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The mullite is widely known material of high technological value. In the same time, studies of its electronic 
band structure are still rare. In the present communication we report on spectroscopy of mixed 
mullite/α-alumina solids prepared from nanostructured ultraporous alumina (UPA) by 
tetraethoxysilane impregnation and thermal treatment. The monolithic alumina samples were grown 
at room temperature, in humid atmosphere, by oxidation of laminated aluminum plates through a 
liquid mercury-silver layer [1]. The obtained monolithic samples are of high porosity ~99 % and 
composed of fibers of 5-nm diameter. The raw UPA materials were impregnated with different 
amount of Si ranging from 0 to 25 mol% and thermally treated at 1400 °C during 18 hours. The 
luminescence properties of the samples were studied at the Superlumi station of HASYLAB. The 
samples were cooled down to 8K and excited with monochromatized synchrotron radiation (SR: 
130 ps, ∆λ=0.33 nm) under high vacuum (~10-9 mbar). The luminescent measurements were 
carried out using a visible 0.275-m ARC monochromator equipped with a CCD detector and a 
photomultiplier operating in the photon- counting mode. The luminescence and luminescence 
excitation spectra were recorded with a variable time gate delayed after the SR excitation pulse.  

X-ray diffraction spectra of two samples with Si content of 0 and 25 mol% are shown in Figure 1. 
They evidence pure α-Al2O3 and mullite phases. In the range of intermediate silica contents, mixed 
α-Al2O3/mullite samples were obtained.  
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Figure 1: X-ray diffraction patterns (λCuKα=1.5418 Å) of crystallographic phases mullite (a) and α (b) with 

the respective Si contents of 25 mol% and 0 %. 

Although the UPA are of ultrahigh purity (total impurity content ≤10-3 wt%), luminescence analysis 
is capable observing traces of certain elements at a much lower level. We have observed the 
doublet lines at 691.9 (R2) and 693.3 nm (R1) (Figure 2) in samples with low Si content <16 
mol%, which are in a good agreements with of octahedrally coordinated Cr3+ transitions in α-Al2O3 
[2]. The appearance of mullite phase modifies the Cr3+ environment, which may result in a spectral 
shift of the doublet. Indeed at Si concentration above 16 mol%, the doublet undergoes a blue shift 
to 682.6 and 686.0 nm. Although these shifted lines correspond to the θ-Al2O3 environment, it 
seems surprising that the Cr3+ emission originates from traces of θ phase (not observable by XRD 



method) while it is efficiently quenched in still remaining α phase (~10 wt.%). More probable, the 
new lines position is explained by the mullite environment.  
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Figure 2: Cr3+ luminescence spectra in SiO2-Al2O3 samples with Si content of 9 (a) and 22 mol% (b).  

Because of a very low Cr3+ concentration in our UPA samples, their direct excitation is of 
extremely low efficiency. In the same time, the energy transfer from the host matrix to impurity 
centres is expected to be efficient. This explains relatively easy recording of the Cr3+ ions 
luminescence by the interband host α-Al2O3 matrix excitation in our experiments. In order study 
the bandgap position modification in our samples, we have performed measurements of excitation 
spectra of Cr3+ luminescence at different Si content. The results are shown in Figure 3. They 
evidence a progressive attenuation (with Si increase) of the fundamental absorption of α-Al2O3 
(<140 nm) and a growth of a new band (<165 nm) with the absorption onset at at 7.55 eV. These 
measurements are in a good agreement with the XRD α/mullite phase analysis. 
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Figure 3: Cr3+ luminescence excitation spectra in SiO2-Al2O3 samples with Si content 9, 12 and 22 mol%.  

The obtained value is in a good agreement with band gap energy 7.7±0.2 eV reported in 2:1 mullite single 
crystal [7] based on electron energy loss measurements and Kramers-Kronig analysis. We have not observed 
any band shift with the Si content increase, which suggests that one mullite phase appears during α-Al2O3-
to-mullite transformation. 
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