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Abstract. Membranes of nanoporous aluminum oxide (alumina) have been obtained 
using the electrochemical etching technique by varying technological regimes. The 
surface morphology and cleavages of obtained experimental samples are studied using 
scanning electron microscopy (SEM). The optical transmission measurements were 
performed on a spectrophotometer in the wavelength range of 190–1000 nm. It is 
possible to determine the average size and the dispersion of the pore diameter by UV-
visible transmittance spectrum measuring. 

1. Introduction
The electrochemically produced porous alumina (por-Al2O3) membranes have been widely used as 
catalyst carriers and templates for the fabrication of ordered nanostructures [1-5], owing to regular 
nanoscale structures and relatively easy and low-cost processing. Of considerable interest is the por-
Al2O3 for the problems of biomedicine [6, 7], for various types of sensors [8, 9], in MEMS-devices 
[10, 11]. A special attention is paid to the study of the optical properties of both the porous structures 
[12, 13] and various composites based on them [14]. Due to their structure, these membranes have 
potential in various optical device applications, such as optical filters and photonic crystals [15]. It is 
known that aluminum anodized in acidic electrolytes may occur at different rates, efficiency, and 
stability, in general, depend on the nature and concentration of the electrolyte, temperature and anodic 
current density [16]. 

It is important to be able to give a quick characteristic of the porous structure parameters, to 
evaluate the pore diameter, size distribution and order. Therefore, the aim of this work is to study the 
dependence of the transmission spectrum of the porous alumina membranes of their structural 
parameters. 

2. Experiment
In order to obtain a porous anodic alumina membrane electrochemical anodization of aluminum foil 
(40μm) was conducted in potentiostatic mode in electrolytes based on aqueous solutions of phosphoric 
(H3PO4) and sulfuric (H2SO4) acids. Geometric parameters of membranes obtained in different 
electrolytes are presented in Table 1. 

Usually the investigation of the structure and basic parameters (diameter of pores, interpore 
distance, porous layer thickness) of the samples obtained are carried out with the help of scanning 
electron microscopy (SEM). As shown in figure 1, anodic alumina membranes contain many columnar 
pores with diameters are about of 20-90 nm. 
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Figure 1. SEM images topology and cleavage of the membranes por-Al2O3 
obtained in an electrolyte based on solutions of H2SO4 (a, c) and 

H3PO4 (b, d).
The optical transmission measurements were performed on a PE-5400UV spectrophotometer (LLC 

“Ekohim”) in the wavelength range of 190–1000 nm. 

3. Results and discussion
It was found that porous alumina layers produced in different electrolytes (based on H2SO4, H3PO4) 
have different colors. For example, samples produced in the sulfuric acid solution have yellow color, 
while the samples produced in the phosphoric are usually blue. The study of optical transmission 
spectra have been shown that for any membrane the transmission spectrum has the same form (figure 
2): the membrane starts to pass radiation with a certain wavelength. 

A comparison of the transmission spectra for the different membranes (figure 3) shows that the 
wavelength at which the membrane starts to pass radiation depends on the type of electrolyte in the 
presence of which it was produced. The band gap of alumina is too large (≈ 9 eV) to observe the size 
effects in this optical range. 

a b 

c d 
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Figure 2. General view of the 
transmission spectra. 

Figure 3. Transmission spectra of porous 
alumina membranes produced in presence of 

1 – SO4
2- and 2 – PO4

3- anions. 

So this phenomenon can be related to a) the pore size or b) the type of anion incorporated into the 
anodized alumina lattice (SO4

2-, PO4
3-). However, since it is acid or anion type, determine the pore 

size; we can assume that both of these explanations are interrelated. We found the following pattern: 
the smaller the pore diameter, the smaller the critical wavelength λc. It is important to note there is 
always a values range of the pore diameter, which could be described by a Gaussian function 
(figure 4). 

Figure 4. Figure size distribution of pore sizes in the samples 
produced in an electrolyte based on phosphoric acid. 

Analysis of experimental data showed some correlation between λc and type of porous structure 
due to electrolyte. Summary of the experimental date presented in Table 1.  

Table 1. Influence of the electrolyte type on the geometric parameters porous layer and λc. 

Acid Diameter of 
pore, nm 

Thickness of 
membrane, nm 

Thickness of 
the barrier 
layer, nm 

Concentration of 
pores, pcs/μm2 λc, nm 

sulfuric 20-30 12-18 500 350 210…280 
phosphoric 80-100 4-7 200 50 450…750 

Thus, the presented of experimental data generalization allows to determine the average size and 
the dispersion of the pore diameter by UV-visible transmittance spectrum measuring. 
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Furthermore, it was noted that increasing of the anodizing time leads to improved transmission of 
the membranes (figure 5). This is because the longer the process is the more aluminum ions move 
from the bottom of alumina foil to alumina and the membrane is transparent. 

Figure 5. Transmission spectra porous alumina membranes obtained during 
different time anodization. 

4. Conclusions
It is established that increasing of the anodizing time leads to improved transmission of the 
membranes. Investigations have shown that the membrane starts to pass radiation with a certain 
wavelength, which depends on the type of electrolyte in the presence of which membrane was 
produced. Thus, it is possible to determine the average size and the dispersion of the pore diameter by 
UV-visible transmittance spectrum measuring. It could be put in the basis of the non-destructive 
express control technique for the determination of pore size in por-Al2O3. The observed optical 
behavior of membranes may be used for cheap optical filters limiting the predetermined range 
radiation. 

The reported study was supported by RFBR, research project No. 14-08-31609 mol_a.
  The work was perfomed under the Russian Ministry of Education. Task (goszadanye) № 
16.2112.2014/K (in the technological part, as well as the results of the influence of preparation 
conditions of the structure of porous layers).

References

[1].   Eftekhari A. 2008 Nanostructured Materials in Electrochemistry (WILEY-VCH Verlag 
GmbH & Co. KGaA, Weinheim) 

[2].  Afanas’ev A V, Il’in, V A, Moshnikov V A, Sokolova E N and Spivak Yu M 2011 
Synthesis of nanoporous and microporous structures by the electrochemical methods Biotekhnosfera 
no 1–2 pp 20-26 

Acknowlegments

16th Russian Youth Conference on Physics and Astronomy (PhysicA.SPb/2013) IOP Publishing
Journal of Physics: Conference Series 572 (2014) 012031 doi:10.1088/1742-6596/572/1/012031

4



[5].  Yu Piao, H Lima, Ji Yo Changb, et al. 2005 Nanostructured materials prepared by use 
of ordered porous alumina membranes Electrochimica Acta 50 pp 2997–3013 

[6].  G Macias, L P Hernández-Eguía, J Ferré-Borrull 2013 Gold-Coated Ordered Nanoporous 
Anodic Alumina Bilayers for Future Label-Free Interferometric Biosensors ACS Applied Materials & 
Interfaces 5 (16) pp 8093–8098 

[7].  Y Song, Y Ju, Y Morita, G Song 2013 Effect of the nanostructure of porous alumina on 
growth behavior of MG63 osteoblast-like cells Journal of Bioscience and Bioengineering vol 116 is 4 
pp 509–515 

[8].  Mozalev A, Calavia R, Vázquez R M 2013 MEMS-microhotplate-based hydrogen gas sensor 
utilizing the nanostructured porous-anodic-alumina-supported WO3 active layer International Journal 
of Hydrogen Energy vol 38 is 19 pp 8011–8021 

[9].  Gracheva I E, Moshnikov V A, Karpova S S, et al. 2011 Net-like structured materials for 
gas sensors Journal of Physics: Conference Series 291 012017 

[10].  Zimina T M, Muratova E N, Spivak Yu M., et al. 2012 Technologies of formation and 
application of nano-layers and nano-porous Al2O3 compositions for micro-and nanotech Nano and 
Microsystems no 12 pp 15-24 

[11].  Akiyama T, Ishikawa Y, Hara K. 2013 Xylene sensor using double-layered thin film and 
Ni-deposited porous alumina Sensors and Actuators B: Chemical. vol 181 pp 348–352 

[12].  Tarasov S A, Gracheva I E, Gareev K G, et al. 2012 Atomic Force Microscopy 
and Photoluminescence Analysis of Porous Metal-Oxide Materials Semiconductors vol. 46 no 13 pp 
1584–1588 

[13].  Lenshin A S, Kashkarov V M, Seredina P V et al. 2012 Study of the Morphological Growth 
Features and Optical Characteristics of Multilayer Porous Silicon Samples Grown on n_Type 
Substrates with an Epitaxially Deposited p+_Layer Semiconductors  vol 46 no 8 pp 1079–1084 

[14].  Foss C A, Hornyak G L, Stocketr J A, et al. 1993 Optically Transparent Nanometal 
Composite Membranes Advanced Materials 5 no 2 pp 135-136 

[15].  Choi J, Luo Y, Wehrspohn R B et al. 2003 Perfect two-dimensional porous alumina 
photonic crystals with duplex oxide layers // J. Appl. Phys. 94, pp 4757 

[16].  Muratova E N, Spivak Yu M, Moshnikov V A, Petrov D V, Shemukhin A A, Shimanova V 
V 2013 Influence of technological parameters of nanoporous Al2O3 layers’ preparation on 
their structural characteristics Glass Physics and Chemistry vol 39 no 3 pp 320-328 

[4].  W Zhan, Y Huangfu, G Ding, H Yea. 2013 Restrictions of Si-based Genanodots from 
porous alumina membranes Superlattices and Microstructures vol 60 pp 73–82 

[3].  S Y Jeong, J Y Kim, H D Yang, etc. 2003 Synthesis of Silicon Nanotubes on Porous 
Alumina Using Molecular Beam Epitaxy Advanced Materials vol 15 is 14. pp1172–1176 

16th Russian Youth Conference on Physics and Astronomy (PhysicA.SPb/2013) IOP Publishing
Journal of Physics: Conference Series 572 (2014) 012031 doi:10.1088/1742-6596/572/1/012031

5


