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Supplementary Information 

Figure S1: The density values for glasses used in this study are plotted against their nominal Al2O3 

content and compared with density values reported in the literature.1-4 Using the straight line fit to 

the literature data, the compositions of the 15 and 20 mol% samples are revised to 12.5 and 16 

mol% as shown. These compositions are used throughout the paper. 
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Figure S2: Effect of delay between pulses on 27Al NMR MAS spectra obtained at 20 T from the 16 

mol% Al2O3 aluminium tellurite sample. The loss of intensity with decreasing pulse delay for the 

narrow features in the 0 to 20 ppm region means that the relaxation rates for 27Al nuclei in the 

crystal phase(s) are much longer than for those in the glass. This indicates that the Fe3+ dopant ions 

are rejected from the crystal phase(s) into the residual glass phase.  

27Al chemical shift (ppm wrt aq. Al3+) 
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Figure S3: The low Q region (1-7 Å-1) of the distinct scattering, i(Q), for the 12.5 and 16 mol% Al2O3 

samples.  The dashed lines show the positions of the most intense Bragg peaks expected for α-Al2O3 

crystallites. The positions of the six strongest peaks (by X-ray diffraction) for crystalline Al2TeO6,5 are 

marked with *. 
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Figure S4: (a) A comparison of the NMR spectra collected at three different fields for the 10 mol% 

Al2O 3 aluminium tellurite glass. Peaks are progressively narrowed with increasing field. (b) Plot of 
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   where cog and iso are the centre of gravity of the peak and the isotropic shift 

respectively; 0 is the Larmor frequency of 27Al at the given field; and PQ  is the quadrupolar constant 

( PQ
2 = CQ

2(1 + 2/3)) which comprises the quadrupole moment CQ and the asymmetry parameter .6 
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Figure S5: Slices shown are taken through the direct dimension in the DQ spectrum in Figure 6 of the 

main text. The slices are at 66.3 ppm (blue), 67.7 ppm (red) and 69.5 ppm (green) on the DQ axis and 

are shown superposed in order to give an indication of the different distributions in intensity of the 

4-6, 5-5, and 6-4 peaks. The 5-5 autocorrelation peak is seen quite clearly in the slices whilst being 

barely visible with the contour levels used in the DQ spectrum of Figure 6 (main text).  
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Figure S6: Experimental and simulated7 build up curves for the DQ MAS NMR experiment. Each 

simulated build up curve corresponds to a 5% change in distance. For these simulations the shifts 

were taken from the peak maxima e.g. with the [AlO4] chemical shift being 10630 Hz (48 ppm) from 

the [AlO6]. 
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Figure S7: The isotropic shifts, iso, reported for the different [AlOn] species in Al2O3 glass and 

aluminate glasses plotted against the electronegativity values (Allred-Rochow) for Al and the second 

metal.8 The electronegativity value for each glass composition is taken as the mean of the 

contributing cations weighted by their relative abundance.  The dashed lines are straight line fits to 

the data and multiple points of the same colour represent contributions from different reports of 

the same system or cover the values for the range of compositions in a given report. Whilst most of 

the glasses included are binary (Al (green),9-11 Ca,12 La,13 Pb,14 Si (red),15-16 and Te (this study)), two 

ternary systems are also included:  BaO-ZnO-Al2O3 (unpublished results), and Y2O3-B2O3-Al2O3 

(blue)17.  In most cases, the errors in iso are within the size of the data points. In the case of the PbO-

Al2O3 and BaO-ZnO-Al2O3 glasses, iso has been calculated from the quoted [AlO4] peak maximum 

position, cog, using
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   with 0 = 156 MHz and PQ taken as 5 MHz (typical value in 

aluminate glasses).6 
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S8: Comments on the microstructure of the glasses used in the study. 

The nominally 15 and 20 mol.% Al2O3 aluminium tellurite glasses exhibited large scale phase 

separation into clear and cloudy portions. Neither Kaur et al.29 or Sakida et al.27 report cloudy and 

clear phases for the aluminium tellurite glasses containing 20 and 16 mol% Al2O3 respectively48 

although Kaur et al. stated that their sample was only semi-transparent.29 

 

Even after separating out the opaque portions, there is still evidence, from both 27Al MAS NMR 

spectra and neutron diffraction data, of a very small amount of crystallisation (1-2 % of Al) in the 

12.5 mol% Al2O3 aluminium tellurite glass used for determining the DQ build-up curves. There is 

somewhat more crystallisation (6-8 % of Al) in the 16 mol% glass where two distinct sharp peaks 

can be seen in the 27Al MAS NMR spectrum, shown in Figure 4 (main text).  One peak is at 15 ppm, 

the expected position of a peak arising from α-Al2O3
6, and similar to a peak observed by Kaur et al. 

for a nominally 20 mol% Al2O3 aluminium tellurite glass.18 The second sharp feature in the 27Al MAS 

NMR spectra, present in both the 12.5 and 16 mol% Al2O3 aluminium tellurite glasses, is at 6 ppm.  

We assign this chemical shift to the second, unknown, crystal phase.  The low Q region (1-10 Å-1) of 

the distinct scattering data for the 12.5 and 16 mol% Al2O3 samples, plotted in Figure S3 of 

supplementary information (SI), also shows evidence of crystallisation, exhibiting a number of Bragg 

peaks.  Not all the peaks present in the glass modified with 16 mol% Al2O3 are evident in the distinct 

scattering for the 12.5 mol% Al2O3 aluminium tellurite glass confirming an additional crystal phase is 

present in the 16 mol% Al2O3 aluminium tellurite.  The expected positions for the 13 most intense 

Bragg peaks arising from α-Al2O3 crystallites are shown with the experimental data as dotted lines.  

These lines are a poor match to the peaks observed in the distinct scattering from the glass 

containing 12.5 mol% Al2O3, but match well with the most intense peaks in the distinct scattering 

from the glass containing 16 mol% Al2O3, confirming the assignment to Al2O3 of the peak at 15 ppm 

in the 27Al MAS NMR spectrum for this glass.  There are no reported aluminium tellurite crystal 

structures, but there is one report of an XRD powder pattern for the aluminium tellurate Al2TeO6 

containing Te(VI).5  The positions of the six strongest peaks observed in the X-ray pattern for this 

crystal phase are each denoted by an asterisk in Figure S3 in SI.  The position of each asterisk has 

reasonably good agreement with the positions of unidentified peaks in i(Q) for the 12.5 and 16 mol% 

Al2O3 aluminium tellurite glasses.  Therefore, the second crystal phase is tentatively assigned to be 

Al2TeO6. The structure of this crystal phase is unknown, but the peak at 6 ppm in the 27Al MAS NMR 

spectrum indicates that the aluminium atoms adopt [AlO6] environments. An investigation of the 

Al2O3-TeO2-O system by Sestak19 indicates that it is the oxidation of Te(IV) to Te(VI) in air which limits 

100% glass formation to about 10 mol% Al2O3 as a consequence of the crystallisation of Al2TeO6 – 

this does not occur in vacuum. Oxidation has been reported by Su et al. as commencing above 

approximately 620 oC for a 1:1 sample.5 This is below the 800 oC melting temperature used for 

preparing the glasses in this study and can explain the presence of the crystal phases in the nominal 

15 and 20 mol% Al2O3 samples.  

 

SEM/EDX and also micro-Raman have also been used to study the glass microstructure. However, 

Figure S8a in SI shows that, for the 10 % Al2O3 sample, the only features resolvable by SEM (0.2 m 
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resolution) are a few, widely dispersed, faceted crystallites of dimension 2 to 5 m. There is 

insufficient crystal phase at this composition to be detected by neutron or X-ray diffraction but the 

quantities increase with Al2O3 (12.5 % Al2O3 Figure S8b) and can then be observed in diffraction 

patterns and in 27Al NMR spectra as reported above. The micro-Raman spectra (Figure S8c in SI) from 

each sample are unchanged between different locations within a given glass but do change 

systematically between samples with different Al2O3 content. From this we can conclude that the 

glass-in-glass phase separation in these samples cannot be resolved by SEM or by micro-Raman 

(0.5 m) consistent with their transparency. The largest Al2O3 content, 40 mol%, determined by 

SEM/EDX for the crystal phase is significantly less than the 50 mol% expected for the Al2Te(VI)O6  

phase identified by XRD. However, the crystals observed by SEM are of similar size to the excitation 

volume of the electron beam (1 micron) so the EDX analysed composition is distorted by 

contributions from the surrounding glass phase of higher TeO2 content and which probably account 

for the underestimate. This would be consistent with the observed diffraction peaks in the neutron 

data for the 12.5 and 16 % samples. This phase contains Te in its +6 oxidation state and a resonance 

due to Te(VI) in the 125Te NMR spectrum would be expected at +700 ppm (Fig S8d). However, the 

crystals are of such low abundance that the corresponding static 125Te NMR peak cannot be resolved 

from the background noise and the tail of the Te(IV) peak. 

Figure S8a: Typical SEM image of 10 mol% Al2O3 glass.  
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Figure S8b: Typical SEM image of 12.5 mol% Al2O3 glass. 

 

 

Figure S8c: Micro-Raman spectra from 5 (blue), 10 (green) and 12.5 (red) mol% Al2O3 glasses. 
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Figure S8d: Overlay of 125Te static NMR spectra of 10 mol% Al2O3 (black) and 12.5 mol% Al2O3 (red) 

glasses (normalised to maximum intensity). Any signal due to Te(VI) would be expected at 700 

ppm. 
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