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Zirconium solutions have long been used as raw precursors in a range of applications to produce a diverse range of materials and 

products, including ZrO2 nanoparticles and high temperature ceramics which are widely used as catalysts and sorbents [1-3]. It is 

commonly accepted that the structure of the species in the zirconium solution is influential in the properties, chemical and physical, of 

any subsequent materials. It is for this reason that it is of critical importance that we fully understand the structure of the species 

within these solutions, and subsequently use this information to inform and adapt synthetic methods. 

There is evidence that Zr(IV), in aqueous solution, has a tendency towards hydrolysis and polymerisation. A tetranuclear species 

[Zr4(OH)8(OH2)16]8+ was proposed by Clearfield and Vaughn [4]. This species has a square 4 – Zr core held together by 8 hydroxyl 

bridges with 16 terminal waters. This structure was determined through the use of single crystal X-Ray diffraction (XRD) on solid 

samples of recrystallised ZrOCl2·8H2O solution. Since its discovery in 1956, this structure has widely been regarded as being correct 

and its tetramer complex considered present in the aqueous phase [5]. Unfortunately, any attempts to study this species whilst still in 

aqueous solutions have been limited due to the lack of long range order in solution species, hence disallowing traditional laboratory 

crystallographic methods. However, recent developments of total scattering pair distribution function (PDF) have allowed for the 

study of disordered systems including glasses and, more importantly, liquids. This allows for the characterisation and modelling of 

solution species through methods similar to those traditionally associated with XRD and Rietveld refinements. Through the use of 

these methods we have been able to isolate contributions to the PDF pattern from the tetranuclear species, and subsequently refine the 

ideal solid state model to determine its nature in solution. Recent work by Hu et al. collected PDF data on aqueous zirconyl chloride 

and, through a method of fitting to Gaussians, confirmed that the general structure, proposed by Clearfield and Vaughn, is indeed 

present, but no refined inter atomic distances were obtained [6]. However through the use of structural refinements we have obtained a 

model which, whilst similar to the original Clearfield model, has some distortion with respect to bond lengths and angles in the 

terminal H2O. 

In this work we propose a refined version of the original model, first proposed by Clearfield. We also discuss the use of the Topas 

suite’s rigid body editor and how, if a starting model is widely considered to be accurate, this offers enough flexibility to  refine small 

differences to get a truly optimal model, with an extremely high level of precision, whilst ensuring that the statistics of the refinement 

are mathematically believable. The method used to obtain this refinement will be subsequently applied to further aqueous zirconium 

carboxylates which are yet to have their solution species identified. 
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