
Vapor-Liquid-Solid 
(VLS) Growth of 
GaP Nanowires

Catalytic Growth & Etching: The product of catalysis can be 
a structure not just a molecule 

Metal Assisted 
Etching (MAE) of 

Si
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! Si outperforms graphite in theory but not in practice

! 4x higher capacity

! Poor cycling behavior because extreme volume 
changes in Si lead to material fatigue 

! Surface electrolyte interphase (SEI) on Si surface is 
highly resistive

Making a Better Battery

U. Kasavajjula, C. Wang, A. J. Appleby, Nano- and bulk-silicon-based insertion anodes for lithium-ion secondary cells, J. Power 
Sources 2007, 163, 1003-1039.
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VLS Growth of Si Nanowires

A. M. Morales, C. M. Lieber, A laser 
ablation method for the synthesis of 
crystalline semiconductor nanowires, 
Science 1998, 279, 208-211. 20



CVD growth of Si Nanowires on graphite for Li battery anodes

A deposition 
process adds 
catalyst 
nanoparticles 
onto each 
graphite particle 
to later initiate 
nanowire growth 
from SiH4 directly 
onto the graphite 
in the CVD 
furnace.

https://www.onedmaterial.com/
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Metal Assisted Etching of Pores

! Different metals can be used (Ag, Au, Pd, Pt) & exhibit subtle 
changes in the etch mechanism and structures formed.

! Metal catalyzes charge injection to induce both local (etch track 
pore formation) and remote etching (porous Si formation)

! Ordered arrays of pores or pillars can be formed by enforcing 
order on the location of the metal particles/film

! One step or two steps etching routines can be used
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Metal Assisted Etching of Nanowires
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Masuda-Schmuki 
Chemistry

Porous metal oxides or metal oxide
created by anodization.
Diameter determined by voltage.
Stress relief plays an important role
in the interplay of growth and etching

NH4F/ethylene glycol and 0.5M H2SO4, 
25 V, forms amorphous porous Al2O after 
several hours
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TiO2 nanotubes are well 
known to form on planar 
substrates
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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.
Roy, Berger & Schmuki, Angew. Chem., Int. Ed. Engl. 50, 2904 (2011); Lee,
Mazare & Schmuki, Chem. Rev. 114 (19), 9385–9454 (2014).
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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.
Roy, Berger & Schmuki, Angew. Chem., Int. Ed. Engl. 50, 2904 (2011); Lee,
Mazare & Schmuki, Chem. Rev. 114 (19), 9385–9454 (2014).

TiO2 nanotubes are well 
known to form on planar 
substrates
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