Application of Mössbauer spectroscopy for the characterization of catalytic materials
(proposed preliminary program for a condensed course to be held at Dalian Institute of Chemical Physics by prof. Károly Lázár – Centre for Energy Research, Hungarian Academy of Sciences )
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Lectures  (ca. ¾ - 1  hour each)

1) Basics of Mössbauer spectroscopy (MS)
Excerpts from nuclear physics, recoilless resonance - Mössbauer Effect, principal parameters, [(, (, MHF] . Isotopes, suitable for MS. Nuclear parameters for iron, tin (gold iridium etc.)

2) Experimental  - techniques 
Principal technique – transmission MS.  Basic units / parts in a measuring system. Parts of electronics. Various other techniques of MS. Conversion-electron (depth-selective), emission, back-scattering (in-beam). Measurements in frozen solutions.

3) Evaluation of spectra 
Lorentz line shape, example in detail : SIRIUS program,
Evaluation with other codes - distribution of parameters.

Line shapes – temperature dependence of the effect – Debye – Waller factor, texture effects (Goldansky-Karyagin) 

4) Particular aspects for catalysts studies:
Particle size effects, surface effects, surface (alloy) components, etc.
Various in situ cells.

Applications: (5-11)

5) Bulk catalysts, metals, oxides 
  Properties of the active bulk solid phases – metals, alloys, oxides, magnetism in small particles – relaxation effects, reactions with the reactants: e.g. carbide formation, oxygen depletion 
(structure of the most common Fe2+/Fe3+ iron oxide, magnetite – Fe3O4)

6) Supported catalysts
SiO2, Al2O3  - carbides Fischer-Tropsch, interactions with the support 
- Pt-Sn bimetallic catalysts – Sn(IV) (Sn (II) ( Sn(0) ( PtSn in CO hydrogenation,
  PdFe in CH3OH formation

7) Nanocatalysts /nanomaterials
 Preparation of nanoparticles - core/shell particles – example (i): electric explosion of wires
  example (ii) metal oxide core in mesoporous envelope for drug delivery

8) 197Au Mössbauer 
 Properties of 197Au nucleus - on small gold particles („magic” numbers),. stabilization of gold nanoparticles, supported alloy catalysts : example (i) thiol stabilized ~2 – 4 nm particles, example (ii) supported CuAu, AgAu catalysts 

9) Porous materials 
Distinction of framework & extra framework iron in microporous zeolites. Various coordinations for extra-framework ions. Dinuclear Feframework-Feextraframework pairs, relocation of ions. Stannisilicates with Sn(IV) ( Sn(II) transformation. Structural comparisons with mesoporous ferrisilicates. 

10) Measurements in frozen liquids  
Studies on hydrolysis of iron salts, complex formation hydrolysis in semi aqueous media (FeCl3 . 6H2O in dimethyl sulfoxide) Other example: single catalytic center: iron phthalocyanine encaged to Y zeolite: oxidation phenol to quinone – coordination changes

11) Environmental applications & Corrosion studies
Corrosion studies: various iron oxides and oxyhidroxides: surface effects, transformations
Other examples: i)  Removal of phosphates from sewage water by Fe-clinoptilolite, ii) Recovery and processing of end- and by products of aluminium production – digestion of bauxite, iii) Recovery of iron from red mud 

12)- History and outlook – 
emergergence and decline of different topics in MS -  synchrotron radiation   -  – summary of main points – conclusions

_____________

Practice: 
= technical (basic parts of a spectrometer)
= spectrum evaluation 
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