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Polyoxometalates (POMs) are inorganic, discrete, nanoscale polyatomic metal-oxo 

anions, known for their diverse structures and solubility in polar media [1, 2]. Their well-

defined molecular architectures, high charge density, redox activity make them particularly 

valuable for applications in solutions, especially in homogeneous catalysis and as biologically 

active agents beneficial to human health. Upon dissolution in aqueous media, POM anions can 

undergo protonation, hydrolysis, and occasionally redox processes, which influence the 

presence and activity of the species [2]. The aim of this study is to determine the optimal pH 

for the synthesis of transition-metal substituted Keggin types anions [X3+(H2O)PVM11O39]
4– 

(X = Ga3+, Fe3+, etc., M = MoVI, WVI), which shape and charge are supposed to be crucial in 

cell membrane penetration with potential applications in medicine [3]. Considering the 

hydrolysis of X3⁺ transition metals and a pH-dependent transformation of monolacunary 

[PW11O39]
7– (PW11) and [PMo11O39]

7– (PMo11), a systematic study of POM speciation in 

solution is essential. The behavior of PW11 and PMo11 in aqueous solutions (10–2 M) at varying 

pH values was investigated using quantitative nuclear magnetic resonance (31P NMR) 

spectroscopy, a widely accessible and effective method for studying solution-phase 

processes [4]. After investigating sodium PW11 solutions at various pH levels using 31P NMR 

spectroscopy, it was observed that the PW11 anion remains its stability between pH 3 and 6. 

Below pH 3, protonation of PW11 is initiated, ultimately leading to the formation of [PW12O40]
3– 

at pH 1.5. In turn, PMo11 is more stable than PW11 at lower pH values, being the predominant 

phase from pH 2 to 4. Below pH 1.5, [PMo12O40]
3– anion is identified, while at pH above 5, a 

tri-lacunary anion [PMo9O31(OH)3]
6– appears. These results are crucial for optimizing synthesis 

conditions that involve templating metals such as Ga3+, which undergo significant hydrolysis 

above pH = 2–3. The synthesis using PW11 as a ligand for Ga3+ is feasible at pH 3, whereas the 

synthesis with its molybdenum analogue, PMo11, can be conducted at even lower pH levels, 

around 2–3, where Ga3+ hydrolysis is minimized. 
 

References 

[1] M.T. Pope, Heteropoly and Isopoly Oxometalates (Springer-Verlag, 1983). 

[2] N. I. Gumerova, A. Rompel, CHEM. SOC. REV. 2020, 49, 7568–7601. 

[3] A. Barba-Bon, ADV. MAT. 2024, 36 (1). 

[4] N.I. Gumerova, SCI. ADV. 2023, 9 (25). 

 

Acknowledgement. This research was funded in part by the Austrian Science Fund 

(FWF) [DOI 10.55776/PAT4299925 (to AR); DOI 10.55776/PAT2849824 (to NIG)]. E.D. 

acknowledges support from the Vienna Doctoral School in Chemistry (DoSChem). We would 

like to sincerely thank the NMR Centre, one of the core facilities of the Faculty of Chemistry, 

for their valuable support and assistance. 

  


