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Abstract 

 

Preparation of catalytically active and stable mixed transition metal sulfide (TMS) clusters that 

mimic the active site in nitrogenase enzyme is an exciting concept for the development of new 

classes of functionalized and/or catalytically active materials. Following this concept, we have 

synthesized a novel material consisting of well-defined transition metal sulfide clusters 

encapsulated in the micropores of NaY zeolite. These materials are catalytically active for 

ethylene hydrogenation and show excellent stability for this reaction. The key to an advanced 

understanding of the properties and the functionality of these materials are the structural and 

electronic properties Mo, which was studied via Kα Kβ valence-to-core (VtC) XES.  

 

Results and Discussion 

 

We measured Mo Kβ valance-to-core X-ray emission spectra  (VtC XES) on mixed transition 

metal sulfide cluster encapsulated in the micropores of NaY zeolites. The zeolite precursors 

were loaded into quartz capillary inside the glove box. The capillary was glued to a stainless 

steel capillary holder using epoxy based adhesives and the capillary holder was isolated usint 

shut-off valves, before being moved out of the glove box. The capillary was placed on a gas-

dosing and treatment setup. The capillary was heated from below using a hot-air gas-blower. 

The catalyts were first sulfided in H2S at 673 K. The catalysts were then measured at low 

temperature (maintained using liquid nitrogen cryostream) in different gas-compositions: (i) 

helium, (ii) hydrogen, (iii) ethene, (iv) hydrogen + ethene, and (v) carbon monoxide. The 

measurements were performed on five different mixed metal sulfide catalytsts: 

 

1. MoxSy/NaY 

2. MoxSy/NiNaY 

3. MoxSy/CoNaY 

4. CoxMoySz/NaY 

5. FexMoySz/NaY 

 

For data analysis, the XES spectra were normalized and background subtracted. The data will 

be further complemented with density functional theory calculations and EXAFS 

measurements performed at DESY. 

 



 

 
Figure 1. Mo Kβ VtC XES spectra of MoxSy/NiNaY catalyst in Helium 

 
 

Figure 2. Mo Kβ VtC XES spectra of FexMoySz/NaY catalyst in Helium 

 

 

 

 

 

 


