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Structural Anisotropy in Supercooled Ge5Se95 Liquid Under Uniaxial Stress: Results from Two-Dimensional Rotor-Synchronized 77Se MAS NMR Spectroscopy
Kaseman, D.C.; Sen, S. (U. of California-Davis, Materials Science and Engineering); Hung, I. and Gan, Z. (NHMFL)

Introduction

It is well known that inorganic glass-forming liquids behave like Newtonian fluids for moderate deformation rates. However, high strain rates may result in shear thinning or viscosity reduction [1]. Shear thinning in these liquids has typically been attributed in the literature to the formation of structural anisotropy through directional flow at high strain, although the exact nature of such anisotropy has remained elusive. We have carried out rotor-synchronized two-dimensional (2D) 77Se MAS NMR experiments in the glassy state to investigate structural changes induced in a supercooled Ge5Se95 liquid, when subjected to large uniaxial stress.  
Experimental

The Ge5Se95 glass was synthesized from constituent elements by standard melt-quenching method. Glass cylinders were placed between two opposing tungsten carbide pistons in an Instron apparatus and heated to 75 ºC (viscosity 1011.5 Pa.s) followed by uniaxial compression by advancing the pistons at a rate of 0.5 mm/minute.  Maximum recorded pressure was 200 MPa.  Resulting thin plates (0.7 mm thick) were cooled to ambient temperature by shutting off the furnace and subsequently pressure was released. The 2D 77Se MAS NMR measurements were carried out at NHMFL using a 19.6T narrow bore magnet equipped with a Bruker DRX console at a resonance frequency of 158.8 MHz for 77Se. A home-built 4mm probe with a Samoson MAS stator was used. Small pieces of glass plates were stacked then packed in zirconia rotors with two different orientations (See Fig. 1) and spun at 5 kHz. Rotor-synchronized 77Se CPMG spikelet spectra were acquired with the regular CPMG sequence after t1 time delay triggered by the TTL signal from the MAS controller. Eight t1 increments spanning one rotor period were acquired. 2D spectra were obtained by Fourier transformation in t1 without any apodization. 512 scans each with 60 s recycle delay were accumulated for each t1 increment. 
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The 2D 77Se spectra are shown in Fig. 1.  The region highlighted in yellow shows absence of CPMG spikelet intensities everywhere except in the central slice when the stress axis is parallel to rotor axis (Fig.1: left) while significant intensities can be observed in slices adjacent to the center slice when the stress axis is perpendicular to the rotor axis (Fig.1: right).  These results clearly indicate significant alignment of Se chains in the glass/liquid structure in a plane perpendicular to the stress axis.

Conclusions

The unique and direct observation of chain alignment in inorganic glass-forming liquids may finally explain the connection between structural anisotropy and shear thinning. A detailed and systematic study of the relationship between the 
structural topology in Ge-Se glasses/liquids and alignment is currently underway. 
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Fig.1. 2D 77Se NMR spectra of glass plates at two different orientations. Left: stress axis parallel to rotor axis; Right: stress axis perpendicular to rotor axis.  See text for details. 








