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Tellurium Speciation in V2O5-TeO2 Glasses: Results from Two-Dimensional 125Te MATPASS/CPMG NMR Spectroscopy
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Introduction

V2O5-TeO2 glasses display high electronic conductivity and are technologically important for memory, switching and sensing applications. The nature of the V-O and Te-O coordination polyhedra and the connectivity between them in the structural network are of key importance in understanding and controlling the electrical properties of these glasses. Previous structural studies of these glasses utilized 51V and 125Te wideline NMR spectroscopy [1], as magic-angle-spinning proved to be insufficient in increasing spectral resolution for either 51V or 125Te, where the line shapes are extensively broadened, respectively, by large quadrupolar and chemical shift anisotropy (CSA) interactions. Naturally, structural conclusions drawn from such low-resolution spectra have remained highly subjective and equivocal. Our previous studies have shown that two-dimensional projection Magic-Angle Turning (2D pjMAT) spectroscopy can separate the CSA from the isotropic shift, resulting in increased spectral resolution, while preserving the information contained in the CSA. Moreover, the Carr-Purcell-Meiboom-Gill (CPMG) echo train acquisition of the MAT data drastically reduces the experimental time for low natural abundance nuclides, such as 125Te. Here, we report the preliminary results of the application of 125Te pjMAT/CPMG NMR spectroscopy in a structural study of V2O5-TeO2 glasses.
Experimental

V2O5-TeO2 glasses with TeO2 contents ranging between 35 and 75 mol% were synthesized in Pt crucible in air from high-purity constituent oxides, by standard melt-quenching method. The 125Te pjMAT/CPMG NMR spectra were collected at the NHMFL using a 19.6T narrow bore magnet equipped with a Bruker DRX console at a resonance frequency of 262.8 MHz. Crushed samples were spun in 3.2 mm ZrO2 rotors at 10 kHz. The pjMAT/CPMG [1] experiment uses a series of five 2.5 μs π/2-pulses followed by CPMG pulses for data acquisition. For each 2D experiment 16 hypercomplex t1 points were acquired with 1584 transients per point, 19 CPMG echoes per transient and a recycle delay of 5 s for a total experimental time of 70.4 hours.
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Results and Discussion


The isotropic and anisotropic 125Te NMR spectra of these glasses (Fig. 1), when taken together, clearly indicate the presence of a single TeO4 environment in these glasses, irrespective of their chemical composition. This unique and unequivocal result contradicts the decades-old conventional wisdom that, with decreasing TeO2 content, TeO3 units progressively replace TeO4 units in these and other tellurite glasses [2].
Conclusions

The observation of a single TeO4 environment may suggest nanoscale clustering of Te and V in the structure of these glasses, which would be consistent with the compositional variation of electrical conductivity. Such clustering will be investigated next using 17O multiple-quantum magic-angle-spinning (MQMAS) NMR.
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Fig. � SEQ Fig. \* ARABIC �1� Isotropic (left) and anisotropic (right) 125Te pjMAT/CPMG NMR spectra of V2O5-TeO2 glasses.








