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Figure S1. SEM Images of delaminated Ta>;Os nanotubes. (a) shows an array of Ta;Os nanotubes

laying on top of Ta dimples. (b) shows discrete Ta;Os nanotubes laying on top of Ta dimples, with

the Ta dimples directly labelled and the drawn arrows directing to the nanotubes.
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Figure S2. Current Density-Time plots of Ta;Os Nanotube Anodizations
Section S1. Secondary Anodization Process to Obtain Ta20s Dimples

It is possible to obtain Ta;0Os dimples by a second anodization conducted after the first anodization,
after the obtained nanotubes have been removed. This converts Ta to Ta>xOs without producing

pores itself and is usually referred to as a compact layer anodization.

When anodizing to obtain a compact layer, it should be recognized that there is a practical
maximum thickness that can be obtained, related to the breakdown voltage of the oxide film. Oxide
growth proceeds by field aided ion transport, as O% ions react with oxidized metal ion species. As
the oxide layer grows thicker and thicker, the electric field at the metal/oxide interface grows

weaker and weaker, according to:

AU
E =
tlayer

where E is the field strength, AU is the voltage drop across the oxide, and #/4yer- is the thickness of
the oxide layer.! Assuming potentiostatic conditions, then this process is self-limiting and film
formation will reach some maximum; under galvanostatic conditions, the voltage will increase as

thickness grows until the breakdown voltage is reached. This breakdown voltage, easily
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identifiable during anodization by effects such as electrical fluctuations and visible sparking,
occurs when the voltage is sufficiently high enough to cause an electron avalanche, where electrons
are accelerated to a sufficient energy to free other electrons by impact ionization. The resultant

effect is that the oxide becomes electrically conductive.

In order to completely convert the approximately 100 nm of Ta into Ta>Os, anodic
oxidation was conducted using potentiostatic conditions at 100 V in a 0.5 M aqueous H2SO4
electrolyte. The cathode was a 3.05 mm diameter carbon rod submerged 2 cm into the electrolyte.
The anode was spaced 1 cm below this cylindrical carbon rod, and the anodized area was 16 mm?.
The dimpled Ta area was the area of anodization and was 16 mm?. The observed current-density—
time plot obtained during anodization and the resultant Ta2Os dimples is shown in Figure S3a and
S3b respectively. The current density decreased to a minimum value due to the formation of a
highly resistive oxide layer without the formation of further pitting; this is expected in a compact
layer anodization. There are several noticeable abnormalities in the spectrum with sudden spikes
in current which might be related to gas bubble formation and release. Also, it was noted
macroscopically that around 25% of the produced film consisted of a featureless oxide that might
be indicative of local electropolishing. Nevertheless, across much of the film the nanodimpled
surface was intact, with an oxide expansion similar to that observed in Figure 3 in the main text.
This double-anodization process certainly stands to be optimized and further developed, but for

the purposes of this work, we simply note that it is a viable method to obtain Ta>Os nanodimples.
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Figure S3. (a) Compact layer anodization to convert Ta dimples to Ta2Os (b) Ta205 as obtained

by double anodization.
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Figure S4. XRD patterns of (a) Ta nanodimples and (b) Ta2Os nanodimples. The spectrum in (a)

is also representative of the sputtered Ta film before further processing.
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Figure S5. EDX Spectra and corresponding mapping of detected elements, with the inset table

within the spectra showing the weight % of detected elements, for (a) Ta dimples, (b) TaxOs

dimples, and (c) Au nanoparticles on Ta2Os dimples. The low O content relative to Ta in (a)

confirms that the dimples after annealing are primarily comprised of Ta, while relative O content

after annealing in (b) confirms the conversion of Ta to Ta,Os, matching very closely to that

expected for stoichiometric Ta>xOs. For Au nanoparticles on TaxOs dimples (c), a much higher

relative O and a substantial C component is attributable to a nearby colloidal graphite conductive



paste present next to the analyzed material, used during sample preparation for FESEM imaging.

The presence of Au is verified as well.

Section S2. Further investigation of Au nanoparticles formed by dewetting

As mentioned in the main text of the manuscript, for the Au NP/Ta;Os composite material
investigated in this study, a single annealing step is used to produce Au NPs by dewetting of a thin
Au film and convert Ta dimples to Ta,Os dimples. Based on observations of red-shifting of the Au
NP LSPR peak in UV-Vis spectroscopy measurements, it is suspected that a partial embedding the
Au NPs in the TaxOs NPs could be occurring. To investigate the effect of this one-step annealing
process on the LSPR peak position, three types of samples were produced as a comparison. It
should here be emphasized that all samples investigated in this study—with the exception of these
three types of samples used for comparison in Section S2, Figure S6, and Figure S7—directly
follow the Experimental section 2.4 outlined in the main text of the manuscript. The samples that
directly follow Experimental section 2.4 are referred throughout Section S2, Figure S6 and Figure

S7 as “One-step Annealed Au NPs on Ta,Os Dimples”.

First, Ta sputtering was conducted on quartz glass following Experimental Section 2.1.
Then, an Au thin film was sputtered following Experimental section 2.4. Thermal annealing was
then conducted in an identical fashion to the One-step Anneal, Ta2Os Dimples (650 °C for 30
minutes, with a 1 hour ramp up time from room temperature). These samples are hereafter referred

to as “One-step Annealed Au NPs on Planar Ta;0Os”.

Second, bare Ta,Os dimples were produced following Experimental Section 2.1. Then,
gold sputtering was conducted following Experimental Section 2.4. Thermal annealing was then
conducted in an identical fashion as the preceding paragraph. These samples are hereafter referred

to as “Two-step Annealed Au NPs Ta,Os Dimples”.

Third, an Au thin film was sputtered following Experimental Section 2.4, except the
substrate in this case was bare quartz glass that was cleaned following Experimental Section 2.1.
Thermal annealing was then conducted in an identical fashion as the preceding paragraph. These

samples are hereafter referred to as “Au NPs on Quartz Glass”.
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Considering Figure S6a, the LSPR peak for Au NPs on Quartz Glass is 528 nm, which (as
noted and referenced in the main text) is expected for Au NPs of this size range. In all other
samples, this LSPR is relatively red-shifted owing to proximity of Ta;Os as explained in the main
text. If an Au film is deposited on already-formed Ta;Os dimples and Au NPs are then formed by
a second annealing step (Two-step Annealed Au NPs on Ta,Os Dimples), an LSPR peak of 576
nm is observed; in this process, embedding is unlikely as the oxide has already formed. On the
other hand, if an initially planar Ta film is coated with an Au film and a one-step annealing process

is used, the LSPR peak shifts to 583 nm (One-Step Annealed Au NPs on Planar Ta,0s).

Assuming the Au NP embedding theory is true, this suggests that the oxide expansion of a
dimpled surface is key to the largest LSPR red-shift occurring (an LSPR peak of 600 nm is
observed for One-Step Annealed Au NPs on Ta>Os dimples). A precise explanation for why a
dimpled surface leads to the largest LSPR red-shift is not available at this time, but could be related
to the alterations to the dewetting process that occur with a dimpled substrate morphology as
detailed in the Section 3.3 of the main text. We also note that the use of a dimpled morphology
appears to affect Au NP size and result in a narrower size distribution. As noted in the main text,
One-step Annealed Au NPs on TaxOs Dimples have a diameter of 14.6+2.8 nm based on Figure 6.
Meanwhile, from Figure S7, the diameter of One-step Annealed Au NPs on Planar TayOs is
20.4£2.8 nm, the diameter of Two-step Annealed Au NPs TaxOs Dimples is 14.1+2.3 nm, and the
diameter of Au NPs on Quartz Glass is 19.8+£3.7 nm. Together, these observations support the
notion that a dimpled surface results in smaller Au NP sizes and a narrower size distribution.
Furthermore, it is possible that embedding is more effective for the smaller Au NPs as cased by
the dimpled surface, as the same relative degree of oxide expansion would envelop a greater

portion of a small nanoparticle compared to a larger one.
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Figure S6. (a) UV-Vis absorption spectra of Au-nanoparticle-coated samples. The 4 symbol
indicates the LSPR peak of Au NPs for each spectrum. Note that the One-step Annealed Au NPs
on Ta>Os Dimples spectrum is the same as the red curve presented in Figure 6. (b, ¢) Extraction of
peak-width and quality factors for (b) One-step Annealed Au NPs on Ta;Os Dimples, and (c) Au
NPs on Quartz Glass. Note that peak-width and quality factor were not extracted from One-Step
Annealed Au NPs on Planar Ta;Os or Two-Step Annealed Au NPs on Ta;Os Dimples owing to

the overlap of interference peaks.
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Figure S7. Helium Ion Microscope (HIM) images of (a) One-step Annealed Au NPs on Planar
Ta20s (b) Two-step Annealed Au NPs Ta;Os Dimples (c) Au NPs on Quartz Glass. Note that the

distortion at the top of some of the images is due to sample charging. (d) shows histograms of Au
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NP sizes based on HIM images in Figure 6 and Figure S7a-c.
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Figure S8. Simulated optical properties of various dimple sizes. (a)-(c) shows a schematic of the

simulated dimples, while (d) is the refractive index of mapping and shows the simulated absorption

spectra.
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