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ABSTRACT
Non-crystalline materials are challenging to characterize because their broad distribution of local atomic environments produces overlapping spectroscopic contributions and significant signal broadening, complicating interpretation. Bioactive glasses have attracted considerable attention since their development by Professor Larry Hench in the early 1970s. Their metastable, non-crystalline structure enables bonding with hard and soft tissues, while their composition can be tailored with therapeutic ions such as niobium, which has been associated with enhanced alkaline phosphatase expression and osteoblast activity. This study investigated changes in the local chemical environment and network structure of a bioactive glass following Nb2O5 incorporation [1]. The composition was 46.1 mol% SiO2, 24.4 mol% Na2O, 26.9 mol% CaO, (2.6 − X) mol% P2O5, and X mol% Nb2O5, where X = 1.3 or 2.6 mol%, producing two niobium-containing glasses. Nb K-edge XAFS was used to investigate the local electronic and atomic environments of niobium, with structural information of 5 Å resolution. XANES indicated that niobium predominantly occupies a sixfold-coordinated environment. EXAFS revealed a highly disordered first coordination shell, evidenced by a large Debye-Waller factor and consistent with a distorted NbO6 octahedral environment. Increasing Nb2O5 content increased the average Nb-O distance. No significant Nb-Nb backscattering contribution was resolved, suggesting that niobium is mainly dispersed as isolated or weakly interconnected NbO6 units rather than forming an extensive Nb-O-Nb network [2]. This structural isolation may favor bioactivity because stable Nb-O-Nb linkages could reduce glass dissolution and restrict niobium release. Higher coordination shells, associated with neighboring Si, P, Ca, and Na atoms, also exhibited increased fitted distances and Debye-Waller factors after niobium incorporation, indicating expansion and greater disorder in the glass structure. The combined use of XANES and EXAFS provides element-selective information on oxidation state, coordination geometry, interatomic distances, and disorder. This is particularly valuable due to the 93Nb NMR analysis interpretation is complicated by the strong quadrupolar interaction of the 93Nb nucleus. Nb K-edge XAS therefore helps resolve local structural features that may be difficult to determine by NMR alone, which is one of powerful technics to probe chemical environment. Overall, elucidating the local and medium-range environments of niobium is essential for understanding the relationship between glass structure, dissolution behavior, and biological performance. These structural findings supported the in-vitro enhanced the osteogenic and osteoestimulative properties, while the in-vivo results demonstrate a significant effect on bone formation bone formation [3].
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