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Polycrystalline TiO,(B) Nanosheet Films
Deposited via Langmuir-Blodgett Method
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TiO, anodes have high operating potentials; -
TiO,(B) has the highest capacity
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Nanostructured TiO, Compared to Graphite Electrode

Higher operating potentials Lower solid-electrolyte interactions
= Safety = Degradation

Higher capacity at high (dis)charge rates Lower volume change with lithiation
= Performance = Lifetime

Unit cell of TiO,(B) with idealized Li+
insertion sites [1]

Polymorph Bulk Nano
TiO,(B) 0.85 Li*/Ti 1.0 Li*/Ti
Anatase 0.5 Li*/Ti 0.85 Li*/Ti
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Nanostructured electrode materials allow fO@
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faster Li kinetics and greater capacities

LiMPO, nanosheets demonstrate increased capacitance and capacity retention
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TiO,(B): Nanostructure defines (de)lithiation pathways [3]
TiO,(B) Nanoparticles TiO,(B) Nanosheets
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Interfacial interactions are challengingto ...
observe in TiO,(B)-NS

Phase transitions to anatase TiO, following heating in air atmosphere
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Laminar TiO2(B)-NS deposited via Langmuir-
Blodgett deposition

Compression of an amphiphilic molecule
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Amphiphilic surfactants allow deposition of oxide nanosheet monolayers
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http://en.wikipedia.org/wiki/File:Katharine_Burr_Blodgett_(1898-1979),_demonstrating_equipment_in_lab.jpg

TiO2(B)-NS assemble into large islands (>1 mm)) i
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TiO2(B)-NS assemble into large islands (>1 mm)
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TEM confirms TiO,(B) polymorph; -
nanocrystalline films




First observations of TiO,(B)-NS as a ) i,
monolayer material
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TiO,(B) nanocrystals, ~10s nm across,
comprise TiO,(B) monolayers

PEEM: Photoelectron emission
microscopy

Next step: In-situ observations of TiO,(B)-NS lithiation
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Nanostructured TiO,(B): Sheets vs. Particles (1.

Lithiation Sites from DFT+U: Differential Capacity and DFT+U

TiO,(B)-NP

TiO,(B)
Nanoparticles

TiO,(B) ' TiO,(B)-NS
Nanosheets

< C  (x2 per unit cell) B —
® A2 (x4 perunitcell 1.0 1.2 14 16 18 20 22
® A1 (x4 per unit cell) Potential (V vs. Li/Li+)
= TiO,(B)-NS: Adjacent A2 sites in TiO,(B)-NP merge and shifts away from Csites.
= Li*-Li* repulsion reduced = enables filling of energetically favorable C site.
= Loss of e- sharing between adjacent Li* = decreases energy penalty for delithiation.

= Potentially less irreversible capacity loss (ICL) = surface chemistry?
Dylla et al. J. Phys. Chem. Lett. 3:2015 {12




LB Deposition of TiO,(B)-NS
SEM of TiO,(B)-NS LB-deposited on SiO,.
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