior .................................................................................................... 169

4.1.4 Nitrogen Trifluoride, NF3..................................................................................... 171
Review ....................................................................................................................... 172
Preparation. Formation ............................................................................................. 172

Electrolysis of Ammonium Hydrogen Difluoride...................................................... 172
Direct Fluorination of Ammonia.............................................................................. 174
Electrochemical Fluorination .................................................................................. 174
Miscellaneous Methods of Formation ..................................................................... 176
Purification ............................................................................................................ 179
Thermodynamic Data of Formation........................................................................ 180

Handling ..................................................................................................................... 182
Disposal ..................................................................................................................... 182
Toxicity ..................................................................................................................... 183
Uses ........................................................................................................................... 183
Molecular Properties and Spectra.............................................................................. 184

Electronic Structure. Bonding ................................................................................ 184
Molecular Orbitals. Ionization Energies................................................................... 185
Electric Dipole Moment and Derivatives. Polarizability and Derivatives................... 186
Nuclear Quadrupole Coupling Constant ................................................................. 187
Nuclear Magnetic Resonance.................................................................................. 187
Magnetic Constants ............................................................................................... 188
Rotational Constants. Rotation-Vibration Constants.

Centrifugal Distortion Constants ........................................................................ 189
Bond Distance. Bond Angle .........  191
Molecular Vibrations ............................................................................................... 191
Dissociation Energies ............................................................................................. 196
Proton Affinity. F+ Affinity....................................................................................... 197
Quantum Chemical Calculations ............................................................................ 198
Spectra ................................................................................................................... 199

Crystallographic Properties ....................................................................................... 201
Thermal Properties ..................................................................................................... 202
Transport Properties.................................................................................................. 205
Electrical and Optical Properties................................................................................ 206
Chemical Behavior ..................................................................................................... 206

Thermolysis ............................................................................................................ 206
Radiolysis. Photolysis ............................................................................................. 207
Decomposition in Discharges.................................................................................. 208
Reactions with Electrons ....................................................................................... 209
Reactions with Elements......................................................................................... 211

Reactions with Noble Gases ................................................................................ 211
Reactions with Hydrogen .................................................................................... 212



XVI

Page
Reactions with Oxygen ........................................................................................ 213
Reactions with Halogens...................................................................................... 213
Reactions with Sulfur, Boron, Carbon, Phosphorus, Arsenic, Antimony, 

and Bismuth ................................................................................................. 214
Reactions with Alkali and Alkaline Earth Metals .................................................. 215
Reactions with Other Metals................................................................................ 216

Reactions with Inorganic Compounds ................................................................... 218
Reactions with Noble Gas Compounds ............................................................... 218
Reactions with Water and Hydroxide Solution .................................................... 218
Reactions with Nitrogen Compounds ................................................................. 219
Reactions with Halogen Compounds................................................................... 220
Reactions with Sulfur and Selenium Compounds................................................ 220
Reactions with Boron Compounds ..................................................................... 222
Reactions with Carbon Compounds ................................................................... 222
Reactions with Silicon Compounds..................................................................... 223
Reactions with Phosphorus and Arsenic Compounds ......................................... 224
Reactions with Metal Compounds ....................................................................... 225

Reactions with Organic Compounds....................................................................... 226
Solubility .................................................................................................................... 228
Clathrates .................................................................................................................... 229

4.1.5 The NFJ Ion ........................................................................................................ 230

4.1.6 Nitrogen Difluoride, NF2 ...................................................................................... 232
Review ....................................................................................................................... 232
Formation .................................................................................................................. 232
Molecular Properties and Spectra.............................................................................. 232

Electronic Structure ............................................................................................... 232
Ionization Potentials ............................................................................................... 237
Electron Affinity ....................................................................................................... 239
Dipole Moment. Quadrupole Moment. Octupole Moment....................................... 240
Nitrogen Nuclear Quadrupole Coupling Constant .................................................. 240
Electronic g Factor. Hyperfine Coupling Constants................................................ 241
Diamagnetic Susceptibility. Diamagnetic Shielding ................................................. 244
Rotational and Spin-Rotation Coupling Constants.

Centrifugal Distortion Constants ......................................................................... 244
Fundamental Vibrations. Coriolis Coupling Constants. Force Constants ............... 246
Internuclear Distance. Bond Angle. Mean Amplitudes of Vibration ........................ 249
Bond Dissociation Energy. Atomization Energy...................................................... 250
Microwave Spectrum ............................................................................................. 252
Electron Spin Resonance Spectrum ....................................................................... 253
Raman Spectrum ..................................................................................................... 254
Infrared Absorption ................................................................................................. 254
Ultraviolet Absorption ............................................................................................. 257

Thermal Properties ..................................................................................................... 260

4.1.7 The NF^ Ion ........................................................................................................ 261

4.1.8 The NF2 Ion ......................................................................................................... 262



XVII

Page

4.1.9 Nitrogen Monofluoride, NF.................................................................................. 263
Formation ................................................................................................................. 263

Gaseous NF ............................................................................................................ 263
General ............................................................................................................... 263
Reactions Forming NF in Specific Electronic States ........................................... 264

Matrix-Isolated NF .................................................................................................. 271
NF in Solution ........................................................................................................ 271

Molecular Properties and Spectra.............................................................................. 272
Electronic Structure. Internuclear Distance ........................................................... 272
Ionization Potentials. Electron Affinity..................................................................... 276
Dipole Moment. Quadrupole Moment ..................................................................... 278
Vibrational and Rotational Constants. Potential Energy Functions ........................ 278
Dissociation Energy ............................................................................................... 281
Electron Paramagnetic Resonance ........................................................................ 283
Vibrational and Rotational Spectra ........................................................................ 283
Electronic Spectra.................................................................................................. 285
Quenching of Electronically Excited NF ................................................................. 288

Heat of Formation. Equilibrium Constants.
Heat Capacity and Thermodynamic Functions........................................................ 290

Chemical Behavior .................................................................................................... 292
Gaseous NF ............................................................................................................ 292
NF in Solution ........................................................................................................ 295

4.1.10 The NF+ and NF” Ions....................................................................................... 296

4.1.11 The N2F5 Ion .................................................................................................... 299

4.1.12 Dinitrogen Tetrafluoride, N2F4 .......................................................................... 299
Review ....................................................................................................................... 300
Preparation. Formation ............................................................................................. 300

From Nitrogen Trifluoride....................................................................................... 300
From Difluoroamine or Precursors ......................................................................... 302
Miscellaneous Methods ......................................................................................... 303
Purification ............................................................................................................ 304
Heat of Formation ................................................................................................... 305

Toxicity, Handling, and Uses ...................................................................................... 305
Molecular Properties and Spectra.............................................................................. 306

Molecular Structure................................................................................................. 306
Electronic Structure. Dipole Moment ..................................................................... 311
Ionization Potentials. Electron Affinity..................................................................... 312
Nuclear Magnetic Resonance.................................................................................. 312
Rotational Constants. Moments of Inertia. Microwave Spectrum............................ 315
Molecular Vibrations. Raman and Infrared Spectra. Force Constants .................... 316
Dissociation Energy. Average N-F Bond Strength. Heat of Atomization ................. 319
Microwave Spectrum. Raman Spectrum. Infrared Absorption ................................ 321
IR Laser Spectroscopy with CO2 Laser ................................................................... 321
Visible and Ultraviolet Spectra ................................................................................ 322

Crystal Structure ........................................................................................................ 323
Thermal Properties ..................................................................................................... 323



XVIII

Page
Chemical Behavior ..................................................................................................... 326

General Remarks ..................................................................................................... 326
Thermal Decomposition ......................................................................................... 326

The N2F4^2NF2 Equilibrium................................................................................ 326
The Disproportionation Reaction, 6NF2-»4NF3 + N2 ............................................ 331
Decomposition into F2 and N2.............................................................................. 332

Photochemical Behavior......................................................................................... 333
Ultraviolet Irradiation of N2F4/NF2 .............................................................. 333
Infrared Irradiation of N2F4 .................................................................................. 334

Relaxation of Vibrationally-Rotationally Excited N2F4 ............................................. 335
Behavior in Discharges. Interaction with X-Rays ................................................... 336
Reactions with Electrons ........................................................................................ 337
Reactions with Elements......................................................................................... 339

Interaction with Noble Gases in Excited 3P0 2 States............................................. 339
Reactions with Hydrogen .................................................................................... 341
Reactions with Oxygen and Nitrogen................................................................... 347
Reactions with Halogens...................................................................................... 350
Reactions with Sulfur, Carbon, and Silicon.......................................................... 354
Reactions with Metals ......................................................................................... 355

Reactions with Compounds .................................................................................... 356
Reactions with Inorganic Compounds Containing Hydrogen .............................. 356
Reactions with Halides and Perhalogenated Compounds................................... 361
Reactions with Oxides......................................................................................... 369
Reactions with Miscellaneous Inorganic Compounds .......................................... 375

Survey on Reactions with Organic Compounds...................................................... 381
4.1.13 The N2F3 Ion ..................................................................................................... 383
4.1.14 Dinitrogen Difluoride, N2F2 ................................................................................ 385

Review ....................................................................................................................... 385
Isomerism .................................................................................................................. 385
Preparation ................................................................................................................ 386
Molecular Properties and Spectra.............................................................................. 390
Quantum Chemical Calculations ................................................................................ 395
Thermal Properties ..................................................................................................... 397
Chemical Behavior ...........................................................  399

4.1.15 Dinitrogen Monofluoride, N2F ........................................................................... 403
4.1.16 The N2F+ Ion ..................................................................................................... 403
4.1.17 Trinitrogen Fluoride, N3F .................................................................................. 405

Table of Conversion Factors ........................................................................................ 408


