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Kagome-staircase orthovanadates with general formula M3V2O8 (M = divalent cations such as Mg, Ni, or Co) 
constitute an important family of transition-metal oxides exhibiting rich structural, magnetic, and functional 

properties[1-4]. These compounds crystallize in the orthorhombic Ni3(VO4)2-type structure (space group 
Cmca), where the arrangement of edge-sharing MO6 octahedra and VO4 tetrahedra forming a kagome-
staircase framework. Modification of composition through solid-solution formation has been widely employed to 
tune the physical properties of these materials, with most previous studies focusing on substitution at the 
divalent M2+ site. In contrast, aliovalent substitution at the pentavalent V5+ site remains largely unexplored. 
 
In this presentation, we investigate the structural and thermal properties of the kagome-staircase [5,6], and 
also solid solution by introducing Nb5+ substitution into the tetrahedral framework [6]. X-ray powder diffraction 
confirms that all compositions crystallize in the orthorhombic Cmca structure characteristic of the kagome-

staircase Ni3(VO4)2-type framework. Rietveld refinements reveal systematic increases in lattice parameters and 
unit-cell volume with increasing Nb content, and also indicating solubility limit. Non-ambient X-ray diffraction 
measurements demonstrate anisotropic thermal expansion over a wide temperature range. 
 
These results highlight the thermal stability and anisotropic lattice response of kagome-staircase 
orthovanadates at non-ambient temperatures and demonstrate that aliovalent substitution at the V site 
provides an alternative route for tuning the structural and physical properties of the M3V2O8 family beyond the 
commonly explored M2+ substitution. 
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Figure 1. Variation of lattice parameters with Nb 
substation in Mg3V2(1-x)Nb2xO8 [6] 


