SUPPORTING INFORMATION

Growth of Porous Anodic Alumina on Low-Index Surfaces of Al Single Crystals

Ilya V. Roslyakov, ab Dmitry S. Koshkodaev,” Andrei A. Eliseev," Daniel Hermida-Merino,*

Viadimir K. Ivanov,”"* Andrei V. Petukhov,”® and Kirill S. Napolskii*®”

* Department of Chemistry and ® Department of Materials Science, Lomonosov Moscow State

University, Moscow 119991, Russia
“ DUBBLE CRG ESRF BM26, F-38043 Grenoble Cedex, France
4 Kurnakov Institute of General and Inorganic Chemistry, RAS, Moscow 119991, Russia
¢ Department of Chemistry, National Research Tomsk State University, Tomsk 634050, Russia

fvan ’t Hoff Laboratory for Physical and Colloid Chemistry, Debye Institute for Nanomaterials

Science, Utrecht University, 3508 TB Utrecht, The Netherlands

£ Laboratory of Physical Chemistry, Department of Chemical Engineering and Chemistry,

Eindhoven University of Technology, Eindhoven 5600 MB, The Netherlands

S1



Calculation of activation barrier differences and oxidation rate ratio for anodic oxidation of
low-index aluminum faces

Calculation of activation barriers height differences for anodic oxidation of low-index aluminum
faces and reverse calculation of the oxidation rate ratio was performed directly using following

equation (see main text for details):

Ino _ Moo e (W, p ~Wiy,) /KT (1)

Jiur MV

where npy is the aluminum atomic density on the (hkl) facet; vy is the vibrational frequency of a
surface metal atom on the (hkl) facet; Wy is the activation energy for the (hkl) facet; k is
Boltzmann constant, and T is absolute temperature.

We failed to find either experimental or theoretical values of activation energies for aluminum
atom release from metal surface to the oxide layer. Therefore, to reveal reaction limiting stage we
used several estimates to compare experimentally derived values to various characteristic energy
barriers known for aluminum faces, including facet energies,® vacancy formation energies,>>
work functions,** and anodic pitting potentials.>®> One can see that all the pathways indicate
significant overestimation of the oxidation rates on Al(100) and Al(110) faces, however revealing

the same tendency of jaai0) > jaiaoo) > jaiair). Stepped vacancy formation energies and pitting

potentials give the closest to experimental results values.
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Table S1. External parameters, activation barriers and resulting oxidation rates ratios for anodic
oxidation of low-index aluminum faces. Calculated oxidation rate ratios are given relative to the

Al(111) substrate.

(100) (110) (111)
Atomic density (nyq), atoms/m? 1.22:10" 8.62:10% 1.41-10"
Vibration frequency (vi), Hz>® 9.69-10% 8.65-10" 9.69-10"
Barrier height, eV/atom (eV) Oxidation rate ratio
(100) (110) (111) leO/jlll jllO/jlll
Experiment x ~ * N
(40 V in 0.3 M oxalic acid) Ea+0.014 Ea (~0.5) Ea +0.020 1.13 1.25
Facet energy™* 0.435...0.690 [0.674...1.010 [0.275... 0.532 |10...100" 1.4-10°...
1.6-10"
Vacancy formation™ 0.35 0.12 0.55 4.2:10% 4610
Vacancy/step formation™ 0.142 0.12% 0.215 19.2 30.97
Work function®” 4.20 4.06 4.26 12.8 4.9-10*
Pitting potential, V vs. OCP>" -0.652 -0.612 -0.699 6.4 22.0°

“ values extracted from eq. 1

“single electron transport reaction per atom was accounted as limiting stage

To estimate an absolute value of the oxidation activation barriers we analyzed both current
density and oxidation rates ratio changes in the experiments performed for different substrate
faces in the same anodization conditions. Earlier stages of anodic film growth are known to
demonstrate much higher current densities due to increased temperature at the Al/Al,O3 interface
(especially in case of hard anodization regimes). An assessment of initial temperature increase of
~50 °C (for hard anodization regimes) with ~ 30-fold current density (reaction rate) decrease
during experiments gives an estimate of the activation barrier in the order of 0.5 + 0.2 eV, which
stay rather close to the values reported earlier for anodic oxidation of aluminum.*"® Employing
the value in eqgn.1 results in the reduction of oxidation rates ratio to ~ 1.05-1.10 for different faces
fitting well to experimental results and supporting the difference in energy barrier heights in the

order of several meV for different aluminum faces.
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