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Opportunities for Discovery:
Theory and Computation
in Basic Energy Sciences
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D. J. Milliron, S. M. Hughes, Yi Cui, L. Manna, Jingbo Li, L. W. Wang and A.
P. Alivisatos, Nature 430, 190 (2004).
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Green energy: Tailor made catalysts
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Titanium dioxide (TiQ2) catalysts are =
widely used for producing hydrogen gas for NAN G M ‘E"TE q I ‘ﬂ‘ S
fuel calls, TiO: is a photoactive material

that converts sunlight into electronic

charge, and then uses these charges to
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Why 2D Materials Are So Interestlng'?-Graphene
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Graphene— Mechanical oliation

Mechanical exfoliation. Cheap&Fast, can be used for almost

any layered materials.
Not every material can be exfoliated to monolayer/few layer

thick.
Typically the thin flakes are so small that micro/nano scale

electrodes are necessary for measurements.

3 nm

Substrate
Bilayer

Trilayer

Single Layer

Substrate
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200 cm?/SV mobility and 108 on/off ratio has
been demonstrated!

This paper has been cited 678 times in three years!

Nature Nanotechnology 6, 147 (2011) = .. f = o T
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Why 2D Materials Are So Interesting?

Electronic band structure transition— direct/indirect
band transition in MoS.,.

Large surface area, properties can be strongly
affected by the substrate and the environment, e.g.
sensing.

Reduced dimensionality— enhanced electron/electron
correlation, e.g. Superconductivity in 2D materials.

Carrier concentration in the material can be effectively
modulated by solid state/ ionic liquid gating.

22
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Metal-organic frameworks: A very fine sieve - Self-assembly: Tied up

Nano Left. 12, 557655380 (2012)

Photoluminescence emission following excitation with laser radiation is an optoelectronic process
that occurs in most semiconductors. The laser excitation provides energy for electrons to be
promoted from the valence to the conduction band. After a short time the electrons relax back to the
valence band and in doing so they emit light (photoluminescence). In common semiconductors, the
photoluminescence intensity is higher at lower temperatures, as thermal energy induces ways for
the electrons to relax other than by photoluminescence emission. Stefaattin Tongay. Jungiao Wu
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Scientists enhance light emission in 2D semiconductors by a factor
of 100
May 08, 2013 by Lisa Zyga (ETRa 2013 _/-EE 5 ﬁ 8 E .ﬁ. ﬁ *sl_ j:i ﬁﬂ: ?‘E W ﬁ[‘j
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{Left) Graph showing the change in photoluminescence of MoS2 upon exposure to H20 alone, 02 Featured Popular Most shared
alone, and ambient air at pressures of 7, 200, and 760 Torr, respectively. (Right) Figure showing the

charge density difference between pristine MoS2 ... more el R R s R
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' : . Skt L higher than any conventional
(Phys.org) —The mention of a two-dimensional material with excellent electrical and T ™S neroy source - May 23, 2013

optical properties may first bring to mind graphene. However, this description also fits » 207
another class of materials called transition metal dichalcogenides (TMDs). Although
TMDs in bulk form have been studied for decades—before graphene was even
discovered—only recently they have been isolated to monolayers. With recent
advances in nanomaterial characterization, scientists have recognized the potential of

monolayer TMDs in applications such as LEDs, opfical energy conversion, and other i '
2D optoelectronics technoloagies. e P TR i e ﬁ
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