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S1 Anodic formation of self-organized oxide nanotubes
Self-organized oxide tube arrays or pore arrays can be obtained by an anodization process

involving some transition metals, such as Ti, Nb, Ta, Zr. When these metals are exposed to a
sufficiently high anodic potential in an electrochemical cell (as that shown in Figure Sla), an

oxidation reaction (i)
M + X H,O —> MOy + 2x H" + 2x e (i)
will be initiated and an oxide layer will form on the metal substrate. If fluoride ions are added

to the electrolyte, a competing chemical dissolution reaction (ii) will be established (as

illustrated in Figure S1b).
MOy +y F + 2x H" — [MF,]*Y + x H,0 (ii)

The initial stage (stage | in Figure S1c) of the oxide nanotube formation is the growth of a

compact oxide layer on the metal substrate (see reaction (i)). Due to the random chemical
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etching by fluoride ions, irregular tiny pores are then formed which penetrate the initial
compact oxide (see stage Il in Figure S1c). Due to the competition between oxide formation
and chemical dissolution at the different interfaces, a more ordered oxide nanotube/nanopore
layer starts to form and continuously grows into the metal substrate (see stage Il in Figure
Sic). .M The initial layer with some irregular pore/tube often remains as remnants on the
nanotube tops, as shown in Figure S2a and S2b.

The two-step anodization approach employed in this work is an effective method to form
highly self-ordered TiO, nanotubes with well-defined top morphologies.’? In this process, the
relative long-term anodization during the first step yield TiO, nanotubes and an underlying
textured substrate with an arrangement of self-ordered dimples. By strong sonication in
deionized water, the formed TiO, nanotubes can be detached and the textured substrate
exposed. In the second anodization step, highly self-ordered TiO, nanotube arrays with a
well-defined nano-ring top layer can be grown based in the dimples arrangement on the

substrate resulting from the initial anodization step.
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Figure S1. (a) Schematic set-up for anodization experiments. (b) Schematic representation of
the anodization of Ti in fluoride containing electrolytes. (c) Schematic representation of the
typical sequence of anodic tube formation.!*!
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Before After

cycling cycling
Figure S2. SEM micrograph of annealed, one-step anodized TiO, nanotube electrode (a) and
(b) before and (c) and (d) after battery cycling tests, showing (a) and (c) top-views and (b) and
(d) cross-sectional views. The insets in (a) and (c) show high magnification top-views whereas
in (b) show a cross-sectional view at tube top and the tube lengths. (e) Optical images of the
TiO, nanotube electrodes before (left) and after (right) battery cycling.
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Figure S3. (a) Thermogravimetric analysis (TGA) curve for an as-prepared TiO, nanotube
electrode. (b) Charge and discharge curves for the 1%, 2" 3" and 100" cycles for the
as-prepared, two-step anodized TiO, nanotube electrode, recorded at a rate of C/10.
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Table S4. Comparison of the performance of the present anatase nanotube electrode based cell
with those of other microbattery systems

Ref. Active material Areal capacity cycling stablity* Areal Capacity
at low rate at high rate
Our TiO, nanotube 465 pAh cm? | 949% after 500 cycles | 222 pAh cm™
Result electrode at 50 pA cm™ at 2.5 mA cm™
[3] Li/LiPON/LiCoO, | 133 uAhcm™@at | capacity was stable | 120 pAh cm™ at
2D thin-film 33 uA cm™ over 100 cycles 0.333 mA cm™
[4] | LiCx/PVDF/M0O,S;, | ~1000 uAh cm? | 60% after 200 cycles | 600 pAh cm™ at
3D structures at 200 pA cm™ 2 mA cm™
[5] Fes0, 340 pAh cm™ at | “capacity was sustained | 260 wAh cm™ at
nanoarchitectures 23 uA cm over 100 cycles” 2.9 mA cm™
[6] TiO, 2D 13 pAh cm™ at unkown 6.6 wAh cm™ at
thin-film 2.6 uA cm™ 0.33 mA cm?
[7] PPYDBS/carbon | 35.1 uAh cm™ unknown 31.6 wAh cm™
microarrays at 7 pA cm™ at 0.07 mA cm™
[8] TiO, 11.2 pAhcm? |  85% after 50 cycles | 3.92 pAh cm™
nanoarchitectures at 1 pA cm™ at 0.1 mA cm?
[9] TiO, nanotube 77 uAhcm?at | 71% after 50 cycles | 33 pAhcm™at
electrode 5 uA cm™ 0.1 mA cm™
[10] TiO, nanotube 40 pAh cm™at | 95.7% after 100 cycles | 21 pAhcm™ at
electrode 173 uA cm™ 8.6 mA cm™
[11] LiCoO, 120 pAhcm™?at |  88% after 65 cycles | 81.6 uAh cm™
nanoarchitectures 12 pA cm™ at 0.96 mA cm™
[12] Fe,Oz nanowire | 240 pAhcm™?at | 50% after 45 cycles | 60 pAhcm™ at
ITiO, nanotube 12.5 pA cm™? 0.05 mA cm’?
[13] SnO nanowire / | 119 pAhcm™?at |  85% after 50 cycles 66.5 wAh cm™
TiO; nanotube 50 WA cm at 0.1 mA cm™
[14] PMMA-PEO / 119 pAhcm?at | 93% after 50 cycles | 50 pAhcm™at
TiO; nanotube 5 A cm™ 0.025 mA cm™
[15] TiO, Nanowire | 170 pAhcm™?at | 100% after 600 cycles | 60 pAhcm™ at
Network 16 pA cm™ 0.8 mA cm™
[16] SnO,/a- Fe;O3 | 344 uAhcm™?at | 85% after 50 cycles unknown
nanotube array 300 pA cm™
[17] TiO, nanotube 136 pAhcm?at | 93% after 100 cycles | 120 pAh cm™ at
electrode 100 uA cm™ 1 mA cm?
[18] | V.0snanocoating | 37 uAhcm™@at | 100% after 35 cycles | 25 pAhcm™at
9 uA cm™ 0.09 mA cm™
[19] LiFePO4/RVC 325 pAhcm?at | 98% after 43 cycles | 225 pAh cm™ at
electrodes 65 A cm™ 1.5 mA cm™

* Capacity remaining after x cycles comparted to 2™ cycles
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