Effect of spin centers on photoluminescence in porous aluminum oxide synthesizing in organic acids
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Currently, the urgent problem is the production, study of porous aluminum oxide and the creation of biosensors for biomarkers on its basis due to the constant growth of diseases of various natures throughout the world [1-3]. Spin centers (defects) play an important role in photoelectronic processes in porous aluminum oxide. It is important to know their nature and concentration. Therefore, the purpose of this work was to diagnose defects in porous aluminum oxide and identify their role in photoluminescence.

Aluminum foil (99.99% pure) was used for anodizing. Organic contaminants were removed from the surface by immersing the foil in acetone and placing it in an ultrasonic bath for 10 minutes. Anodizing was carried out in a dilute solution of oxalic acid (A-Ox samples) and etidronic acid (A-Et samples) in the galvanostatic mode (in 1.5 M at a current density of 15 mA/cm2 and at a different temperature of 5-55 °C). To obtain an ordered porous structure of aluminum oxide, a two-stage anodization technique was used. 

The Helios NanoLab 650 scanning electron microscope (SEM) was used for study of sample structure. The electron paramagnetic resonance (EPR) studies were carried out in the EPR spectroscopy laboratory of the Collective Use Center of the Physics Faculty of Moscow State University using ELEXSYS-E500-10/12 equipment. The concentration of paramagnetic centers was estimated using a CuCl2•2H2O single crystal as a standard with a known number of spin centers. Photoluminescence (PL) spectra were recorded on an LS-55 Perkin Elmer (USA) instrument (spectral range from 250 to 900 nm).

The obtained porous aluminum oxide samples are ordered arrays of pores with an average diameter of 25 nm when synthesized in an oxalic acid or 120 nm when synthesized in an etidronic acid at 5 °C.  

The samples obtained in both oxalic and etidronic acids contain spin centers of only one type - oxygen vacancies (F+ centers, g=2.0022). Their concentration was 1015 g-1 и 1017 g-1 for A-Et and A-Ox samples synthesized at 5 oC, respectively. Photoluminescence (PL) was maximal in A-Ox samples with maximal concentration of F+ centers. Considering that PL excitation is less than the band gap, it can be assumed that PL has a defective nature and F+ centers are responsible for it.

The concentration of F+ centers in A-Et samples depends non-monotonically on synthesis temperature, reaching a maximum at approximately 10 оC. In the PL spectra of A-Et samples synthesized at temperatures of 10-55 оC, two PL bands are recorded: at 463 and 610 nm. The PL intensity changes non-monotonically with the synthesis temperature: the PL maximum at 463 nm occurs at 25 oC, and the PL maximum at 610 nm occurs at 40 oC. We found no relationship between the PL intensity and the concentration of spin centers (F+). Consequently, the PL in the samples is due to the radiative recombination of photoexcited charge carriers on nonparamagnetic defects. Since PL intensity has a maximum for the observed PL bands at different synthesis temperatures, it can be assumed that PL at 463 and 610 nm take place through radiative recombination of photoexcited electrons at various nonparamagnetic defects.
Thus, the nature of the luminescent centers in porous aluminum oxide synthesized in oxalic and etidronic acids is different. In A-Ox samples, PL occurs on spin centers, and in A-Et samples, PL occurs on non-paramagnetic centers.

The obtained results may be useful for the creation of optical sensor platforms based on porous alumina for the detection of biomarkers. 
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