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Nanoscale metal oxo-clusters are building blocks for a range of promising new 
functional materials for e.g. photocatalysis. They are also expected to be intermediates 
for oxide formation in solution-based syntheses, where they may direct the synthesis 
outcome. While such clusters have been studied extensively for decades, knowledge 
gaps still exist on their solution chemistry and solution structure, especially at non-
ambient conditions, where conventional structure analysis using single crystal X-ray 
diffraction cannot be applied. We have used X-ray total scattering with Pair Distribution 
Function analysis to study the structure of metal oxo clusters directly in solution and 
investigate how they grow and how they take part in material synthesis.[1-4] Through in 
situ X-ray total scattering studies of transition metal tungsten and molybdenum oxide 
formation, we show that polyoxometalate clusters are indeed important intermediates in 
oxide synthesis, and that their presence and structure can direct the final product of the 
synthesis. We also show how X-ray total scattering combined with DFT calculations 
can shed new light on metal oxo speciation at elevated temperature and pressure, as 
relevant for designing hydrothermal synthesis pathways of new materials.[5]  
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