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(©) Exotic ST12-Gemanium
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ANUARY. 03, 2017-Scientists at Geophysical
JLab, Yanshan University and HPSTAR
combined experimental and theoretical methods
to probe the exotic properties of one special form-
ST12-Ge of the element germanium. The results
solve the long-standing debate on the optical
and electronic properties of semiconducting Ge
and suggest ST12-Ge to be a better material for
infrared detection and imaging instead of single-
junction solar absorbing.

Germanium as a frequently studied element in
IVa element group, has the applications for next-
generation computer architecture as well as
implications for fundamental condensed matter
physics. Germanium is used in fiber-optic systems,
specialized camera and microscope lenses,
circuitry, and solar cells. It is also an attractive

anode material for lithium-ion batteries because it

has a large theoretical charge-discharge capacity
compared to graphite as well as high lithium ion
diffusivity at room temperature compared to silicon.
ST12 phase for Germanium comes from its simple
tetragonal structure containing 12 atoms per unit
cell, resulting from slow decompression process.
ST12-Ge was first observed about six decades
ago, attracting both theoretical and experimental
studies as a great solar absorber candidate.
However, great controversies exist about its
electronic structure and thermal stability due to
lack of bulk pure sample.

New research published in Nature
Communications (doi:10.1038/ncomms13909)
from an international team Geophysical Laboratory,
Yanshan Universtiy and HPSTAR, of scientists
describe their work probing intrinsic semiconductor

properties of bulk (~2 mm in diameter) ST12-Ge, a



Caption:A schematic diagram of the valence and conduction bands. It is worth noting that the fundamental indirect gap is
not along a high-symmetry direction.

metastable phase of element gemanium.

“Bulk pure sample will allow for more accurate
and concise electrical and optical measurements,”
said Dr. Zhao, lead author of the study. “However,
the intrinsic properties have never been realized
in ST12-Ge because the samples obtained in
previous studies were either impure or too small to
probe their practical performance.”

To synthesize bulk ST12-Ge, the researchers utilized
a large volume high-pressure facility called multi-anvil
press. To get ST12-Ge, they slowly decompressed
the sample from 14 gigapascals at room temperature
according to kinetic origins. ~15 mg (~2mm in
diameter and length) recovered pellets were then
polished for the following serials of measurements.
Bulk ST12-Ge shows both very small so-called
"indirect electronic band gap", meaning that light is

easily absorbed or emitted. and "direct band gap"

meaning that it is much more difficult to absorb
or emit light. “The smaller band gaps suggest
ST12-Ge could be a good candidate for infrared
detection, imaging and high-frequency and low-
voltage electronic applications.” said Dr. Zhao. “Our
work solves the long-standing debate regarding
the band structure of ST12-Ge,”

“Future research is required to understand its
structure conversion pathways, but the result of
this study, experimental and theoretical, pinpoint a
clear picture of the intrinsic properties of ST12-Ge,
added Dr. Kim, a co-author of the study who carry
out the theoretical calculation of the work and also
a staff scientist of HPSTAR.

Ref: Dr. Duckyoung Kim
Nature Communications
volume8, Article number: 13909 (2017)
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©) New Stories for Viologen Materials
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ANUARY. 23, 2017 Viologen materials have
Jbeen well known for electrochromism and
photochromism from electro and photo stimulus.
New work from a team led by Prof. Enging
Gao of East China Normal University and Dr.
Lin Wang from hpstar found piezochromis in
viologen compounds. This is not only a new
chromic phenomena for viologen compounds
but also represents the first example of organic
mechanochromism and hydrochromism associated
with radical formation via electron transfer,
proposed in the paper published in the journal
Chemical Science (DOI: 10.1039/C6SC04579K).
Colour change or chromic phenomenon plays
an important role in our daily lives. Chamaeleo
changes colour in different environments via the
active tuning of a lattice of nanocrystals contained
in some cells. There are many ways in which
colour can be caused to arise both by chemical
and physical forces, all of which are used or
have the potential to be used in technological
applications. These colour change phenomena

are classified and named after the stimulus that

causes the change. Such as photochromism,
electrochromism, mechanochromism and
solvatochromism.

Piezochromism refers to the reversible color
change of a solid in response to external pressure.
We know that pressure will lead to structural
changes, it may also lead to color change through
modulation of electronic energy gaps or irreversible
inter-/intramolecular chemical transformations such
as polymerization and isomerization, concomitant
with irreversible (undesirable) color change. Stress/
pressure could also lead to free colored radicals
- often referred to free radicals which are atomic
or molecular species with unpaired electrons on
an otherwise open shell configuration- to develop
colour change.

Viologen derivatives have long been known for
electrochromism and photochromism through
reversible redox acitivty- electron/charge transfer,
to form colored cation radicals. In this work,
researchers demonstrated that a viologen-
carboxylate zwitterionic molecule - with both

positive and negative charges (equal positive and
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Caption: Pressure/water induced colour change in viologen.

negative charge) in the crystalline state exhibits
piezochromic phenomenon.

The yellow viologen comound will turn to red
under several gigapascals, to green after pressure
release, and finally return to yellow at ambient
conditions.

“External pressure will force the molecules in the
lattice to move closer, shortening donor-acceptor
distances - be favorable to electron transfer from
the electron-rich carboxylate group to the electron-
deficient viologen unit,” explained Prof. Gao.
“Pressure could be a more powerful than light for
induction of intermolecular electron transfer (and
chromic phenomena) in viologen crystals. Light can
be absorbed by individual molecules and have no
direct effect on intermolecular distances, so it would
not induce electron transfer if the donor and the
acceptor were not placed at a favorable distance.
While pressure works directly on intermolecular
distances, so it can proactively reduce the distance
between the donor and the acceptor in favor of

electron transfer,” Dr. Lin Wang added.

In addition, they found that hydration-dehydration
will also change the color of the viologen compound
just like what pressure does.

“The compound behaves like a “chromic sponge”:
the yellow sample in moist atmosphere will turn
to green upon heating to be dried, then return to
yellow when put back in the air.” Said Prof. Gao.
“We could assume that the loss of lattice water
will also lead to closer crystal packing of the
zwitterionic molecules so that the distance between
electron donors and acceptors is reduced in favor
of electron transfer.

“So despite the remarkably different nature, the
physical stimuli (compression/decompression)
and the chemical stimuli (dehydration/rehydration)
have one thing in common: the ability to modulate
intermolecular donor-acceptor contacts in favor of

electron transfer,” Prof. Gao explained.

Ref: Dr. Lin Wang
Chemical Science
2017, 8, Pages: 2758-2768
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© Exotic two dimensional silica
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ANUARY 31, 2017 - Using computer modeling,
J scientists from HPSTAR and Tongji University
have found out three new forms of 2D-silica with
exotic mechanical and electrical properties-large
negative Poisson's ratios and widest electric
bandgap among all reported 2D materials .
They detailed their work in the latest issue of
the journal Nano Letters (DOI: 10.1021/acs.
nanolett.6b03921).
Silicon dioxide is the fundamental component of
glass, sand and most minerals, which is also known
as one of the building units of earth crust and
mantle. There are a large number of polymorphs
of silica in crystalline and amorphous forms, such
as quartz, and glassy SiO,. It is well known that
bulk silicon dioxide is a good insulator and building
materials. What about two-dimensional (2D) silicon
dioxide-a layered polymorph of silicon dioxide?
Will the low dimentional structural silica show

novelphenomenon? These are the focus of the

present work.

A team co-led by Dr. Xiao Dong, a scientist
of HPSTAR, use ab initio evolutionary
algorithm for crystal structure and
compound prediction-USPEX (Universal
Structure Predictor: Evolutionary
Xtallography) to predict intrinsic mechanical
and electronicporperties of 2D crystalline
freestanding silicon dioxide.

They discovered three more new 2D-silica
structures in their simulations. The three new
2D-silica display comparable thermal, dynamical
and mechanical properties- superhardness, wide
band gap - refers to the lowest energy of light that
a semiconductor can absorb and a fundamental
parameter required for controlling light receiving,
conversion, and transport technologies, with many
typical bulk forms of silica.

What surprised the scientists most is that all

the three 2D silica have large inplane negative
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Caption: a-2D silica with positive Posson's ratio (up left), B-2D silica, y-2D silica, and §-2D silica with large in-plane negative

Poisson’ s ratios

Poisson’s ratios with the largest one being double
of penta-graphene and three times of borophenes.
Usually when a material is stretched in one
direction, it usually contracts in the other two
directions, are said to have a positive Poisson's
ratio which characterizes how a material behaves
when stretched. However, some materials
becoming fatter when stretched, which means they
have negative Poisson’s ratio.

"A negative Poisson's ratio is theoretically possible
long ago. While Two-dimensional (2D) materials-
single-layer graphene, single-layer graphene
ribbons, single-layer black phosphorus, cubic
metals and a-Cristobalite, changed the case in

their single layer structure,” said Dr. Xiao Dong.

“This surprising negative Poisson’s ratio in 2D-silica
originates from the interplay of lattice symmetry
and Si-O tetrahedron symmetry” explained Dr. Xiao
Dong.

Furthermore, they pointed out that 2D-silica are the
most insulating 2D material among reported 2D
structures with the widest gap.

These exotic 2D silica with negative Poisson’s
ratios and widest band gaps are expected to have
great potential applications in nanomechanics and

nanoelectronics.

Ref: Dr. Xiao Dong
Nano Letters
2017, 17 (2), Pages: 772-777
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© Freeing hydrogen in Earth's lower

mantle
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EBURARY 04, 2017- In Earth interior, water
F(HZO) plays an important role in rock physics but
geoscientists rarely treat water in its decomposable
forms, like hydrogen plus oxygen. However, new
work from a team led by HPSTAR director, Dave
Mao, has identified the hydrogen can escape from
the water under lower mantle conditions. Their results
were published in Proceeding of the National
Academic Science, U.S.A.

In the atmosphere, hydrogen is a colorless,
transparent gas. It bonds with oxygen to form water
which fuels the biosphere on the Earth surface.
Deep in the rocky world beneath our feet, so-called
hydrous minerals enriched with water mainly exist
in the subduction slabs that are relatively colder

than average geotherm. At ambient condition, the

chemistry of water is so stable that it is considered
as the unit of hydrogen carrier in the hydrosphere.
For a long time, cycling of hydrogen is equivalent
to the cycling of water in the Earth’s solid crust and
mantle.

“The stability of water in hydrous mineral might
break at the lower mantle”, said Dave. Using
advanced diffraction tools, the team discovered
hydrogen was freed from hydrous minerals in its
elemental form.

Starting from a typical hydrous mineral — goethite
and placing it under lower mantle pressure-
temperature conditions (>720,000 atmosphere,
and ~2,000 K), Dave’s team was able to identify
hydrogen released and the hydrogen loss closely

related with the heating temperature and duration.



outer core

Caption: The hydrogen cycling in the deep Earth. Image courtesy Qingyang Hu.

“Oxygen and hydrogen cycles are separated above

the Earth’s core.” suggested by Qingyang Hu, the
lead author, “Hydrogen is not freezing, instead,
freeing from rocks.”

The team’s results have led to a new paradigm
change in the planetary science of lower mantle
chemistry. The released hydrogen can directly

source the liquid outer core, which is considered

to have a substantial amount of hydrogen. Free
hydrogen can also rise upwards to partially recover
its loss from the subduction of hydrous minerals,

and completes its journey in deep Earth.

Ref: Dr. Ho-Kwang Mao
Proceeding of the National Academic Science,
U.S.A.
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© Helium chemistry under high
pressure

He #1 Ne Bt ERIEMENRM N ITR. FN 12 HRELEN, He IHERABNBEEENZTHEMEE, PRI
BEX He (NED FRILEWFE. BIEIETNMEERENT AR He EBET M Na £ BEF
5 Na,Heo TREIRDITREA, He NEMUSHEFRBEE T RFEMPHE Na RFZRIZIN TR
ZHhLgE, MMEMARERTEFRAER, ZIEF, MIZEBEF, Na WREEFS He BIAE 1s BFH
SMNEBY 25, 2p BUEFAERIINRE. RBEMFEBRENFM, He 1Y 1s BFREMINEEFNENDH
WIEBRETZHSFHIE Na,He FIZpd 12H He 15217 0.15 MEBFo ZILIFIESKTRET He SRBFHHKE
EERERSESE TIRREEEEIRM Na 2L EY.
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EBRUARY 07, 2017-Although helium is the
Fsecond (after hydrogen) most abundant
element in the universe, it doesn’t play well with
others. Now, an international team of researchers,
including HPSTAR scientist, Dr. Dongxiao has
predicted two stable helium compounds — Na,He
and Na,HeO. The scientists experimentally
confirmed and theoretically explained the
stability of Na,He. This work published by Nature
Chemistry (DOI1:10.1038/nchem.2716), could
hold clues about the chemistry occurring inside
gas giant planets and possibly even stars, where
helium is a major element.

Helium is a member of a family of seven elements
called the noble gases because of their chemical
inertness — they don’t easily form compounds with
other elements. Helium, widely believed to be the

most inert element, has no stable compounds at

normal conditions.

The authors of the new study used the first-
principles evolutionary algorithm USPEX to
conduct a systematic search for stable helium
compounds. They predicted the existence of
Na,He, which was then successfully synthesized in
a diamond anvil cell (DAC) experiment performed
at the Geophysical Laboratory in Washington by
Prof. Alexander F. Goncharov and his colleagues.
The compound appeared at pressures of about
1.1 million times Earth’s atmospheric pressure and
is predicted to be stable at least up to 10 million
times that.

“The compound that we discovered is very
peculiar: helium atoms do not actually form any
chemical bonds, yet their presence fundamentally
changes chemical interactions between sodium

atoms, forces electrons to localize inside cubic



Caption: Crystal structure of Na,He, resembling a three-dimensional checkerboard. Purple spheres - sodium atoms, inside
green cubes are helium atoms. Red regions inside voids of the structure show areas where localized electron pairs reside.

voids of the structure and makes this material
insulating,” said Dr. Xiao Dong, the first author of
this work, also a research scientist of HPSTAR.
Na,He is an electride, i.e., a special type of an
ionic salt-like crystal. Its cation sublattice consists
of sodium ions, while localized electron pairs make
up the anion sublattice. Because electrons are
strongly localized, this material is an insulator,
meaning that it cannot conduct the free-flowing
electrons that make up an electric current.

The other predicted helium compound, Na,HeO,
was found to be stable in the pressure range from
0.15 to 1.1 million atmospheres. It is also an ionic

crystal with a structure similar to that of Na,He.

However, in place of electron pairs, it has oxygen
anions (O%).

“This study shows how new surprising
phenomena can be discovered by combination
of powerful theoretical methods and state-of-
the-art experiments. It shows that very weird
chemical phenomena and compounds can emerge
at extreme conditions, and the role of such
phenomena inside planets needs to be explored”

said Prof. Oganov.

Ref: Dr. Xiao Dong
Nature Chemistry
volume9, pages440-445 (2017)

DRsFia-T LT0T




N
(=]
ar
-
E
A
&

© Fe isotopic fractionation between
mantle and metallic core
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EBRUARY 21, 2017-Equilibrium iron isotope
Ffractionation is vital to understand the isotopic
heterogeneity within the Earth, and therefore useful
to reveal Earth’s early history and its geodynamical
evolution. New work led by HPSTAR scientists,
Dr. Jung-Fu Lin and graduate student Hong Yang,
and Dr. Nicolas Dauphas from the University of
Chicago found that the equilibrium iron isotope
fractionation between silicate and iron at conditions
relevant to Earth’s core formation is quite small
relative to the observed heavy iron isotope
enrichment in terrestrial basalts. This suggests
that the interplanetary variability in iron isotopic
composition cannot be ascribed to core formation.
The work is published by Nature Communications
(doi:10.1038/ncomms14377).

Iron, as one of the most abundant elements in the
Earth, is shown to have differentiated in Earth’s
crust, mantle and core with different valence states

— a core dominated by metallic Fe, a mantle that is

rich in ferrous Fe?, and the surface characterized
by oxidative environments where iron is found
mostly as ferric Fe**. Geoscientists suggest that
iron isotopes fractionation, a process that affects
the relative abundance of isotopes, might be
influenced by the redox state of iron and help
understand how this layered structure was formed.
All isotopes of iron behave the same way chemically
but slightly differ in their masses. This tiny mass
difference may cause some variations in iron
isotope distribution in different layers of the earth.
“We need to know how iron isotopes are
partitioned at equilibrium between core metal and
mantle silicate in order to probe the core-mantle
segregation and the core formation conditions,”
said Dr. Lin, a professor of the University of Texas
and a staff scientist at HPSTAR.

Before now, the equilibrium iron isotopic
fractionation between metallic iron and

silicate post-perovskite at Earth’s core-mantle
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Caption: Schematics for 5> Fe isotope signatures in the bulk silicate Earth with regard to varying compositional models of

Earth's core.

boundary(CMB) conditions was considered
sufficiently large to cause significant isotopic
fractionation between the mantle and the core.
However, the team experimentally found that the
equilibrium iron isotope fractionation between
silicate and iron relevant to core formation in
Earth is ~0-0.02 %o, which is small relative to the
measured iron isotope enrichment in terrestrial
basalts of ~+0.1%o.

“This means that high-pressure mantle-core
equilibration cannot be responsible for the heavy
Fe isotopic composition measured in basalts.
Therefore, the Fe isotopic composition of the
mantle is representative of the bulk Earth”, Dr. Lin

explained.

More importantly, they discovered that silicon and
sulfur, two major light element candidates in the
Earth’s core, and nickel alloyed with iron would
also produce minimal isotopic fractionation in the
silicate mantle relative to the bulk Earth.

“Our results support the notion that core formation
of planetary bodies in the solar system is unlikely
to fractionate significantly stable isotope ratios
for elements like Si, Cr, and Fe. This study calls
for a need to understand the isotope anomaly in
basalts,” Dr. Lin added.

Ref: Dr. Jung-Fu Lin
Nature Communications
volume8, Article number: 14377 (2017)
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(© Smaller nanocrystals may not
rotate more after all

MK E AR @RIV A ERTHEZ KM, BRARVBANKEINERNEFHAFE
BRAREME, FEIEERTHRAFLHER. T mREXBEARER, FRERRIFANENEAETHXSE

X SYEAT ST AR KRR B B R EITF

“ERRNNAFET, BRI REE

ENZAE—F. ” FREMRRHE, “BLARIIMRE, RITLIBEE 70 LKFEHD PR ISITIFRER

EETEERTE MR T 8R40 P BT R shIB AR K — £,

T ITANMERINRERSRT RAMENG ISR

USENH BT E. XMRIET THKERERTENERAMRANEL , BN ERENIRIT MBS

MRMEES, MMEHARBRN#H—T LR,

Pl
aly

ARCH 2, 2017-For more than 60 years, the
M conventional belief has been that smaller
grains of materials rotate more under stress due
to the motion of grain boundary (GB) dislocations.
Under the guidance of Dr. Bin Chen of the Center
for High Pressure Science & Technology Advanced
Research (HPSTAR), Xiaoling Zhou, a Ph.D.
student of HPSTAR, and her co-workers observed
that nanocrystals of a critical grain size rotate
more than any other grain size. The results were
published today in the journal Physical Review
Letters: “Reversal in the Size Dependence of
Grain Rotation”.
Plastic deformation is a common physical
process of solid materials that usually determines
materials’ strength. General knowledge is well

established for the plastic deformation of materials

at a micrometer scale. However, the plastic
deformation of nanomaterials has long been
an outstanding challenge for the research and
industrial communities. Grain boundary sliding
and grain rotation are thought to be the dominant
mechanisms of plastic deformations at the
nanoscale. Grain rotation is significantly relevant in
nano-mechanics. Classic theories developed in the
1950’s and later (e.g. the Read-Shockley model)
stipulate that grain rotation can be accomplished
primarily by grain boundary dislocations.

Although the observation of grain rotation in
the deformation of micrometer-sized crystals
is feasible [L. Margulies et al. Science 291,
2392 (2001)], in situ probing the grain rotation
of ultrafine nanocrystals is difficult, precluding

further investigation of nanoscale mechanics. To
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overcome technical difficulties, Xiaoling Zhou and
her co-workers used Laue x-ray micro-diffraction
to monitor grain rotation markers in nickel media
of various grain sizes. “Under the same stress
conditions, the same sized tungsten carbide
marker of grain rotation should rotate the same
amount on average”, said Dr. Bin Chen, the project
team leader, “but surprisingly, we observed that
the marker crystals in the 70 nm nickel media
rotated more than in any other size of nickel
media”. They inferred that the reversal in the size
dependence of the grain rotation arose from the
crossover between the grain boundary dislocation-
mediated and grain interior dislocation-mediated

deformation mechanisms. This new finding could

in 70 nm Ni

in 200 nm Ni in 500 nm Ni
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reshape our views and knowledge of nanometal
plastic deformation, which provides guidance for
understanding and designing the structural and
physical properties of materials and potentially
advances the development of nanotechnology.
The work was supported by support NSAF (Grant
No. U1530402). X. Z. was partially supported
by the ALS Doctoral Fellowship in Residence
Program. This research used resources of the
Advanced Light Source, which is a DOE Office
of Science User Facility under Contract No. DE-
AC02-05CH11231.

Ref: Dr. Bin Chen
Physical review letters 118, 096101
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(©) Record pressure squeezes
stability of Ar(H,),
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ARCH 15, 2017- Hydrogen-rich materials
I\/I have been predicted to be promoters for
the metallization of hydrogen. A group of scientists
led by HPSTAR director, Dr. Ho-kwang Mao has
studied Ar(H,),, a hydrogen-rich material formed by
Argon (Ar) and Hydrogen (H,), to 358 gigapascals
-almost the pressure in the inner core of the
Earth, by combining experimental and theoretical
methods. Contrary to the previous thought, it
was observed that Ar damps the intermolecular
interactions between H, molecules, an effect as
‘negative’ chemical pressure which postpones
metallization. The results were published in
Proceeding of the National Academic of
Sciences, USA.

Hydrogen molecule (H,), the simplest molecule
of the elements and the most abundant element
in the universe, is an insulating gas at normal
conditions. But under compressing to above

4 million atmosphere pressure-exceeds the

pressure at the center of the earth, hydrogen was
predicted to be metal and even room-temperature
superconductor. Metallic hydrogen thus became a
holy grail for materials science because it could be
used for superconductors. However either probing
the exotic structure of H, high pressure phase (H
is the weakest scatter of X-ray) or transforming H,
into metallic phase presents as extremely grand
challenge.

Scientists have predicted that hydrogen-rich
material may help the metallization of hydrogen
through chemical pressure from the foreign
atoms or molecules. Ar(H,), belongs to a typical
hydrogen-rich material in form of Van der Waals
compound. In Ar(H,),, Ar atoms and H, molecules
are ‘glued’ together by London dispersion force, so
that H, units are preserved. It provides a unique
opportunity to explore its crystal structure (due
to the presence of heavier atom Ar), molecular

properties (Raman), and electronic properties
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Caption: XRD (Right bottom), Raman(left) and optical absorption spectroscopy (top right) of Ar(H,), at 265 and 358

gigapascals in diamond anvil cell (Middle). Image courtesy of Cheng Ji.

(optical absorption) at the same time to extremely
high pressure.

The X-ray beam with high brilliance and sharp
focus at beam lines 16-IDB and 13-IDD, APS, ANL,
enables X-ray diffraction (XRD) data of Ar(H,), to
be measured up to 265 GPa-a record pressure for
studying hydrogen-rich materials by XRD.

This new study shows that the insulating Ar(H,),
keeps the MgZn,-type structure in the pressure
range up to at least 358 GPa. A splitting of the
H, vibron recorded above 216 GPa points to a
molecular orientational ordering transition.

“Now, our work have clarified previous
controversies in crystal structures of Ar(H,), at high
pressures”, said Dr. Chen Ji, the first author on the

study, leading the experimental work.

To explore the pressure affected electronic
features on Ar(H,),, the researchers measured
the molecular vibrational properties and electronic
properties by an advanced confocal micro-Raman
system with 660 nm excitation to 358 GPa.

“Our results suggest that Ar does not facilitate the
molecular dissociation and bandgap closure of
H,, moreover it works in the opposite direction,”
explained Dr. Mao. “The results provide a solid
basis for future searches of hydrogen-rich materials

which facilitate metallization of hydrogen.”

Ref: Dr. Cheng Ji
Proceeding of the National Academic of
Sciences, USA.
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ARCH 16, 2017-New study from a team of
I\/IHPSTAR scientists, led by Drs. Ganghua
Zhang and Wenge Yang, find that pressure
can simultaneously enhance ferroelectric and
photoelectric properties of multiferroic KBiFe,Os.
These findings may open a new avenue to
discovering and designing optimal ferroelectric
compounds for solar energy applications. The
work was highlighted on the Advanced Electronic
Materials cover.

Multiferroic materials are highly promising for
solar applications, and also potentially useful in
devices like electronic sensors and flash memory
drives because of absorbing solar radiation
and possessing unique electrical and magnetic
properties.

“Scientists have put a lot of efforts to improve
the light absorption, optoelectronic properties of
multiterroics from several ways,” said Dr. Ganghua
Zhang, who led the research while he was a
postdoc fellow in Dr. Wenge Yang'’s group.

“We know that pressure is very significant technique
in tuning physical properties of energy materials,
eg. 2D materials, solar perovskites etc.” added
Ganghua. “So we are expecting how pressure will
change ferroelectric photovoltaics’ performance.”
The team utilized multiple high-pressure

techniques and theoretical calculations to probe

the crystal structure, bandgap, ferroelectric
and optoelectronic properties of the multiferroic
KBiFe,05-a new multiferroics with optimal
properties for solar applications.

Above about 7 gigapascals, the scientists observed
a new phase with four times polarizations of the
ambient phase. “This definitely means pressure
enhanced ferroelectric polarization of KBiFe,Os,”
said Dr. Wenge Yang, a staff scientist of HPSTAR
and a senior author of the paper.

“The pressure—induced polarized new phase
is promising ferroelectric photovoltaic material
and great candidate for photosensitive switch
applications,” added Dr. Wenge Yang.

This pressure induced phase transition also
enhanced the electron transport, and visible light
response in KBiFe,Os.

This study suggest that the hydrostatic pressure
techniques have great potential as versatile tools to
tune the structural, ferroelectric and optoelectronic
properties of the ferroelectric materials toward
better photovoltaic performances.

The other authors of the study are Fengliang Liu,
Tingting Gu, Yongsheng Zhao, Nana Li of HPSTAR

and Shouhua Feng of Jilin University.

Ref: Dr. Ganghua Zhang

Advanced Electronic Materials
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© Unexpected stoichiometry in
Sn-Se system
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ARCH 30, 2017-Scientists from HPSTAR
I\/Iand The University of Hong Kong combined
in situ synchrotron x-ray diffraction and density
functional theory and evolutionary algorithms to
examine the high-pressure structural behavior
of Sn-Se system. The team observed a new
compound with an unexpected stoichiometry in the
Sn-Se binary system. The research is published in
the March 28th edition of Physical Review Letters.
Under ambient conditions, Sn atoms exhibit
oxidation states of +2 or +4, and Se atoms often
have a -2 oxidation number, so the conventional
binary compounds observed in the tin-selenium
system are SnSe and SnSe,, representing the
typical stoichiometries in the IV-VI group.

While the team of scientists found that high pressure
would change the conventional stoichiometry in the
Sn-Se system just like what it did in the other binary
systems, eg. Na-Cl, Ca-C and etc.

Extremely high pressure will completely alters

elements’ chemistry, and we will get more exotic

compounds that we couldn’t under ambient
conditions. “So we could even say that pressure
will make a new chemistry world compared to
ambient pressure. This raises questions about
chemistry and how elements behave beyond the
world we know”, said Dr. Kuo Li, a chemist of
HPSTAR.

Sn-Se compounds attracted the group’s interests
because they are good semiconductors and
widely applied in photovoltaic, thermoelectric and
memory-switching devices. They are aiming to
find other exotic compounds in the Sn-Se system
because exotic compounds not only expand our
understanding of chemistry but may find new
practical applications in future.

First, the team used theoretical calculation to
find stable compounds in the Sn-Se system up
to 400 thousands atmosphere pressure and a
new compound with an unexpected stoichiometry
3:4 was predicted to be stable at high pressure.

“Unlike the layered crystal structures of SnSe



Caption: Novel pressure-stabilized superconducting tin selenide with unexpected stoichiometry.

and SnSe,, Sn;Se, has a more densely packed
crystal structure with potential high hardness,
good thermoelectricity, ferromagnetism or
superconductivity.

“Fortunately, the large pressure range where
Sn,;Se, is energetically preferable makes it possible
to be synthesized. So inspired by theoretical
predications, HPSTAR team managed to
synthesized the predicted new compound Sn;Se,
at some 160 thousands atmosphere pressures and
900 oC using a laser-heated diamond anvil cell,
and collected the corresponding X-ray diffraction
data successfully.

“Our result is one more perfect collaboration
between experimental and theoretical materials
research," said Dr. Yue Chen of The University
of Hong Kong, the co-led author. “Many novel

materials were predicted everyday by the

theoretical calculations but most of them are still
need to be realized by experiment.”

From further electronic structure calculation,
Sn,Se, is predicted to be metallic and exhibit a
superconducting transition at low temperature
and low pressure, which is different from the
conventional SnSe and SnSe, semiconductors.
Moreover, Sn;Se, shows a mixed nature of
chemical bonds from electron density and Bader
charge analysis. “The successful synthesis
of Sn;Se, paves the way for the discovery of
other 1V-VI compounds with non-conventional
stoichiometries and novel properties,” added Dr.
Lijuan Wang of HPSTAR, a co-author of the study

who conducted the experimental work.

Ref: Dr. Kuo Li

Physical Review Letters
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© Strong coupling between Weyl
fermions and phonons in TaAs

R, HMEINRETRERE TaAs RIFRIBICTE HBERRKRIIESE, IMRES B RIRETERH
FHUREMBTNEFRUNRE T ZRXENMAR. XEMBEERESERN, FHERESEEMEE
1514, RENEFERMNLUNERBNE ISR, TREREFHEM4, EFTESFURERBENNANE.
REIRSERZMRTHRO , PRI UREE R A RTERLEENRREANBES L EFRAR
THVR¥EE TaAs BIRFHMEFER , BRERI T IMRERFHEFZEIFENRENBEER, MAX

MRS ERA UM EEENAIAE, RIS R T IMNRERFNEFZEMGEEVIE, HWARRIMRE
RN FIFHRETHNERER. BRERARTE Nature Communications,
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PRIL 5, 2017-Scientists from HPSTAR and
AIOP—CAS, in collaboration with Dr. Rohit
Prasankumar’s group at LANL, studied the
temperature evolution of electronic and phonon
properties of the Weyl semimetal TaAs using
infrared spectroscopy. They found explicit evidence
for strong coupling between an infrared-active A1
phonon and Weyl fermions in TaAs. The study
is published in Nature Communications (DOI:
10.1038/ncomms14933).

Three-dimensional (3D) topological Weyl
semimetals (WSMs) represent a novel state of
quantum matter, which has an unusual band
structure with two non-degenerate bands crossing
at the Fermi level in 3D momentum space.
At the band crossing points (Weyl points), the
electronic dispersion is linear in all three directions,
resembling a 3D version of graphene, and the
low-energy excitations can be described by

Weyl equations, producing a condensed-matter

realization of Weyl fermions. Recently, such a
Weyl semimetal state has been discovered in non-
centrosymmetric transition-metal monoarsenides
and monophosphides (TaAs, TaP, NbAs and NbP).
In these materials, since the Weyl points are
located in close proximity to the Fermi level,
interband electronic transitions near the Weyl
points occur at a very low energy. This energy
scale overlaps optical phonon frequencies.
Consequently, strong coupling between electronic
transitions near the Weyl points (Weyl fermions)
and phonons may arise.

The coupling between discrete phonon and
continuous electron—hole pair excitations can induce
a pronounced asymmetry in the phonon line shape,
known as the Fano resonance. Such interesting
phenomenon has been observed in bilayer or
few-layer graphene, topological insulators, stripe-
phase nickelates and high-Tc superconductors

etc. However, the coupling revealed in all these
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Caption: (a) Fano resonance shown by the infrared phonon lineshape at different temperatures. The black solid lines through

the data denote the Fano fitting results. (b) Temperature dependence of the Fano parameter 1/q>. The red solid lines through

the data represent the modelling results.

materials is associated with or has considerable
contributions from coupling between phonons and
conventional massive fermions.

In the present study, the scientists revealed an
intrinsic, strong and temperature-tunable Fano
resonance, which arises from quantum interference
between phonons and massless Weyl fermions,
in the recently discovered WSM TaAs. Using a
model for strong electron-phonon coupling, they
successfully elucidated the mechanism underlying
the temperature-tunable phonon line shape.

“Our finding is the first observation of a
temperature-tunable Fano resonance in TaAs.”
Said Dr. Bing Xu, the co-first author of this work
from HPSTAR, “More importantly, the Fano

resonance is purely induced by the quantum

interference between phonons and non-trivial
massless Weyl fermions, which has great
significance in studies of topologically non-trivial
quantum phases.”

“These observations not only open a novel avenue
for exploring exotic quantum phenomena in Weyl
semimetals, but also set the stage for a variety of
potential applications that take advantage of the
ability to tune the Fano resonance using different
parameters, for example,temperature, light or
magnetic/electric fields.” added Dr. Yaomin Dai,

the co-first author of this work from LANL.

Ref: Dr. Bing Xu
Nature Communications
volume8, Article number: 14933 (2017)
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Hydration-reduced lattice thermal
conductivity of olivine in Earth's
upper mantle

"—

TEMIKRE, HARFMRIRE KFERIRABE, KFRIRSEETEM A ZthIK a9 RERFZ B B KB A,
SHIKNENERALL, MAErNEERE, REBEMAERMKRI TRENSTHAS, RSEET
MEEMAEPLEFTRRS, MEXLETREYRLLEEATREEBMERN. SR, HAHhHEHIL
ROEBAIRE TSR —EREF LIFEFF MR, ENRFRBEMAFIRERTKSHMNA
KU TRRSHR N EHIIE S TR EH (410-660 ARRESEE) , #MMEBEIETHEEN
REME, BEREFREN, BHARASEENETEERSBTKNEEMAAMR, BMEREHTHR
EIFET, BAESBRRAEETMASELEFTPULRRENERET. REMENBEREFRENE
£, IREERZFRARPOFBAERRRZS IEPRAREHSORERZES?E, BINR T SET KIS EHE
BASENT, RMREETETERARSELFARKNZM, BEEIEFNENT (H=FAEUR
L) #iEEPRKSEEASETE—Y, AMAFEFRERESILRRBZREKREMR, BAXATUE
HEBEEFET. ZMRER “Hydration-reduced lattice thermal conductivity of olivine in Earth's upper
mantle” &R7E 4 A 4 B8 PNAS,




arth’s water cycle enables the incorporation
Eof water (hydration) in mantle minerals
that can influence the physical properties of the
mantle. Lattice thermal conductivity of mantle
minerals is critical for controlling the temperature
profile and dynamics of the mantle and subducting
slabs. However, the effect of hydration on lattice
thermal conductivity remains poorly understood
and has often been assumed to be negligible.
Here we have precisely measured the lattice
thermal conductivity of hydrous San Carlos olivine
(MgyoFeq+),Si04(F090) up to 15 gigapascals
using an ultrafast optical pump-probe technique.
The thermal conductivity of hydrous Fo90 with
~7,000 wt ppm water is significantly suppressed
at pressures above ~5 gigapascals, and is
approximately 2 times smaller than the nominally
anhydrous Fo90 at mantle transition zone
pressures, demonstrating the critical influence

of hydration on the lattice thermal conductivity

of olivine in this region. Modeling the thermal
structure of a subducting slab with our results
shows that the hydration-reduced thermal
conductivity in hydrated oceanic crust further
decreases the temperature at the cold, dry center
of the subducting slab. Therefore, the olivine-
wadsleyite transformation rate in the slab with
hydrated oceanic crust is much slower than that
with dry oceanic crust after the slab sinks into the
transition zone, extending the metastable olivine
to a greater depth. The hydration-reduced thermal
conductivity could enable hydrous minerals to
survive in deeper mantle and enhance water

transportation to the transition zone.

Ref: Dr. Jiuhua Chen

Proceedings of the National Academy of
Sciences of the United States of America
Pages 4078-4081
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© A Possible Route from C,H, to
Graphane

ZIR (CH,) BREABRNRIZSDF, RFFEH, HEECHINERATIUERZENSER N FRIK,
EABAUEZREERS, BERIENBERNRENVEY), ERXTIRNRERNBEUREEF
W, BRINAMZE D, EREERFHRFONZEEMA SRR 5GP ANRERE AR R U767
SRAHES D FINFERURENAR T RIHEFE TR ND FHRRERMERE, F—RRETEETR
BZAIZRIIFERRAEN, TIEM FHEE T ORNBEERNERE, F—ATEMNMBET LK A
IR R EMBNERE, HELEM E, @SB BEHEELLINEE. BRI UNE T 53R
IR T FMAZRE KA ERNATEEMY. ZMRASRRMEHRMH T HNER, RAMNIEATEETHEER
FRERRFEZHFRERD FEEBHZM, HeHTHRAREESEERAGHESARRNTEN, 8
KHIERZEALER “Pressure Induced Polymerization of Acetylene: Structure DirectedStereoselectivity and

a Possible Route to Graphane” &3R7E Angew. Chem. Int. Ed. (DOI:10.1002/anie.201702685).

AY 3, 2017-Scientists from HPSTAR, co-
I\/I led by Drs. Kuo Li and Haiyan Zheng, have
quantitatively explained the reaction route of
polymerization of C,H, under extreme condition
by neutron diffraction and theoretical calculation.
They discovered that under high pressure,
acetylene molecules react along a specific
crystallographic direction, which leads to the cis-
polyacetylene. Following this route, the scientist
discovered a potential method to synthesize
graphane. By combing multiple methods, a layered
polycyclic polymer was synthesized and identified
as an intermediate between polyacetylene and
graphane. This research provides a novel method
of synthesizing carbon materialand the results are
published in Angew. Chem. Int. Ed.(DOI: 10.1002/
anie.201702685).

Acetylene (C,H,) is the simplest alkyne and

can be used as building blocks for synthesizing

largermolecules or materials like benzene and
polyacetylene. It can polymerize under high
pressure without any catalyst and generate
polyacetylene (PA); where cis-PA is the
preferred product especially when synthesized
under low temperature. However, until now, its
reactionprocess under high pressure and different
pressure/temperature conditions have not been
well understood.

By using in situ and ex situ experimental methods
as well as theoretical calculations, the team
systematically investigated the pressure-induced
polymerization of C,H,, explaining the domination
of cis-polyacetylene in the process. More
surprisingly, they predicted graphane as the final
product of this route and experimentally identified
a layered polycyclic polymer that is an intermediate
between polyacetylene and graphane.

Compared with a traditional chemical reaction,
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Caption: Selected structure models of metadynamic simulations. (a) 10 GPa, (b) 15 GPa, and (c) 10 GPa from cis-

polyacetylene theoretically predicted by pressure induced polymerization.

which is controlled by the temperature or a
catalyst, the reaction rule under extreme conditions
is still unknown even for very simple systems like
C,H,. “A pressure-inducedreaction usually happens
in the solid phase. Unlike the reaction in the gas
or solutionphases, it follows a completely different
path and is controlled by the crystalstructure, the
orientations, and the distances of the molecules,”
said Dr. KuoLi.

Graphanewas predicted for a long time but not
stoichiometrically synthesized. However, high
pressure provides a new method that may lead to
new materials. “Usually, we synthesize material
by tuning the temperature, chemical composition
orcatalyst but pressure, as a thermodynamic
variable, can also determine the compound stability
and reaction. By manipulating the pressure, novel
materials which cannot be obtained under ambient

conditions can be yielded, such as the sp’carbon

nanothread or Sn,;Se, etc.,” said Dr. Haiyan Zheng.
This investigation is a critical example of how
to study reactions under extreme conditions.
In situ neutron diffraction is more sensitive
to light elements, and is thus a crucial tool
for determining crystal structures right before
polymerization. The reaction possibility is based
on the intermolecular distance and molecular
orientation experimentally but theoretical
predictions are also very important. “Molecular
dynamic simulation based on the experimentally
obtained structure can help us to understand
the reaction route and predict the product under
high pressure,” said Dr. XiaoDong, the HPSTAR

postdoc who lead the calculations.

Ref: Drs. Kuo Li and Haiyan Zheng
Angewandte Chemie International Edition
Volume 56, Issue 23, June 1, 2017, Pages 6553-6557
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© The composite material makes the
ultrafast lithium ion capacitors

RIS BER A EF AN T RIFLAIE K , W EERARE TERNER . 2R FRGBRABARE—
METER FEMMNBRBRENEMENGNEESG , BTRAESHNEEREMINERRE , KEFm UK
ERel, BENATARDIESHISEN. NAREXFBRFENREMRAGEHRERIE /G
BESBRE, RS- ERENER E#HITTIHED . MRS ERE TR 25 #EIA
SEHL T0% BRI A E (B 100 C BAZEENNKRERERSIX 120.8 mAh/g) o IR AGIEMEAER
EABERMEFRTHER, UZEAMHAARNES FREEARNIERREEETBH T WERIBL
BREE, AAEENMREXMERNANE.

iy
R

Caption: A novel atomic layer deposition seeded Li,Ti;O,,/graphene anode for ultrafast lithium ion capacitors.



APRIL 14, 2017-The rapidly growing energy
demand requires the development of

advanced electrical energy storage technology.
New work from a team including Dr. Huiyang Gou
at HPSTAR and Dr. Gongkai Wang from Hebei
University of Technology and Prof. Jie Lian from RPI
published in Nano Energy show that the composite
materials of nanosized Li,Ti;O4, (LTO) and
graphene nanosheets can have excellent reversible
capacity, rate capability, and cyclic stability as anode
materials for lithium ion capacitors.

The composite material showed the great
performance for lithium ion capacitors, the
reversible capacity of 120.8 mA h g™' at an
extremely high current rate of 100 C was achieved
successfully, and the electrode can be charged/
discharged to about 70% of the theoretical capacity
of LTO in 25s. Meanwhile, the composite exhibited
excellent cyclic stability of 90% capacity retention
at 20 C with nearly 100% Coulombic efficiency
after 2500 cycles.

“We introduced ALD technique, for the first time,

for the realization of high performance composites
of nanosized LTO and graphenenanosheets
as anode materials for LICs. TiO, nanoislands
were seeded on graphene by ALD process in
advance, ensuring the unique structure formation
of subsequent LTO”, as the leading author of Dr.
Gongkai Wang said.

The sintering treatment, the crystallinity, defect
density, microstructure and electrochemical
property of the composite have significant effects
on its electrochemical performance, Huiyang said,
this is also supported by theoretical calculations.
The results provides a foundation for a feasible
design to incorporate energy storage materials
onto conductive host materials, propelling the
forefront and shedding new light of electrical
energy storage devices with high power/energy

densities.

Ref: Dr. Huiyang Gou
Nano Energy
Volume 36, June 2017, Pages 46-57
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© High-Entropy Alloy: changing
faces under high pressure

BEANETH CoCrFeMnNi BBEERE OIS (fco) EMBHAENARER, EEAFRIFNIK
EREMBRIE. ERENAERE. AMMBXTE2ENSHEEREGRART KENMFT. A,
FERIALE, MINEEHRINREFZRERE. BRHEUANRZESENERHRBEM (hcp) AIREEER
TERENEN, BREUENERMEEMERZ hcp EMNET. MEREEZIHBRHNAEEMARLE
W &REA CoCrFeMnNi S EEH fcc EMRIVE, FEEEASHSHEE, MEMBRTENFESHSAR
ERERARE, &I, tREBEMEZFMRFONERAMRRFAASHEFE AN REHRAT SBFHE
REAEIE, FASEEAMREIEZSE, XBRIUSERDIEN X STAITHRARN CoCrFeMnNi X—
HAR fcc BBATMEMHATT RAAR, KA T ZEESEMEIZRFAE fcc B hep IR RTESHISHE
TR, EZAABARXFIBABERUMSMAEALEER TR X FHAITHEA, ¥ fcc M hep ETREM
BT HE—FHRR. LEREKA, fcc HRRHETHREM, Mhep 72K (F) BREME. ZMRHRER
TEMMERENSHBEEPHRFESHESHEEINSR, FET CoCrFeMnNi SEE £ fcc M hep 4514
MEXIIRE MR KERRER), thAMRFEMREIITIIRITXEMRBERERME T AT, MeENR R

i, RETIRSMERBER.
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UNE 2, 2017-A new class of solid solution alloys
Jtypically with five or more elements in equal or
near-equal proportions-so called the high-entropy
alloys (HEAs) are well known for their combination of
the desirable properties including high strength, high
ductility, high toughness, outstanding wear, fatigue,
oxidation and corrosion resistance etc. Rather than
the readily formation of multiphase microstructures
in traditional multicomponent alloy systems, HEAs
usually favor a single simple lattice, which was found
to be very stable upon heating or cooling. New study
co-led by a HPSTAR staff scientist, Dr. Qiaoshi
“Charles” Zeng revealed irreversible polymorphic
phase transitions between the fcc and hcp structures
in a prototype high-entropy alloy CoCrFeMnNi
using in situ high pressure and high temperature
x-ray diffraction techniques. Their discovery
was just published in Nature Communications
(DOI:10.1038/ncomms15687) on June 1st. These

results shed new light on the thermodynamics and
kinetics of complex HEA systems and also opens
a new avenue towards tuning HEAS’ properties via
polymorphic structural transitions for applications.
Conventional metallic materials are typically
designed based on one or two principal elements,
forming various alloys with compositions located at
the corners or edges of phase diagrams. Different
from this traditional design strategy, HEAs are
developed near the center of multicomponent phase
diagrams. Due to the high configurational entropy,
the complex compositions of HEAs does not induce
complex microstructures accompanied by brittleness
as expected by traditional metallurgy, but surprisingly
stabilize the system in a simple solid solution lattice,
and impart attractive properties to these new alloys,
forming a new frontier of metallic materials.

“It is generally believed that HEA lattices are severely

distorted and atomic diffusion is extremely sluggish
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Caption: The temperature and pressure metastability
boundary (not the equilibrium phase boundary) of the

polymorph hcp and fcc CoCrFeMnNi HEA.

due to the chemical complexity and configuration
disorder”, said Dr. Qiaoshi Zeng. “This make HEAs
have exceptionally high structural stability.

Of all HEAs, the CoCrFeMnNi alloy termed as
the Cantor’s alloy, is the first reported HEA and
a prototype fcc (face-centered-cubic)HEAs.
CoCrFeMnNi can maintain its fcc structure
over a large temperature range from cryogenic
temperatures up to the melting temperature without
any polymorphic phase transition.

“Although CoCrFeMnNi HEA is well known and
has been extensively studied by experiments and
simulations for more than a decade, a puzzle about its
structure stability still remains unresolved. Simulations
suggest that the hcp (hexagonal-close-packing)
structure should be more stable than its fcc structure
at room temperature. However, no hcp structure of
the CoCrFeMnNi HEA has ever been observed in
experiments. So far, high pressure as a dimension
has rarely been explored in HEAs, we are therefore
curious whether pressure-induced polymorphism also
extensive exist in HEAs like what does in their typical
constituent elements, said Qiaoshi.

A team led by Fei Zhang, a visititing Ph.D. student
of HPSTAR in Qiaoshi’s group, used a diamond-

anvil cell to compress tiny CoCrFeMnNi samples
to ~40 gigapascals. To their surprise, the initial
fcc CoCrFeMnNi gradually transformed to a hcp
structure monitored by in-situ synchrotron radiation
x-ray diffractions (XRD).

“Acturally, the structural stability of the fcc
CoCrFeMnNi HEA has been extensively studied in a
wide temperature range at ambient pressure but no
new structure was observed. Using high pressure as
a tuning tool, we observed the first polymorphism in
the CoCrFeMnNi HEA”, Fei said.

Moreover, the hcp phase could be retained to
ambient conditions after pressure release. While
further heating experiments on the retained hcp
sample at four different pressures indicate that the
hcp CoCrFeMnNi HEA will return to the fcc structure
at high temperatures, and the transition temperature
for hcp-fce transition increases with pressure

“This means that the well-known fcc phase actually
is a stable polymorph at high temperatures, while the
hcp structure is more thermodynamically favorable
at lower temperatures”, explained Dr. Hongbo Lou, a
postdoctoral fellow at HPSTAR in Qiaoshi’s group.
“Since the fcc-hcp polymorphic transition is
irreversible and sluggish, it is easy for us to
synthesize fcc-hcp dual phase composites with
tunable volume fractions. Our results therefore open
up a new avenue towards tailoring HEAs properties
for novel applications via polymorphic transition-
induced HEA composites” Qiaoshi said.

“The polymorphic transition discovered in this work
is by nomeans limited to this specific CoCrFeMnNi
HEA, and we expect that this behavior could be
general in various HEAs at certain pressure and

temperature conditions”, Dr. Zeng added.

Ref: Dr. Qiaoshi Zeng
Nature Communications
volume8, Article number: 15687 (2017)
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© New form of carbon that's hard as
a rock, yet elastic, like rubber

IS

WMEBZMERSIAF, NEE. NG (55 ). EPK. MPKE. ARK. KBRS, HPaE
EEATALEERBENENG, EIHMAES, MERIUIKERARY, FASEEEEMNMNEE
FHERTHERRRZRRT K. CHRKBHESRSHRE TRIBMO—ERNE, HRAREHEHSZN E
BB o EURINKIBRAEEENSE FTHSERTRAT, HIMBATEEEERXZER T KRB,
MESESRFRET, KBRMEEERENTENG, AMRNEREFEE TYIRERINEE, XFEEE
EIRIEIR AR EARE AR EHE, BEXARUECERENG. EERBMALLUTRE: cB5HE2X
HRVEEME, BHMEEREREEETRBNASMEIN S EUL, BEXT—REEMR; ERE ERE—
EE8th) hE, S REENG. BMUENRAMEERN 2 B0 LE; BERS, TRMZIXSEERN
SR ; BARSHNEENEN, BESTEHESRNMEE, EESTERENTRICIZEEREN

BIRE ; WINEER SHBE.
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UNE 9, 2017-Carbon is an element of
\J seemingly infinite possibilities. This is because
the configuration of its electrons allows for
numerous self-bonding combinations that give rise
to a range of materials with varying properties.
For example, transparent, superhard diamonds,
and opaque graphite, which is used for both
pencils and industrial lubricant, are comprised
solely of carbon. A international team including
HPSTAR scientists Drs. Jinfu Shu, and Ho-
kwang “Dave” Mao, have developed a form of
ultrastrong, lightweight carbon that is also elastic
and electrically conductive. A material with such
a unique combination of properties could serve
a wide variety of applications from aerospace
engineering to military armor.

The scientists pressurized and heated a

structurally disordered form of carbon called
glassy carbon. The glassy carbon starting material
was brought to about 250,000 times normal
atmospheric pressure and heated to approximately
1,800 degrees Fahrenheit to create the new strong
and elastic carbon. Their findings are published by
Science Advances.

Scientists had previously tried subjecting
glassy carbon to high pressures at both room
temperature (referred to as cold compression) and
extremely high temperatures. But the so-called
cold-synthesized material could not maintain
its structure when brought back to ambient
pressure, and under the extremely hot conditions,
nanocrystalline diamonds were formed.

The newly created carbon is comprised of both

graphite-like and diamond-like bonding motifs,



Caption: Visualization of ultrastrong, hard and elastic compressed glassy carbon. The illustrated structure is overlaid on an
electron microscope image of the material. Images are provided courtesy of Timothy Strobel.

which gives rise to the unique combination of
properties. Under the high-pressure synthesis
conditions, disordered layers within the glassy
carbon buckle, merge, and connect in various
ways. This process creates an overall structure
that lacks a long-range spatial order, but has a
short-range spatial organization on the nanometer
scale.

“Light materials with high strength and robust
elasticity like this are very desirable for
applications where weight savings are of the
utmost importance, even more than material cost,”
explained Zhisheng Zhao, one of the principal
investigators on this project and also a professor of

Yanshan University. “What’s more, we believe that

this synthesis method could be honed to create
other extraordinary forms of carbon and entirely
different classes of materials.”

The other members of the team are: Meng Hu,
Julong He, Wentao Hu, Dongli Yu, Hao Sun,
Lingyu Liu, Zihe Li, Mengdong Ma, Jian Yu Huang,
Zhongyuan Liu, Bo Xu, Yongjun Tian of the State
Key Laboratory of Metastable Materials Science
and Technology; Yanbin Wang of the University
of Chicago; and Stephen J. Juhl of Penn State
University.

Ref: Drs. Jinfu Shu, and Ho-Kwang “Dave” Mao
Science Advances
Vol. 3, no. 6, e1603213
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(© Enhanced Superconductivity in
Pressure Quenchin In,Se;

SRUEE. BRESEBSFRAMIUATRURNEN, EPHESERAR, SILRNBESHRLTEE
165 K #01 203 K S ETERA MMM E LK. ERRBHZE, ENESHBSURMEEEINEF—EHE
K7 ERBERFHARFONAEE TR ESFERIIMER EMEHREE S SHBSTHERED
BRRMEET, BREELLAEIEFNSTE—H, HELIFHTREOED. XTHBEALNERE
AaEtEEME, SEESNEERBSUKAIURKEREEEZEFHT, EEEESHNARNAEE.

ZERT 7 B 10 HAREZZIE G HZE AT Advanced Materials.
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ULY 11, 2017-Pressure induced
J superconductivity has been realized in several
systems, while the superconductivity will disappear
with pressure quench. So how to preserve the
pressure-induced superconductivity remains a
problem to be solved. New research from HPSTAR
revealed that enhanced superconductivity
happened in In,Se; during pressure quench.
This opens up a possible route to preserve the
high-temperature superconductors induced by
compression to low and even ambient pressure.
Their work is published by Advanced Materials.
Since the first discovery of superconductivity in
mercury in 1911, making new superconductor with
higher superconducting transition temperature (Tc)
has been the Holy Grail of the superconductor
academia and industries.

“Pressure is a paramount significance for

promoting superconducting transition temperature

and making new types of superconductors, as
exemplified by the superconducting transition of
cuprate oxides and hydrogen sulphide system
occurring at 165 and 203 kelven, respectively”,
said Dr. Feng Ke who led the research.

“However, how to preserve the pressure-promoted
superconductivity to low and even ambient
pressure for practical applications is a long-term
chanllenge” added Dr. Bin Chen, a staff scientist
of HPSTAR and one corresponding author of this
study.

The researchers from multiple institutions of China
and the United States have conducted a step
study toward this goal. They observed striking
superconducting temperature evolution during
compression.

“The most surprising is that the
superconductivity of In,Se; that occurs at ~43.1

gigapascalsduringcompression still remains
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Caption: Left: The microphotography of the layered In,Se; for high-pressure electrical transport measurements; Right: Tc of

In,Se;of different pressure cycles, courtesy of Dr. Feng Ke.

robust during pressure quenching, with a twofold
increase at a lower decompression pressure”,
said Dr. Feng Ke.

“This much desired superconductivity
enhancement in pressure quench can be attributed
to the significant softening of phonon frequency
in decompression and the irreversible layered or
two-dimensional to three-dimensional structural
transition of the high-pressure phases”, explained
Dr. Feng Ke.

Their findings provide guidance in search for
pressure-quenchable superconductors: In,Se;-like
low-dimensional layered materials which can keep

relatively higher carrier concentration for electron-

phonon coupling at lower decompression pressure
may also demonstrate significant decompression-
driven superconductivity enhancement.

“If quenchable pressure is sufficiently low, around
a few gigapascals, some other approaches such
as introducing chemical pressure may undertake
the last-mile work of maintain high-pressure
superconductivity in a practical condition, making
possible the real application of pressure-induced
superconductors”, Dr. Bin Chen added, “More

explorations are going on”.

Ref: Dr. Feng Ke
Advanced Materials

DFsSERa-H LTO0T




S
ar
5
E
A
&

© LSO — Ideal optical pressure

sensor

HEREIRIZE La,Sn,0; E—MERSREALY), BEERERSBAMEHNL N ZIREMBEL TR
ErEF, EEREEFHT, LaSn0; FEEBFHRISEMA RS, ItRSERMZRRPOHNIXE
MARRESEMARFHEMBE S AR/ NBEHREIEE A La,Sn,0, FILNE TR ERE EELIINR
FIE, EEETRRTERL S, MAXMERLLETEN, MI1RHEEA La,Sn,0, A
WERA . RENCFEERNROVINEI S, BEMAERERIRIFRE T LRI E L RS

Pl
wlE

ULY 11, 2017-A material with good
Jstructural stability, chemical durability, and
radiation tolerance under extreme conditions is
necessary and long challenge for developing
new pressure sensors. New work co-led by
HPSTAR scientist, Dr. Wenge Yang found novel
visble photoluminescence in pyrochlore La,Sn,0,
induced bypressure. This unexpected reversible
photoluminescence suggests that La,Sn,0,
might be an ideal optical pressure-sensor under
extreme conditions. The results are published on
Advanced Materials.

Pyrochlore La,Sn,0; (LSO) has potential
applications in light emitting, disposing of
high-level radioactive waste in safe geologic
repositories under extreme condition due to its
extraordinary chemical stability, and excellent
radiation tolerance etc.

In addition, LSO is simultaneously transparent to
visible light and well conducting electricity. There is

very rare of this kind of materials.

Pyrochlore LSO shows a strong near-infrared
fluorescence at ambient pressure. And the team’s
previous work has shown that pressure induced
photoluminescence (PL) change in pyrochlore
Eu,Sn,0;.

“Pressure has show powerful effect in tuning
physical properties and discovering new
phenomenon, which guides people for advanced
materials discovery”, said Dr. Wenge Yang.

“These inspired us to further characterize the high-
pressure PL phenomenon of pyrochlore LSO,
added Dr. Wenge Yang.

When subjects to compression, LSO shows visible
PL above 2 gigapascals. PL spectrum intensity
shows obvious change with pressure. What's
more, the PL peak shifts with pressure.

“These are similar with what happens in Ruby, a
pressure calibrate under extreme conditions”, said
Yongsheng Zhao, a PhD student in Dr. Wenge
Yang’s group and who led the research.

More importantly, the pressure induced visible
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Caption: Pressure - induced novel visible PL in LSO.

photoluminescence will disappear with pressure
reduced to ambient conditions, which means the
pressure induced PL is reversible.

“This reversible visible PL dependent on pressure
suggests that LSO may provide a great calibration
tool for pressure sense at extreme conditions”, Dr.
Wenge Yang added.

With the aim of unraveling the mechanism behind
the pressure induced PL effect, the researchers
conducted detailed analyses of the high-pressure
crystal/electronic structures of LSO.

In-situ high pressure X-ray diffraction and

resistance measurements show that the

anomalous PL behavior was associated with lattice
distortion by phase decomposition and novel
visible PL was associated with semiconductor-
insulator transition.

“Pressure induced and enhanced visible PL
would lead fundamental understanding and open
up new applications of new PL materials under
pressure. All these bring us a new sight for
nuclear-waste host materials”, said Dr. Wenge

Yang.

Ref: Dr. Wenge Yang
Advanced Materials
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(©) Zeolite Dehydration and Extra-
Framework Cations

IS

$h3#% A Natrolite (NAT) 2#H AR MHNHEARER, BEF/)N. MUNHEENT R, RIEWHEH
BEMEEFRE ﬂthkﬁ%E’Juﬁﬁ*ﬁE’JTﬂ AW AR Li-,Na- and Ag-NAT & K-,NH4-, Rb-,

and Cs-NAT, &

I HBARHERAITRANS BEWRICGEFHT, ZAREANLIRNHANERKE

ESERMABFHIRNERIEFREERABE FREEERAANENREE T EESLRKEEEEE

B9ER.
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ULY 24, 2017-New work led by HPSTAR
Jscientists, Dr. Yongmoon Lee and Prof.
Yongjae Lee presents new results in Zeolite.
They performed comprehensive high-temperature
diffraction and spectroscopic experiments on
natrolites, containing extra-framework cations
(EFC) of various size and charge. They find
systematic yet unusual structural and chemical
behaviors. This work is published in the latest
American Mineralogist, and is selected as "Editor's
pick of notable papers" for this month in American
Mineralogist.

The team presents a comprehensive structural
and spectroscopic study of the thermal behavior
of monovalent cation exchanged natrolites as a
model system of a small-pore zeolite.

Natrolite (NAT), one of the representative members
in mineral zeolites, contain tiny, regularly spaced
elliptical pores. There two types of NAT depending
on the distribution pattern of extra-framework
cations (EFC) and H,O in the pores. In Li-, Na-
and Ag-NAT, the EFC’s are located in the middle

of the pores and water molecules are closer to the

amuminosilicate framework, whereas in K-, NH4,
Rb-, and Cs-NAT, this distribution is reversed in a
disordered fashion.

In this work, the team aimed to find out the
influence of EFC on the temperature-induced
structural and chemical changes. They found
that the dehydration temperature is inversely
proportional to the size of the EFC in such a
way that Li-NAT shows the highest dehydration
temperature while the dehydration temperature for
Cs-NAT is the lowest in the NAT families. This can
be understood given a possible Coulomb’s Law
effect on bonding strength.

What is special in this study is that those
isostructural K-, Rb- and Cs-NATs with disordered
EFC-H,0 distribution exhibit negative thermal
expansion behaviors before dehydration. Their
thermal expansion coefficients increase linearly
from K-, Rb- to Cs-NATs, at which it becomes
comparable to that of ‘zero thermal expansion’
alloys known to date. After dehydration, the EFC
distribution of K-, Rb- and Cs-NATs becomes

ordered, and their thermal expansion coefficients
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become positive.

In contrast, in Li-, Na- and Ag-NATs with ordered
EFC-H,O distribution, thermal expansion
coefficients are positive in Li- and Ag-NATs and
negative in Na-NAT, which becomes reversed after
dehydration.

To understand these phenomena, the team further
probed the bonding interactions of EFC and H,O
molecules via X-ray absorption spectroscopy.

“Moreover, our structural work on NATs suggest

that EFC type has a greater influence over
the stability of zeolite structures than degree
of dehydration, with stability increasing with
decreasing EFC radius ”, Dr. Yongmoon Lee
explained who is the leading author in the series of

publications on natrolites in American Mineralogist.

Ref: Dr. Yongjae Lee
American Mineralogist
2017, 102, pp 1462-1469
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© A new graphitic carbon nitride
made under pressure

REMHUANENR - MAMHERRENBFENMASNUERENE, MZEATRHELSTE. kE
. BN, XEMURZAMHERS, FEEFENMEEXMNEREN. REBETREER
BASEMEg-CGN,, BRBANERREEABMMENMERAIEMHZ— tREEMZMAPOH
HEFAARARESRFEFN BERN AN TR AN BB &It H0 FEN S IR-CN, 2 FREHTTT SEH
R, BREBTERDEXHRHFRBEENSEN. HEZAREMLI CN, 2 FREERRHEAT
MEEREGRN, BENAED FEEEHREH FERTZRLFHEAERNRARFIFREN, HEMA

HRREM N B8, MRLERAKRTT Chemistry of Materials.
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UGUST 14, 2017-Nitrogen-bearing, carbon-
Arich materials are known to have multiple
functionalities and diverse applications. Graphitic
carbon nitride (g-C;N,) is the most common C-N
phase studied, but several other phases with
varying compositions and properties have been
predicted. A group of scientists led by Huiyang Gou
of HPSTAR and Timothy Strobel of Geophysical
lab performed high-pressure experiments on linear
dicyanoacetylene (C,N,) using a diamond anvil
cell, in which a pressure-induced reaction process
of was uncovered. Discrete linear C,N, molecules
were found to polymerize into a disordered
extended network without significant change to the
bulk composition. The results were published in
Chemistry of Materials.

C,N, is a linear molecule with alternating triple and
single bonds (N=C-C=C-C=N) that can burn with
a flame temperature of more than 5000 K. This

high-energy state represents a novel starting point
for the synthesis of new carbon nitride extended
networks with an interesting C:N stoichiometry
in-between typical deposition-based syntheses
(nitrogen doping) and systems like graphitic C;N,.

The team found that C,N, polymerizes into a
disordered carbon/nitrogen network that can
be recoverable at ambient conditions. Its local
structure, composition and chemical bonding
were established using a variety of optical and
X-ray scattering methods. Simulations of the
reaction process conducted by Li Zhu and Duck
Young Kim indicate that the pressure-induced
polymerization initiates between the shortest Nes-C
distances within a single two-dimensional “sheet”
of molecules within the crystal. The polymerization
proceeds within individual sheets through
cycloaddition reactions producing predominantly

5- and 6-membered heterocyclic rings, giving the
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Caption: C,N, polymerizes into a disordered carbon/nitrogen network under compression.

overall structure a tendency to propagate in two
dimensions.

The high-pressure behavior of C,N, elucidates the
nature of chemical bonding, reaction mechanisms,
and the atomic structure of reaction products,
which advances the general understanding of
carbon nitride materials and provides fundamental
contributions for realizing new diamond-like carbon
nitride materials.

Other team members included Haw-Tyng Huang,

Arani Biswas, Derek Keefer, Jordan Lerach

and John Badding of The Pennsylvania State
University; Brian Chaloux and Albert Epshteyn
of the Naval Research Laboratory; Clemens
Prescher of the University of Chicago; Liuxiang
Yang and Matthew Ward of Carnegie; Shengnan
Wang and Artem Oganov of Stony Brook
University.

Ref: Dr. Huiyang Gou
Chemistry of Materials
2017, 29 (16), pp 6706—6718
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© High-Pressure Behavior of
Hydrogen and Deuterium at Low

Temperatures

Zd— N SHELHNAR, UFoRARRFNE— N TE-_SNEENENEERESEARRIL, bR
SERIZH R Ross Howie. BRBEEE. Eugene Gregoryanz =iz R 5 R E R F R E &Y IR 5 FR

MR AR—E, MASEMERNSXERS, RETEMREES (0-200 GPa) FEE (4-300 K) 5E
BERN—RIEREEMNEFLRASKE, DL, SNEMURANIRDAREEEZHUPHASE
HIFAVENIRIEE A8 (1) RREMEHE , XMFBTFET 25-110 GPa ZEHE T 125 K BEX IS, BEEREE
EDFHTEERHLEURELE, £5R ICGERNBRE——NERAHERRESE. N IICENEH
o, #ENREFINNER, BT ENSSRENZREURD FERNEEFRMSHERIVIETIE
o HHh, MRIERT T SMMEAE | ZI48 11422, 48 11 2048 1 S LR0IEE, SR THRBOSMRME L 1
N BEAR, BT ENMNSEMERE, EHRE=TZEREMEFEREXHARN—ARE,

WFERENSERE. BI PNEFINEFRFEEE X,
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UGUST 17, 2017-New work by HPSTAR’s
ARoss Howie, Xiao-Jia Chen and Eugene
Gregoryanz, in collaboration with the ISSP Chinese
Academy of Sciences, presents the first high-
pressure experimental study of hydrogen that was
completely conducted within China. The authors
present in situ high-pressure low-temperature high-
quality Raman data for hydrogen and deuterium
where they demonstrate the presence of a novel
phase, phase II', unique to deuterium. This work
is published Physical Review Letters (DOI:
10.1103/PhysRevLett.119.065301).

Elemental hydrogen under compression has been
an alluring topic in the high-pressure sciences for

several decades. Despite numerous theoretical

and experimental studies, several outstanding
problems remain. Despite the remarkable progress
in our under- standing of the behavior of both
isotopes at very high compressions, there has
been no attention given to the P-T regimes where
phase Il exists.

Phase | of H, & D, is known to adopt a hexagonal
close-packed structure with freely rotating
molecules. The application of high pressures and
low temperatures forces the molecules to adopt
a broken symmetry phase, phase I, whereby the
quantum-mechanical rotational motion is present,
though hindered by the increased density.

Using a state-of-the art low-temperature Raman

spectroscopic system at the Key Laboratory of
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Caption: Proposed phase diagrams of hydrogen (a) and deuterium (b) in a low-temperature, medium-pressure range.

Materials Physics, Institute of Solid State Physics,
Chinese Academy of Sciences based in Hefei
as part of a collaborative effort, the authors
systematically map out phase Il of H, and D..

The changes in the Raman spectra of deuterium
with pressure and/or temperature indicate the
presence of a previously unknown solid phase
existing between 20 and 110 GPa and below 130
K. The novel phase, called phase II’, occupies the
larger part of the P-T area that used to be known
as phase Il. If pressure is further increased at

above 110 GPa, phase II' transforms into phase II.

Remarkably, phase II’ of deuterium is not observed
in hydrogen, making it the only phase that does not
exist in both isotopes.

“It really is remarkable that this is the first phase
which is exhibited in deuterium but not in hydrogen.
This is a clear demonstration of the role that

quantum effects play in the isotopes” — Ross Howie

Ref: Drs. Ross Howie, Xiaojia Chen and Eugene
Gregoryanz

Physical Review Letters

119, 065301
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© Diamond can be amorphous: from
scenario to reality

ENARRAFENEERSHME, BNTAERSHNEERE (KEE) , RENRTEE. &5
HRASEEMFIER. XEAFEEMESHENE R, AHARMBIIBH (glassy carbon) {EAEIAMH,
B ERMHAIBREAERRINE R T HRARH 100% sp’ EMBHF R IFREHmME,. BERL RS
X ST, BAWBEFEMRREFRERRESFSHLEFER, —BUERXMHEHM R HIIER
B, BMENSAERRTFENENEHRE sp’ B, AMBEEN “FS5ENE” . FRSSNAEN
BRRAENAHTEE NIRRT sp’ RESHNHMAR, KT T HIIHAEESIAN. “IF
RSENE" BTELTFNRFENMASFESMHAZSERMENER, BMHRBAIFERR. (IHSFESR
RIKERIE, XEZRE sp’ RNBHEEMRAIEASRIEEEELSENENRRIEE EERURS
B x HAPTHKRRELELEREESTENG) , (FA—TRENBEME, FATREXRSHFRATN

BISEENA.
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UGUST 22, 2017-A team led by HPSTAR
Ascientist, Dr. Zhidan Zeng synthesizes a new
form of carbon—*“amorphous diamond”—under
high pressure and temperature (HPHT). This bulk
amorphous diamond obtained under HPHT can
be maintained to ambient conditions for potential
applications, realizing possible the hardest
amorphous (glass) material ever discovered. This
work is recently published as an article by Nature
Communications (Synthesis of quenchable
amorphous diamond, doi:10.1038/s41467-017-
00395-w).

Diamond is a famous allotrope of carbon with many
unparalleled properties. In particular, diamond has
the highest hardness and thermal conductivity
of any ever known bulk materials, resulting in
widespread industrial applications. Most of its
unique properties originate fromits extremely
strong sp® C-C bonding. The search for other bulk
carbon allotrope with the same sp® C-C bonding
has been a long-sought after yet elusive goal.

In principle, any substance can be formed in an

amorphous solid state. Is a fully sp® C-C bonded
amorphous diamond also possible? By combining
high pressure and high temperature, Z.D. Zeng
and her colleagues successfully synthesized a
completely sp®-bonded tetrahedral amorphous
carbon-- “amorphous diamond”, and recovered it
to ambient conditions, for the first time.

Despite of the highest hardness, diamond
as a crystalline material, is anisotropic and
contains“weak planes” (cleavage planes) which
make it easily to break along certain directions.
“In contrast to diamond, the ‘amorphous diamond’
has a disordered three dimensional structure,
therefore it is ideally isotropic and does not
contain weak planes.” said Zhidan Zeng, “This
structure with the strong three dimensional
C-C bond network make amorphous diamond a
super strong material. Our experiments confirm
it has an ultrahigh bulk modulus exceeding
any otherknown amorphous materials. And
we expect that amorphous diamond may have

many other unique properties complementary



Diamond

Amorphous
diamond

Caption: Atomic structure of diamond (left) compared with amorphous diamond (right). Diamond is crystalline and
anisotropic, the single crystalline diamond shown in the left picture contains lots of facets. In contrast, amorphous diamond
is isotropic like glass, and it may be cut to any shape including ideal sphere.

to or even beyond diamond, which need further
exploration.”

The three important Group-14 elements C, Si
and Ge all have sp®*bonded crystalline phases
with the same diamond-cubic structure. Si and
Ge also have well-known sp®-bonded tetrahedral
amorphous forms which have broad applications.
However, the amorphouscounterpart in C, an
amorphous form of diamond, was conspicuously
missing until now. This research finds this missing
member of the carbon allotrope family, and
demonstrates that it can be maintained at ambient
conditions.

“Carbon-carbon bonding is very flexible, such
as sp'-, sp> and sp®-hybridized bonds, resulting
in numerous carbon allotropes. Among them,
diamond is unique because it was the only bulk
form of carbon with fully sp® C-C bonds. People
have been looking for other bulk sp*-bonded

carbon materials over decades, but besides
diamond, fully sp® bonded carbon allotrope seems
impossible.” Said QiaoshiZeng, “We combined
high temperature and high pressure and carefully
mapped the two dimensional temperature-
pressure parameter space. Finally we obtained
fully tetrahedrally bonded carbon in an amorphous
form. These results enhance our fundamental
understanding of carbon materials and will trigger
intense follow-up study on the mechanical, thermal,
optical, electrical, and chemical properties of
amorphous diamond for potential applications.”
Other co-authors in this team include HPSTAR’s
Liuxiang Yang, Hongbo Lou, Hongwei Sheng,
Wenge Yang, and Ho-kwang Mao.

Ref: Dr. Zhidan Zeng
Nature Communications
volume 8, Article number: 322 (2017)
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© A degassing mechanism for deep

hydrous mineral

SNRA MU FHNEEIFEEENAT. SENRMGT, TR O-HeeO FET X, BIH
RFRLFAHD O WPOMIE, WHRLERN O-H-0 AILURE S /KT MHRARENE, FbE KT LURNT
ISR R E DR AT, HZWMATMISREEIFN, BriEAER. RNV IEEEE—HRETEMN
SmeESRR, RER—MARERNSKTY), B FeOzH ERUMIEBRENIE, KNEIMALIE 50% B H

M &-FeO,H % Pyrite fM# T I IZPRBHRHE; B

SHOEHEmERE, TRIKEZE
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REMRIAR, RBRET —F2KTYEREME TR SRR SN,
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UGUST 23, 2017-Water (H,O) is one of the
Amost common molecules on Earth and an
indispensable ingredient for the existence of life.
At ambient pressure, water is a transparent liquid
that is generally stable between the freezing
point (0 °C) and the boiling point (100 °C). By
applying external pressure to a few thousands of
atmospheres, water turns into ice even at room
temperature. Underneath the earth’s surface
where the pressure and temperature is very high,
most water molecules will be associated with rocks
to form the so-called hydrous minerals. During
the deep subduction containing hydrous minerals,
a majority of them will dehydrate due to climbing
temperature at the bottom of Earth lower mantle
such that it completes its cycling in deep Earth.
Thanks to the symmetric O-H-O bonding, a certain

class of hydrous minerals is recently discovered
to survive in the high-pressure high-temperature
condition that mimics the deep lower mantle. The
composition FeO,H, named goethite when they
are found on Earth surface, is one of such hydrous
minerals. It forms symmetric O-H-O framework at
high-pressure hence features higher dehydration
temperature. However, at even deeper depth
scientists suggest new profound chemistry related
to FeO,H. New works from a team including
HPSTAR'’s Shengcai Zhu, Qingyang Hu, Ho-kwang
Mao, HongweiSheng and collaborator Wendy
Mao from Stanford University has identified that
such symmetric network will break above around
750,000 atmosphere and 1400 °C. Their results
were published in the Journal of American
Chemical Society (DOI: 10.1021/jacs.7b06528).



Caption: Free energy profile from e-FeO,H to py-FeO,H

“Due to the breakdown of symmetric hydrogen
bond, hydrogen atoms will be liberated from
water” said Qingyang Hu, whose team conducted
computational simulation and suggests during
the structural transition to its high-pressure form
(py-FeO,H), half of the O-H bonds in the mineral
rupture. The theoretical simulation also supports
our experiments that ~50% H are released. “This is
also the first time that we address degassing at the

atomic scale” Added Sheng-cai Zhu, the leading

author in this work.

The dehydrogenation of FeO,H sheds light on
Earth’s hydrogen cycling, which will increase
margins of mantle geochemistry for realizing novel
reactions that introduces a new factor in Earth’s

mantle.

Ref: Dr. Qingyang Hu
J. Am. Chem. Soc.,
2017, 139 (35), pages: 12129-12132
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© Pressure-induced irreversible
conductivity enhancementin
lithium acetylide

AR (Li,C,) R—THEEREFBRME, EERHNBSIRE)TRUENE—S VA, ERNMAES,
FWBEFANEASENTEEREENESRREST 9 MESL, HAEEBENESKRAUREIEE. —
RYRMNRRBHBAERN (" BFRAEBE FRERARN, FIHERBESENEMNIZRHTEE
4T C BFEEEAESH, MRERNIEYTHBNESEILURRDIEE. REENNHE, S

THERNREN=DMRE, RPMERIBLFEERS.

UGUST 27, 2017-Lithium acetylide, as a
Awidely used electrode material for Li-ion
battery has the highest theoretical capacity while
with low conductivity for applications. New work
from a HPSTAR team increased the conductivity of
Lithium acetylide by 9 orders of magnitude in the
use of high pressure method. And this pressure-
enhanced conductivity could be kept to ambient
conditions. Their discoveries are published by the
Journal of Physical Chemistry Letters (DOI:
10.1021/acs.jpclett.7b01779).

In polymer chemistry, polymerization is a process
of reacting monomer molecules together in a
chemical reaction to form polymer chains or
three-dimensional networks. There are many
forms of stimulus of polymerization. Pressure
is a straightforward and clean external stimulus
for polymerization, which is always referred as

pressure-induced polymerization. Except for

chemical reactions, pressure may also tune other
physical properties.

At ambient conditions, lithium acetylide (Li,C,)
is electrode material which is mostly used for
lithium extraction in lithium batteries. While the low
conductivity at ambient conditions confine lithium
acetylide’s potential applications.

The HPSTAR team including Drs. Lijuan Wang,
Xiao Dong, Yajie Wang, Haiyan Zheng, Kuo Li,
Yufei Meng, and Ho-Kwang used high pressure to
tune the electrical properties of lithium acetylide.
They found that the conductivity was enhanced by
nine orders compared to that uncompressed.
More importantly, the heavily enhanced
conductivity could be kept to room pressure. This
indicates its more practical applications in Li-ion
batteries.

To find the behind reasons, the team performed

the following high-pressure x-ray diffractions,
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Capition: Pressure induced polymerization and disproportionation of Li,C,.

Raman, IR etc supportive measurements.

The C,* anions in lithium acetylide approached
to each other and polymerized to ribbon
structure from chains upon compression. “So the
compression of the distances between should
be the main reason for the enhancement of
the conductivity and the pressure induced C,*
anions polymerization is responsible for the
irreversibility”, explained Dr. Lijuan Wang, the lead
author.

The polymerization will disproportionate with

pressure released to ambient conditions. “This

disproportionation implies that the carbon skeletal
is highly electrochemically active and potentially
useful in designing electrode materials”, added Dr.
Xiao Dong, the co-lead author.

This work demonstrated that applying pressure
is an effective method to prepare novel Li-C
frameworks, and hence shed light on the search for

novel carbon-based electrode materials.

Ref: Drs. Lijuan Wang and Xiao Dong
Journal of Physical Chemistry Letters
2017, 8 (17), pp 4241-4245
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©) Two superconducting domes in FeS
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BRADLK, BS—ERRFAMRANEENETZ—, BERENHINLRE, BSNMRBEEL
NZEL, MEEEBSERTERE, FHETNERESARHRRITE —HEUREFRUKRNESIESE, bR
BERFRRPONGXERRZ/NEN LEE B AFNFHBEBIRMANAEF S, BIERIEITTHL
AYSEBG 75 AR INIK R BB ESIXT A5 FeS BSANEERIEMER#1TT —RIINMAR, AREALI, W5
FeSRHENRILY “BS—BSHEHA—BSBEU-BSHEX" WNEBESHEITH, BEFESHENESERTRE
ST 30%, X—HRERARE I B 1 B NPJ Quantum Materials.

EPTEMBER 1, 2017-A team co-led by
SHPSTAR PhD student Fengliang Liu,
investigated the evolution of superconductivity and
structure with pressure for the new superconductor
FeS (Tc = 4.5 K), a sulfide counterpart of FeSe.
They observed two superconducting domes in
FeS under compression with 30% enhancement in
maximum Tc in the second dome. Their discoveries
are published by NPJ Quantum Materials
(DOI:10.1038/s41535-017-0050-7).

Iron-based superconductors are of great interest
and fundamental importance due to their rich
structural and physical properties.lsostructural
to the FeSe superconductor, tetragonal FeS has
attracted considerable attention due to its many
similarities in crystal and electronic structures with
FeSe. It provides us a new and simple platform as

FeSe to realize high-temperature superconductors

and to study the underlying mechanism of iron-
based superconductivity.

“It is of fundamental importance to know whether
pressure still affects FeS and how pressure tune
the superconductivity of FeS, and how this relates
to its structural properties at atomic level”, said
Fengliang.

So the team applied in-situ high-pressure electrical
transport and synchrotron X-ray diffraction (XRD)
measurements on tetragonal FeS single crystals to find
how pressure affects the physical properties of FeS.
Upon applying pressure, they observed that the
Tc in the first superconducting dome continuously
decrease with increasing pressure which vanishing
superconductivity around 4GPa. The scond
superconducting dome emerges from 5.0 GPa and
lasts to 22.3 GPa, with an over 30% increasing in
Tc (=6.0 K) from the highest Tc in the first dome.
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Caption: a: The pressure dependence of phase contents around the structure transition, which are obtained through
refinements. b: Temperature-pressure phase diagram of FeS. There are apparently two superconducting domes, and the

second dome is attributed to the remaining tetragonal phase.

“The two superconducting domes we observe
here in FeS are quite different from that of
other iron-based superconductors. For FeS,
we thought that the second superconducting
dome is from the residual deformed

tetragonal phase” explained Fengliang.

Ref: Fengliang Liu
NPJ Quantum Materials
volume 2, Article number: 49(2017)
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© Pressure induced abnormal
insulating state in Li,CoO,

BhERE (Li,CoO,) HAFERFHMEMMAILIR, ATFEI(FRES, RNEBEWRE, BIFFH
K, EERFHRRAENA. MAESHEENERMHEZNNERZERRALNER, ERSERF
MR ORI ER RS/ NAMERKRFZRYIFA R B EBURIEF S0, BIERN G TRAEISEIE T AL
REEHE, MHERENSESWER. BFERFHIT T —RIINHAR, HAREAW, E2ETHERENSR
FREM+DIRE, EREBZREHRHNFSAIEEAETHIR, MWITHE—TINE T ZETHNG],
BT HRENSAEHMNEBFENZENEKR, HAIRESHNEEFRMERMEHRE T EEER,

PIS
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EPTEMBER 8, 2017-New work led by
SHPSTAR graduate student, Cong Xu found
abnormal semiconductor to insulator transition in
cathode material, Li, C0O, under pressure. The
findings uncovered by the comprehensive high
pressure investiations provide deep insights into
the complex relationship of the crystal structure
and electronic performance in this important
cathode material, which may be used for guiding
the future lithium metal oxides battery industry for
better performane. The discoveries are published
by the Journal of Materials Chemistry A (DOI:
10.1039/C7TA06084J).

Lithium cobaltite oxides (Li,CoO,) has been widely
served as the cathode material for rechargeable
lithium ion batteries (LIBs) due to its high voltage,
high energy density and excellent cycling stability.

Li,CoO, is a reference compound for a whole

family of layered materials obtained by the

substitution of other metals for cobalt. In order
to improve battery performance, We need to
understand the structural and electronic properties
of Li,Co0O,. In this work, the team utilized high-
pressure technique, a very effective, clean tool,
tuning the crystal and electronic structure of the
layered compound Li, ;C0O,.

“Up to ~20 GPa, we didn’t observe any sign of
crystal structural change in the sample, While
surprisingly, we found its electric transport
behavior changed from a semiconducting state to
an insulating state”, said Cong, a former graduate
student of HPSTAR, led the project while earning
his master degree at Dr. Wenge Yang’s group.
“This semiconductor to insulating state transition
in Li;sCoO, under high pressure is quite unusual.
In most correlated oxides, pressure usually
broadens the 3d bandwidth and thereby leads to

a transition towards a more conducting state. The



(a)

L1 vacancy

phenomenon observed in this work is apparently
connected with different physical mechanisms”,
added Dr. Yang.

Their multiple investigations, including X-ray
diffraction (XRD), electric resistivity, UV-vis
absorption spectroscopy, and DFT calculationsgive
deep insights into the complex relationship of
crystal structure and electronic performance in this
important cathode material.

“This quite abnormal pressure effect, a transition
from semiconducting state to an insulating state,

(b)

is a consequence of the enhanced crystal field
splitting in distorted CoOg4 octahedron with pressure
increasing” explained Cong.

“The shrankage of Co-O bond length enhances
the crystal field splitting, which leads to band
gap opening and the decreasing Co-Co distance

caused the electron holes to be localized.”

Ref: Cong Xu
Journal of Materials Chemistry A
Citation:J. Mater. Chem. A, 2017,5, 19390-19397
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© Fate of water into the earth
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BRI, HIKBINIAD 3B —EECERMR. —RRERMIEN OB RO PAAR. HIkE

HHRXFRNBREEERENK, ENEFN OSSR RNERFTBHE KT PMENMIKAEE, &
ERNMIE, HE(TAZMIEREBHMBZBMONER, BRILEFAFRZN? KB HPSTAR BIER
FREHAAFNAR MY KTEHIERERB A, ENEREMFRNER—TTSEALNT Y, EEER
KA ZEEEFERMNUFE RN, BTt URERETERE%, HKREEREIXE g
RER, AITTERI FeO H, IR LERIBIEMNER, RRMITANYETHERRENRE, STHRUMKF
DBEHRH AR FMIKRE, SESLH FeO,H, THIEFEZFAREN, HEIE—RFASHEE, 7
RERBAAERNETELR, RASEMIKRANURE L,
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EPTEMBER 11, 2017-From a geoscientist’s
Sview, the earth is made up of a giant iron
core, covered by a thick layer of silicate mantle
and a thin coating of crustal rocks. Water
concentrates in oceans on Earth’s surface. A
portion of water reacts with rocks and forms the
so-called hydrous minerals that can transport deep
into the mantle. Once they reach the bottom of the
mantle, naturally we’ll ask the question: what will
happen when water meets the iron core? A team
led by Dr. Ho-Kwang Mao, director of HPSTAR
published their answer to this question in the latest
issue of National Science Review (DOI: 10.1093/

nsr/nwx109).

“When water meets iron at the bottom of the
mantle, it reacts with iron to form a highly oxidized
phase”, said Dr. Mao.

The team including collaborators from HPSTAR,
Geophysical Laboratory of Carnegie Institution
of Washington, Stanford University, HPCAT and
Chicago University, subjected a piece of iron with
water under lower mantle pressure-temperature
conditions (about 960,000 times atmospheric
pressure, and 1900 degrees Celsius). Using
synchrotron x-ray diffraction and laser heating,
they discovered the formation of an oxygen rich
FeO,H, and iron hydride from the reaction.

The same phenomenon was soon observed in



Caption: The oxygen and hydrogen cycling in the deep Earth.

between the extended class of iron oxides and
water. Since the earth core can provide almost
inexhaustibly amount of iron, with the continuing
transportation of water into the mantle, oxygen will
accumulate in FeO,H, just above Earth’s core.

The research team also finds oxygen tends to store
in the form of FeO,H,, while hydrogen will separate
from water and migrate upwards.

“The accumulation of highly oxidized FeO,H,

hydrous mineral

introduces metastable domains in the mantle”,
explained Dr. Mao. “Once it reaches a critical point, it
will incur a large scale of oxygen eruption to Earth’s

surface that possibly causes major climate change”.

Ref: Dr. Ho-Kwang Mao

National Science Review

Volume 4, Issue 6, 1 November 2017, Pages
870-878,
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© How pressure change the world of
perovskite solar cells

an
!

ER—MEBWHBRE M, B - TNZAFSHRE (organic-inorganic hybrid perovskite) FFE
ERARNAFENREEFRMENRNEIERA, EAMHEERMTHERHEARNNAE ], EEENE
BHElA, Bl - TAFAESRE KPABEBMAYE B NE B EBT 22%, EuArEE KFRREREMAINE, A
i, FRE MR HLEN - EREX RIBAENR B A —F K BN E B,

ENEA—MEMNANFLEESH, BEENMEIAEFE, I ENTTUERIATMRIAE
FMRAELEEMTMIIEAEIYIEMN R, #MEMEINENNAE. FRFEHFEESR, EAOENMRIEINER
RASIANEMEMAZR, ARINAR—M “BE RIRIEFR, MM UEFRNIERMENEEMEEEXR
Fo IEVEMMRLKMENFT UABEBOFERUSRY MERNEBNMER, EtRBERZHRFPOHNHE
MEBARM R RZZEE Chemical Science £EFR#H I “Pressure-induced dramatic changes in organic-
inorganic halide perovskites” BI4RiA, EXRELIAR, (FEXERM 7L REEREINBINLNFUISK
B EVSEHS, FEEBMERERIEREE, IWE T BTERVIENE, H OSSR S BIIREMEIN L BRI A,
RENENREREARG EZERRENENFASHRT AR LEPRIRNENAGBHMTRE, flu&Eds|

ANEZEEDMRE LSS ERENIMISELTRR, MR UTERE BT,

EPTEMBER 29, 2017-Pressure, as a
Sfundamental thermodynamic parameter
that can tailor physical and chemical properties
of functional materials, has recently been used
in tuning structures and properties of organic-
inorganic hybrid perovskites. In recent issue of
Chemical Science, a team of scientists led by Dr.
Xujie LU of HPSTAR gave a perspective of how
pressure make changes in the hybrid perovskites.
Organic-inorganic hybrid perovskite - a new type
of energy material which has recently been found

to make highly efficient solar cells that could

potentially be commercialized with low cost. In the
past several years, their efficiency of converting
solar energy into electricity has been improved
over 22%.

Pressure has played a key role in alternating
various properties of hybrid perovskites in the
last a few years. Dr. Xujie LU and co-workers
including Dr. Wenge Yang from HPSTAR gave
a comprehensive review on how pressure made
changes in this field in their recent Chemical
Science paper.

The authors reviewed the recent progress of



Hybrid perovskites

high-pressure research on hybrid perovskites,
including pressure induced lattice and
electronic structure changes, pressure induced
optical and electrical property variations
and summarized their common features and
different behaviors, as well as possible reasons
for the differences in structure and property
changes caused by pressure treatment.
Particularly, they described the pressure-
induced novel phenomena and pressure-
enhanced properties.

They also discussed the underling mechanisms
of pressure effects on structure and property

evolution. Finally, they gave an outlook on future

high-pressure research on hybrid perovskites.
The authors advise using chemical pressures and/
or interfacial engineering to keep the pressure-
induced enhanced properties for practical
applications.

“Despite pressure has made intriguing findings in
hybrid perovskite research, challenges still exist”,
said by Dr. LU. So a set of improved experimental
methods and suitable calculations will be

necessary.

Ref: Dr. Xujie Li
Chemical Science
2017,8, pages: 6764-6776
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© First high pressure study on 2D
hybrid perovskites

NFEN - ENRABRT AAMHNES, BRREENREZ —RNAEN KIS K T BLGR

MEMLERVIFRRE S, —HRROAUISAT SR HRFHIFRREN, EETHMBGC BRI
MEMREZNRUBUT BEBERANER, HR— I XBHNRRAREAFHBRRA, dMSEKKL
MEET IR, REIERSERZRRF O EFLHFNAFBBRENERBET ZERUSRT W&
NEBFEN, ZMTEEIREPHIAFTRIVLBESBRABNR. SENEDREFRELL, T2HE
EHEREERFENRIMEREENEM ESSI 7 AR IEBNAFZHRBANES I EHN FRLES

(VAL NES
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CTOBER 19, 2017-New work led by
OHPSTAR researcher, Dr. Gang Liu
experimentally convinced a first example of
pressure-improved 2D hybrid perovskites and
proposed that pressure treatments might offer
a useful route to yield near-ideal single junction
performance in the 2D hybrid perovskites. The
discoveries are published by ACS Energy Letters.
The power conversion efficiency of hybrid
perovskites-based solar cell has been improved
over 22%, whilst poor stability impedes its
applications. This pushed researchers to investigate
compositional and morphological variants. The

recent developed two-dimensional layered

perovskites show improved structure stability.
However, the quantum confinement widens the
band gap, which decreases the power conversion
efficiency for low-cost, single junction devices.

The team including collaborators from HPSATR,
Geophysical Laboratory of Carnegie Institution
of Washington, Argonne National Laboratory,
and Northwestern University gave a first in situ
high pressure structural and optical study on
2D layered hybrid materials. They observed
two regimes of compression, layer-to layer and
interlayer in the layered perovskites.

“The two regimes of compression behavior

correspond to the softer organic sub-lattice and
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Caption: Ambient structure of 2D hybrid perovskites and their pressure-driven bandgap re-redshift behavior.

the less compressible inorganic sub-lattice”, Dr.

Liu explained. “And it's never found in 3D hybrid
perovskites”.

The research team also discovered two-step
band-gap-redshift below 4 gigapascals and after
13 gigapascals from optical measurements.

“As both the two compressions will cause
bandgap narrowing, the two-step bandgap
shift can be attributed to the layer to layer and

interlayer compressions, respectively”, Dr. Liu

further explained.

“We expect these results can be expanded
into other 2D hybrid perovskites and suggest
that pressure/strain processing could offer a
new route to improved materials-by-design in

applications”, added Dr. Liu.

Ref: Dr. Gang Liu
ACS Energy Lett.,
2017, 2 (11), pages: 2518-2524

DFsSERa-H LTO0T




N
(=]
ar
-
E
A
&

© Complex screw dislocation core in
zeolite MTW

MBI RRIBR, MEBZRME (Zeolites,MOFs, COFs) HNIEHRE, ItREERFHRFONELER
A LiEE EXFHEFBRMFT/NAEFEF, RABDWBEN BIRNRE DRGSR MR
B MTW B A #HTT —RIBAR. ZRATNMNEENLREEEMRBEBILDM, X MTW BERETH

MSHFRIRBE NI SEAZEN, BE—PEAXHMER, MNARESHMARZ BT HA AR 5E
Y KERTRAG—NIEEIRER, X—ARLER L RE Angewandte Chemie International Edition,

ZIS
B

CTOBER 30, 2017-A group of scientists
Oco-led by Dr. Shengcai Zhu of HPSTAR,
investigated the evolution of hyper structure and
screw dislocation for the framework material
zeolite MTW, a useful industrial solid acid catalyst.
They revealed that the complex screw dislocation
core in zeolite MTW was composed by different
crystal domains with different stacking vector.
Their findings are published by recent issue of
Angewandte Chemie International Edition
(DOI:10.1002/anie.201704499).

Screw dislocation structures in crystals are an
origin of symmetry breaking in a wide range
of dense-phase crystals. Preparation of such
analogous structures in framework-phase
crystals is of great importance in zeolites but is

still a challenge. On the basis of crystal-structure

solving and model building, it was found that the
two specific intergrowths in MTW zeolite produce
this complex fractal and spiral structure. With
the structurally determined parameters(spiral
pitch h, screw angle 6, and spatial angle y) of
Burgers circuit, the screw dislocation structure
can be constructed by two different dimensional
intergrowth sections. Thus, the reported
complexity of various dimensions indiverse
crystals can be unified.

“Such dislocation structures have been widely
captured in dense-phase materials, such as
metal oxides and alloy compounds, ceramics,
carbon nanotubes, and even ice. Comparatively,
in framework materials, the real nature of screw
dislocation structure remains elusive”, said Lei

Wang, one of the study’s two lead authors. “In
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Caption: Stacking faults, screw dislocation and model of zeolite MTW.

the past, screw dislocation was considered in
existence in the framework materials. However,
via the high resolution TEM of this work, we
renew the knowledge of screw growth on the
framework materials”.

“The diverse Si-O bonds on the framework
materials make the screw dislocation extremely
complex. Revealing the atomistic structure of

screw dislocation in zeolite MTW will have a

profound impact on the researches involving
framework materials”, said Dr. Sheng-Cai Zhu.
“Via the 3D atomic level structure, composed by
twin structure andscrew dislocation structures,
which perfect interpret the observation

ofexperiment”.

Ref: Dr. Shengcai Zhu
Angewandte Chemie International Edition
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(© Water modulation of photo- and
piezochromism in viologen

IS

KERFEARRENEYERZ M, BEREFNTGMEE, BTk
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OVEMBER 3, 2017-It is proposed that the
N lattice water does not act as an electron
donor but serves to change the electro transfer
energetic through its unique polarity and hydrogen
bonding capability. New study led by Dr. Lin
Wang of HPSTAR and Prof. Engi Gao of East
China Normal University found that the higher the
water content in the lattice, the less sensitively
the compounds respond to light and pressure in
a series of different viologen pseudopolymorphic
solids. The story is reported in the recent issue of
JPCL.
Viologen will change colors through forming
radicals by electron transfer (ET) under various
stimuli, such as light/photo or pressure, which
are called photochromism and piezochromism,
respectively.

Although the two phenomena are similar

in associating with electro transfer and
consequential radical formation, the stimuli
are quite different in the way they operate on
molecular materials.

So the team aims to find correlations and
difference between piezochromism and
photochromism in viologen. Drs. Qi Sui of East
China Normal University and co-workers give
a comparative study on a group of viologen
compounds with different water contents.

They found that the viologens show different
sensitivities to light, less lattice water facilitating
electro transfer and racicals forming and thus
inducing piezochromism at lower pressure.

It's interesting that photochromism can also be
tuned by lattice water, less water stabilizing the
radical-containing state and facilitating electro

transfer.



Caption: Impact of lattice water on solid-state electron transfer in viologen pseudopolymorphs.

“In this way, we can say that piezochromism and
photochromism show the same reaction to water,
whilst the underling mechanism is different”, said
Dr. Lin Wang.

“Light can be directly absorbed by individual
molecules, while has no direct intermolecular
effect, it would not induce electro transfer if the
donor and viologen were placed at unfavorable
distances or in impedimental environments”,
explained Prof. Enqi Gao, the other lead-

author of the study. “However, pressure forces

molecules to move more closer, and the energy
is absorbed by intermolecular interactions”.

So for piezochromic viologen compounds,
“pressure directly reduces the donor-acceptor
distance to facilitate electro transfer, which in
turn mitigates the intermolecular tension”, added

Engi Gao.

Ref: Dr. Lin Wang
J. Phys. Chem. Lett.,
2017, 8 (21), Pages: 5450-5455
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(©) Synthesis and stability of
hydrogen selenide compounds at

high pressure

FHEEBSMH—ERRBESYIEMR TEHNARIRE , H,S EBET ~200K &EESH L IRIH

TEREBSNIER. 5HS XUNEERBELEY), H.Se NEERERERBRERFHLIETYEFER
M zxE. EREEHMZMARFOHN Howie IRXRASHEN—ER N FEREUEYHNEERR.
ZHENMERABER X &S, HSXEMRT H,Se WBERTEM. MiTLM H,Se AmETRALS
H,S IFEXMNEMIREY, Eib#HE—FHRJIESE H,Se WESUHRELE, BLH H,Se PSR

BSo

OVEMBER 20, 2017-The observation of
N high-temperature superconductivity in hydride
sulfide (H,S) at high pressures has generated
considerable interest in compressed hydrogen-rich
compounds. The heavier hydrogen chalcogenides
(i.e., H,Se and H,Te) are predicted to also exhibit
high Tc superconductivity, however up until now
remained experimentally unexplored. A new study
led by Dr. Ross Howie of HPSTAR investigated the
synthesis and stability of H,Se at high pressure
and finds remarkable similarities with H,S. This
study is published in J. Chem. Phys.
Hydrogen selenide is synthesized in situ from elemental
Se and molecular H, at pressures of 0.4 GPa and
temperatures of 473 K. On compression at room
temperature, the authors observe the high-pressure

solid phase sequence (I-I-IV) of H,Se through Raman

spectroscopy and x-ray diffraction measurements,
before dissociation into its constituent elements.
Through the compression of H,Se in H, media,
the authors also observe the formation of a host-
guest structure, (H,Se),H,, which is stable at
the same conditions as H,Se, with respect to
decomposition.

Recent x-ray synchrotron measurements have
suggested that high-Tc superconducting phase
of H,S could be due to the formation of H;S,
which reforms upon partial decomposition of H,S
at high pressure. This new study demonstrates
that H,Se and H,Se—H, mixtures behave very
similar to H,S and H,S-H, at high pressure and
300 K. Assuming the decomposition of H,Se
can be stabilized by low temperatures, it is very

plausible that H;Se could form at high pressures



Caption: Photomicrographs of the synthesis of H,Se in a diamond-anvil cell sample chamber. The sample chamber is formed
by a rhenium gasket. (a) H, and solid Se at 0.4 GPa and room temperature, (b) H,Se-H, mixture at 0.4 GPa and 473 K, (c) liquid
phase separation of H,Se (central bubble) and H, (surrounding area) at 0.4 GPa and room temperature after heating, (d) H,Se
beginning to solidify, (e) slow coalescence of H,Se regions, (f) completely solidified H,Se at 1.5 GPa.

and exhibit superconductivity.

“Given that the behaviour of H,S at high pressure
is not completely understood, these experiments
show that we can learn a lot from the other
hydrogen chalcogenides. Future experiments on
H,Se at the conditions in which superconductivity
is predicted could prove very insightful”, said Dr.
Ross Howie.

This study involved Drs. Jack Binns, Philip

Dalladay-Simpson, and Eugene Gregoryanz
of HPSTAR and was in collaboration with Mr.
Edward Pace and Dr. Miriam Pefa Alvarez of
the University of Edinburgh, both of whom were
visitors at HPSTAR.

Ref: Dr. Ross Howie
The Journal of Chemical Physics
147, 184303 (2017);
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(© Clay mineral waters Earth's
mantle from the inside
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OVEMBER 21, 2017-The first observation
Nof a super-hydrated phase of the clay
mineral kaolinite could improve our understanding
of processes that lead to volcanism and affect
earthquakes. In high-pressure and high-
temperature X-ray measurements that were jointly
conducted at SSRF in China, SSRL and APS
in USA, DESY in Germany, and PAL in Korea,
scientists created conditions similar to those in so-
called subduction zones where an oceanic plate
dives under the continental crust. The transport
and release of water during subduction causes
strong volcanic activity. An international team led
by Dr. Yongjae Lee, staff scientist at HPSTAR in
China and professor at Yonsei University in the
Republic of Korea and, presents the results in the
scientific journal “Nature Geoscience”.

In a subduction zone, a heavy oceanic plate
meets a second, lighter continental plate and
moves under it and into the Earth’s mantle. With
the oceanic plate, water enters the Earth as it
is trapped in minerals of the oceanic crust or
overlaying sediments. These minerals slowly sink
deeper into the mantle over millions of years. With

increasing depth, temperature and pressure in

the subduction zone increase and the minerals
become instable, break down and transform into
new compounds. During the transformations, water
is released and rises into the surrounding, hotter
mantle where it decreases the melting temperature
of the mantle rock. “When the mantle rocks melt,
magma is generated. This can lead to volcanic
activity when the magma rises to the surface.”,
explains Yongyae Lee who led the study. “While
we know that the water cycle in subduction zones
influences volcanism and possibly seismicity, we
don’t know much about the processes that form
this cycle”.

Since these processes take place many kilometres
under the Earth’s surface, it is impossible to
observe them directly. One way to learn more
about the transformations in subduction zones is
to create similar conditions in the laboratory. High-
pressure and high-temperature experiments allow
scientists to take a close look at the structural
changes in the different minerals that form the
crust and sediments. One of these minerals is
kaolinite, a clay mineral containing aluminium that
is an important part of the oceanic sediments.

The scientists were now able to observe the



Caption: Ordinary kaolinite under an electron microscope.

formation of a new phase of the mineral, so-
called super-hydrated kaolinite. They examined
a sample of kaolinite in the presence of water at
pressures and temperatures corresponding to
those at different depths in subduction zones. With
synchrotron X-ray diffraction and infrared spectra
measurements, structural and chemical changes
were characterized.

At a pressure of 2.7 Giga-Pascal (GPa), more
than 25,000 times the average pressure at
sea level, and a temperature of 200 degrees
Celsius, the super-hydrated phase was observed.
These conditions are present at a depth of
about 75 kilometres in subduction zones, which
coincides with the boundary between shallow and
intermediate earthquakes. In the new phase, water
molecules are enclosed between the layers of the
mineral. The super-hydrated kaolinite contains
more water than any other known aluminosilicate
mineral in the mantle. “During the formation of
the super-hydrated kaolinite, significant amount
of water will be removed at the interface between
subducting and overriding slabs® explains Dr.
Ho-Kwang Mao, the Director of HPSTAR who
supported this work as one of the co-authors. “This
will affect the frictional properties of the slabs and

hence the mechanism how earthquakes occur

along the subduction zones will change”.

Lee’s team spent about 2 years to map the stability
field of the super-hydrated kaolinite under various
subduction zone conditions using five different
synchrotron radiation facilities all around the world.
This includes BL14B1 at SSRF in Shanghai, China.
“We plan to develop a collaboration program to
extend the pressure and temperature conditions
further deep into the Earth® says Dr. Wen Wen of
SSRF who supported part of this high-pressure
synchrotron experiments. The super-hydrated
kaolinite broke down at 5 Giga-Pascal and 500
degrees, and two additional transformations
happened at higher pressures and temperatures
upto 19 Giga-Pascal and 800 degrees Celsius.
During these transformations, the water that was
intercalated in the kaolinite is released.

The observation of the formation and breakdown
of the super-hydrated kaolinite bears important
information about the processes that occur over
a depth range of about 75 kilometres to 480
kilometres in subduction zones. Formation of the
super-hydrated kaolinite could influence seismicity
and mechanism of the earthquakes. Additionally,
the release of water that happens when the
super-hydrated kaolinite breaks down could be
an important part of the water cycle that causes
volcanism along subduction zones. The breakdown
probably happens below a depth of about 200
kilometres, the released water could then contribute
to the formation of magma. The scientists assume
that other minerals in the sediment or crust
could undergo similar transformations. Thus, the
study could improve the understanding of the

geochemical processes in subduction zones.

Ref: Dr. Yongjae Lee
Nature Geoscience
volume 10, pages: 947-953 (2017)
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(©) Giant oxygen reservoirs near the
Earth's core - Seek and find
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OVEMBER 23, 2017-Free oxygen in the air
Nthat gives life to our living planet cannot be
taken for granted. In fact, during the first half of
the Earth’s 4.6 billion year history, oxygen was
absent in the atmosphere. Only 2.4 billion years
ago at the Great Oxidation Event (GOE), oxygen
appeared suddenly, thus enabling the aerobic life
like us to thrive and evolve. In seeking for possible
source of the oxygen rise, superoxidized iron from
great depth is a potential candidate. Through direct
experiments and theoretical calculations that mimic
deep Earth environments, a group of scientists led
Ho-kwang Mao, director of HPSTAR (the Center of
High Pressure Science and Technology Advanced
Research, China) found that the physical
properties of iron peroxide match the seismic
signatures of an enigmatic region, called ultralow
velocity zone (ULVZ) at the boundary between
the Earth’s lower mantle and core 1800 miles
beneath the surface, thus supporting ULVZ as a
possible deep reservoir of oxygen. The findings
are reported in the November 23 issue of Nature.
Although oxygen is the most abundant element

in the Earth, it bonds to other elements to form

oxides, and does not yield free oxygen unless
under highly oxidized condition. This is especially
true in the Earth’s deep interior when we approach
the metallic core which is highly reducing, i.e.,
lack of oxygen. Therefore, during the late 20th
century when ancient geological records firmly
established the concept of sudden oxygen rise
at GOE, an internal source of oxygen was not
considered. Instead, the dominant theory assumed
oxygen generation exclusively from cyanobacteria
photosynthesis of surface carbon dioxide. Last
year, a new pressure-induced chemical reaction
to form superoxidized iron peroxide (FeO,) was
discovered (Hu, et al., Nature 2016). Further
studies (Hu, et al., PNAS, 2017, Zhu, et al.,
JACS, 2017) indicated that this peroxide could be
synthesized by reacting water with the iron at the
Earth’s core-mantle boundary (CMB) conditions.
Considering the massive amount of water
continuously carried down (Hwang et al., Nature
Geosci. 2017) by subducting oceanic plate to meet
the gigantic iron core, their reaction must form a
giant oxygen reservoir that we ought to be able to
find (Mao, et al., NSR, 2017).



Caption: The movement of seismic waves through the material of the mantle allows scientists to image Earth's interior, just
as a medical ultrasound allows technicians to look inside a blood vessel. Image is courtesy of Edward Garnero and Allen
McNamara’ s 2008 Science paper Structure and Dynamics of Earth's Lower Mantle, provided with Garnero’s permission.

Earthquakes send seismic waves travelling
through all regions of the Earth’s deep interior to
be recorded by the global network stations. They
contain a wealth of information about the materials
properties on their paths, and provide a clear visual
image of these regions, analogous to the use of
ultrasound to visualize the details and anomalies
of human internal organs. Seismology has actually
observed an abnormal region in the CMB region,
called ULVZ, with 10% lower compressional-wave
velocity and 30% lower shear-wave velocities than
the average lower mantle.

Drs. Qingyang Hu of HPSTAR and Jing Liu from
Standford University and co-workers conducted
high pressure-temperature experiment using a
diamond-anvil cell to study the corresponding
wave velocities of the iron peroxide. Employing
the high-energy synchrotron x-radiation and
state-of-the art diffraction and spectroscopy
probes at the High Pressure Collaborative
Access Team facility at the Advanced Photon
Source, Argonne National Laboratory, they found
compressional and shear wave velocities of iron

peroxide to be very low. A mixture of normal

mantle rock with 40-50% iron peroxide would be
sufficient to match the seismic signature of the
ULvZ.

“Finding the existence of a giant internal oxygen
reservoir has many far-reaching implications,”
said Mao. “Now we should reconsider the
consequences of sporadic oxygen outbursts and
their correlations to other major events in the
Earth’s history, such as the banded-iron formation,
snowball Earth, mass extinctions, flood basalts,
and supercontinent riftings.”

Other team members including Jin Liu and Wendy
L. Mao of Stanford University, Qingyang Hu and
Duckyoung Kim of the Center of High Pressure
Science and Technology Advanced Research, China,
Zhongqging Wu and Wenzhong Wang of University of
Science and Technology of China, Yuming Xiao, Paul
Chow, and Yue Meng of High Pressure Collaborative
Access Team, and Vitali B. Prakapenka of Center for

Advanced Radiation Sources.

Ref: Dr. Ho-Kwang Mao
Nature
Volume 551, pages 494-497(23 November 2017)
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