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Past Highlights

Phonon-mediated carrier transport in
highly doped semiconductors

[doi: 10.1103/PhysRevB.101.045116]

Optical absorption and electrochromism
in complex oxides

[d0i:10.1557/mrc.2018.115]

Tuning surface composition can enhance
photoelectrochemical performance

[doi: 10.1038/541560-021-00777-]

Charge transfer and small polaron hopping
with diabatic states

[doi: 10.1002/JCC.26354]
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Research Philosophy and Methods
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A closer view: focus topic #1

Electrochemistry: Converting water into useful fuels

A typical three-electrode setup
An open square cell used for
visual clarity

Govindaraju et al. Chem. Mater. 29, 355 (2017)



https://dx.doi.org/10.1021/acs.chemmater.6b03469

Scope 1: Mixed transition metal systems for electrocatalysts

Composition-structure-property relationships in
charge transfer and charge transport for metal oxyhydroxides,
one of the most highly active electrocatalyst systems

— — —— —— —— — — —

Amorphization

What are the degradation and amorphization mechanisms?

— o m— = — — =



A closer view: focus topic #2

Photoelectrochemistry: Converting water into useful fuels

A typical three-electrode setup
An open square cell used for
visual clarity
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https://dx.doi.org/10.1021/acs.chemmater.6b03469

Scope 2: Chemoselectivity in salty aqueous environments
for photoelectrochemical systems

Competing reactions
in aqueous media

Systematic picture for interfacial
Interface interactions of semiconductor surfaces and

with water , ~ ~ } aqueous environments
H,0 O,
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RO e Surface activity in driving water-splitting
Surface O, PO, § 500, 7 reactions
termination “ax 4
- o Complications with other ions in solution
(seawater conditions)



A closer view: focus topic #3

Neuromorphoric computing: A paradigm for efficient computing and Al
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Merolla et al. Science. 345, 668 (2014)

Materials engineering for hardware that mimics the
computational capabilities of the human brain


https://dx.doi.org/10.1126/science.1254642

Scope 3: Electric fields and oxygen vacancies in perovskites
for neuromorphic computing

Develop computational models for
materials platforms based on migration of
oxygen vacancies for memristive devices with
brain-like computation capabilities

Understanding and identifying (defective) materials
with memristive behavior

Neuron
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2o ftchi ,
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Bottom Electrode (Postsynaptic) li= 2, XG

Jeong and Lu. IEEE Nanotechnol. Mag. 12, 6-18 (2018) Conductive filament Phase Change material


https://dx.doi.org/10.1109/MNANO.2018.2844901

Research Philosophy and Methods
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Harnessing Materials Imperfections
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» Establish a microscopic understanding of defective systems

e Discover precise and novel ways for finely tuning and predicting
materials properties for energy sustainability technologies

e Tight coupling with experiment through spectroscopic fingerprinting
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Thank you!

If any of these are of interest to you.... Please feel free to reach out!

» Materials engineering of inorganic,
extended systems in sustainable

energy applications Wennie Wang
» Prediction of materials properties at .
the molecular/atomic scale wwwennle@che.utexas.edu

e Numerical simulation (particularly

isti : : https://wangmaterialsgroup.com
atomistic and molecular simulations) ps://wang group

« Interdisciplinary/collaborative work

with ChemE, MSE, and solid-state Looking forvyard to meeting you!
physics Email, Zoom, etc.
» (Scientific) coding practices Fall 2022: 2-3 students

e (High Performance) Supercomputing
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