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Scientific societal efforts reflect the growing global concerns on energy and environment
It also points out the opportunities that materials researchers can take.
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Energy Transfer

Life requires energy, which flows from the

Sun to plants and then to other organisms.

Human Activity Contributes to the Energy Transformation
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En modifiant la densité de leau. les bulles
de gaz qui s'échappent des sédiments
feraient chavirer
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Hydrogen distribution refined
as a linear combination of
localized and delocalized models
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Gravimetric Uptake (mg/g)

Gas Adsorption

Correlation of uptake with surface area
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The metal-organic framework (MOF)
Y(BTC)(H20)-4.3H20 (BTC = 1,3,5-benzenetricarboxylate) for the present case.

MOFs show striking pressurizing effect by the cages. Owing to the enormous variety and
flexibility of the frameworks, MOFs may offer superior properties for hydrogen storage.
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NSEC : Integrated Neutron Scattering, Electrochemistry, and Calorimetry Studies
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35

Neutron can “see” the movement of lithium ions and detect fast ionic transporting channels
in the crystal structure, then provide guides on crystal engineering and synthetic chemistry!
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Initial enhancement of bulk modulus observed for the nano-ceramics may
result from the “pre-" compressed surface lattices in the shell volume of the

nano- crystal grains;
The high pressure induced work-weakening/cold-welding type of grain growth

fuse surface shell with bulk cores, correspondingly the elastic modulus
reduces/approaches the bulk values at high-pressures after P..
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surface shell strain = Aa/a,

surface shell strain = Aa/a

Initial reduction of bulk modulus observed for the nano-metals may result from
“pre-" expanded surface lattices in the shell volume of the nano- crystal grains;

High pressure induced work-hardening after the bulk yield reflects continuous
densification of the surface shell while bulk core also experience compression.
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(a), relaxed lattice

(no stress applied on the “infinite” atomic lattices)

(b), macro-strains

(stress field applied to the overall sample)
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Characterization of the B-C-N sample

Vickers hardness measurement of BC,N
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Fracture Toughness vs Hardness of Materials

This result contradicts the commonly
held belief of the inverse correlation
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Human Evolution from Stone Age to Bronze Age
A Hlstory of Pursumg Harder & Tougher Tools
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The saved energy is the cleanest energy !

WHAT YOU NEED TO KNOW ABOUT
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Crystal structure of high-T. superconductor was first successfully
determine by neutron diffraction (the classic ‘1-2-3’ YBa2Cu307-x
superconductor, published on Nature on 28 May 1987).

The neutron also first determined the antiferromagnetic interaction
strength between copper electrons in the parent high-T, La2CuO4.

Neutron study of HgBa2CuO4+d has revealed the structural basis
for strong dependence of superconducting T, on applied pressure.

Searching superconductors in P-T-X space
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Basic Research Needs to Assure a Secure Energy Future

* Energy Independence ¢ Environmental Sustainability ¢« Economic Opportunity e

E N
Bt Lrves Noets

for Solar Unerqy (ticoon
1

DOE : Basic Research Needs

Advanced Nuclear Energy Systems; Catalysis for Energy; Combustion of 21st
Century Fuels; Electric Energy Storage; Geosciences: Facilitating Energy
Systems; Hydrogen Economy; Materials under Extreme Environments; Solar
Energy Utilization; Solid-State Lighting; Superconductivity



Directing Matter and Energy: Five Challenges for Science and the Imagination

Directing Matter and Energy:
Five Challenges for Science and the Imagination

« How do we control material processes
at the level of electrons?

* How do we design and perfect atom-
and energy- efficient synthesis of
revolutionary new forms of matter with
tailored properties?

« How do remarkable properties of
matter emerge from complex
correlations of the atomic or electronic
constituents and how can we control
these properties?

e How can we master energy and
information on the nanoscale to create
new technologies with capabilities
rivaling the living things?

« How do we characterize and control
matter away — especially very far away
— from equilibrium?
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Diffraction study of battery electro-chemistry
process and structural phase transformation in
electrodes as a function of charge/discharge

cycling to understand capacity mechanisms

and to enhance battery performances.
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D.J. Singh(l_;\/L Torasaki G. Jeffrey Snyder™* et al. (2004, 2008) --- Caltech ---

\% Thermoelectric materials can generate electricity from waste heat or
be used as solid-state Peltier coolers. |dentifying materials with high
thermoelectric efficiency by tuning alloys’ composition and structure,
thus controlling simultaneously the electric and thermal properties.
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Table 2 Atomic coordinates and equivalent isotropic displacement
parameters (U, (A »10%)) for single-crystal refinement of Zn,Sh,

(R3c, a=12.2282(3) A, c = 12.4067(4) A). Standard deviations are given in
parentheses.

Diffraction studies reveals unique
structural features that control both
electronic and thermal properties of
Znd4Sb3. Valence semiconductor,
structure disorder, and glass-like
interstitial sites are highly effective
for an ideal ‘phonon glass, electron
crystal’ thermoelectric material.

Atom Site X y z Occupancy U
Zn(1) 36(f) 0.0792(1) 0.2439(1) 0.4033(1) 0.899(5) 25(1)
So(1) 18(e) 0.3555(1) 0 025 1 17(1)
Sb(2) 12(c) 0 0 0.1364(1) 1 16(1)
Zn(2) 361(f) 0.1574(14)  04207(17)  0.0715(17) 0.046(3)  57(6)
Zn(3) 36(f) 0.2420(20)  0.460020)  0.2000(40) 0.056(6) 110(20)

Zn(4) 36() 0.1260(20)  0.2367(17)  0.2760(40) 0.063(5)  170(20)
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A Prototype of Tomorrow's
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Ko.4sNa, ¢MgF; Perovskite under High Pressures
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