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Figure S1. Current density anodization curves during an anodization of 17 h (inset shows the
transient period) for all samples. We can observe that the j(t) of the sample NMF rapidly decays
at the anodization time 444 min. This corresponds to that the complete conversion on the Hf foil
into HfO2 occurred at this time.
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Figure S2. SEM images of the AHO nanostructures after 17 h of anodization for the NMF
sample. Cross-section images shows a thick oxide layer and self-ordered nanoporous

structures. With the NMF electrolyte a complete conversion of the Hf foil was converted into
HfOz The anodization curves shows that the oxides is completely converted at approximately
444 min (the rapid noisy decay of the current density is indicative of the electrolyte leak since all
the foil was anodized

Capacitance Calculation Estimative.

The capacitance, C was obtained after calculating the barrier layer thickness considering
the high-field conduction theory. By considering, for approximation, the bottom of the
nanotube a parallel plate condenser with a dielectric constant k’(dielectric constant of the oxide)
between the plates :

_v__Q .

E = 5, rord Equation (S1)
_ Q _ gkK'A .

C = v =6, Equation (S2)

(where E, is the electric field; V, the anodization voltage; Q, the charge; C, the capacitance; A, the
area; Ov the barrier layer thickness; &y = 8.85 x 107*? (F-m™) is the vacuum permittivity and «’ the
dielectric constant of the material (HfO2). For HfO», k" = 25, the anodization voltage was V = 60
V and considering A approximately the anodization area, we can obtain an estimative of the
capacitance density (F/cm?) at the bottom of the tubes/pores. Note that even if the effective area
changes during the anodization, its impact on the extracted value O»is small.
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Figure S3. Capacitance density during the anodization of 60 min for all samples.
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Figure S4. Barrier layer thickness (6b) and capacitance density (C), at the AHO
nanotubes/nanoporous bottom, as a function of the electrolyte viscosity (1) for all samples. The
ob and C values were extracted from the anodization of 60 min. We can see that by increasing
the electrolyte n, 6vincreases [as C decreases according to Equation (52)].



Table S1. Summary of electrolyte physical parameters (k, 11 and o) and the resulting anodic
HfO:z experimental parameters extracted from the anodization curves (& and C) and from the
SEM images (L and P).

Sample « n o Ob C L P %
(cP) (Sm?) (mm) (Fcm?) (um)

EG 37.70 13.50 1.0x10* 96.83 9.14x10°  8.00 9.3

FA 109.5 3.302 1.0x102 95.42 9.28x10° 23.7 18.1

DMSO 46.70 1.996 3.0x10¢ 79.50 1.11x108 373 14.2

NMF 1824 1.650 3.0x102 75.20 1.18x10® 94.8 9.3

EDS Spectroscopy —Chemical Characterization.

Figure S5 shows the EDS spectra for all the samples. For all the samples EDS analysis
shows that the anodic as-grown nanoporous (FA) nanotubes (DMSO/EG) presents significant
amounts of F typical of the anodic HfO2 NTs or TiO2 NTs [1, 2]. As referred in the literature, this
indicates the formation of hafnium oxyfluoride in the anodic hafnium oxide. Typically, the
fluorine content decreases or is completely removed after a high temperature thermal annealing
[1].

For the sample NMF we perform separated EDS analyses for bulk oxide (Figure S5e Z1
area) and surface top nanostructures (flakes/needles; Figure S5f Z2 area) being identify the same
chemical elements in both areas and are in accordance with the other anodic hafnium oxide

samples.
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Figure S5. EDS spectra for the samples FA (a), DMSO (b), EG (c) and NMF (d-f). NMF sample was
analyzed in a global area at the top (d) and in separated areas: at the top (e; Z2: nanoflakes/nanoneedles)
and at the bulk thick oxide (f; Z1) as indicated in SEM image of (d).
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Figure S6. Counterplots of L (left) and P (right) as a function of the solvent parameters 1 and conductivity

(o), obtained by interpolation of 1), o, L and P values.
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