A.Meisel G. Leonhardt R. Szargan

X-Ray Spectra
and Chemical Binding

With 230 Figures

Springer-Verlag Berlin Heidelberg New York
London Paris Tokyo Hong Kong



Contents

LLIntroduction . ... ...... ..ttt ennnennn L

2. Theoretical Basis . .................¢00uueruurnn
21 General Survey . ... .. ..t e e e e
22 X-RayDiagramLines . ........................
23 X-RayEmissionBands ........................
24 X-RaySatellites . . . ... ... .. .0 nenneennnn

2.4.1 Satellites from Multiplet Splitting . .............

2.4.2 Satellites from Cross-Transitions . .............
2.4.3 Satellites from Transitions Between Multiply Excited

or IonizedStates . .............. ... ...,

2.4.4 Satellites from Radiative Auger Transitions . . . ... ..

2.5 Bremsstrahlung and X-Ray Isochromat Spectra . . .......

2.6 Absorption Spectra . . ... ... ...ttt

2.6.) General Features .............0ciiiuuon..

2.6.2 Near-Edge Structure of the Absorption Spectrum . . . .

2.6.3 Extended Fine Structure in Absorption Spectra .. ...

3. Recording of Spectra . ... ... ... ...t reninnenn
3.1 General Structure of
a High-Resolution X-Ray Spectrometer . . . ...........
3.2 Excitationof X-RaySpectra . . ............ccuu.u...
33 X-RayDiffraction .............c.0oiiv.n...
34 Recording Spectra . .. ... ...ttt it mnnnnnnnas
3.5 Description of Some Spectrometers ... ..............
3.6 Analysis of Measurement Results .. ................

4. Determination of Bonding Parameters
and Effective Atomic Charges . ....................
4.1 Oxidation Stages and Bonding Ionicity . . . ............
42 Structural Analysis . ..................0cuto...
4.2.1 Analysis Using Emission and Near-Edge
Absorption Spectra . .. .. .. ..ottt
4.2.2 Analysis Using EXAFS ............ ... ...,
4.3 Effective AtomicCharges .................c.....
4.3.1 Concepts, Interpretation and Determination of
Effective AtomicCharges . .................




4.3.2 Determination from X-Ray Emission Spectra . ... .. 150

4.3.3 Determination from X-Ray Absorption Spectra . . . . . 159
5. Investigation of the Valence Electron Structure
of Molecules and Isolated Groups in Crystals . .......... 161
5.1 Initial Remarks . .............0iiiiiiuneennnn 161
5.2 Information Content of X-Ray Emission Bands and
X-Ray Absorption Spectra . . .. ... ...ttt 164
5.2.1 Determination of Energy Levels . . . ............ 164
5.2.2 Determination of the Symmetry of the Levels ... ... 168
5.2.3 Determination of MO LCAO Coefficients ........ 172
53 Molecular Gases . . . ... ..ot ittt ittt e 176
5.3.1 Diatomic Molecules ............cc0ivuvenenan.. 177
5.3.2 Triatomic Molecules ........ e e e e 182
5.3.3 Polyatomic Molecules . ..........covivien.. 189
54 OrganicCompounds . ...........ccicieieeeeennn 195
5.5 Coordination Compounds . .. ..............ceuv.... 200
5.5.1 Oxyanions of Elements of the 2nd and 3rd Periods ... 200
5.5.2 Complex Compounds of 3d Elements ........... 209
5.5.3 Complex Compounds of the 4d and 5d Elements . ... 221
6. X-Ray Spectroscopic Studies of the Band Structure
of Solids . . ... ... . . i e e 228
6.1 Experimental Methods for Studying the Band Structure . ... 228
6.2 Information Content of X-Ray Spectra . ............. 234
6.2.1 Interpretation of Emission Spectra
in a Single-Particle Model .. ................ 235
6.2.2 Interpretation of Absorption Spectra
in a Single-Particle Model . ............... .. 244
6.2.3 Many-Body Interactions . . . ................. 248
6.3 Investigationof Elements .. ..................... 251
6.3.1 Metals from the Main Groups of the Periodic Table .. 251
6.3.2 TransitionMetals . ....................... 254
6.3.3 AllOYS . ... .. e e e e 261
634 Nonmetals .. .............0c¢ciiiiiueuene.. 263
64 Compounds .. .........0 ittt 267
6.4.1 ANB8-N Compounds ..........onvvvvunn... 269
6.4.2 Other Compounds of Main-Group Elements ... .. .. 283
6.4.3 Transition-Metal Compounds . ............... 288
References .. .........c.iiii it iiineinennenan 297
Appendix: Survey of X-Ray Spectra Investigations . . ........ 345
Literature . . . . . . . i it ittt e e e e e e 369
SubjectIndex .............. . . . ... 453

VIli



