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CDAC collaborations and related Research Projects
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Hemley at the Geophysical Laboratory.
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Choong-Shik Yoo from WSU — Hydride superconductors

Jennifer Ciezak from ARL — Boron Carbide and doped Boron Carbide

Eva Zurek from SUNY — Boron Carbide and Alkali Superhydrides
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ScienceDaily

Your source for the latest research news

Mobile & &

SD Health - Physical/Tech - Environment - Society/Education - Quirky -

Science News from research organizations

Hydrogen-economy on the way? New hydrogen-storage method
discovered

Date:  MNovember 25, 2009
Source:  Carnegie Institution
Summary:  Scientists have found for the first time that high pressure can be used to make a unigue hydrogen-

storage material. The discovery paves the way for a new approach to the hydrogen-storage problem.
The researchers found that the normally nonreactive, noble gas xenon combines with molecular
hydrogen under pressure to form a previously unknown solid with unusual bonding chemistry. The
discovery debuts a new family of materials, which could boost hydrogen technologies.
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SCIENTIFIC METHOD - SCIENCE & EXPLORATION

Strange, unpredictable chemistry at high
pressure

\ {fiffarant atoay
ely Qli na

T | The Institute for Advanced Study, which has played

CEEEN T host to such luminaries as Albert Einstein and Kurt
Gaddel, is holding a series of talks to celebrate the
birthday of another ane of its famous faculty: Freeman
Dyson. Dyson made important contributions to a huge
variety of fields and gave us the concept of the Dyson
Sphere. The talks in his honor covered many of the
flelds that he influenced, and here, we'll describe the
talk by chemist Russel Hemley.
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Top Headlines:

LB e

HD 80606b: Weird Gaseous Exoplanet Raises
Questions about Origins of hot Jupiters

HOME ASTRONOMY SPACE EXPLORATION ARCHAEOLOGY PALEONTOLOGY BIOLOGY PHYSICS MEDICIN

E GENETICS GEOLOGY MORE

LATEST NEWS

‘Impossible’ Sodium Chlorides
Challenge Foundation of Chemistry

Dec 20. 2013 by Editors « PREVIOUS | NEXT »

Pl st i A team of researchers led by Prof Artem Oganov of Stony Brook University

Chemistry . Py .

el has shown that, under certain conditions, ordinary rock salt can take on
Tagged as some surprising forms that violate textbook rules of chemistry.
Salt

Sodium chloride

Follow

Ice XVII
Chemists Predict
Existence of New
Form of Ice

Paleontologists Explain Evolution of
Sauropod Dinosaurs
2016

Mar 30

Paleontology

Moorfields Acuity Chart: Novel Sight
Test Detects Early Age-Related
Macular Degeneration

Mar 29, 2016

Planetary Researchers Explain
Sustained Eruptions on Enceladus

Mar 23, 2016 | Space Exploration

Scientists Produce Map of
Neanderthal, Denisovan Ancestry in
Present-Day Humans

Mar 29, 2016 | Anthropelogy

HD 80606b: Weird Gaseous
Exoplanet Raises Questions about
Origins of hot Jupiters

Mar 29, 2016 | Astronomy

Scientists Produce First Roadmap
for European Astrobiology

Mar 28, 2016 | Space Exploration

Scientists Say ‘Not Face’is Universal
Part of Language

Mar 28, 2016

Anthropology

Brown Skuas Can Recognize
| Individual Humans, New Study
Shows

Mar 28
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valence electrons

Static high pressures: Laser-heated DAC

X-ray from
synchrotron
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DAC research requires micro-probing
technologies such as a laser and an intense
um-size x-ray beam at third-generation
synchrotron sources
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Dynamic High Pressure — Real Extreme Conditions

NIF : 100 TPa, 10° K
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Tools of research are major facilities
» HPCAT, GSECARS, PETRA, SNS (Current)
» SLAC, DCS-CAT, NIF (Future)

1. CDAC beamtime scheduled every run cycle.

2. Beamtime split between LH and BM-D to allow broader access amongst CDAC
partners to the more sought after LH beamtime.

3. Beamtime available for spectroscopy (XANES, EXAFS, IXS) and BM-B based PE cell
measurements is becoming crucial for some studies.

CDAC Science

- Discover new Materials (energetic materials, structural materials)

- Understand strategic, superhard Materials — PVT EQS, elastic-plastic deformation,

dynamic loading, bonding changes

- Validation of modelling of strategic materials

- Enable the scientific research across all CDAC partners (gas loading, novel cell
assemblies, national and international facilties




J A C S Novel Xenon Chemistry

DURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by CARNEGIE INST OF WASHINGTON

The xenon-chlorine conundrum: van der Waals complex or linear molecule?
Davide M. Proserpio, Roald Hoffmann, and Kenneth C. Janda
J. Am. Chem. Soc., 1991, 113 (19), 7184-7189. DOI: 10.1021/ja00019a014 + Publication Date (Web): 01 May 2002
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LUMO

Px Py Pz

K . Xe Cl-Xe-Cl C--Q
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Xenon - Chlorine system in a diamond cell

» Mixtures of Xe and Cl, compressed in a diamond cell to pressures of the order of 100 GPa
display formation of vdW compound at low pressures (2 GPa) that dissociate above 60 GPa
(Xe and ClI, have similar vdW radii and therefore not surprisingly, we form an fcc (Xe)(Cl,)

compound)

» Enormous increase in intensity of CI-Cl stretch above 10 GPa (in the Raman) is
accompanied by a change in the Xe XANES spectra indicative of change from s to p type

character of xenon (Xe k edge is at 34.56 keV)
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Novel Hydride Chemistry

VOLUME 92, NUMBER 18

. k endi
PHYSICAL REVIEW LETTERS e o

Hydrogen Dominant Metallic Alloys: High Temperature Superconductors?

N.W. Ashcroft
Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York 14853-2501, USA

Donostia International Physics Center, San Sebastian, Spain
(Received 29 December 2003; published 6 May 2004)

The arguments suggesting that metallic hydrogen, either as a monatomic or paired metal, should be a
candidate for high temperature superconductivity are shown to apply with comparable weight to alloys
of metallic hydrogen where hydrogen is a dominant constituent, for example, in the dense group I'Va
hydrides. The attainment of metallic states should be well within current capabilities of diamond anvil
cells, but at pressures considerably lower than may be necessary for hydrogen.

week endin

PRL 107, 255503 (2011) PHYSICAL REVIEW LETTERS 16 DECEMBER 2011

Novel Cooperative Interactions and Structural Ordering in H,S-H,

Timothy A. Strobel,"* P. Ganesh,>" Maddury Somayazulu,' P.R. C. Kent,? and Russell J. Hemley'
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Formation of Xe(H,)q

6/20/2016

Xenon ‘dimers’

electron density of the
vdW compound

NNSA Review at HPCAT

Single Crystal XRD
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Unexpected Low Pressure Stability of Xe(H,)q

= Xe(H,)s can be synthesized from a mixture of Xe
and H, at 1.2 GPa and 150 K or 4.2 GPa and 300
K.

" Variable H, stoichiometry from a mixture of
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Novel Energetic Materials Phys. Rev. B (2015)
Stable Xenon Nitride at High Pressures

Feng Peng'”. Yanchao Wang'. Hui Wang'. Yunwei Zhang', and Yanming Ma'*
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Figure 2. Crystal structure and bonding properties of XeNg. (a)

XeNg in an R-3m structure without showing any Xe-N bonds at Pressure(GPa)

150 GPa where chaired Ng hexagons are observed. The small
green and large purple balls represent N and Xe atoms, respective-
ly. (b) ELF plots at 150 GPa with an isosurface value of 0.83,
showing covalent Xe-N bonding polarized towards N. (c¢) and (d)
depict two structural units of 4-fold bonded N (i.e., N in sp3 hy-
bridization) and 12-fold bonded Xe, respectively.

Figure 5. Phase diagram of Xe-N, system. The dashed line sep-
arates the Xe-N, mixture (left and green region) and the stable
XeNg compound (right and blue region).
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Xenon — Nitrogen system

» vdW compound identified as Xe(N,), synthesized at 9 GPa and at RT.

> Xe(N,), is stable even at 150 GPa. Turns dark and becomes completely opaque

above 120 GPa.

» Xe,N, forms when this compound is heated to T > 1500 K for all pressures above

110 GPa
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High Pressure Alkali Chemistry

oo - T A k d
PRL 94, 185502 (2005) PHYSICAL REVIEW LETTERS 13 MAY 2005

Melting of Dense Sodium

. 1 1 2 1 1
Eugene Gregoryanz,” Olga Degtyareva,” Maddury Somayazulu,” Russell J. Hemley,” and Ho-kwang Mao
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From Metals to Insulators and Back

Formation of Quasimolecules in Insulating States

Interstitial quasiatoms and quasimolecules
form when the valence p electrons move down
relative to s electrons: Li, Na, Mg, Al...

Two nearest ISQ’s in Aba2-Li form
a “molecule”within the structure

two ISQs
0027
0.025
0.023

0.021

0.019

0.017
NNSA Review

Like two H atoms, two 1SQs can form both
bonding and antibonding orbitals

Charge density for
bonding orbital

Charge density for
antibonding orbital

The “molecular” orbitals can be understood as
maximally localized Wannier functions

isosurface=+2.5

[Miao, Naumov, Hoffmann, & Hemley,
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Unexpected Stable Stoichiometries
Of SOdium Chlorides 20 DECEMBER 2013 VOL 342 SCIENCE

Weiwei Zhang,**t Artem R. Oganov,%***t Alexander F. Goncharov,>® Qiang Zhu,?
Salah Eddine Boulfelfel,? Andriy O. Lyakhov,? Elissaios Stavrou,® Maddury Somayazulu,’
Vitali B. Prakapenka,” Zuzana Kondpkova®
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