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Tellurium Speciation in BaO-TeO2 Glasses: Results From Two-Dimensional 125Te pjMATPASS/CPMG NMR Spectroscopy
Whittles, Z., Marple, M. and Sen, S. (U. of California, Davis, Materials Science & Engineering); Hung, I. and Gan, Z. (NHMFL)

Introduction
BaO-TeO2 glasses are important optical materials owing to their low to zero stress-optic coefficients.  The nature of the Te-O coordination polyhedra and the connectivity between them in the structural network are of key importance in understanding and controlling the physical properties of these glasses. However, the complexity of the Te-O coordination environments has made an unequivocal interpretation of the structural data extremely challenging to date. Our previous studies have shown that two-dimensional Magic Angle Turning Phase Adjusted Spinning Sideband (2D MATPASS) 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 MATPASS data drastically reduces the experimental time for low natural abundance nuclides, such as 125Te.  In the present study, instead of the MATPASS/CPMG NMR, the projection MATPASS/CPMG (pjMATPASS/CPMG) NMR spectroscopy is utilized to study the structure of (BaO)x(TeO2)100-x glasses with 5 ≤ x ≤ 25.
Experimental

BaO-TeO2 glasses with TeO2 contents ranging between 75 and 95 mol% were synthesized in Pt-Au crucible in air, by standard melt-quenching method. All 125Te NMR measurements were carried out at NHMFL using the 31 mm bore 19.6 T magnet equipped with a Bruker DRX console, operating at a resonance frequency of 262.8 MHz for 125Te.  Crushed glass samples were spun at 10 kHz in ZrO2 rotors with a 3.2 mm HX Low-E MAS probe designed and built at the NHMFL. The 125Te 2D pjMATPASS/CPMG spectra were each acquired using 16 hypercomplex t1 data points with 24 transients per point, 86 CPMG echoes per transient and a recycle delay of 50 s.   A 2.5 μs duration was used for all pulses in the pjMATPASS/CPMG pulse sequence.
Results and Discussion
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Detailed analyses of the 125Te NMR spectra demonstrate that only a consideration of the full 125Te chemical shift tensor in combination with the composition dependent evolution of isotropic 125Te NMR line shape (Fig. 1) can yield a consistent structural model of these glasses in terms of the complex Te speciation.  When taken together, the results indicate that addition of the modifier BaO results in progressive depolymerization of the network of corner- and edge- shared TeO4/2 trigonal bipyramids via their replacement with a combination of negatively charged TeO3/2O trigonal bipyramids and TeO1/2O2 trigonal pyramids with one and two non-bridging oxygens, respectively.   
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Conclusions

The complex structural evolution of BaO-TeO2 glasses is studied using high-resolution 125Te pjMATPASS/CPMG NMR spectroscopy. TeO2-rich glasses and possibly glassy TeO2 itself is characterized by a network of corner and edge -shared Q44 units.  Progressive addition of BaO results in a modification of this network and a decrease in its connectivity as the concentration of NBO increases monotonically via replacement of the charge-neutral Q44 units, predominantly with the negatively charged Q43 and Q31 units.  
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Fig.1. 125Te NMR isotropic spectra (left); 


chemical shift anisotropy (CSA)  and anisotropy  vs. chemical shift (middle); 


absolute value of CSA | vs.  map (right) for Ba-tellurite glasses.
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