Laser Ablation
Ti ablation
plume
532 nm, 20 Hz
7 ns, 160 mJ pulse
1–5 mJ cm–2

The vacuum chamber is mounted on translation stages along two axes.
Translation at 0.01–0.1 mm s–1 during irradiation exposes substrate to 400–
8000 laser shots.
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TEM image of Al nanoparticles
deposited from ablation
plume
A broad distribution of
particles sizes is made in the
plume, which changes from
distance from target. Most
material deposited as < 5
nm diameter nanocrystals. A
much lower density of
particles with diameters of
10 to 100s nm are found.
Larger particles dominate
further away from target.
K. W. Kolasinski, D. A. Znamensky, A. S. Ganas, H. M. Snodgrass, G. J. Sturgeon,
J. L. Hernández-Pozos, The Effects of Laser Ablation Texturing and Nanoparticles
on Anodic Nanotube and Porous Film Formation, ECS Trans. 2016, 75, 3-8.
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Pillar formation leads to low reflectivity surfaces such as
black Si shown below

Pillar-covered surfaces of metals and
semiconductors are black (except for Cu)
through a combination of chemical and
structural effects. Pillars lead to forward
scattering rather than back scattering of light.
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Al, Co, Cu, Fe, Mn, Ni, Sn, Ti, Zn all exhibit ripples and pillars to greater or
lesser extents. Al also exhibits pit formation readily. All create particles in the
plume and deposition of these can be controlled somewhat by gas pressure.
Gas = Ar, N2 or SF6 + N2
Al

Cu

Ti

Sn

Ni

Zn
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TiO2 nanotubes are well
known to form on planar
substrates and can also
be anodized into pillar
covered substrates

Anodization
2H2O D O2 + 4e– +4 H+
Ti + O2 D TiO2
TiO2 + 6F− + 4H+ D TiF2−6 + 2H2O
TiO2 nanotubes form via a competition between oxide
growth and etching in NH4F/ethylene glycol and 0.5M
H2SO4, 60 V.
Kolasinski, Znamensky, Ganas, Snodgrass, Sturgeon, Hernández-Pozos, The
Effects of Laser Ablation Texturing and Nanoparticles on Anodic Nanotube and
Porous Film Formation, ECS Trans. 2016, 75, 3-8.
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! Many commercial applications (e.g.
nanomedicine, consumer products and
batteries) require porous Si in kg to ton
quantities
! Is there an economical route to porous silicon
powders through metallurgical grade Si?
" Semiconductor grade Si $10,000 kg–1
" Metallurgical grade Si $1 kg–1

! Previous methods of etching powder suffer from
low yields, high cost, lack of control (e.g. only on
small particles), incomplete etching
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Theranostics
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Porous Si (Psi) is resorbable, that is, it is degraded into Si(OH)4, some of which
is taken up in, e.g. bones, some of which is excreted. 3–15 nm pores can be
loaded with a drug or radionuclide. The Si surface is readily functionalized
with selective targeting moieties, which means that after injection the
nanoparticles preferentially concentrate at tumors as demonstrated by the
fluorescence image. The therapeutic payload is then selectively delivered.
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Nanocrystalline Si exhibits long-lived (>µs) visible and near-IR
photoluminescence (PL) that enhances bioimaging by
suppression of tissue autofluorescence (lifetime ~ ns).
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