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Samples preparation procedure for SEM analysis 

Scheme of samples preparation procedure for SEM analysis is shown in Figure S1. On the first 

step the texture analysis of aluminum substrate was performed. It is worth noting that the EBSD 

maps were found identical from both sides of the substrates testifying that the thickness of the 

single-crystal aluminum grains is equal to the foil thickness. Then aluminum was anodized by 

two step anodization technique in 0.3 M (COOH)2 at 40 V. Finally the residual Al was partially 

dissolved in the center of the sample using 0.5M CuCl2 + 0.5M HCl aqueous solution. Pore 

ordering was analyzed from the bottom part of the oxide film after chemical etching of the 

barrier oxide layer in a 5 wt. % H3PO4 aqueous solution. 

Figure S1. Samples preparation procedure 

for SEM analysis. a) Conceptual scheme of 

the samples preparation procedure. Top and 

bottom views of a sample are shown in 

panels b) and c), respectively. 
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Consistency of statistical orientation analysis (color-coding) and fast Fourier transform of 

SEM images 

In order to find out the average in-plane orientation of the domains at various points of the 

sample, both statistical orientation analysis and fast Fourier transform (FFT) of SEM images 

were performed. The micrographs of bottom part of porous oxide films with an area of about 

300 µm2, including several dozens of domains, were treated. An example of analyzed image is 

given in Figure S2a. 

The FFT pattern of the SEM image illustrates up to the third-order ring-like reflections. The radii 

ratios of 2:3:1  suggests clearly the presence of hexagonal lattice of pores with a strong 

correlations in the channel positions over significant distances (inset in Figure S2a). Moreover, 

the modulation of the intensity along the rings indicates that the pores form an ordered structure 

with an orientational correlation length comparable to the image size. Integration of peak 

intensity within a narrow window around the most intense maxima (first-order reflection) gives 

an azimuthal intensity profiles as shown in Figure S2b. 

The statistical orientation analysis was performed by measuring an average angle to the nearest 

neighbors of considered pore [R. Hillebrand, F. Müller, K. Schwirn, W. Lee, M. Steinhart, ACS 

Nano 2008, 2, 913]. The pores having a hexagonal coordination environment were included in 

calculations. Taking account of a six-fold symmetry, the average in-plane orientation of porous 

structure was reduced into a basic angle interval of [0°, 60°] by adding or subtracting multiples 

of 60°. The horizontal direction is used as an anchoring azimuthal orientation. The resulting 

color-coded image and orientational distribution profile are given in Figure S2 on panels c) and 

d). Pores having no apparent hexagonal coordination are marked white (Figure S2c) and were 

uniformly distributed on [0°, 60°] interval (Figure S2d). 
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Figure S2. Correspondence between the statistical orientation analysis (color-coding) and FFT 

analysis of SEM images. a) SEM micrograph of bottom of an AAO porous film obtained in 

oxalic acid at 40 V. The barrier layer is removed by chemical etching. The inset displays the 

intensity of the Fourier transform of the SEM image. b) The azimuthal variation of the intensity 

for the first order reflections on FFT. c) SEM image treated by color-coding algorithm. The 

horizontal direction is used as an anchoring azimuthal orientation. Pores having no apparent 

hexagonal coordination are marked white. d) The azimuthal orientation distribution of lattice of 

pores according to statistical orientation analysis. Black points on panels b) and d) are 

experimental data, blue lines are peak profiles, red line is fitted curve. 

 

The peaks’ broadening in the azimuthal direction (δφ) corresponds to the average spread of in-

plane orientation of domains (mosaicity of the porous structure), while their positions (φc), 

reduced into a basic angle interval of [0°, 60°], show a certain direction corresponding to a 

preferred orientation of the porous structure. The azimuthal intensity profiles, extracted by 

statistical orientation analysis and FFT of SEM images, were fitted by a sum of six Gauss 
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functions. Obviously an angle of 90 degrees between average orientations is obtained for real 

and reciprocal space. The resulted average orientation angles and peak width corresponding to a 

mosaicity of porous structure are given in Table S1. 

Table S1. Orientational preference of porous structure of AAO. 

Technique of SEM 

image analysis 

Average in-plane orientation 

of porous structure, deg. 

Mosaicity of porous 

structure, deg. 

FFT 11.4 ± 0.7 30.0 ± 0.3 

Color coding 11.3 ± 0.2 29.7 ± 0.2 

 

A good agreement obtained by these two methods illustrates the reliability of statistical 

orientation analysis. 

Correlation between crystallographic orientation of Al substrate and in-plane orientation 

of porous system 

 

Figure S3. EBSD map showing the 

surface orientations of aluminum 

grains. The numbered and colored 

points show the places where SEM 

analysis of the porous oxide film was 

performed. The inset displays the 

correspondence between colors and 

average in-plane orientation of 

porous structure. The average in-

plane orientation of lattice of pores in 

the points of the sample is listed in 

Table S2. 
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Table S2. In-plane orientation of lattice of pores in various places of the oxide film grown on 

polycrystalline Al substrate. Numbers of points correspond to corresponding notations in Figure S3. 

No. In-plane orientation 

of the porous 

Average 

orientation 
Grain 1.
1 20.6 ± 0.3 20.1 ± 1.4 
2 21.2 ± 0.5 
3 18.6 ± 0.9
Grain 2.
4 47.8 ± 0.4 

54.2 ± 3.4 

5 55.6 ± 0.5
6 54.5 ± 0.2
7 57.0 ± 0.4 
8 52.2 ± 0.4
9 49.4 ± 0.4
10 49.6 ± 0.4 
11 53.2 ± 0.3
12 51.5 ± 0.4
13 52.7 ± 0.3 
14 0.4 ± 0.3
15 59.4 ± 0.4
16 58.6 ± 0.3 
17 57.2 ± 0.4
18 50.3 ± 0.3
19 54.1 ± 0.5 
20 51.6 ± 0.2
21 56.2 ± 0.3
22 56.9 ± 0.3 
23 52.5 ± 0.3
24 1.9 ± 1.5
25 58.2 ± 1.0 
26 52.5 ± 0.4
27 52.5 ± 0.5
28 56.8 ± 0.6 
29 53.5 ± 0.5
30 57.0 ± 0.5
31 52.3 ± 1.6 
32 58.8 ± 1.3
33 51.6 ± 0.6
34 51.2 ± 0.9 
35 58.8 ± 1.3
36 51.6 ± 0.6
37 51.2 ± 0.9 
38 49.1 ± 1.0
39 54.9 ± 1.4
40 55.1 ± 0.6 
41 54.0 ± 1.8
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42 50.8 ± 1.7 
Grain 3.
43 28.6 ± 0,6

29.0 ± 4.4 

44 30.1 ± 1.2 
45 32.0 ± 0.6
46 32.8 ± 1.2
47 25.8 ± 1.2 
48 33.3 ± 1.2
49 31.0 ± 0.8
50 26.0 ± 1.2 
51 32.1 ± 0.7
52 36.7 ± 0.9
53 24.2 ± 0.3 
54 30.5 ± 0.3
55 29.0 ± 0.6
56 23.2 ± 1.0 
57 26.4 ± 1.0
58 20.8 ± 1.2
59 34.2 ± 0.6 
60 25.4 ± 0.6
61 20.6 ± 0.7
62 24.8 ± 0.9 
63 32.1 ± 0.9
64 30.0 ± 0.9
65 35.7 ± 0.7 
66 31.3 ± 1.4
67 28.0 ± 0.6
Grain 4. 
68 56.1 ± 0.7

57.9 ± 3.0 
69 0.9 ± 0.3
70 57.1 ± 0.3 
71 53.4 ± 0.4
72 58.9 ± 0.3
73 1.1 ± 0.7 
Grain 5.
74 41.5 ± 0.7

40.7 ± 4.8 
75 44.5 ± 0.5 
76 41.3 ± 1.6
77 46.6 ± 0.8
78 34.6 ± 0.3 
79 35.4 ± 0.6
Grain 6.
80 16.4 ± 0.2 

16.4 ± 1.6 

81 17.2 ± 0.3
82 16.2 ± 0.2
83 13.3 ± 0.3 
84 16.5 ± 0.3
85 16.0 ± 0.4
86 12.5 ± 0.3 
87 18.1 ± 0.4
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88 15.1 ± 0.3 
89 17.8 ± 0.8
90 17.4 ± 0.4
91 17.8 ± 0.3 
92 17.5 ± 0.4
93 16.5 ± 0.3
94 16.4 ± 0.5 
95 18.0 ± 0.4

 

The experimental points situated near the boundaries of the Al grains are marked by gray. It is 

clearly seen that in-plane orientation of porous structure at these points differs from the average 

in-plane orientation <φc> observed for the certain grain. 

 

The azimuthal orientation distribution of lattice of pores for anodic alumina films grown 

on single crystal substrates 

 

Figure S4. The azimuthal orientation distribution of lattice of pores for AAO films grown on 

Al(100), Al(011) and Al(111) single crystal substrates. The analysis was performed over a total 

area of porous film of more than 103 mkm2. The angle φ is plotted versus [ 101 ] direction. The 

values of azimuthal angle φ corresponding to <011> crystallographic directions in different 

substrates are designated by triangles in the top part of the graph. 
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Correlation between crystallographic orientation of Al substrate and thickness of porous 

oxide film 

 

Figure S5. Variation of AAO film thickness along surface of the sample. a) Height distribution 

map obtained using optical profilometer Wyko NT1100. b) Optical image of bottom side of 

AAO porous film after partial dissolution of aluminum in the center of the sample. c) Relative 

difference of the height for porous oxide film grown on various aluminum grains, which are 

misoriented from (111) plane on angle α. 

Existence of two equivalent in-plane orientations of porous oxide structure in case of AAO 

films grown on Al(100) substrate 

 

Figure S6. a) SEM image of bottom side of anodic alumina film grown on Al(100) single crystal 

substrate in case of incomplete dissolution of the metal. The barrier layer is removed by 

chemical etching. b) Pores color-coded on the basis of an average angle to nearest neighbors of 

the considered pore. 
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